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eleqtromomxmareblebis mier qselSi warmoqmnili Zabvis maRali 

sixSiris harmonikebis simetriulobis gamokvleva 

 
WunaSvili b., petrosiani a., gamrekelaSvili T., xarebava d. 

saqarTvelos teqnikuri universiteti 
 

„eleqtroenergiis xarisxis maCveneblebis kontrolisa da aRricxvis“ stendze Cata-
rebuli eqsperimetuli gamokvlevebiT miRebuli Sedegebis safuZvelze dasabuTebulia, 
rom eleqtromomxmareblis datvirTvis denis Sedegad qselSi warmoqmnili Zabvis maRa-
li rigis harmonikebis speqtris yoveli sixSire mkveTrad gamoxatuli asimetriulobiT 
xasiaTdeba da saWiroa igi gaTvaliswinebul iqnas filtrebis SeerTebis sqemebis Sedge-
nisas. 

 
Sesavali. eleqtromomxmareblebis mier eleqtromomaragebis qselSi warmoq-

mnili Zabvis maRali sixSiris harmonikebis amplitudebs, qselis Zalovani ele-

mentebis parametrebi da maTSi gamavali datvirTvis denis forma ganapirobebs 

[1]. Tavis mxriv, eleqtromomxmareblis datvirTvis denis forma damokidebulia 

masSi gaerTianebuli calkeul eleqtroteqnologiur danadgaris (etd) moqmede-

bis principiT [2]. 

mravali, Tanamedrove etd-is datvirTvis denis mruds, muSaobis normalur 

reJimSi, damaxinjebuli forma gaaCnia. igi gamowveulia etd-Si mimdinare eleq-

trodinamikuri procesebiT, romelic ganpirobebulia maTi rTuli muSaobis sa-

eqspluatacio reJimebiT [3]. amasTan erTad, mravali etd-is marTvis principi da 

parametrebis regulireba datvirTvis denis mrudis formis damaxinjebazea da-

fuZnebuli [4] da calkeuli fazis denis damaxinjebis procesi gansxvavebulad 

warimarTeba. 

samuSaos mizans warmoadgens eleqtromomaregebis qselis elementebSi 

eleqtromomxmareblebis didi simZlavris erTfaza eleqtroteqnologiuri da-

nadgarebis muSaobis reJimebis Sedegad, calkeul fazebSi gamavali datvirTvis 

denebis mrudis formis damaxinjebis Seswavla da maT mier qselSi warmoqmnili 

Zabvis maRali rigis harmonikebis arasemetriulobis dadgena da xarisxis Sefa-

seba. 

qselSi warmoqmnili harmonikebis gamokvleva 

eleqtromomxmareblebis eqsperimentuli gamokvlevebis optimalurad war-

marTvisaTvis masSi gaerTianebuli etd-bi davyoT Semdeg ZiriTad sam jgufad:  

1. eleqtroteqnologiuri danadgarebi, romelTa Zaluri nawili aRWurvi-

lia samfaza larionovis sqemiT Sesrulebuli tiristoruli gammarTvelebiT 

da romelTa yoveli fazis datvirTvis denis marTva urTierTdakavSirebul ga-

niv-impulsuri regulirebis principzea dafuZnebuli (mudmivi denis eleqtror-

kaluri Rumelebi, tiristoruli gardamsax-Zravas sistema, sissixSirul-reguli-

rebadi asinqronuli eleqtroamZravebi da a.S.). am danadgarebis yoveli fazis 

datvirTvis denis aqtiuri mdgenelis moqmedi mniSvnelobebi erTnairi sididisaa, 

maT mrudebs erTnairi forma gaaCniaT da isini erTmaneTis mimarT 120⁰-iT arian 

daZrunli. maSasadame, am jgufSi gaerTianebuli etd-bi eleqtromomaragebis qse-

lisaTvis simetriul datvirTvas warmoadgens. Sesabamisad, aseTi etd-is datvir-

Tvis denebis eleqtromomaragebis qselis elementebSi gadinebis Sedegad, erTi-

daigive parametrebis Zabvis maRali sixSiris simetriuli speqtri warmoiqmneba.  

2. samfaza eleqtrorkaluri danadgarebi, romelTa yoveli fazis eleqtro-
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di gadaadgilebis meqanizmis eleqtruli amZravebi damoukidebeli maTvis siste-

mebiTaa aRWurvili. aseTi danadgarebis TiToeuli fazis (eleqtrodis) datvir-

Tvis deni, winaswar gauTvaliswinebeli faqtorebiT ganpirobebuli diagramis 

mixedviT icvleba, miuxedavaT fazaTa erTnairi muSaobis reJimisa da ciklisa. 

es etd-bi xasiaTdebian mkveTrad gamoxatuli arasimetriuli dinamikuri reJime-

biT. miuxedavad amisa, aseTi danadgarebis yoveli fazis muSaobis cikli erTnai-

ria da rkalis anTebis (saeqsploatacio mokledSerTvis), rkalis mdgradi nTe-

bis reJimebsa da pauzas moicavs. Sesabamisad, aseTi etd-ebis samive fazis dat-

virTvis denebi erTnairi xasiaTisaa. Sedegad, maT mier eleqtromomaragebis qse-

lis samive fazaSi erTnairi parametrebis da ciklis mixedviT sam jgufad war-

modgenili, Zabvis maRali sixSiris speqtri warmoiqmneba.    

3. erTfaza etd-ebi (eleqtrorkaluri SesaduRi aparatebi, eleqtroplazmu-

ri danadgarebi, regulirebadi  da a.S.), romelTa datvirTvis denis mruds 

mkveTrad damaxinjebuli forma gaaCnia. aseTi danadgarebiT aRWurvil eleqtro-

momxmareblebma, calkeuli fazebis aqtiuri datvirTvis denebis moqmedi mniSvne-

lobebis gaTanabrebis miuxedavad, fazaTa datvvirTvis denebis formis damaxin-

jebis xarisxis didi gasxvavebis gamo, SesaZlebelia eleqtromomaragebis qsel-

Si warmoqmnas arasimetriuli maRali rigis harmonikebis speqtri. 

 

 
nax.1. “damtvirTavi stendis” sqema 

 

saqarTvelos teqtikuri universitetis eleqtromoxmarebis teqnologiebis 

departamentSi, „eleqtroenergiis xarisxis maCveneblebis kontrolisa da aR-

ricxvis“ laboratoriul stendze [5] gamokvleul iqna eleqtromomaragebis qse-

lis calkeul fazebSi gamavali denebis damaxinjebisa da warmoqmnili maRali 

rigis harmonikebis simetriulobis xarisxi, datvirTvis denis moqmedi mniSvne-

lobis simetriulobis pirobebSi. eqsperimenti Catarda „damtvirTavi stendis“ 

(nax. 1) asinqronuli, eleqtrorkaluri da aqtiuri datvirTvis ujredebis mona-

wileobiT. Sesabamisad, saltesTan mierTebul iqna datvirTuli asinqronili 

Zravas, saltis A fazasTan eleqtrorkaluri datvirTvis ujredi, B da C fazeb-

Tan aqtiuri datvirTvis ujredis eleqtrorkaluri datvirTvis toli simZlav-

ris winaRobebi. 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 7 

qvemoT (nax. 2, 3) mocemulia, „eleqtroenergiis xarisxis maCveneblebis kon-

trolisa da aRricxvis“ laboratoriuli stendis analizatorebidan miRebuli, 

„damtvirTavi stendis“ jamuri da calkeuli ujredebis datvirTvis denis mru-

deebi da maTi formis damaxinjebis Sedegad warmoqmnili maRali rigis harmoni-

kebis amplitudebi. rogorc miRebuli  eqsperimentuli kvlevis Sedegebidan 

sCans, B da C fazaSi gamavali denebi TiTqmis sinusoidaluri foformisaa, xo-

lo A fazaSi gamavali deni mniSvnelovnad damaxinjebuli formisaa. Sedegad, B 

da C fazaSi maRali sixSiris harmonikebi TiTqmis ar arsebobs (umniSvneloa), 

xolo  A fazaSi warmoqmnilia mesame rigis 28%-iani, mexuTe rigis 9%-iani da 

meSvide rigis 6%-iani amplitudis harmonikebi. Sesabamisad, momxmareblis dat-

virTvis denis Sedegad, qselSi warmoqmnili Zabvis maRali rigis harmonikebis 

speqtris yoveli sixSiris mkveTrad gamoxatuli asimetriulobiT xasiaTdeba. 

  

   
faza A faza B faza C 

nax.2. “damtvirTavi stendis” datvirTvis denis da Zabvis mrudeebi 

 

   

faza A faza B faza C 

nax. 3. maRali rigis harmonikebis amplitudebi 

 

daskvnebi. 

1. eleqtromomaragebis qselSi warmoqmnili maRali rigis harmonikebis speq-

tris eqsperimentuli gamokvlevebis optimalurad warmarTvis mizniT, SemoTava-

zebulia etd-ebis Sefasebis sam saxasiaTo jgufSi gaerTianebis kriteriumebi, 

rimelic dafuZnebulia etd-is mier TiToeuli fazis datvirTvis denis mrudis 

formis damaxinjebis xarisxze.  

2. „eleqtrenergiis xarisxis kontrolisa da aRricxvis“ laboratoriul 

stendze Catarebuli saxasiaTo etd-is eqsperimentuli gamokvlevis SedegebiT 

dadasturebulia, rom eleqtromomxmareblis or fazaSi gamavali denis forma 

TiTqmis sinusoidaluria, xolo mesameSi gamaval dens mniSvnelovnad damaxinje-

buli forma gaaCnia. Sedegad, mesame fazaSi warmoqmnili maRali sixSiris harmo-

nikebis speqtris amplitudebi mniSvnelovnad aRemateba ori fazisas. 

3. dasabuTebulia, rom eleqtromomxmareblis datvirTvis denis Sedegad 

qselSi warmoqmnili Zabvis maRali rigis harmonikebis speqtris yoveli sixSiris 

harmonikebi mkveTrad gamoxatuli asimetriulobiT xasiaTdeba da saWiroa, rom 
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igi gaTvaliswinebul iqnas harmonikebis CamxSobi filtrebis SeerTebis sqemebis 

Sedgenisa da parametrebis gansazRvrisas.   
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RESEARCH AND ESTIMATION OF ASYMMETRIC QUALITY OF REACTIVE  

TENSION GENERATED BY ENERGY CONSUMERS 

Tchunashvili B., Petrosyan A., Gamrekelashvili T., Kharebava D. 

Georgian Technical University 

Summary 

Based on the results of experimental research conducted on the stand called “Control and Accounting of elec-

tric energy quality indices” we can substantiate that higher order harmonics generated in the network show sharply 

asymmetric range of the frequency when the load of power consumed by customer is increased and its essential to 

be considered while drawing up filter merging schemes. 

 

 

 

 

eleqtromomxmareblebis reaqtiuli datvirTvebis asimetriulobis 

xarisxis dadgena da Sefaseba 

 

WunaSvili b.,  qobalia m., petrosiani a., gvimraZe a. 
saqarTvelos teqnikuri universiteti 

 
eleqtromomxmareblebis reaqtiuli datvirTvebis asimatriulobis xarisxis dadge-

na da Sefaseba  
eleqtromomaragebis qselis energetikuli maCveneblebis amaRlebis ZiriTad re-

zervs qselis reaqtiuli simZlavrisagan sruli gantvirTva warmoadgens. dasabuTebu-
lia, rom erTfaza danadgarebis mqone eleqtromomxmareblebs mkveTrad gamoxatuli ara-
asimetriuli reaqtiuli datvirTva gaaCniaT da sakompensacio mowyobilobebis SerCevi-
sas saWiroa misi gaTvaliswineba. 

  
Sesavali. msoflioSi Seqmnili energetikuli krizisidan gamosvlisaTvis, 

eleqtroenergetikaSi moRvawe saerTaSorisod aRiarebuli mecnierebis mTeli Za-

lisxmeva energoefeqturobis amaRlebiskenaa mimarTuli. am mxriv, erT-erT Ziri-

Tads eleqtromomaragebis qselis elementebSi arsebuli eleqtroenergiis dana-

kargebis Semcireba da energetikuli maCveneblebis amaRleba warmoadgens [1]. aR-

saniSnavia, rom eleqtroenergiis danakargebis Semcirebis ZiriTad rezervs, 

eleqtromomxmareblebis mier moTxovnili reaqtiuli simZlavris adgilze gamo-

muSavebis-kompensaciis gziT, qselis reaqtiuli simZlavris gatarebisagan sruli 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 9 

gantvirTva warmoadgens [2]. Tavis mxriv, sakompensacio mowyobilobis mier gene-

rirebuli reaqtiuli simZlavris gansazRvra da marTva, calkeul SemTxvevebSi, 

gansxvavebuli principebiT midgomebs saWiroebs. 

naSromis aqtualoba. eleqtromomxmareblebis reaqtiuli simZlavris koefi-

cientis amaRlebisaTvis, sakompensacio simZlavreebis safexurebis mniSvnelobe-

bi, rogorc wesi, reaqtiuli simZlavris naxevarsaaTiani dRe-Ramuri datvirTvis 

grafikis mixedviT gansazRvreba da igi axali qselis daproeqtebis SemTxvevaSi, 

momxmareblebis teqnologiur procesze dafuZnebul datvirTvis diagramis mi-

xedviT ganisazRvreba [3], xolo eqspluataciaSi arsebuli momxmareblebisaTvis - 

aqtiuri da reaqtiuli energiis mricxvelebidan aRebuli Cvenebebis saSualebiT 

aigeba [4]. orive SemTxvevaSi, datvirTvis grafikis yoveli safexuris simZlavre 

samive fazis simZlavreebis algebrul jams warmoadgens da fazebs Soris reaq-

tiuli datvirTvis gadanawilebas (arasimetriulobas) ar iTvaliswinebs.  

eleqtromomaragebis qselis II da III doneebze, 0,4 kv Zabvis gamanawilebeli 

mowyobilobebis salteebTan mierTebuli eleqtroteqnologiuri danadgarebi da 

kompleqsebi (etdk), umravles SemTxvevaSi, urTierT gansxvavebul moqmedebis 

principzea dafuZnebuli da gansakuTrebuli muSaobis reJimiT xasiaTdebian. Se-

sabamisad, aRniSnuli etdk, qselidan moTxovnili aqtiuri da reaqtiuli sim-

Zlavreebis Tanafardobis (reaqtiuli simZlavris koeficientis) mixediT, SeiZ-

leba sam ZiriTad jgufad davyoT:  

1. mkveTrad gamoxatuli aqtiuri datvirTvis mqone etdk (winaRobiT gaxure-

bis Rumelebi, gasaTbobi da saxurebeli xelsawyoebi da a.S.), romelTa reaqtiu-

li simZlavris koeficienti 0,9≤ ≤1,0;  

2. Sereuli datvirTvis mqone etdk (samfaza, individualuri da jgufuri 

asinqronuli eleqtroamZravebi, saCamomsxmelo xazebi da a.S.) romelTa koefici-

enti - 0,65≤ ≤0,9.  

3. mkveTrad gamoxatuli reaqtiuli datvirTvis mqone etdk (induqciuri 

sadnobi Rumelebi, SeduRebis transformatorebi da a.S.), romelTa - ≤ 0,65. 

aRsaniSnavia, rom mravali didi simZlavrisa da mniSvnelovnad dabali re-

aqtiuli simZlvris koeficientis mqone eleqtroteqnologiuri danadgarebi (ar-

xisa da tigelis tipis induqciuri sadnobi Rumelebi, cvladi denis eleqtror-

kaluri SesaduRi aparatebi, plazmuri danadgarebi da a.S.), maTi muSaobis prin-

cipebidan gamomdinare, ZiriTadad erTfaza an orfaza Sesrulebis mzaddeba [5] 

da isini qselisaTvis arasimetriul datvirTvas warmoadgenen. Sesabamisad, eleq-

tromommareblebis energetikuli maCveneblebis amaRlebis RonisZiebebis gatare-

bisas, saWiroa damoukideblad ganisazRvros calkeuli fazebis reaqtiuli dat-

virTvebi, dadgindes asimetriulobis xarisxi da miRebuli Sedegebis safuZvel-

ze ganxorcieldes reaqtiuli simZlavris kompensacia. 

naSromiss mizani. naSromis mizans warmoadgens eleqtromomaragebis qselSi 

momxmareblebis TiToeuli fazis mier qselidan moTxovnili reaqtiuli datvir-

Tvebis xasiaTis gamokvleva, reaqtiuli datvirTvis calkeul fazebze gadanawi-

lebis - arasimetriulobis dadgena da misi Sefaseba. 

reaqtiuli simZlavris arasimetriulobis gamokvleva.   

eleqtromomaragebis qselebSi arsebuli reaqtiuli datvirTvebis asimetri-

ulobis donis dadgenisa da SefasebisaTvis gamokvlevebi Catarebul  iqna mom-
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xmarebelTa tipiuri gamanawilebeli mowyobilobis (gm) magaliTze.  kerZod, aRe-

bul iqna 0,4 kv Zabvis gm (nax. 1), romlis Semkreb salteebTan mierTebulia PZr∑Σ 

= 720kvt saangariSo jamuri datvirTvisa da = 0,8 reaqtiuli simZlavris 

koeficientis samfaza asinqronuli ZravebiT aRWurvili etd–is jgufi. aseve, 

saltis A fazasTan mierTebulia = 240 kvt datvirTvisa da    = 0,45 

simZlavris koeficientis mqone, erTfaza induqciuri Rumeli, xolo B da C fa-

zefTan, =  = 240 kvt datvirTvisa da = = 1,0 koeficientis, 

xangrZliv reJimSi momuSave, erTfaza winaRobiT gaxurebis eleqtruli Rumele-

bi.  

gm-is reaqtiuli datvirTvebis arasimetriulobis SefasebisaTvis agebulia 

veqtoruli diagrama  (nax. 2). Sesabamisad, veqtorul diagramaze warmodgenili 

asinqronuli Zravebis jgufis TiToeuli fazis aqtiuri datvirTvis veqtorebis 

( Aძრ =240kvt, Bძრ =240kvt, Cძრ =240kvt) mniSvnelobebi aRebulia jamuri datvir-

Tvis mesamedi, xolo reaqtiulis ( Aძრ, Bძრ, Cძრ) – gamoTvlilia saSuale-

biT. eleqtruli Rumelebis reaqtiuli datvirTvebis veqtorebi ( ALღ , BRღ1 , CRღ2)  

gamoTvlilia analogiurad, Sesabamisi simZlavris koeficientis saSualebiT.  

 
nax. 1. gamanawiebeli mowyobilobis sqema: 1-asinqronuli Zravebis jgufi; 2-induqci-

uri Rumeli; 3, 4-winarobiT gaxurebis Rumeli. 

 

rogorc  veqtoruli diagramaze warmodgenili aqtiuri A , B , C ), reaqti-

uli, ( A , B , C ) da sruli ( A , B , C) datvirTvis veqtorebidan sCans, gm–is aq-

tiuri datvirTva  absoluturad simetriulia, xolo reaqtiuli da sruli dat-

virTva – mkveTrad gamoxatuli asimetriuli. 

zemoaRniSnulidan gamomdinare, eleqtromomxmarebelis datvirTvebis  da 

gansakuTrebiT sakompensacio reaqtiuli simZlavris gansazRvrisas, aqtiurTan 

erTad, saWiroa reaqtiuli da sruli simZlavreebis arasimetriulobis xarisxis 

dadgena da gaTvaliswineba. 
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nax. 2. momxmareblis datvirTvebis veqtoruli diograma 

 
daskvnebi.  

1. eleqtromomxmareblebis reaqtiuli datvirTvis asimetriulobis gansaz-

RvrisaTvis  SemoTavazebulia, eleqtroteqnologiuri danadgarebisa da kom-

pleqsebis sam kategoriad ganawilebis meTodika, romelic dafuZnebulia aqtiu-

ri da reaqtiuli simZlavreebis Tanafardobaze.   

2. eleqtruli datvirTvebis veqtoruli diagramis analizis safuZvelze da-

sabuTebulia, rom eleqtromomxmareblebisaTvis, romelTac mniSvnelovnad gan-

sxvavebuli reaqtiuli simZlavris koeficientis mqone erTfaza eleqtroteqno-

logiuri danadgarebi gaaCniaT, fazaTa datvirTvebis gaTanabrebis RonisZiebebis 

gatarebisas, erTdroulad aqtiuri da reaqtiuli datvirTvebis simetriulobis 

miRweva praqtikulad SeuZlebalia. Sesabamisad, maTi  reaqtiuli da sruli dat-

virTvebi, mkveTrad gamoxatuli, maRali xarisxis asimetriulobiT xasiaTdebian. 

3. dasabuTebulia, rom eleqtromomxmareblebis energetikuli maCveneblebis 

amaRlebis mizniT da gansakuTrebiT reaqtiuli datvirTvis sakompensacio mo-

wyobilobebis simZlavris gansazRvrisa da marTvis sistemis SerCevisas saWiroa 

reaqtiuli da sruli simZlavreebis arasimetriulobis xarisxis dadgena da 

gaTvaliswineba. 
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RESEARCH OF SYMMETRY OF HIGH FREQUENCY STRAIN HARMONICS IN THE NETWORK GE-

NERATED BY ENERGY CONSUMER 

Tchunashvili B., Kobalia M., Petrosyan A., Gvimradze A. 

Georgian Technical University 

Summary 

Research and estimation of Asymmetry quality within reactive tension. 

Main reserve of increasing energy supply indices lies on full discharging of Network Reactive Power. It is 

substantiated (proved) that consumers of a single-phase equipment show sharply asymmetric reactive tension and 

this should be taken into consideration when selecting Compensatory devices for them. 

 

 

 

 

 

wevis qvesadgurebSi qselis mimyoli samfaza invertorebis muSaobis 

reJimebi Semxvedr-paralelurad mierTebuli uku marTvadi 

gammarTvelis pirobebSi 

 
koxreiZe g.*,  ხორავა ვ.**,   frangiSvili g.*,  tetunaSvili e.* 

* saqarTvelos teqnikuri universiteti 
** ss ,,saqarTvelos rkinigza” 

 
naSromSi ganxilulia wevis Zravis rekuperaciuli damuxruWebis პირობებში ქსელის 

მიმყოლი ინვერტორის მუშაობის რეჟიმები მის შემხვედრ-პარალელურად მიერთებული უკუ 
მართვადი გამმართველის გათვალისწინებით. ამ შემთხვევაში გeneratorul reJimSi myofi Zrav-
Si pirdapiri mabruni momentis garda Tavs iCens uku mabruni momenti, rac iZleva saSua-
lebas efeqturad warimarTos rekuperaciuli dinamiuri damuxruWeba. marTvadi gammar-
Tveli warmoadgens uku gammarTvels ინვერტორისათვის. dadgenilი sqema საშუალებას იძლევა 
განxorcieldeს reaqtiuli simZlavris kompeნsacia. dadgenilia uku gammarTvelis da in-
vertoris marTvadi ventilebis erTdrouli muSaobis Tanmimdevrobis kanonzomiereba. 

 

აღნიშნულ SemTxvevaSi (nax.1) rekuperaciuli damuxruWebisas gammar-

Tveli agregatis gamourTavad mudmivi denis qselSi Zabvis momatebisas 

CairTveba sa1, sa2 swrafmomqmedi amomrTvelebi. gammarTveli aRmoCndeba 

Semxvedr-paralelurad mierTebuli qselis mimyol invertorTan da iRebs 

uku gammarTvelis funqciaს. Uuku gammarTveli invertoris gamosavalidan 

simZlavres aZlevs mudmivi kvebis wyaros da asrulebs damatebiTi aqtiu-

ri datvirTvis rols. es datvirTva amaRlebs iნvertoris gamosavalSi 

simZlavris koeficients  cosφგ1 ,რაც იწვევს ინვერტორის განტვირთვისას 

გამომავალი ძაბვის შემცირებას.უკუ გამმართველის გარეშე     cosφგ1        simZlavris 

koeficienti iqneboda mcire da Sesabamisad invertoris gamosavalze Zabva 

iqneboda maRali [1].  

Ddrois 
10 tt   intervalSi (nax.2 a, b) Semxvedr-paralelurad CarTu-

li ori gardamqmneli agregatebis marTva xdeba erTdroulad Sesabamisi 

marTvis impulsebis miwodebiT. impulsebis fazirებa Seesabameba gamar-

Tvis reJimisaTvis  Gგ gragnilidan bგ gragnilisaken.  
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Nnax.1. ქსელის მიმყოლი invertoruli agregatis principuli 

eleqtruli sqema wevis Zravis rekuperaciuli damuxruWebisა და 

მართვადი გამმართველის შემხვედრ-პარალელურად მიერთების pirobebSi. 
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nax..2. samfaza wevis transformatoris gragnilebis fazuri Zabvebi 
–a,b; generatorul reJimSi wevis Zravis e.m.Zala –g; invertoris da 
uku gammarTvelis tiristorebis muSaobis Tanmimdevroba – d, e. 
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Aam dros Riaა 3გ da 6გ uku gammarTvelis tiristorebi. იnvertoruli 

reJimebisTvis bი graგnilidan  cი gragnilisaken. Aam dros Riaა 5ი da 2ი ti-

ristorebi. erTdrouli SeTanxmebuli marTvisas  i , sadac αგ და  – 

Sesabamisad ukugammarTvelis da invertoris მართვის კუთხეებია 

(ნახ.2,დ,ე).ასეთი მართვისას უკუ გამმართველის გამართული ძაბვის და ინვერტორის 

Sesasvlelze generirebuli mudmivi Zabvis myisa mniSvnelobebi urTierT 

sawinaaRmdegodaa mimarTuli; ir1, ir2 invertoris reaqtorebis gamo gam-

marTvel-invertoruli konturSi gamaTanabrebeli denis gavla inverto-

ris reaqtorebSi SezRudulia. reaqtoris induqciurobebs irCeven iseTi 

sidideebiT, rom gamaTanabrebelma denma ar gadaaWarbos nominaluri de-

nis 10%-s [2]. 

amis Sedegad wevis transformatoris meoradi gammarTveli gragni-

lis  Сგ fazaSi gamavali  Iგ deni mimarTulebiT Tanxvdenilia invertoru-

li gragnilis  Сი fazaSi gamavali  Iი denisa. Aanalogiurad  bგ-fazaSi ga-

mavali  Iგ deni emTxveva  bგ fazaSi gamavali  Iგ denს. invertoruli deni  Iი 

ikvreba konturSi , romelic gadis Semdeg kvanZebSi (nax.1) :  

a,b,5ი,bი,bგ,ό,cგ,cი,2ი,d,e,a;  xolo uku gamarTvis  Iგ deni ki gadis Semdeg kvan-

Zebze: cგ,3გ,m,a,e,ƒ,σგ,bგ,ό,cგ Aაmis gamo  W2 xviebis ricxvis mqone gammarTve-

lis gragnilSi gamavalis deni tolia  Iი+Iგ , xolo  W3 xviis ricxvis 

mqone xviaSi gamavali deni tolia  Iი-is. Aamis Sedegad invertoris fazu-

ri Zabva metia gamarTvis fazur Zabvaze; rekuperaciuli simZlavre inver-

toris meSveobiT Sedis transformatoris meoradi gragnilSi da gadaece-

ma cvladi denis qsels. Ggeneratoruli reJimSi arsebuli wevis ZravSi 

invertorisa da uku gammarTvelis Sesabamisi denebi  Iი da  Iგ urTierTsa-

winaaRmdegodaa mimarTuli, iqmneba uaryofiTi mabruni momenti, generato-

ri ikvebeba sawinaaRmdego mimarTulebis mudmivi deniT  Iგ. amis gamo reku-

peraciuli damuxruWebis pirobebSi umjobesdeba eleqtrodinamikuri da-

muxruWeba. generatorSi gadis Semcirebuli jamuri deni da generatoris 

brunvaTa ricxvi avtomaturad inarCunebs stabilur mniSvnelobas da ge-

neratoris dabali datvirTvis pirobebSi rekuperaciuli damuxruWeba mim-

dinareobs sasurveli SedegebiT. 

Aanalogiur procesebs aqvs adgili agregatebis muSaobis drois 

daნაrCen momdevno intervalebSi. 

გენერატორის თვით არგზნებისათვის აუცილებელია გათვალისწინებული 

იქნას პოლუსების ნომინალური მაგნიტური ნაკადის 2-3%-ის არსებობა,აღგზნების 

გრაგნილის სწორი ჩართვა,უქმი სვლის და აღგზნების წრედის მახასიათებლების 

ურთიერთ გადაკვეთა.  

Ggeneratorul reJimSi momuSave Zravis Ruzis gragnilis sadenebSi 

moqmedebs eleqtromagnituri Zalebi,romlebic qmnian moments,mimarTuli 
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Ruzis brunvis sawinaaRmdegod.damamuxruWebeli eleqtromagnituri momen-

ti aRmoifxvreba eleqtromoZravi Semadgenlobis kinetikuri energiis Se-

sabamisi “pirveladi ZraviT”,romelic uzrunvelyofs ukve generatoris 

Ruzis brunvas. 

Zravur reJimSi muSaobisas manqanis musebze moedeba sakontaqto qse-

lis mudmivi Zabva.am SemTxvevaSi CarTulia marTvadi samfaza gammarTveli 

agregati,xolo qselis mimyoli samfaza invertoruli agregati amorTu-

lia.qselis mudmivi Zabvis moqmedebisas Ruzis gragnilSi gadis  e.m.Zalis 

Semxvedri deni.amis Sedegad Zravur reJimSi aRiZvreba eleqtromagnituri 

momenti,romelic moqmedebs Ruzaze misi moZraobis mimarTulebiT da aR-

mofxvravs datvirTvis winaღobis moments.am dros sakontaqto qselis Zab-

va wonaswordeba Ruzis gragnilis e.m.ZaliT. 

Eeleqtromagnituri Zalebisa da momentebis warmoSoba SeiZleba ax-

snili iqnas eleqtromagnituri Zalebis kanonis safuZvelze,romelTa 

formulireba gamomdinareobs energiis Senaxvis(mudmivobis)kanonidan:eleq-

tromagnitur sistemaSi aRiZvreba Zalebi da momentebi,romlebic ecdebian 

gaadidon magnituri velis energia.Ruzaze moqmedebs erTi mimarTulebis 

eleqtromagnituri momenti,xolo uZrav nawilze-statorze sxva mimarTu-

lebis,romelic aRiZvreba manqanis sayrdenze [3]. 
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COMPENSATING THE REACTIVE CAPACITY IN THE TERMS OF RECUPERATION BRAKING 

Kokhreidze G.*;  Khorava V. **; Prangishvili G.*;   Tetunashvili E..  
* Georgian Technical University, **JSC ,,Georgian Railway”  

Summary 

In the work one discusses creating the scheme of joint transferring system with the purpose of effective ful-

fillment of recuperation dynamic braking of gradual exciting pressure motor of permanent power. It foresees mee-

ting-simultaneous switching of gradual voltage inventor of managing maintainer and AC network, consisting of 

IGBT power transistor modules. Besides the direct circulating moment, being in generator regime motor, there can 

be circulating moment, when it gives opportunity to manage the recuperation dynamic braking effectively. Mana-

ging maintainer aggregation represents anti-maintainer for the follower inventor of the web. In the established sche-

me one implements improving the capacity ratio and resulting in reactive capacity compensation, when, as a rule, it 

represents solving of more problematic question. It is established regularity of simultaneous working of inventor 

managing valves and anti-maintainer. 
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Semxvedr-paralelurad CarTul uku marTvad gammarTvel-invertorul 

agregatebSi eleqtromagnituri gardamavali procesebis 

maTematikuri modelireba 

 

koxreiZe g.*, baxtaZe m.**, frangiSvili g.*, tetunaSvili e.* 
*saqarTvelos teqnikuri universiteti 

** ss ,,saqarTvelos rkinigza “ 
 

naSromSi ganxilulia uku marTvad gammarTvel-invertorul agregatebSi eleqtro-
magnituri gardamavali procesebis maTematikuri  modelireba. Gganxilulia procesebis 

modelireba drois ganzogadebul -dan -mde arasakomu-

tacio intervalebSi da agreTve drois ganzogadebul -dan 

-mde sakomutacio intervalebSi. modelireba Catarebulia cvladTa 

kompleqsuri gardaqmnis meTodiT. Sedgenilia erTiani gardamqmneli sistemisaTvis re-
zultirebuli kompleqsuri cvladebis mimarT gantolebaTa sistema matricul saxeSi.Se-
saZlebelia Catarebul iqnas maTi amoxsna rekuperaciuli denebis warmoebulebis mimarT 
da dadgenil iqnas komutaciuri gadaZabvebis minimizaciis pirobebi. 
 
   ganvixilavT SemTxvevas, roca [1]-Si nax.1- ze Ria mdgomareobaSia mxolod 3g, 

6g da 2i, 5i marTvadi tiristorebi da CarTuli aris swrafmoqmedi amomrTvelebi 

sa1 da sa2. eleqtromagnituri procesebi mimdinareobs  arasakomutacio drois 

ganzogadebul -dan  –mde intervalebSi. Nnormalu-

ri mdgradi muSaobisaTvis saWiroa daculi iyos piroba  +β=  π da  +  =β,  

sadac  p-  gammarTveli agregatis tiristorebis regulirebis (marTvis) kuTxea, 

β- invertoruli agregatis tiristorebis winswrebis kuTxea, ϒ- komutaciis ku-

Txea,  -tiristorebis marTvis Tvisebis aRdgenis kuTxea. 

   cvladTa kompleqsuri gardaqmnis meTodis gamoyeneba zogierTi trigonomet-

riuli gardaqmnis safuZvelze gvaZlevs wevis Zaluri transformatoris gragni-

lebis eleqtruli wonasworobis gantolebebs sagragnile, rezultirebuli kom-

pleqsuri eleqtruli sidideebis mimarT : 

. 

M                             , 

                           ,                                (1)                                                                          

,  

, 

, 

  sadac rezultirebuli kompleqsuri sagragnilo eleqtruli sidideebisaTvis 

gavqvs Semdegi gamosaxulebebi: 

,       , 
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,       ,   

,        ,                (2) 

,       

,        . 

 

datvirTvis konturisaTvis damatebiTi gantolebebis Semoyvanisa da trigo-

nometriuli gardaqmnebis Sedegad vRebulobT maTematikur models cvladebis 

d,q  mdgenelebis mimarT: 
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sadac (3)-Si arsebuli eqvivalenturi cvladi parametrebi gamoisaxebian mocemu-

li eleqtruli parametrebiT. 
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    miRebuli (3),(4) gantolebaTa sistema warmoadgens Semxvedr-paralelurad 

CarTul uku marTvadi gammarTvel-invertorul agregatebSi eleqtromagnituri 

gardamavali procesebis gaangariSebisa da analizis srul maTematikur mo-

dels,rogorc arasakomutacio, ise sakomutacio drois ganzogadebul interva-

lebSi. 
 
Lliteratura 

1. koxreiZe g. , xorava v . , frangiSvili g. , tetunaSvili e. wevis qvesadgurebSi qselis 
mimyoli samfaza invertorebis muSaobis reJimebi Semxvedr-paralelurad mierTebuli 
uku marTvadi gammarTvelis pirobebSi.// meoTxe saerTaSoriso samecniero konferen-
cia. energetika: regionaluri problemebi da ganviTarebis perspeqtivebi. quTaisi, 
2016w. 29-30 oqtomberi 

 
MATHEMATIC MODELING OF ELECTRO-MAGNETIC TRANSITION PROCESSES IN COUNTER-

PARALLEL COUPLED REVERSIBLY OPERATED POWER FACTOR RECTIFIER -INVERTER 

AGGREGATES 

Kokhreidze G.*,  Bakhtadze M.**,  Prangishvili G.*,  Tetunashvili E.* 

*Georgian Technical University 

** ,,JSC Georgia Railway” 

Summary 

The work focuses on preparing mathematic modeling issues of electro-magnetic transition processes in 

counter-parallel coupled reversibly operated power factor rectifier-inverter aggregates during the recuperative 

braking. Variations in time and equivalent parameters are determined. Process calculations, analysis and research 

are done based on universal method of variables’ complex and spectral-operating conversions. Electromagnetic 

transitional process calculation complex equations are present for resultant electrical quantities. Equations are made 

up separately, for general 2 following non-switching and switching intervals. Very important relationship is 

determined  between the angles of power factor rectifier switch regulation α, inverter outgo β, commutation γ  and 

thyristor operating feature recover θ. Detrermined equation system represents complete mathematic model of 

electromagnetic transition process calculation and analysis. 

 
 

 

 

 

 

zegamtari eleqtrosistemis maTematikuri modeli 

 

koxreiZe d., buWvelaSvili g. 
saqarTvelos teqnikuri universiteti 

 
 ganxilulia zegamtari cvladi denis umartivesi sistema. Sedgenilia sistemis ekviva-
lenturi eleqtruli Canacvlebis sqema axali parametris – kinetikuri induqciuro-
bis gaTvaliswinebiT.es parametri ar aris dakavSirebuli energiis danakargTan. miRe-
bulia denis gamosaxuleba mbrunav koordinantTa sistemaSi operatoruli meTodis 
gamoyenebiT. Gგanxiluli maTematikuri modeli SeiZleba gamoviyenoT egm-ze rTuli 
eleqtruli sistemebis analizis SemTxvevaSi. 

 
nax.1-ze naCvenebia energiis gadamcemi zegamtari sistema, romelic Seicavs: 

zegamtar transformators(zgt), zegamtar gadamcem xazsa (zgx) da aqtiur-induq-

ciur datvirTvas(d).  
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nax.1 zegamtari sistemis sqema 

 

 zegamtari transformatoris gragnilebSi deni Seicavs or Semdgens: nor-

malursa da zegamtaruls; denis normaluri Semdgeni izRudeba normaluri  

winaRobiT, romelic ganpirobebulia normaluri eleqtronebis mimarT winaRo-

biT, xolo zegamtari Semdgeni izRudeba kinetikuri iduqciurobiT, romelic 

ar aris dakavSirebuli energies danakargebTan. Canacvlebis sqemaSi  da  

CarTulia paralelurad, romelicSeiZlebaSeicvalos mimdevrobiT SeerTebuli 

 da  winaRobebiT stacionarul reJimSi. Eekvivalenturi winaRobebisaTvis 

gveqneba: ; ;   da  winaRobebi damokide-

bulia magnituri velis induqciaze Semdegnairad: ;   

. 

sadac  aris zegamtaris winaRoba normalur mdgomareobaSi, roca = .  

,  - zegamtaris kuTri winaRobaa normalur mdgomareobaSi, - zegam-

tari sadenis sigrZea, s - zegamtari sadenis ganivikveTis farTobia, - kinetiku-

ri induqciurobaa, roca ,  ; sadac - kuTri kinetikuri induq-

ciurobaa, - eleqtronebis koncentracia zegamtarSi, - normaluri 

eleqtronebis, xolo - zegamtari eleqtronebis koncentracia. - zegamtaris 

zedapirze induqciis fardobiTi mniSvnelobaa, . 

- induqciismniSvnelobaazegamtariszedapirze; 

- magnituri induqciis kritikuli mniSvnelobaa, 

- fardobiTi magnituri induqcia zegamtaris SigniT, 

- induqciis mniSvneloba zegamtaris SigniT =  

da - zegamtari masalis damaxasiaTebeli parametrebia da ganisazRvreba 

eqsperimentulad. 

Ppirveli gvaris zegamtarSi , . 
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Mmeore gvaris zegamtarisaTvis ,    . 

 zegamtari transformatoris parametrebis gansazRvris Semdeg SeiZleba Sevad-

ginoT misi eleqtruli ekvivalenturi Canacvlebis sqema. Nnax.2-ze moyvanilia 

orgragniliani zegamtari transformatoris Canacvlebis sqema denebis gasaanga-

riSeblad, gardamaval da stacionarul reJimebSi. 

zegamtari gadamcemi xazis Canacvlebis sqema warmoadgens xazis normalur-

aqtiur winaRobasTan paralelurad CarTul xazis kinetikur  induqciuro-

bas. aRniSnuli paraleluri Stos mimdevrobiT CarTulia xazis  induqciuro-

ba. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Nnax.2 orgragniliani zegamtari transformatoris eleqtruli Canacvlebis sqemebi:  

a) sqema gardamavali procesebisaTvis,   b) sqema stacionaruli procesebisaTvis. 
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zemoTmoyvanili Canacvlebis sqemebis safuZvelzeSeiZlebaSevadginoT sis-

temis sruli Canacvlebis sqema da viangariSoT denebi arastacionalur da dam-

yarebul reJimebSi. Aanalizis gamartivebis mizniT CavTvaloT, rom sistemis 

elementebi idealuri zegamtarebia da transformatoris uqmi svlis deni SeiZ-

leba ugulvebelvyoT. Ggvaqvs tolobebi: , . 

Tu gadamcemi sistemis saTaveSi modebulia harmoniul iZabva 

, maSin misi kompleqsuri gamosaxuleba iqneba . Zab-

vis mniSvneloba  kuTxuri siCqariT mbrunav koordinantTa sistemaSi iqneba 

. sistemis gamartivebuli operatoruli sqema mbrunav koordinantTa siste-

maSi gvaZlevs denis operatorul gamosaxulebas karsonis mixedviT: 

 , 

sadac  sistemis kinetikuri induqciurobaa. 

Ddenebis myisi mniSvnelobebisaTvis daSlis Teoremis mixedviT miviRebT ga-

mosaxulebebs: . 

G ganxiluli meTodika SeiZleba gamoviyenoT ufro rTuli eleqtruli 

sistemis SemTxvevaSi orgragniliani, samgragniliani da calkeagznebis gragni-

liiani transformatorebiT. gaangariSeba SeiZleba Catardes rTuli eleqtruli 

wredebis gaangariSebis meTodebiT. sistemaSi zegamtari elementebis arsebobis 

gamo aucilebelia axali parametris- kinetikuri induqciurobis da Sesabamisi 

induqciuri winaRobis mxedvelobaSi miReba. 

 Zaluri zegamtari transformatorebis gamoyeneba SeiZleba, rogorc ener-

gies Semyvani da gamomyvani mowyobilobisa Cveulebrivi energosistemidan zegam-

tar xazSi da piriqiT.zegamtari transformatoris margi qmedebis koeficienti 

ganpirobebulia simZlavris danakargebiT gragnilebSi da magnitogamtarSi. ze-

gamtar gragnilebSi mniSvnelovnad Semcirebulia eleqtruli danakargebi.sim-

Zlavris magnituri danakargebis Semcirebis mizniT transformatoris Reroebi 

SeiZleba damzaddes rkinis gareSe, rac SesaZlebelia toroiduli tipis zegam-

tar transformatorSi. Mmagnituri danakargebi mniSvnelovnad mcirdeba magnito-

gamtaris masalad amorfuli eleqtroteqnikur ifoladis gamoyenebisas. Aam Sem-

TxvevaSi mizanSewonilia zegamtari transformatoris uqmi svlis denis gaanga-

riSeba Catardes magnitogamtaris masalis parametrebisa da damzadebis teqno-

logiis Taviseburebis gaTvaliswinebiT egm-ze. 

 
      gamoyenebuli literatura 

1. Лумидзе Ш.И. Новая  электромеханика// М. :ИД “ Лонгфелло” , 2010. – 336с 

 

A MATHEMATICAL MODEL OF SUPERCONDUCTING ELECTRIC SYSTEM 

Kokhreidze D., Buchvelashvili G. 

Georgian Technical University 

Summary 

  There's discussed the simplest AC superconducting system. There's composed an equivalent electrical circuit of the 

system. Foreseen a new parameter's kinetic inductance. The parameter isn't connected to loss of energy. By using 

operational method in the rotating coordinate system, received image of current. Discussed mathematical model may 

be used on the EGM, in case of an complex electrical system's analysis. 

 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 23 

reaqtiuli energiis kompensacia ss „saqarTvelos rkinigza”-s  

wevis qvesadgurebSi 

 

xurcilava g., kiRuraZe o.    
saqarTvelos teqnikuri universiteti 

 
naSromSi  ganxilulia  reaqtiuli  energiis  warmoSobis  mizezebi   da  mis  mi-

er  gamowveuli  mavne  Sedegebi  qselSi  CarTuli  el.teqnikuri  mowyobilobebis  mi-
marT,  dasabuTebulia, rom reaqtiuli energia irxeva qselsa da datvirTvas Soris. misi 
warmoSobis mizezebia:transformatorebis, Zravebis, grZeli sahaero an sakabelo xazebis 
arseboba el. kvebis sistemaSi, romlebic xels uSlian el. energiis gadacemas datvir-
Tvis wredebSi. 

 
         reaqtiuli energiis kompensaciis aucilebloba Seswavlili iqna s/s 

„saqarTvelos rkinigza“-s qvesadgurebis gamanawilebel mowyobilobaze  dakvir-

vebebis Sedegad.   dakvirveba mimdinareobda kompania “ELSPEC”-is mier warmoebu-

li eleqtronuli analizatoris daxmarebiT. eqsperimenti warmoebda zahesisa da 

moliTis qvesadgurebSi. SemowmebiT dadginda, rom gauTvaliswinebeli Zabvis 

vardnebis da gadaZabvebis mniSvnelovan faqtors warmoadgens reaqtiuli energi-

is arseboba el. matarebelTa kvebis sistemaSi.  

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 
 aRniSnuli qvesadgurebisaTvis  ganisazRvra Semdegi: 

• aqtiuri da reaqtiuli energiis moxmareba; 

• Zabvis cvlilebis diapazoni; 

• simZlavris koeficienti; 

• maRalsixSiruli denebis harmonikebis Semadgenloba; 

• denisa da Zabvis damaxinjebis koeficienti da sxva energetikuli maCveneblebi.  

     dakvirvebis Sedegebidan Cans, rom sakmaod didia reaqtiuli energiis moxma-

reba zogierT momentebSi da igi aRwevs 700kvar-s(kilovoltamper reaqtiuli), 
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xolo aqtiuri energiis moxmareba icvleba 1.4 mgvt-mde, xSiria SemTxvevebi, roca 

qvesadguri muSaobs uqm svlasTan axlo reJimebSi. 

naCvenebia aseve qvesadguris Zabvis da denis cvlilebebi. rogorc diagrame-

bidan Cans Zabva icvleba 30kv-dan 39kv-mde,adgili aqvs Zabvis swraf Cavardnebsac 

da xanmokle gadaZabvebs. analoguri tipis maxasiaTeblebi gadaRebuli iqna qve-

sadgur moliTisTvisac, sadac aRiniSna igive xasiaTis problemebi. 

     reaqtiuli energiis kompensaciis mowyobilobebis danergviT aRniSnuli 

problema(Zabvis ryevebi, gadaZabvebi da Zabvis vardnebi) praqtikulad moispoba, 

radganac swrafi eleqtronuli mowyobilobebis daxmarebiT mudmivad warmoebs 

reaqtiuli energiis kompensacia Tanamedrove maRali xarisxis kondensatorebis  
gamoyenebiT da es procesi mimdinareobs Semdegnairad: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       
• eleqtronuli analizatoris daxmarebiT ganisazRvreba moxmarebuli reaqtiu-

li energiis sidide, romelic induqtiuri xasiaTisaa; 

• eleqtronuli kontroleris daxmarebiT ganisazRvreba kondensatoris tevado-

bis sidide, romelic CairTveba wredSi avtomaturad eleqtronuli swrafi 

CamrTvelebis daxmarebiT; 

• aRniSnuli procesi mimdinareobs ramodenime miliwamis ganmavlobaSi; 

• reaqtiuli energiis kompensatoris(kondensatorebis) CarTva amorTva cvladi 

denis wredSi imdenad swrafad mimdinareobs, rom SeiZleba vigulisxmoT, rom 

kompensacia mimdinareobs praqtikulad uwyvetad. 

reaqtiuli energiis swrafi da zusti kompensacia Tavis mxriv gamoricxavs Sem-

degs: 

• gadaZabvebs da xels uwyobs Zabvis sididis SenarCunebas da simZlavris stabi-

lizacias; 

• zrdis el. qselis datvirTvisunarianobas; 

• icavs el. teqnikur mowyobilobebs dazianebisagan da amiT amcirebs momsaxu-

reebis xarjebs; 

• gvaZlevs el.energiis ekonomias (8÷12)%-is farglebSi, radganac praqtikulad 
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nulamde mcirdeba reaqtiuli energiis moxmareba. 

    amgvarad dasabuTebulia reaqtiuli energiis kompensaciis aucilebloba ma-

Ti eqspluataciis dros. 

 
gamoyenebuli literatura.  

1. xandani m. reaqtiuli energiis gazomvebi. luizianas teq. universiteti 1988w. 180gv. 
 

REACTIVE POWER COMPENSATION AT THE TRUCKING SUB-STATIONS  

OF “GEORGIAN RAILWAY”  

G. Khursilava, O Kiguradze 

Georgian Technical University 

Summary 

The paper describes causes of the reactive power and its negative consequences for the electrical equipment 

connected to a network. It has been justified that reactive power hesitates between the network and loading. Its cau-

ses are as follows: the existence of transformers, motors, long air or cable lines in the power-supply system, which 

prevent power transmission in loading circuits.  
 

 

 

 

 

Zlieri impulsuri magnituri velis praqtikuli gamoyenebis 

perspeqtivebi 

 

nemsaZe S., Zeluri d. 
 saqarTvelos teqnikuri universiteti  

 
naSromSi mocemulia Zlieri impulsuri magnituri velis generirebis saSualebebis, maTi 
teqnologiuri gamoyenebis Sedegebis mokle mimoxilva,  maTi Semdgomi srulyofis da 
gamoyenebis arealis gafarToebis  sakiTxebi.   aRniSnulia, rom danadgaris efeqturobi-
saTvis saWiroa  induqciurobebis angariSis meTodebis srulyofa da parazituli induq-
ciurobis minimizacia. 
 
     winamdebare naSromSi mocemulia Zlieri impulsuri magnituri velis gene-

rirebis saSualebebis, maTi teqnologiuri gamoyenebis Sedegebis mokle mimo-

xilva,  maTi Semdgomi srulyofis da gamoyenebis arealis gafarToebis  saki-

Txebi. 

    sadReisod, mecnierebisa da teqnikis ganviTarebis done mniSvnelovnad ganpi-

robebulia inovaciuri mecnierebatevadi teqnologiebis damuSavebiT da praqti-

kaSi danergviT. maT Soris TvalsaCino teqnikur-ekonomikuri efeqtia miRweuli 

magnitur-impulsuri teqnologiis gamoyenebiT, romelic damyarebulia Zlieri 

impulsuri magnituri velis liTonebze Zaluri da siTburi zemoqmedebis movle-

nis gamoyenebaze. dadgenilia [1], rom impulsuri magnituri veli induqciiT 35-40 

tesla liTonis namzadze zemoqmedebisas iwveves mis plastikur deformacias; 

70-80 tesla induqciis dros xdeba liTonis zedapiris molRoba, xolo 140-160 

tesla induqciis dros magnituri velis siTburi da Zaluri zemoqmedeba imde-

nad intensiuria, rom adgili aqvs liTonis aorTqlebas. aq igulisxmeba, rom 

Zlieri impulsuri magnituri velis zemoqmedebas ganicdian ZiriTadad spilen-

Zis, aluminis da magniumis an maTi  Senadnobebisagan damzadebuli nimuSebi. 

     Zlieri impulsuri magnituri velis generirebisaTvis gamoiyeneba impulsu-

ri denis generatori - nebismieri magnitur-impulsuri mowyobilobis ZiriTadi 
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nawili. igi Seicavs energiis damagrovebels, ganmmuxtvels da induqtors. magni-

tur-impulsuri mowyobilobis struqturuli sqema naCvenebia  nax.1-ze, sadac  (1) 

aris dammuxtavi bloki, (2) - energiis damagrovebeli,   (3) - induqtori dasamuSa-

vebeli namzadiT, (4) - magnitur-impulsuri  mowyobilobis  marTvis, sainforma-

cio- sazomi, signalizaciis da blokirebis sistema.     

 
Nnax. 1 

      
energiis damagrovebeli warmoadgens maRali  (25 – 50 kv)  nominaluri Zab-

vis mqone impulsuri, mcire sakuTari induqsiurobis mqone kondensatorebis ba-

tareas. 

    dammuxtavi bloki aris marTvadi naxevargamtaruli mowyobiloba, romelic 

uzrunvelyofs kondensatorebis batareis damuxtvas ekonomiuri reJimiT. 

     impulsuri denis generatorSi damuxtuli kondensatorebis batarea gani-

muxteba  induqtorze ganmmuxtvelis saSualebiT da induqtorSi gadis Zlieri 

impulsuri deni, romelsac umetes SemTxvevaSi aqvs milevadi rxeviTi xasiaTi. 

Sedagad generirdeba Zlieri impulsuri magnituri veli teqno-logiuri instru-

mentiT - induqtoriT. am ukanasknelis konstruqcia ganapi-robebs teqnologiur 

operaciebs, romlebic iyofa sam Jgufad [2]: 

• teqnologiuri operacia „moWera“, romllis drosac dasamuSavebeli  namzadi 

RerZsimetriulia, Tavsdeba induqtoris SigniT da misi deformacia xdeba in-

duqtorSi gamavali impulsuri denisa da namzadSi inducirebuli denis urTi-

erTganzidviT. 

• teqnologiuri operacia „gaSla“. am dros induqtori TanaRerZulad Tavsdeba 

namzadSi, romlis deformireba (gaSla) xdeba isev induqtoris denisa da nam-

zadSi inducirebuli denis urTierTganzidviT. 

• teqnologiuri operacia „furclovani formireba“, rodesac dasamuSavebeli 

namzadi furclis formisaa da maszed dartymiT zemoqmedebs brtyeli spira-

luri induqtori. 

     aRniSnuli teqnologiuri operaciebi ilustrirebulia nax,2-ze, sadac  

Seesabameba operacia moWeras,  ) - operacia gaSlas, xolo   ) – operacia fur-

clovan formirebas. 
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                                      nax.2 
    zemoT moyvanil teqnologiur operaciebSi (1) aris induqtori da (2) - namza-

di. Yvela SemTxvevaSi puansonis rols asrulebs impulsuri magnituri veli, 

romelic warmoadgens praqtikulad uinercio dartymiT instruments da saSua-

lebas iZleva miRweul iqnes teqnologiuri procesis Zalzed maRali warmadoba, 

romelic SezRudulia mxolod teqnologiur kvanZSi namzadis miwodebis da iqi-

dan mza detalis gamotanisaTvis saWiro drois intervalebiT. 

     stu-Si dagrovilia magnitur-impulsuri sistemebis damuSavebasa da warmoe-

baSi danergvis didi gamocdileba. Seqmnilia magnitur-impulsuri danadgarebi 

spilenZis bunikebis 20 mm2 -mde ganivkveTis mqone kabelebze mosawnexad maRali 

xarisxis eleqtruli kontaqtis uzrunvelyofiT da teqnologiuri operaciidan 

Zvirad Rirebuli kalis gamoyenebis gamoricxviT [3]. 

         Zalzed efeqturia impulsuri magnituri velis, rogorc dartymiTi in-

strumentis gamoyeneba, sxvadasxva xelsawyoebis (sensorebis, integraluri sqeme-

bis, marTvis elementebis) aCqarebis mixedviT gadatvirTvis unarianobis, dartyma 

medegobisa da mdgradobis gansazRvris dros. am TvalsazrisiT  stu-Si Seqmni-

lia danadgarebi sxvadasxva metrologiuri samsaxurebis dakveTiT  [4], romle-

bic saSualebas iZleva ganisazRvros magaliTad, maRalsixSiruli piezoeleq-

truli sensorebis dinamikuri maxasiaTeblebis sruli speqtri. 

         gansakuTrebuli teqnikur-ekonomiuri efeqti SeiZleba miRweul iqnes 

magnitur-impulsuri teqnologiis SerwymiT sxva teqnologiebTan, magaliTad 

plazmur teqnologiebTan [5], SeduRebasTan, Caketil sivrceSi awyobiT operaci-

ebTan. 

        magnitur-impulsur danadgarSi teqnologiuri operacia sruldeba gan-

muxtvis denis mxolod erTi naxevartalRis dros. danarCeni naxevartalRebis 

Sesabamisi energia usargeblod ixarjeba. danadgaris  efeqturoba SeiZleba 

mniSvnelovnad amaRldes amJamad gamoyenebadi ignitronuli, trigatronuli an 

tiratronuli komutatorebis CanacvlebiT marTvadi naxevargamtaruli komuta-

toriT, romelic uzrunvelyofs ganmuxtvis denis yvela naxevarperiodis gamoye-

nebas, maTi maqsimaluri mniSvnelobis SenarCunebiT kondensatorebis batereis 

uwyveti damuxtvis uzrunvelyofis Sedegad. 

        ganmuxtvis konturis ekvivalenturi iduqciuroba aris jami kondensato-

rebis batareis, komutatoris. induqtoris da SemaerTebeli salteebis induqciu-

robebis. am elamentebis magnitur velebSi nawildeba kondensatorebSi dagrovi-

li energia da cxadia, rom magnitur-impulsuri danadgaris efeqturoba ganisaz-

Rvreba induqtorSi gadasuli energiiT anu koeficientiT [6]: 
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sadac ganmuxtvis konturis parazituli induqciuroba 

saltkomkonpar LLLL    .                            (2) 

     gasagebia, rom danadgaris efeqturobisaTvis saWiroa aRniSnuli induq-ciu-

robebis angariSis meTodebis srulyofa da parazituli induqciurobis minimi-

zacia. 

  unda aRiniSnos, rom xSir SemTxvevaSi induqtoris induqciuroba gacilebiT 

naklebia parazitul  induqciurobasTan SedarebiT da faqtiurad warmoadgens 

Sesabamisi ubnis mokled CarTvas. aseTi induqtoris CarTva ganmuxtvis konturSi 

srudeba specialuri konstruqciis transformatoriT, gaformebuli magnituri 

velis koncentratoris saxiT an rogorc sakabelo transformatori, riTac Se-

iZleba miRweul iqnes magnitur-impulsuri danadgaris misaRebi efeqturoba.  

       magnitur-impulsuri danadgaris  efeqturoba SeiZleba mniSvnelovnad 

amaRldes amJamad gamoyenebadi ignitronuli, trigatronuli an tiratronuli 

komutatorebis CanacvlebiT marTvadi naxevargamtaruli komutatoriT. danadga-

ris efeqturobisaTvis saWiroa  induqciurobebis angariSis meTodebis srulyo-

fa da parazituli induqciurobis minimizacia. 
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 PRACTICAL APPLICATION PROSPECTS OF STRONG MAGNETIC PULSE FIELD  

Nemsadze Sh., Dzeluri D. 

Georgian Technical University 

Summary 

Means of generation of the strong  magnetic pulse  field, the consequences of using their technology, issues 

of their further improvement and expansion of the field of application  are discussed in the work. The ways of incre-

asing the efficiency of the device are developed. It’s noted the  necessity of improvement of the  methods of calcula-

tion of inductance. 
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samrewvelo sixSiris eleqtruli da magnituri velebis adamianis  

janmrTelobaze gavlenis problemebi 

 
museliani T.*., cofuraSvili g.*., mTvareliSvili g.** 

*saqarTvelos teqnikuri universiteti 
**saqarTvelos rkinigza 

 
naSromSi gansazRvrulia, rom personalisa da mosaxleobis teqnikuri saSualebe-

bis eleqtromagnituri velis zemoqmedebisagan dacvis dargSi ZiriTadi mimarTulebebi 
unda iyos eleqtromagnituri gamosxivebis higienuri normebi, sadac gaTvaliswinebuli 
unda iqnes gamosxivebis realuri parametrebi. eleqtromagnituri gamosxivebisagan dac-
vis amocanis praqtikuli gadawyvetisaTvis saWiroa mecnierebis, higienistebis, teqnikuri 
specialistebisa da adamianis eleqtromagnituri usafrTxoebis normatiul-samarTleb-
riv uzrunvelyofaze pasuxismgebeli saxelmwifo struqturebis koordinacia da gaerTi-
anebuli Zalisxmeva. 

 
samrewvelo infrastruqturebi, maT ricxvSi eleqtroenergetikis obieqtebi mniS-

vnelovan gavlenas axdenen  garemoze. ase magaliTad Zabvisa da denis maRali donis moq-

medi eleqtrodanadgarebi garemomcvel sivrceSi  qmnian eleqtrul da magnitur velebs, 

romelTa uaryofiTi zemoqmedeba gavlenis zonaSi mdebare obieqtebSi gamoixateba  wa-

nacvlebisa da induqcirebuli denebis saxiT. ris gamoc Tanamedrove adamiani mudmivad 

imyofeba uzarmazari raodenobis, Zalian farTo sixSiris diapazonis mqone eleqtromag-

nituri velebis gamosxivebis zemoqmedebis qveS. 

 es dakavSirebulia ara mxolod eleqtromagnituri velis wyaroebis raodenobis 

zrdasTan, aramed iseTi teqnikis gamoyenebasTan, romlebic garemomcvel sivrceSi Tavad 

qmnian eleqtromagnitur vels. 

eleqtruli energiis intensiurma gamoyenebam Tanamedrove sazogadoebaSi migviyva-

na imasTan, rom me–20 saukunis ukanasknel aTwleulSi Camoyalibda  adamianebiT dasax-

lebuli garemos gaWuWyianebis axali mniSvnelovani faqtori – eleqtromagnituri. 

amJamad jandacvis msoflio organizaciis mier aRiarebulia, rom xelovnuri war-

moSobis eleqtromagnituri veli warmoadgens adamianis janmrTelobisaTvis erTerT yve-

laze ufro saSiS da mniSvnelovan faqtors, romelic xasiaTdeba sagangebod aqtiuri 

biologiuri moqmedebiT. eleqtromagnituri veli, rogorc gareSe faqtori, SeiZleba 

ganxiluli iqnes ori poziciidan: biologiuri ziani da socialuri sargebloba.radga-

nac saxelmwifos socialuri  ganviTareba ver moxdeba eleqtroenergiis gamoyenebis ga-

reSe, magram amasTanave mis gamoyenebas moaqvs biologiuri ziani, amitom  aqedan gamom-

dinare eleqtromagnituri usafrTxoebis problemam SeiZina saxelmwifo mniSvneloba da 

Tanamedrove pirobebSi ganviTarebul qveynebSi ufro da ufro izrdeba eleqtromagnitu-

ri gamosxivebisagan dacvis masStabebi. 

eleqtromagnituri velis wyaroebTan uSualod momuSave personalis janmrTelo-

bis dacvis saWiroebam msoflio mecnierebi miyvana eleqtromagnituri velis kvlevebis 

ganviTarebasa  da momuSaveTa usafrTxoebis reglamentebis  damuSavebasTan.  

warmodgenil naSromSi ganvixilavT mxolod samrewvelo (50 hc) sixSiris eleq-

tromagnituri gamosxivebis wyaroebs da maT mier adamianis janmrTelobisaTvis mavne ga-

movlinebebs. kerZod, sahaero eleqtrodagamcemi xazebiT warmoqmnili eleqtromagnituri 

velis garemoze  da adamianis janmrTelobaze  gavlenisa da saqarTveloSi misi samar-

Tlebrivi regulirebis  sakiTxebs, radgan mosaxleobis did nawils miaCnia, rom yvela-

ze metad sahaero eleqtrogadacemis xazebi iwveven adamianis organizmSi negatiur mov-

lenebs. 

gasuli saukunis 70-iani wlebidan erTiani energetikuli sistemis eleqtrogada-

cemis xazebis formirebam eleqtromagnituri velis wyaroebi masiurad miuaxlova mudmi-
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vad dasaxlebul adgilebs, ramac moiTxova mosaxleobis eleqtromagnituri usafrTxoe-

bis uzrunvelyofis amocanebis gadawyveta. amJamad samrewvelo sixSiris eleqtromagni-

turi velis adamianis organizmze gavlenis Sesaxeb dagrovebulia monacemTa sakmao rao-

denoba. cnobilia samecniero statiebi da monografiebi [1,2], romlebSic  warmodgenilia 

im kvlevebis Sedegebi romlebmac  gamoavlina samrewvelo sixSiris eleqtromagnituri 

velebis uaryofiTi gavlena  adamianis organizmis sxvadasxva sasicocxlod mniSvnelo-

van sistemebze, saxeldobr: nervul, imunur, endokrinul, sasqeso  da sxva sistemebze. 

am dros bioeleqtromagnituri Tavsebadobis TvalsazrisiT yvelaze metad saf-

rTxis qveS arian is adamianebi, romlebic muSaoben moqmedi eleqtrodanadgarebis maRa-

li donis eleqtromagnituri velebis zonebSi [1], aseve is mosaxleoba, romlebic cxoc-

roben maT siaxloves.  

nax.1-ze warmodgenilia sahaero eleqtrogadacemis xazis mier Seqmnili eleqtro-

magnituri velis grafikuli gamosaxuleba. 

 

 
nax.1.sahaero xazis siaxloves sivrceSi eleqtruli velis (E) da magnituri velis 

(H) daZabulobebis grafikuli gamosaxuleba 

 

sahaero eleqtrogadacemis xaziT eleqtroenergiis gadacemis dros  xazis 

garSemo iqmneba eleqtromagnituri veli, romelic Tavis mxriv warmoadgens 

eleqtruli da magnituri velebis erTobliobas. TiToeuli maTgani xasiaTdeba 

Sesabamisi daZabulobis veqtoriT. Sesabamisad, samrewvelo sixSiris eleqtro-

magnituri velis gavlena induqciis zonaSi da misi zemoqmedeba  biologiur 

obieqtebze eleqtruli da magnituri mdgenelebis mixedviT ganxiluli unda iq-

nes calcalke. 

induqcirebuli Zabvis eleqtrostatikuri mdgeneli ganpirobebulia gamta-

ris eleqtruli potencialiT. amitom misi sidide damokidebulia  moqmedi eleq-

trodanadgaris muSa Zabvaze, eleqtrodanadgaris  geometriul zomebsa misi 

calkeuli nawilebis urTierTganlagebaze, aseve im obieqtis ganlagebis adgil-

ze, romelic eqvemdebareba eleqtromagnituri velis gavlenas da ganisazRvreba 

sistemis tevaduri kavSirebiT. cocxal organizmze eleqtruli velis daZabu-

lobis done pirvel rigSi damokidebulia organizmis individualur Tvisebebze: 

fizikur zomebze, miwamde daSorebaze, safenebis mdgomareobaze da sxva. 

magnituri velis daZabulobis sidide damokidebulia sahaero xazSi gama-

vali denis sidideze, rac metia denis sidide, iT metia magnituri velis daZabu-

loba.  
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sahaero xazebis eleqtromagnituri talRebis adamianis Tavis tvinsa da 

mTlianad adamianis organizmze zemoqmedebis kvlevebma daadastura, rom man Se-

iZleba gamoiwvios mTeli rigi daavadebebi: radiotalRuri, leikocitebis ricx-

vis gazrda, gulis ritmis sixSirisa da arteriuli wnevis cvlileba, darRveve-

bi ujredis doneze. sahaero eleqtrogadacemis xazis  eleqtromagnituri velis  

uaryofiTi zemoqmedeba adamianze  da ekosistemis ama Tu im komponentze pirda-

pirproporciulia velis simZlavrisa da dasxivebis droisa.  

samrewvelo sixSiris eleqtruli da magnituri velebis gavlenis zonaSi 

adamianis usafrTxoebis uzrunvelyofisaTvis standartiT [3] reglamentirebu-

lia moqmedi eleqtrodanadgarebis siaxloves warmoSobili  eleqtruli da mag-

nituri velebis daZabulobebis  doneebi, romelic dgindeba personalis magni-

turi velis daZabulobis zonaSi yofnis droisa da zemoqmedebis pirobebis mi-

xedviT daZabulobis zonaSi  adamianis yofnis dasaSvebi dro SeiZleba reali-

zebuli iyos erTjeradad an nawil nawil mTeli samuSao drois ganmavlobaSi.  

dReisaTvis aravisTvis saidumloebas ar warmoadgens is, rom adamianis 

janmrTelobisaTvis magnituri veli ufro saSiSia aRmoCnda, vidre eleqtruli 

veli. 

saqarTveloSi dReisaTvis ar arsebobs eleqtromagnituri dasxivebis 

erovnuli sanitaruli normebi da saWiroa maTi saswrafo SemuSaveba. 

 
gamoyenebuli literatura 

 

1. Григорьев Ю.Г. Биоэлектромагнитная совместимость (проблемы защиты населения от 

электромагнитного излучения) // Электричество. №3. 1997.-С.19-24. 
2. Гигиенические проблемы неионизирующих излучений. Под общ. ред. акад. РАМН Л.А. Ильина, Том4. 

М.: Изд. AT, 1999. -304с. 
3. СанПин 2.2.4.1191-03 Электромагнитные поля в производственных условиях. -М.: Издательство НЦ 

ЭНАС, 2003. -24 с. 
 

PROBLEMS OF INFLUENCE OF ELECTRIC AND MAGNETIC FIELDS OF COMMERCIAL  

FREQUENCY ON HUMAN HEALTH 

Museliani T. G*.  Tsopurashvili G.T.*  Mtvarelishvili G.M** 

*Georgian Technical University 

**Georgian Railway 

Summary 

It is defined in the work that standards of hygiene of electromagnetic beaming where real parameters of be-

aming are to be taken into consideration must be basic directions in the field of protection personnel and population 

from the influence of electromagnetic field of technical tools. In order to solve this problem practically coordination 

and united effort of scientists, hygienists, technical specialists, state organizations which are responsible for normati-

ve-legal ensuring of human’s electromagnetic security is needful.    
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eleqrtoenergiis danakargebis struqturuli sqemis SemuSaveba 

(ss ,,Telasis” 110/10-6/0.4 kv qselisaTvis) 

 
SavelaSvili i., SavelaSvili g. 

saqarTvelos teqnikuri universiteti 

 
   naSromSi ganxilulia eleqtroenergiis teqnologiuri danakargebis da eleqtroener-
giis danakargebis terminebis analizi. warmodgenilia ss ,,Telasis” eleqtruli qselebi-

saTvis eleqtruli energiis teqnikuri danakargebis saangariSo struqtura. SemuSavebu-

lia eleqtroenergiis Semodinebis, sasargeblo gacemis da Zabvis safexurebis mixedviT 

danakargebis struqtura. gaanalizebulia teqnikuri danakargebis dadgenisaTvis Semdgo-

mi kvlevis dasabuTeba. 

 

   eleqtruli energia aris energiis erTaderTi saxeoba, romlis gadaadgilebi-

sas ar gamoiyeneba sxva resursebi, amisaTvis ixarjeba gadacemuli eleqtroener-

giis nawili, amitom gardauvalia misi danakargebis ar arseboba. amocana mdgoma-

reobs misi donis, sididis ekonomikuri dasabuTebis gansazRvraSi. Eel.energiis 

faqtiuri (saangariSo) danakargebi ganisazRvreba, rogorc qselSi Semosuli da 

momxmareblebisadmi miwodebuli energiis sxvaoba. 

   ss ,,Telasis” eleqtruli qselisaTvis danakargebis struqtura SeiZleba Sed-

ges danakargebis Tvisebebis (mudmivi, cvladi) Zabvis klasebis mixedviT, elemen-

tebis jgufebis mixedviT, sawarmoo qvedanayofebis da sxva.  

faqtiuri danakargebi SeiZleba danawildes: 

1. eleqtroenergiis teqnikuri danakargebi – ganpirobebulia fizikuri pro-

cesebiT, romelic Tan axlavs eleqtruli qselebiT eleqtruli energiis gada-

cemas da gamoisaxeba eleqtroenergiis nawilis siTbos saxiT gamoyofas qselis 

elementebSi. maTi gazomva praqtikulad SeuZlebelia. maTi mniSvnelobebi miiRe-

ba eleqtroteqnikis cnobili kanonebis safuZvelze gaangariSebis gziT.  

2. qvesadgurebis sakuTari moxmarebis eleqtroenergiis xarjebi – aris is 

rac aucilebelia qvesadguris teqnologiuri danakargebis muSaobis uzrunvel-

yofisa da momsaxure personalis cxovrebiseuli saqmianobis uzrunvelsayofad.  

3. eleqtruli energiis danakargebi – romlebic ganpirobebulia eleqtruli 

energiis gazomvis cdomilebiT (instrumentaluri danakargebi). 

4. komerciuli danakargebi – romelic ganpirobebulia eleqtruli energiis 

datacebiT, mricxvelebis Cvenebebis SeusabamisobiT realur danakargebTan.   
   dReisaTvis sakuTar moxmarebaze daxarjuli eleqtruli energia aisaxeba 

teqnikuri danakargebis SemadgenlobaSi, xolo aRricxvis sistemebis cdomile-

biT ganpirobebuli kargvebi komerciuli danakargebis SemadgenlobaSi. es SeiZ-

leba CaiTvalos arsebuli meTodis naklad, radgan ar uzrunvelyofs (iZleva) 

naTel warmodgenas danakargebis struqturis Sesaxeb da mizanSewonil samuSao 

mimarTulebebs maTi SemcirebisaTvis.  

   faqtia, rom TviToeul gamsxvilebul mdgenels aqvs tavisi detaluri struq-

tura. teqnikuri danakargebi SeiZleba daiyos elementalur mdgenelebad. qvesad-

guris eleqtroenergiis sakuTari moxmarebis xarjebi moicavs eleqtroenergiis 

mimRebebis 23-mde mimRebs. aRricxvis cdomileba moicavs mdgenelebs, romlebic 

moicavs: denis tr-rebs, Zabvis tr-rebs, eleqtrul mricxvelebs. komerciuli da-
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nakargebi aseve SeiZleba gaiyos mravalricxovan mdgenelebad, romlebic gan-

sxvavdebian mimdinared da warmoqmnis mizezebidan gamomdinared. dReisaTvis ar-

sebobs eleqtroenergiis datacebis 40-ze meti meTodi.  

   unda aRiniSnos, rom danakargebis saxeobis garkvevas gvavaldebulebs ara 

mecniereba aramed ekonomika (samecniero kvlevisaTvis yvela midgomas aqvs azri). 

amitom saangariSo danakargebis analizisaTvis saWiroa gamoyenebuli iqnas eko-

nomikuri kriteriumebi.  

   ekonomikuri TvalsazrisiT danakargebi – aris energiis is nawili, ramdena-

dac momxmareblebze gacemuli sasargeblo eleqtroenergia naklebia Sesyidvis 

wertilebSi miRebuli eleqtrul energiaze.  

   teqnikuri danakargebis angariSi, rogorc wesi, xorcieldeba ori ZiriTadi 

amocanis gadasawyvetad, romlebic SeiZleba gancalkevebuli iqnas, rogorc Si-

da obieqtebis teqnikur-ekonomikuri da gareekonomikuri, romelic aris urTi-

erT damokidebuli gare saxelmwifoebriv da sauwyebo organizaciebTan (1). 

- Sida obieqtebis danakargebis angariSi moicavs obieqtis funqcionirebis ekono-

mikurobis amaRlebis amocanas, romelTa ricxvSic Sedis danakargebis kerebis 

gamovlena da misi Semcirebis RonisZiebebis SemuSaveba.  

- gare ekonomikurs miekuTvneba teqnikuri danakargebis gansazRvra da dasabuTeba, 

raTa moxdes eleqtroenergiaze saxelmwifo energetikuli komisiebis mier dad-

genili tarifebis formireba.  
   aqedan gamomdinare:  

- Sida obieqtebisaTvis moiTxoveba angariSebis maqsimalurad SesaZlo detaluri 

angariSebis Catareba – qselSi TiToeul elementSi danakargebis gazrdili zo-

nebis gamovlena. am monacemebSi Semdgom, teqnikuri danakargebis SemcirebisaT-

vis, ama Tu im samuSaos ganxorcielebisas unda moxdes teqnikuri-ekonomikuri 

Sefaseba. aseTi angariSebi SeiZleba aseve Catardes qselis calkeuli ubnebisaT-

vis.  

- gare ekonomikuri amocanebisaTvis: unda ganxorcieldes el.energiis danakarge-

bis gansazRvra (angariSi) ss ,,Telasis” mTeli qselisaTvis, raTa energetikulma 

komisiam (sewmeki) gamoiyenos tarifis dadgenisaTvis;  

angariSi unda uzrunvelyofdes dasabuTebis naTel formas, gamWol struqturas 

da danakargebis cvlilebis dinamikas;  

angariSi unda Seicavdes danakargebis saerTo dones struqturis mixedviT, 

sur.1., aseve struqturis TiToeul elementis mixedviT danakartgebis Semcirebis 

rezervebs.  

angariSs unda hqondes limituri xasiaTi, rom dakmayofildes makontro-

lebeli organoebis moTxovnebi, rogorc Semsruleblebis kvalifikaciebis ise 

miRebuli Sedegebis sandoobas (siswores). 

   danakargebis angariSis zogierTi Tanamedrove meTodi dafuZnebulia informa-

ciis damuSavebis albaTur-statistikur meTodebze. (1) am meTodebiT angariSi 

xdeba im SemTxvevebSi, roca gagvaCnia qselis muSaobis reJimis sakmaod vrceli 

informacia da erTdroulad cnobilia (2) ganzogadebuli datvirTvis grafikebi. 

statistikuri maxasiaTeblebis meTodis gamoyenebisas angariSi xdeba     
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sur.1. ss ,,Telasis” eleqtroenergiis Semodinebis, sasargeblo gacemis da Zabvebis  

safexurebis mixedviT danakargebis stquqtura. 
qselis ganzogadebuli parametrebis gamoyenebiT. es meTodebi gansazRvraven 

qselSi eleqtroenergiis danakargebis saerTo dones – qselis elementebSi dana-

kargebis gansazRvris gareSe.  

   Cvens mier SemuSavebuli iqna ss ,,Telasis” qselisaTvis eleqtroenergiis Se-

modinebis, sasargeblo gacemis da danakargebis struqtura, sur. 1. sadac naT-

lad Cans sruli teqnologiuri procesi. yovelive aRniSnulidan gamomdinare 

danakargebis angariSisa da analizis ZiriTad amocanas warmoadgens misi struq-

turis gansazRvra-SemuSaveba. sur.1, danakargebis konkretuli ubnebis gamovlena 

da maTi Semcirebis SesaZleblobis Sefaseba ekonomikurad gamarTlebul mniS-

vnelobamde. ss ,,Telasis” sur.1. warmodgenili struqturebidan gamomdinare un-

da SemuSavdes (2,3) eleqtroenergiis danakargebis angariSis (dadgenis) teqniko-

ekonomikurad gamarTlebuli da dasabutebuli saprogramo kompleqsi, romelic 

srulyofilad iangariSebs da warmosaxavs:  

1. teqnikur danakargebs 110 kv Sekrul qselSi; 

2. teqnikur danakargebs 0,4/6/10 kv Zabvis qselSi;  

3. daadgens teqnikuri danakargebis normatiuli maxasiaTeblebisaTvis saangari-

So koeficientebs; 

4. iangariSebs teqnikur danakargebs danadgarebSi da mowyobilobebSi (Zalovani 

da sakuTari moxmarebis transformatorebSi, kondensatorebis batareebi, ma-

Suntebeli da denSemzRudavi reaqtorebi, mzomi transformatorebi, pirdapiri 

CarTvis mricxvelebi, gaJonvis denis danakargebi da sxva); 

5. danakargebs, romelic ganpirobebulia eleqtroenergiis aRricxvis xelsawyoe-

bis cdomilebiT, aseve faqtiuri da dasaSvebi ubalansobiT (fideri, satran-

sformatoro jixuri). rac warmoadgens sadisertacio naSromis mizans da da-

niSnulebas.     
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DRAWING UP STRUCTURE OF POWER LOSS CALCULATION FOR JSC “TELASI” 

Shavelashvili I.,  Shavelashvili G. 

Georgian Technical University 

Summary 

The developed structure of technical losses of electrical power for electrical networks of JSC “Telasi” is pre-

sented. Structure of input, net supply and loss of electrical power by voltage levels is developed. Subsequent sub-

stantiation for determination of technical losses of electrical power is analyzed. 

 

 
 

 

mZlavri generatorebis ukukavSiriani marTvis sistemebi 

gaumjobesebuli dinamikuri maxasiaTeblebiT 

 

doWviri j., xaWapuriZe o. 
saqarTvelos teqnikuri universiteti  

 
 gamomuSavebuli eleqtroenergiis xarisxobrivi maCveneblebis mkveTrad gaumjobese-

baa SesaZlebeli eleqtrosadgurebsa da qvesadgurebSi Zalur danadgarebze avtomatize-
buli anu ukukavSiriani marTvis sistemebis danergviT. qselSi Zabvis maRali sizustiT 
da swrafqmedebiT stabilizaciis (0,1%-is farglebSi) saSualebas gvaZleven avtomatikis 
Tanamedrove elementebi - regulatorebi da sensorebi. momxmareblebisaTvis ryevebis ga-
reSe miwodebuli Zabvebi SesaZle-bels gaxdis amoqmeddes Cvens qveyanaSi konkurentuna-
riani produqciis mwarmoebeli sawarmoebi. moxsenebaSi warmodgenilia rogorc mudmivi, 
ise cvladi denis generatorebis ukukavSiriani marTvis sistemebis dinamikuri reJimebis 
kvlevis Sedegebi sxvadasxva tipis, maT Soris cif-ruli regulatorebis gamoyenebiT. p-
tipis reglatoriani marTvis sistema martivia, magram siste-mas mcire statikuri cdomi-
leba mainc gaaCnia. pi-tipis regulatorian sistemas ki statikuri cdomileba ar gaaCnia, 
magram is SedarebiT inerciulia. pid-tipis regulatoriani sistema Seda-rebiT rTulia, 
magram Semcirebuli aqvs datvirTvisas Zabvis dinamikuri vardna, xolo swraf-qmedeba 
maqsimaluria da Seadgens 0,5 wm-s. Zabvis dinamikuri vardnis kidev ufro Semcirebas iZ-
leva sistemaSi mTavar ukukavSirTan erTad invariantuli ukukavSirebis damateba.  
      

 1,a,b nax-ze warmodgenilia mudmivi da cvladi denis generatorebis Zabvis 

uaryofiT ukukavSiriani marTvis sistemebis funqciuri sqemebi, romlebic uzr-

unvelyofen gamomuSavebuli Zabvis mudmivad SenarCunebas maRali sizustiT dat-

virTvis cvlilebisas [1-4]. 

sqemebze gvaqvs Semdegi aRniSvnebi:  r –aRgznebis regulatori; Sg-Sualeduri 

gamaZlierebeli, romelic axorcielebs generatoris aRgznebis gragnilis kve-

bas; R -generatoris Ruzaa; p-potenciometria; sg-sinqronuli generatoria; Zt-Zab-

vis mzomi transformatoria; mU - sistemis marTvis signalia; gU  da ukU - gene-ra-

toris Ruzis momWerebze da ukukavSiris wredSi Zabvebia; datI -generatoris da-

tvirTvis denia. regulatoris parametrebis dasadgenad visargebloT obieqtis 

Semdegi gadamcemi funqciiT:  
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 (1)-is Sesabamisi bodes diagramebi agebulia kompiuterze programa MATLAB-is 

gamoyenebiT da warmodgenilia 2,a nax-ze, romlis mixedviTac ganisazRvra pi-ti-

pis regulatoris parametrebi: 10  da 5,0  (nax.2,b).  

                          

a)         b)   
nax. 2 

 

3,a,b nax-ze warmodgenilia ganxiluli sistemebis generatorebis Zabvis gar-

damavali procesebis mrudebi marTvis signalisa da datvirTvis naxtomisebri 

Secvlisas. gadametregulireba Seadgens 45%-s, swrafqmedeba 1,5 wm-s, Zabvis sta-

tikuri vardna nolia, xolo dinamikuri vardna Seadgens 20%-ze odnav mets.       

Tu sistemas CavurTavT pid-tipis regulators Semdegi gadamcemi funqciiT:  
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maSin sistema (nax.3,a) gaxdeba maqsimalurad swrafqmedi.  
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a)        b)  
nax. 3 

 

a) b)  
nax. 3 

 

marTlac am SemTxvevaSi sixSiruli analizis safuZvelze sistemis gaxsnili 

wredis saerTo gadamcemi funqcia tolia:                                

sssss

ss
sW






2345

2

13.22632.000642.000004.0

1402.288.2
)(gaxsn.     .      (3) 

(3)-is Sesabamisi bodes digramebi moyvanilia 3,b nax-ze. sistemas kveTis sixSi-

reze ( 15kv. /wm) gaaCnia 45 gradusiani maragi . pid-regulatoriani sistemis Zab-

vis gardamavali procesebis mrudebi warmodgenilia 4,a,b nax-ze.                      

   Zabvis dinamikuri vardna pi-regulatorian sistemasTan SedarebiT TiTqmis 2-

jer naklebia, xolo swrafqmedeba 0,6 wamia. 

cifrul marTviani sistemis regulatoris sinTezirebisaTvis saWiroa analo-

guri s operatori SevcvaloT z-diskretuli operatoriT [5-6], risTvisac gamovi-

yenoT Semdegi gardaqmna 10  sTz , 0T =0,01 wm  diskretulobis periodiT, maSin 

regulatoris gadamcemi funqcia ase gamoisaxeba: 
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a)     b)   

nax. 4 

 

Catarebuli  kvlevebiT miviReT generatoris Zabvis gardamavali reJimebis mru-

debi optimalurTan axlos nax. 4,a,b-s analogiuri. 

 
naSromis pirveli avtori madlobas uxdis saqarTvelos S. rusTavelis erovnul sa-

mecniero fonds finansuri mxardaWerisaTvis (granti # FR7/3-160/14). 
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FEEDBACK CONTROL SYSTEMS OF POWER GENERATORS WITH IMPROVED  

DYNAMIC CHARACTERISTICS 

Dochviri J., Khachapuridze O. 

Georgian Technical University  

Summary 

       In the present paper we have studied voltage regulation system of hydroelectric power plant at normal conditi-

ons of loading of generators. The scheme of synchronous generator control with negative feedback on voltage is gi-

ven.  General transfer function of the system is obtained. Using logarithmic frequency characteristics the parameters 

of regulator provi-ding dynamic indices of the system are determined. The control system with digital PID controller 

is complex, but it has a lower drop of the dynamic voltage than the system with other types of controllers. 
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Ppiezoeleqtruli gamzomi gardamsaxis dinamikuri maxasiaTeblebis 

gansazRvra magnitur-impulsuri danadgariT 

 

giuaSvili m. 
saqarTvelos teqnikuri universiteti   

 
cnobilia, rom piezoeleqtruli gamzomi gardamsaxebi warmoadgenen efeqtur saSua-

lebebs dartymiTi aCqarebebis maRali sizustiT gazomvisaTvis, romelic mniSvnelovnad 
aris damokidebuli gardamsaxis winaswari diagnostikuri kvlevis Sedegze. naCvenebia, 
rom obieqtis Zalzed xanmokle impulsuri zemoqmedeba saSualebas iZleva misi struq-
turis, dinamikuri parametrebisa da metrologiuri maxasiaTeblebis maRali sizustiT 
gansazRvrisa. 

 
maRalsiCqaruli, intensiuri reJimebisTvis gankuTvnili teqnologiuri Tu 

diagnostikuri daniSnulebis danadgarebis gamokvlevisas masiurad gamoiyeneba 

sxvadasxva saxis maRalsixSiruli miniaturuli gamzomi gardamsaxebi, maT Soris 

piezoeleqtruli aCqarebis gamzomi gardamsaxebi. mecnierebisa da teqnikis ganvi-

Tarebis Tanamedrove etapze mniSvnelovani Sedegebia miRweuli mZlavr impul-

sur energetikaSi iseTi teqnologiebis gamoyenebiT, rogoricaa: liTonebis mag-

nitur-impulsuri meTodebiT damuSaveba; konstruqciuli masalebisa da nakeTo-

bebis dinamikuri gamocda; dabaltemperaturuli plazmiT masalaTa zedapirebis 

dafarva da damuSaveba; ionuri da eleqtronuli sxivebiT masalaTa damuSaveba 

da sxva. maTgan aRsaniSnavia procesebi, romelTa damuSavebaSi stu-Si miRweulia 

garkveuli Sedegebi. magaliTad, liTonebis damuSaveba Zlieri impulsuri magni-

turi veliT, rodesac xorcieldeba teqnologiuri operaciebi: moWera, gaSla, 

datvifrva, SeduReba da awyoba; piezoeleqtruli da sxva saxis gamzomi gardam-

saxebis dinamikuri maxasiaTeblebis gansazRvra; aluminis, magniumis, titanis da 

sxva konstruqciuli masalebis dinamikuri maxasiaTeblebis gamokvleva[1].  

dinamikuri gamocdebis dros miRebuli informaciis srulfasovani damuSa-

vebisTvis aucilebelia gamoyenebuli gamzomi gardamsaxebis, maT Soris piezoe-

leqtruli aCqarebis gamzomi gardamsaxis dinamikur maxasiaTebelTa sruli speq-

tri, rac SeiZleba mopovebuli iqnes TviT aCqarebis gamzomi gardamsaxebis yo-

velmxrivi gamokvlevebiT maTze xanmokle dartymiTi zemoqmedebis saSualebiT, 

msgavsad eleqtruli wredebis sixSiruli maxasiaTeblebis kvlevisa impulsuri 

meTodiT. 

dartymiTi piezoeleqtruli aCqarebis gamzomi gardamsaxebi warmoadgenen 

rxeviT sistemebs maRali sakuTari rxeviTi sixSireebiT. mowyobiloba SeiZleba 

modelirebuli iqnes erTi, ori an mravalmasian ganawilebul parametrebiani 

rxeviTi sistemebiT. maTi praqtikuli gamoyenebis dros gazomvis Sedegebis damu-

Savebisas gazomvis maRali sizustis uzrunvelyofisTvis saWiroa gvqondes in-

formacia gamzomi gardamsaxebis amplitudur-sixSiruli maxasiaTeblebis Sesa-

xeb. es informacia SeiZleba mopovebul iqnes gardamsaxze aCqarebis xanmokle 

impulsis zemoqmedebiT, misi mgrZnobiarobis mimarTulebiT, gardamsaxis aR-

mgznebi impulsisa da Sesabamisi reaqciis registraciis da maTi Semdgomi damu-

SavebiT. cxadia, rom maRalsixSiruli gardamsaxis efeqturi aRgznebisaTvis sa-

Wiroa aRmgznebi impulsis xangrZlivoba naklebi an Tanazomadi iyos gardamsa-

xis sakuTari rxevebis periodTan SedarebiT [2]. 

stu-Si aris sankt-peterburgis metrologiis institutis mier aRniSnuli 
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masalebis gamoyenebiT Seqmnili dartymiTi aCqarebis sazomi ПИ 93 seriis aCqare-

bis gardamsaxebis gamokvlevebis mdidari gamocdileba.Mmisi konstruqciuli sqe-

ma Sedgeba korpusisagan, mgrZnobiare elementis da wriuli an oTxkuTxa formis 

tvirTisagan masiT m, gardamsaxi damagrebulia sakvlev obieqtze weboTi an 

xraxniT. obieqtis moZraobis parametrebis dadgena xdeba Sesabamisi oscilogra-

mis damuSuSavebiT [3]. 

dartymiTi aCqarebis gamzomi gardamsaxebis dinamikuri maxasiaTeblebis 

kvlevisas, gansakuTrebiT maTi arawrfivobis Seswavlisas saWiroa maTi aRgzneba 

impulsuri aCqarebiT, romlis pikuri mniSvneloba aris 103 -105 m/wm2 xangrZlivo-

biT 10 mkwm.N 

am TvalsazrisiT aqtualuria Seiqmnas piezoeleqtruli aCqarebis gamzomi 

gardamsaxis dinamikuri maxasiaTeblebis gamosakvlevi mowyobiloba, romelic 

saSualebas mogvcems movaxdinoT sakvlevi obieqtis srulyofili diagnostika. 

SemoTavazebuli magnitur-impulsuri diagnostikuri daniSnulebis danadga-

ri Seicavs dammuxtav mowyobilobas, mcire induqciurobis mqone impulsuri kon-

densatorebis batareas, induqtors, romelSic moTavsebulia liTonis talRagam-

tari zed damagrebuli aCqarebis piezoeleqtruli gamzomi gardamsaxiT, komuta-

tors reversiulad CarTvadi dinistoris sqemiT. danadgari muSaobs Semdegnai-

rad: komutatorze impulsis miwodebisas gaiReba dinistori da xdeba kondensa-

torebis batareis gadacla induqtorze. denis pirveli naxevartalRis gavlis 

Semdeg dinistori iketeba da aRar atarebs denis ukutalRas. induqtorSi moTav-

sebuli talRagamtari ganicdis impulsur meqanikur zemoqmedebas da masze da-

magrebuli  sakvlevi obieqti aRigzneba erTjeradi unipolaruli impulsiT. im-

pulsis xangrZlivoba stabiluria da ar aris damokidebuli gare faqtorebze. 

impulsuri zemoqmedebis sidide da xangrZlivoba damokidebulia mxolod damux-

tvis Zabvis sidideze da ganmuxtvis wredis parametrebze [4]. 

sadiagnostiko aCqarebis gamzomi gardamsaxi warmoadgens eleqtromeqanikur 

rxeviT sistemas, romelic aRigzneba impulsuri aCqarebiT. diferencialuri gan-

toleba, romelzec daiyvaneba aCqarebis gamzomi gardamsaxis gantolebaTa siste-

ma, iqneba )(011
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, sadac onn bbb ,..., 1  koeficientebi, 

romlebic ganisazRvreba rxeviTi sistemis parametrebiT; )(tf -aRgznebis funqcia, 

romelic ganisazRvreba impulsuri aCqarebiT da rxeviTi sistemis parametrebiT; 

 -gamzomi gardamsaxis reaqcia  impulsur zemoqmedebaze. 

gamzomi gardamsaxis sakuTari rxevebis sixSireebi ganisazRvreba  amplitu-

dur-sixSiruli maxasiaTebliT, romelic warmoadgens gardamsaxis gadacemis 

funqciis speqtraluri simkvrivis moduls. gardamsaxis gadacemis funqciis speq-

traluri simkvrive 
01
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1 ...)()(
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
  , sadac 

)( jS f  da )(  jS -gardamsaxis aRgznebisa da reaqciis speqtraluri simkvriveebi 

Sesabamisad. 

aCqarebis gamzomi gardamsaxis, rogorc meqanikuri rxeviTi sistemis, kom-

pleqsuri sixSiruli maxasiaTebeli SeiZleba gansazRvrul iqnes, rogorc 
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)(

)(
)(




 

jS

jS
jS

a

 , sadac )( jSa -gardamsaxis aRmgznebi dartymiTi aCqarebis speq-

traluri simkvrive. gamzomi gardamsaxis aRgznebisas delta an masTan miaxloe-

bul impulsuri funqciiT, romlis speqtraluri simkvrive erTis tolia, gardam-

saxis kompleqsuri sixSiruli maxasiaTebeli ganisazRvreba, rogorc reaqciis 

speqtraluri simkvrive )()(   jSjS  . 

am SemTxvevaSi gardamsaxis reaqciaSi faqtiurad ar aris iZulebiTi mdgene-

li. gardamsaxi asrulebs Tavisufal rxevebs nulovani sawyisi gadaadgilebiT 

da sawyisi siCqariT. rxeviTi sistemis kompleqsuri sixSiruli maxasiaTebeli 

aris sistemis Tavisufali rxevebis kompleqsuri simkvrive. rodesac gamzomi 

gardamsaxis reaqcia Seicavs iZulebiT mdgenels, sakmarisia vicodeT dartymiTi 

aCqarebis impulsis xangrZlivoba 0  da gardamsaxis reaqcias movaciloT Sesaba-

misi sawyisi ubani, maSin     jSjjS  01 exp)( . am tolobidan Cans, rom speq-

tralur simkvriveebs S  da 
1S  aqvT erTnairi modulebi, ase rom gardamsaxis 

reaqciis darCenili nawilis speqtri warmoadgens gardamsaxis amplitudur – 

sixSirul maxasiaTebels. 

Zalze mniSvnelovania, rom sadiagnostiko obieqtis piezoeleqtruli dar-

tymiTi aCqarebis gamzomi gardamsaxis impulsuri aRgzneba iyos Zalian xanmok-

le, miaxloebuli delta impulsTan, romlis speqtraluri simkvrive erTis to-

lia. am dros obieqtis reaqciis speqtraluri simkvrive praqtikulad igivea, rac 

obieqtis kompleqsuri sixSiruli maxasiaTebeli da obieqtis diagnostikuri 

kvleva midis mis impulsur zemoqmedebaze reaqciis analizTan. 

sadiagnostiko obieqtis, piezoeleqtruli aCqarebis gamzomi gardamsaxis 

Zalzed xanmokle impulsur aRgznebaze reaqciis speqtraluri simkvrivis anali-

ziT SesaZlebelia garadamsaxis struqturis dadgena, amplitudur – sixSiruli, 

sakuTari sixSireebis, demfirebis, arawrfivobis da sxva metrologiuri maxasia-

Teblebis maRali sizustiT gansazRvra. 
L 
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DETERMINATION OF THE DYNAMIC CHARACTERISTICS OF PIEZOELECTRIC MEASURING 

CONVERTER BY THE MAGNETIC-PULSE DEVICE 

Giuashvili M. 

Georgian technical University 

Summary 

It is known, piezoelectric measuring converters are effective means for measurement of shock accelerations 

with high accuracy. Results of measurement substantially depend on the preliminary diagnostic researches of con-

verters. It is shown that short-term impulse influence on the object gives the chance to define structure with high ac-

curacy, dynamic parameters and other metrological characteristics of the converter. 
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Mmcire warmadobis eleqtrosaSrobi danadgaris kvleva 

 

siraZe j., kavTelaZe n., turZelaZe d. 
saqarTvelos teqnikuri universiteti. 

 
naSromi eZRvneba sasoflo–sameurneo produqtebis Srobis eleqtroteqnologiebis 

gamoyenebis mniSvnelobas qveynis agraruli dargis ekonomikuri ganviTarebis saqmeSi. 
kerZod, aRniSnuli produqtebis Ciris saxiT gadamamuSavebeli warmoebis ganviTareba 
gansazRvrulia ekologiurad sufTa da maRalkaloriul Ciris msgavs produqtebze ev-
ropuli bazris moTxovniT. aseve, moyvanilia produqtTa Srobis procesisaTvis gankuT-
vnili eleqtroTermiuli danadgarebis muSaobis rogorc Teoriuli, aseve eqsperimentu-
li monacemebi.  

konkurentunariani soflis meurneobis sawarmoo-teqnologiuri procesebi 

warmoudgenelia maRali teqnikur-ekonomikuri, energetikuli da saeqspluatacio 

maCveneblebis mqone eleqtruli danadgarebis gareSe, romlebmac unda uzrun-

velyon agraruli produqciis warmoebisa da gadamuSavebis uaxlesi teqnologi-

ebis aTviseba. 

sasoflo–sameurneo produqtTa Sroba erT-erTi zusti teqnolgiuri pro-

cesia, romlis Sedegad viRebT metad kaloriul produqts, da vuwodebT Cirs. 

xilis Ciris damzadeba metad sapasuxismgeblo procesia, romelic ZiriTadad 

damokidebulia hidrometeorologiur parametrebze.  

evropul bazarze, maRali kvebiTi Rirebulebebis mqone xili, gadamuSave-

buli sxvadasxva Ciris saxiT, didi moTxovniT sargeblobs. xilis Cirad Senaxva-

realizaciis gamocdileba saqarTveloSic gvxvdeba, Tumca, bolo dros, mexile 

- fermerebisaTvis evropuli bazris moTxovna ekologiurad sufTa da maRalka-

loriul Cirze, misi samrewvelo daniSnulebiT warmoebis kargi motivacia gax-

da. niSandoblivia, rom eleqtroTermiuli teqnologiebis gamoyenebiT, 1kg ga-

momSrali xilis Ciris sabazro Rirebuleba adgilobriv bazarze 15-18 laria. 

saerTaSoriso bazarze  ki 1kg Ciris fasi  saSualod 20-50 dolaramde meryeobs. 

aqedan cxadia, rom Ciris warmoebis stimulireba mogebis marJis xelsayrel pi-

robebzea orientirebuli da Ciris warmoebis intensifikacias ganapirobebs. 

Tanamedrove eleqtroteqnologiebi nebismieri saxeobis xilis Ciris war-

moebis saSualebas iZleva, Tumca moTxovna bazarze ZiriTadad vaSlis, msxlis, 

mocvis, qliavis, yurZnis, xurma-karaliokis Cirzea. 

qarTveli fermeri odiTgan iyenebda tradiciul meTods – sasoflo-same-

urneo produqtebis bunebrivi pirobebiT, mzeze Srobis teqnologias. Tumca, sa-

qarTvelos bunebriv–klimaturi pirobebis gansxvaveba xels uSlis tradiciuli 

meTodis aqtiurad gamoyenebas. mkacri klimati damaxasiaTebelia aWaris, samcxe–

javaxeTis regionisaTvis, aseve mcxeTa–mTianeTis  da gansakuTrebiT, dasavleT 

saqarTvelos (guria, raWa–leCxumi, zemo svaneTi da samegrelo) maRalmTiani 

mxareebisaTvis, sadac mzis sxivebis intensivobis ukmarisobis gamo ver vRebu-

lobT sasurvel Sedegs.  

zafxulis periodSi, rodesac moZalebulia xilis raodenoba, sakmaod di-

di nawili fuWdeba, misi gasaRebis rTuli gzebis arsebobiT an ukidures Sem-

TxvevaSi, iyeneben ra Rvinomasalebis damzadebis tradiciul meTods, yrian Wur-

Si (qvevrSi) da xils amzadeben aryis gamosaxdelad. es TavisTavad misaRebi teq-

nologiaa saojaxo meTodebiT spirtiani sasmelebis warmoebaSi, Tumca xilis Ci-

rad qcevis sakiTxi ufro sarfiania da gacilebiT met ekonomikur efets iZleva 
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Srobis teqnologiis sworad warmarTvis SemTxvevaSi. kerZod, Ciri am SemTxveva-

Si inarCunebs konsistencias, inaxeba didxans da ar kargavs sagemovno Tvisebebs. 

saSrob regentad gamoyenebulia rogorc vaSli, msxali, qliavi, aseve subtropi-

kuli xilis nayofi: karaliki, xurma, leRvi, agreTve mwvanili, romlebsac didi 

mniSveneloba aqvs produqtTa siuxvis saqmeSi. 

ukanasknel xanebSi mrewveloba uSvebs sxvadasxva tipis saSrob eleqtro-

Termiul danadgarebs, romelTa muSaobis srulfasovnebis mizniT mniSvnelova-

nia Srobis Tburi parametrebis marTvisa da dakvirvebis procesis ganxorciele-

ba avtomatur reJimSi, rac cxadia, damokidebuli ar iqneba hidrometeorologi-

ur pirobebze. gamomdinare aqedan, sasoflo-sameurneo produqtis eleqtruli 

Srobis teqnologiis srulyofa metad aqtualur sakiTxs warmoadgens. cxadia, 

gansakuTrebuli yuradReba amavdroulad mikroklimaturi parametrebis avtoma-

turi marTvis teqnologiuri process eTmoba. 

am mizniT, dasrulebis etapzea mcire simZlavris eleqtroTermiuli da-

nadgaris eqsperimentuli nimuSi, romelic srulad pasuxobs Tanamedrove teqno-

logiur moTxovnebs.  

saSrob karadaSi gaxurebis da gaciebis procesebi sxvadasxva xasiaTisaa 

da ganisazRvreba Tburi balansis cnobili gantolebiT: 

,  ჯ,          (1) 

sadac –saSrobSi gamoyofili siTbos raodenoba drois erTeulSi, j/wm; 

   – saSrobis siTbotevadoba, j/grad; 

   – Tbogacema, j/wm.grd. 

cnobilia, rom Tbogacema siTbos is raodenobaa, romelic gadaecema kara-

dis Siga zedapirs (igulisxmeba Siga perimetri), roca  da romlis 

gasaangariSeblad vsargeblobT Semdegi formuliT: 

                j/wm.grad.        (2) 

sadac –damokidebulia saxurebeli elementis gacivebaze, haeris siCqareze, ro-

melic Cvens SemTxvevaSi 0-is tolia, warmoadgens kuTr Tbogacemas, j/m2wm, da 

ganisazRvreba: 

               ),             (3) 

sadac – Tbogacema, roca gamacivebeli haeris siCqare  m/wm; 

              – cdiT miRebuli koeficienti; 

siTburi balansis gantolebis amoxsniT miiReba: 

          (4) 

sadac  – karadis temperaturis aweva, rodesac  

              – drois mudmiva, wm. 

rodesac  maSin karadis temperaturis aweva aRwevs damyarebul mniSvnelo-

bas da SegviZlia gamovTvaloT – . 

Tu mxedvelobaSi ar miviRebT kameris sawyisi temperaturis awevas, maSin 

SegviZlia gamosaxuleba (4) warmovadginoT gamartivebuli saxiT:        

           ,            (5) 

praqtikulad, saSrobi karadis gaxurebis procesi mTavrdeba droSi 

. sadac  warmoadgens gaxurebis drois mudmivas da igi unda warmo-
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vadginoT, rogorc dro, romlis ganvlobaSic teqnologiuri danadgaris muSa 

karadaSi miiRweva damyarebuli temperatura, rom ar yofiliyo siTbos arineba 

garemoSi.  

aRsaniSnavia, rom amavdroulad,  sidides gansazRvravs saSrobi karadis 

konstruqciuli koeficienti da gabarituli zomebi. aseve, eqsperimentiT dadge-

nilia, rom gadasamuSavebeli regentis Srobis temperatura, tenianoba da cik-

lis xangrZlivoba damokidebulia produqtis sidideze da mis fizikur-qimiur 

Semadgenlobaze. magaliTad, qliavis Srobis xangrZlivoba Seadgens 1–2 dRes 

(24…48 sT), leRvis 2–3 dRe (24…72 sT), xolo xurma-karaliokisaTvis 3–4 dRe 

(72…96 sT). 

danadgaris teqniko-ekonomikuri maCveneblebis winaswari gaangariSeba sa-

Sualebas gvaZlevs vivaraudoT, rom igi iqneba ergonomikuli, gadaadgilebis 

mizniT kompaqturi da eqspluataciaSi  saimedo, romelsac eqneba dabali Rire-

buleba da ar saWiroebs maRalkvalificiur personals. misi muSaobis saimedoo-

ba da teqnologiuri efeqtianoba efuZvneba danadgaris muSa kameraSi haeris tem-

peraturisa da fardobiTi tenianobis avtomatur marTvas. 
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INVESTIGATION OF LOW-POWER ELECTRIC DRYING EQUIPMENT  

Siradze J., Kavteladze N., Turdzeladze D. 

Georgian Technical University 

Summary 

The article is represented as a reading on the issue of agricultural products’ drying  electrotechnologies. It is 

devoted to importance of  using designated electtechnologies for the country’s economic development in the agricul-

tural field.  In particular, the development of processing industry of dried fruit is defined on ecologically clean and 

high-caloric products similar to dried fruit to the European market demand. The work also   introduces theoretical 

and practical data of  the product drying process  intended for electrothermal installation .  

 

 
 
 
 
 

ZiriTadi reJimebis dadgena  hibriduli eleqtroenergetikuli 

sistemis cvladi denis qselTan paraleluri  

muSaobis  pirobebSi. 

 
papiZe z*,   fxakaZe S**  

* saqarTvelos teqnikuri universiteti 
** akaki wereTlis saxelmwifo universiteti 

 
naSromSi warmodgenilia ZiriTadi reJimebi, hibridul eleqtroenergetikuli sis-

temis cvladi denis qselTan paraleluri muSaobis pirobebSi. damuSavebuli da Seqmni-
lia qaris da mzis eleqtruli sadgurebis, agreTve maTTan paralelurad mierTebuli 
akumuliatoruli batareiebis erToblivi hibriduli avtonomiuri eleqtroenergetikuli 
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sistemis principialuri da saangariSo eleqtruli sqemebi. 
 

Tanamedrove energetikaშi sul ufro farTod ikidebs fexs alternatiul 

energoresursebze momuSave ჰibriduli eleqtroenergetikuli sistemebi, romel-

Sic gaerTianebulia qarisa da mzis eleqtrosadgurebi da akumuliatorTa bata-

reiebis kompleqti. 

nax.1-ze warmodgenilia hibriduli paraleluri eleqtro- energetikuli 

sistemis ganzogadoebuli struqturuli sqema, romelic Sedgeba qaris eleqtro-

sadguris (qes), mzis eleqtrosadguris (mes), akumuliatoruli batareis (ab), 

mudmivi denis gardamqmnelis (mdg), samfaza qselis mimyoli invertorisa da sam-

faza cvladi denis qselisagan (scdq). qaris eleqtrosadguri, mzis eleqtrosad-

guri, akumuliatoruli batarea  erToblivad warmoadgens avtonomiur hibri-

dul eleqtroenergetikul sistemas (ahes). ahes-s aqvs momxmareblis simZlavris 

Tanazomadi SezRuduli simZlavre. imis gamo, rom energomomxmareblis grafiks 

aqvs araTanabari xasiaTi, eleqtromomaragebis sistemis muSaobis reJimebis Tan-

mimdevroba warmoebs Semdegi klasifikaciiT.  

  

 

 

 

 

 

 

 

 

 

 

a) reJimi, roca momxmareblis simZlavre aRemateba ahes-is simZlavres, xo-

lo simZlavris ukmarisoba ifareba buferuli scdq-s wyaroTi. am SemTxvevaSi 

aucilebelia, rom ahes muSaobdes maqsimaluri gasacemi simZlavris reJimSi. 

b) reJimi, roca momxmareblis simZlavre naklebia ahes-s simZlavreze. am 

SemTxvevaSi  ,,Warbi”  simZlavre ahes -dan gadaecema scdq-s. 

ahes-is da mdg-s principialuri eleqtruli sqemebi naCvenebia nax.2-ze, nax.3 

da nax.4-ze. 

mzis batareis eleqtruli Senacvlebis sqemaSi naTlad Cans, rom elemen-

tSi gamavali sruli deni i   warmoadgens rekombinaciul-generaciuli  J , difu-

ziur I   da Suntirebuli    denebis mdgenelebis jams.  

rogorc wesi, sakmarisad Znelia eqsperimentuli gziT gavyoT erTmaneTi-

sagan rekombinaciul-generaciuli da Suntirebuli denebi.  Suntirebuli denis 

warmoSoba dakavSirebulia rekombinaciul-generaciuli procesis Sedegad miRe-

bul zedapirul gamtarobasTan. mzis elementis gamosasvlelze vRebulobT   

dcU  Zabvas, romelic amave dros warmoadgens akumuliatoruli batareis Sesas-

vlelze misawodebel da mudmivi denis gardamqmnelis (mdg) Sesasvlelze Zabvas. 

mudmivi denis gardamqmneli uzrunvelyofs avtonomiuri hibriduli eleqtroe-

nax.1 hibriduli paraleluri eleqtroenergetikuli sistemis 
ganzogadoebuli struqturuli sqema 

 

qes 

mes 

ab 

ahes 

mdg sqmi scdq 
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nergetikuli sistemis da samfaza cvladi denis qselis erTobliv muSaobas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mudmivi denis gardamqmneli Sedgeba ,1VT   da  ,2VT  tranzistore-bisagan; 

,1VD ,2VD 3VD  diodebisagan; ,1C ,2C 3C  kondensatorebisagan da 1L  droselisa-

gan. mudmivi denis gardamqmnelis gamosasvlelze gvaqvs dcU    Zabvis da dci denis 

myisa mniSvnelobebi, romlebic agreTve warmoadgenen samfaza qselis mimyoli 

invertoris (sqmi) Sesasvlel Zabvasa da dens. samfaza invertori warmodgenilia 

nax.4-ze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Nnax.4 samfaza qselis mimyoli inventoris da samfaza cvladi 
denis qselis principialuri eleqtruli sqema 
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nax.2 avtonomiuri hibriduli eleqtroenergetikuli 
sistemis  principialuri eleqtruli sqema 

 

nax.3 mudmivi denis gardamqmneli 
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is warmoadgens   83 VTVT   tranzistorebis bogiruli sqemiT SeerTebas, 

romlis gamosasvlelze vRebulobT cvladi denis qselis mimarT eleqtromagni-

turad SeTavsebad  CBA UUU ,, Zabvebsa da CBA iii ,,  denebs.  naCvenebia samfaza 

cvladi denis qselis Sesabamisi fazuri denebis, Zabvebis myisa mniSvnelobebi 

CBA LLL ,, induqciurobebisa da CBA eee ,,  e.m. Zalebis gaTvaliswinebiT.  

arsebobs mzis eleqtruli sadguris (mes) muSaobis Semdegi reJimebi: 

1. mzis elementebis panelebis (mep) mzisken orientacia. amis Sedegad miiRweva 

mzis panelebis racionaluri gamoyeneba. am SemTxvevaSi eqspluataciis mTel pe-

riodSi mes gamomavali simZlavre miaRwevs Tavis maqsimalur mniSvnelobas. 

2. mep-is seqcionireba SeerTebis sqemebis Tanmimdevruli SecvliT. amis Sedegad 

miiRweva mep-is muSaobis reJimebis optimizacia mfs-is funqcionirebis reJimebis 

damoukideblad. 

3. mep-is Suntireba balastur winaRobaze. amiT warmoebs zedmeti energiis gamo-

yofa komutaciis gziT gadamrTvelis da Zalovan regulirebad mowyobilobaTa 

daxmarebiT. 

4. kombinirebuli gza-seqcionireba plius Suntireba. Suntireba warmoebs panele-

bis, rogorc sruli nakrebisaTvis, aseve calkeuli seqciebisaTvis. Suntirebis 

ZiriTad nakls warmoadgens balastur winaRobaze  energiis didi danakargebi, 

gamoxatuli gafantuli siTbos saxiT, xolo seqcionirebis naklia marTvis sqe-

masTan erTad rTuli komutaciuri blokis arseboba. 

5. mep-is gamosavalze simZlavris eqstremaluri  reguliatoris dayeneba. am 

SemTxvevaSi miiRweva mep-is muSaoba maqsimaluri simZlavris gacemis reJimSi. 

mdg-Si ,1VT  ,2VT   tranzistorebis gadarTvis  ,0f  sixSire  0n -jer metia cvla-

di denis qselis  ,qsf  sixSireze.  ,00 nff qs    83 VTVT    tranzistorebis gadar-

Tvis sixSire tolia  ,qsf  sixSirisa.  
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DETERMINING THE BASIC MODES IN THE CONDITIONS OF PARALLEL OPERATION OF 

THE HYBRID ELECTRIC POWER SYSTEM AND ALTERNATIONG CURRENT SYSTEM 

Papidze Z. *, Pkhakadze Sh **  

Georgian Technical University * 

Akaki Tsereteli State University ** 

Summary 

The paper dwells on schematic and design diagrams depicting joint operation of wind and solar power 

plants and connected to them storage batteries. Also, the paper describes the parallel operation modes of hybrid elec-

tric power systems with the alternating current system, which allow us for creating mathematical and computer mo-

dels of transients occurring in the mentioned system. 
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liTium-ionuri akumulatorTa batareebis damuxtvisa da ganmuxtvis 

procesis reJimebi 

 

fxakaZe S.  
Aakaki wereTlis saxelmwifo universiteti  

 
naSromSi ganxilulia eleqtro mowyobilobebSi energiis mimwodebeli  akumula-

toris batareebi, ufro vclad liTium-ionuri   akumulatorTa batareebis damuxtvisa 
da ganmuxtvis procesis reJimebi, CamoTvlilia. misi upiratesobebi sxva tipis akumlato-
rebTan SedarebiT. agreTve aRwerilia liTium-ionuri  akumlatorebis damuxtvis stan-
dartuli da daCqarebuli anu "delta " damuxtvis procesebi. Ggrafikulad naCvenebia 
liTium-ionuri   akumulatoris ganmuxtvis maxasiaTebelebi denis da garemos tempera-
turis sxvadasxva mniSvnelobebisas. 
  

iseTi  eleqtro mowyobilobebi rogoricaa nouTbuqebi, mobiluri tele-

fonebi, smartfonebi, audio da videoteqnika, agreTve eleqtromobilebi warmo-

adgenen im mowyobilobebs, romelTa muSaoba didadaa damokidebuli energiis 

wyaros xarisxze. imuSaos srulyofilad saWiroa misTvis  energiis wyaros Ser-

Ceva da miwodeba.  eleqtro mowyobilobebSi energiis mimwodebelad gvevlineba 

akumulatorebi. 

akumulatorebis ZiriTad dadebiT Tvisebas ara marto is warmoadgens, 

rom mas SeuZlia Seinaxos energia da gasces is saWiroebis SemTxvevaSi, aramed 

isic, rom kvlav daimuxtos mTlian simZlavremde. akumulatoris erT–erT Ziri-

Tad maxasiaTebels warmoadgens eqspluataciis vada, romlis xangrZlivoba da-

mokidebulia mTel rig faqtorebze: mag. damuxtvis meTodze, damuxtvis siRrme-

ze, damuxtva/ganmuxtvis ciklis raodenobaze, momsaxurebis procedurebze, gare-

mos temperaturaze da sxva. amasTan, erTad es vada ganisazRvreba damzadebidan 

gasuli drois mixedviT. akumulatori iTvleba mwyobridan gamosulad, Tu is 

kargavs Tavisi nominaluri tevadobis 60–80% –s. (akumulatoris nominaluri te-

vadoba es is tevadobaa, romelic mas gaaCnia mTlianad damuxtul mdgomareoba-

Si 20C temperaturaze). 

eleqtroqimiuri teqnologiis mixedviT akumulatorebi, romlebic gamoiye-

neba eleqtro teqnikaSi SeiZleba davyoT Semdeg tipebad: 

 hermetizirebuli tyvia–mJaviani (SLA);   

 nikel–kadmiumiani  (NiCd);  

 nikel–metalhidriduli  (NiMH);   

 liTium–ionuri (Li-Ion);  

 liTium–polimeruli (LI-Pol).. 

mravalma dakvirvebam gviCvena rom Li-Ion akumulatorebis energiis simkvri-

ve didad uswrebs misi winamorbedi akumulatorebis Ni-Cd -nikel–kadmiumis da 

Ni-MH - nikel–metal–hidridis energiis simkvrives. sxvadasxva aqtiuri nivTiere-

bis gamoyenebiT ki es upiratesoba sul ufro izrdeba. 

 dReisaTvis arsebobs Li-Ion -akumulatorebis mravali saxesxvaoba. Zogadad 

liTiumian batareebSi anodisaTvis gamoiyeneba qimiurad aqtiuri metali liTiu-

mi. is yvelaze msubuqi metalia da uzrunvelyofs energiis did simkvrives. amis 

gamo akumulatorebis xvedriTi tevadoba Zalian didia. amasTan, liTiumis qimiu-

ri aqtiuroba Zalian arTulebs misi damzadebis teqnologias, rac TavisTavad 
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moqmedebs akumulatorebis TviTRirebulebaze. 

Li-Ion -akumulatorebis garegnuli formiT gansxvaveba TiTqmis SeuZlebe-

lia. am akumulatorebis usafrTxoebasTan dakavSirebulma problemebma mecnie-

rebs misca saSualeba Seqmniliyo liTium–polimeruli akumulatorebi. ZiriTa-

di maTi gansxvaveba mdgomareobs eleqtrolitis sxvadasxvaobaSi. polimeruli 

eleqtroliti aris myari, mSrali, is gavs plastikur firfitas. aqedan gamomdi-

nare, aseT akumulatorebs gaaCnia mcire wona, denis gacemis didi koeficienti. 

aseTi konstruqcia mis warmoebas xdis ufro martivs. is aris gacilebiT usaf-

rTxo. warmoebas SeuZlia daamzados aseTi akumulatorebi Zalian Txeli. minima-

luri sisqe aseTi akumulatorebis SeiZleba iyos 1 mm. 

liTium–ionuri da liTium–polimeruli akumulatorebi igive woniT gacile-

biT uswreben nikelian (Ni-Cd da Ni-MH) akumulatorebs energiis tevadobiT. aqvT 

dabali TviTganmuxtvis koeficienti erTeuli elementis didi Zabva (3,6–3,7v – 

1,2–1,4v). 

Ggrafikulad liTium-ionuri   akumulatoris ganmuxtvis maxasiaTebelebi de-

nis da garemos temperaturis sxvadasxva mniSvnelobebis  dros gamoisaxeba iseve 

rogorc nax.1-ze da nax.2-ze aris naCvenebi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rogorc zemoT avRniSneT liTium–ionuri akumulatorebis damzadebis 

teqnologia, iseve rogorc TviTon metali liTiumi, sakmaod Zviria. miuxedavad 

amisa 2010 wels moxda am mimarTulebiT inversticiebis zrdis dinamikis Sefase-

ba, romlis Tanaxmadac yovelwliuri zrda 2019 wlamde Seadgens 22%. es metyve-

lebs imaze, rom am sferoTi didad aris dainteresebuli biznesi. meore mxriv ki 

mas did yuradRebas uTmobs mecnierebac. arsebobobs samecniero sakiTxebis didi 

raodenoba, romelic iTxovs gadaWras, sasurvelia Seiqmnas kidev ufro metad 

efeqturi mowyobiloba energiis SenaxvisaTvis.  

Tanamedrove Li-Ion -akumulatorebis ZiriTadi upiratesobebia:  

 yvelaze didi xvedriTi tevadoba;  

nax.1 - Li-Ion akumulatoris ganmuxtvis  
maxasiaTebeli ganmuxtvis denis  
sxvadasxva mniSvnelobisaTvis 

nax.2 Li-Ion -akumulatoris ganmuxtvis 
maxasiaTebeli  garemos sxvadasxva 

temperaturisaTvis 
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 minimaluri TviTganmuxtva;  

 eqspluataciis didi vadebi (10 weli);  

 damuxtva–ganmuxtvis ciklis didi raodenoba (1000 cikli). 

Li-Ion -akumulatorebis damuxtvis reJimebi SegviZlia warmovadginoT gra-

fikebis saxiT:  

1) standartuli damuxtva  – roca akumulatori imuxteba nominaluri te-

vadobis (C) - 1/10–deniT. xangrZlivoba 15 sT–mde. (nax.3.)  

2) daCqarebuli anu "delta " damuxtva – roca akumulatori imuxteba no-

minaluri tevadobis toli deniT. amasTan, kontroldeba Zabva.(nax.4.) 
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nax.3  standartuli damuxtvis mrudi 
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LITHIUM-ION BATTERIES CHARGING AND DISCHARGING MODES 

Pkhakadze Sh.  

Akaki Tsereteli State University  

Summary 

The paper dwells on explanation for what a storage battery is. There are listed its various types. Also, the 

paper describes the charging and discharging modes of lithium-ion batteries in general.  Their advantages over other 

storage batteries are shown. Also, the paper describes the standard and accelerated or “DELTA A” charging process 

of lithium-ion batteries. There are shown graphically the discharging characteristics of lithium-ion storage batteries 

at different values of current and ambient temperature.  

 

 

 

 

Pmudmivi denis eleqtruli Zravis marTvis sistemis optimizacia 

 

cecxlaZe m.  
saqarTvelos teqnikuri universiteti 

 
cnobilia, rom mudmivi denis eleqtruli Zravis brunvis siCqaris regulirebis maC-

veneblebi sakmaod gaizarda eleqtruli elementebisa da regulirebis releuli kanonis 
gamoyenebiT, rac Tavis mxriv dakavSirebulia mikroeleqtronikis miRwevebTan, SedarebiT 
uinercio da swrafmoqmedi regulirebis blokebis arsebobasTan da marTvaSi tiristo-
rebis gamoyenebasTan, ramac saSualeba misca Seqmniliyo praqtikulad arainerciuli 
marTvis sqemebi. naSromSi naCvenebia mudmivi denis eleqtruli Zravis srialis reJimSi 
momuSave brunvis siCqaris regulirebis  sistema, romelic xasiaTdeba maRali swrafmoq-
medebiT da sizustiT sxvadasxva tipis eleqtroamZravebSi gamoyenebisas. 

 
Mmudmivi denis eleqtruli Zravis regulirebis sistemebs waeyenebaT iseTi 

ZiriTadi moTxovnilobebi, rogoricaa mgrZnobiaroba, regulirebis sizuste da 

swrafmoqmedeba [1]. Mmiuxedavad imisa, rom mudmivi denis eleqtruli Zravebi 

floben mTel rig specifikur Taviseburebebs avtomaturi regulirebis Teoriis 

saerTo debuleba SesaZlebelia srulebiT gamoyenebuli iqnas maTi regulirebis 

sistemebis Sesaqmnelad, romlebic wyveten iseT sakiTxebs, rogoricaa obieqtis 

da sistemis statika da dinamika, calkeuli rgolebis da mTliani sistemis maxa-

siaTeblebi, mdgradoba da xarisxi. amasTan dakavSirebiT iqmneba mudmivi denis 

eleqtruli Zravis brunvis siCqaris regulirebis sxvadasxva tipis avtomaturi 

regulirebis sistemebi, romlebic wyveten iseT amocanebs, rogoricaa optimalu-

ri marTva, adaptacia da sxva. 

dRemde arsebuli mudmivi denis eleqtruli Zravis marTvis sistemebi sru-

lad ver akmayofileben iseT Tanamedrove moTxovnilobebs, rogoricaa: 

1. saregulirebeli parametris sakmarisi mgrZnobiaroba; 

2. avtomaturi regulirebis sistemis swrafmoqmedeba, romelic uzrunvelyofs 

maqsimaluri SeSfoTebebis aRmofxvras; 

3. avtomaturi marTvidan xeliT marTvaze da piriqiT gadasvlis swrafi da mar-

tivi SesaZlebloba; 

4. muSaobis saimedoba da eqsploataciis simartive. 

      zemoaRniSnulTan dakavSirebiT mudmivi denis eleqtruli Zravis brunvis 

siCqaris rsgulirebis sistemebis kvleva da damuSaveba mniSvnelovan samecniero-

teqnikur amocanas warmoadgens. 

Mmikroeleqtronuli teqnikis ganviTarebam, martivi da iafi impulsuri fo-
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toeleqtronuli gadamwodebis arsebobam, romlebic aRWurvilia marTvis cifru-

li sistemebiT ganapiroba mudmivi denis eleqtruli Zravis brunvis siCqaris av-

tomaturi regulirebis sistemebis ekonomiuri, energetikuli da teqnikuri maxa-

siaTeblebis amaRleba [1]. marTvis sistemis gaumjobesobis mizniT Seswavlili 

iqna eleqtruli Zravis arsebuli marTvis sistemebis dadebiTi da uaryofiTi 

mxareebi da maTi muSaobis optimizaciis sakiTxebi. samuSaos gegmis mixedviT 

Cvens mier Catarebuli iqna mudmivi denis eleqtruli Zravis marTvis sistemis 

laboratoriuli kvleva., romlis struqturul sqemas 1-el naxazze naCvenebi sa-

xe aqvs. 

 
Nnax.1 

 

sadac 1 aris Zravis siCqaris davaleba, 2 - e proporciul-integraluri regula-

tori, 3 - e marTvis mowyobiloba, 4 - e gardamsaxi, 5 - e mudmivi denis eleqtru-

li Zravi, 6 - e taxogeneratori, 7 - e fotoimpulsuri gadamwodi. 

eleqtruli Zravis marTvis sxvadasxva principebs Soris bolo dros didi 

yuradReba eqceva marTvis iseT sistemebs, romlebSic marTvadi zemoqmedeba war-

moadgens marTvis sistemis koordinatebis da gare zemoqmedebebis wyvetad fun-

qciebs.Egamoyenebuli avtomaturi regulirebis sistemebidan, rogorc cnobilia 

zustad asseT sistemebSi nawilobriv SeiZleba miviRoT maqsimaluri efeqti da 

optimaluroba [2]. aseTi marTvis sistemebis kvleva umravles SemTxvevaSi xorci-

eldeba fazuri sivrcis meTodis safuZvelze [2]. cnobilia, rom wyvetadi zemoq-

medebis marTvis sistemis sinTezis amocanas warmoadgens fazur sivrceSi iseTi 

zedapirebis SerCeva, romelzedac marTvis funqcia ganicdis wyvetas [1]. aseTi 

marTvis sistemebSi SeiZleba warmoiSvas moZraobis specifikuri saxe – srialis 

reJimi [2]. marTvis sistemaSi srialis reJimis arsebobisaTvis aucilebelia ze-

dapiris farglebSi, romelzedac marTvis funqcia ganicdis wyvetas fazuri 

traeqtoriebi mimarTuli iyos erTmaneTisaken Semxvedrad. asseT SemTxvevaSi 

marTvis funqciis amsaxveli wertili funqciis wyvetis zedapirze moxvedrisas 

asrialdeba masze da SeuZlebeli iqneba sul mcire drois intervalSic ki imoZ-

raos nebismieri im traeqtoriiT, romelic exeba marTvis funqciis wyvetis moce-

mul zedapirs, radganac yoveli wanacvlebisas warmoiSoba moZraoba, romelic 

abrunebs marTvis funqciis amsaxvel wertils funqciis wyvetis zedapirze [2]. 

Mmudmivi denis eleqtruli Zravis marTvis sistemis dinamikis gaumjobeso-

bis  mizniT Cvens winaSe daisva marTvis sistemis optimizaciis amocana. Qq. mos-

kovis eqsperimentalur samecniero – kvleviT institutSi (<<ЭНИИМС>>) damuSav-

da da gamoicada Zravis marTvis sistema srialis rsJimSi momuSave releuri re-

gulatoriT, romlis struqturuli sqema naCvenebis 2-e naxazze. 
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Nnax.2 

 
sadac 1 aris programuli makontrolebeli, 2 – srialis reJimSi momuSave rele-

uri regulatori, 3 – mudmivi denis eleqtruli Zravi, 4 – taxogeneratori, 5 – 

gadaadgilebis meqanizmi. 

Catarebuli eqsperimentaluri kvlevis safuZvelze dgindeba, rom mudmivi 

denis eleqtruli Zravis arsebuli marTvis sistemebTan SedarebiT srialis re-

JimSi momuSave regulirebis sistema xasiaTdeba maRali dinamikuri maxasiaTeb-

lebiT. marTvis sistemis swrafmoqmedebis da sizustis gazrdiT miRweulia gar-

damavali procesebis optimaluroba da eleqtrul Zravze datvirTvis cvlile-

bisas marTvis sistemis dinamikuri sixiste mniSvnelovnad gazrdilia. 
L 

literatura 
1. Шилин А.А., Букреев В.Г Исследование оптимального и скользящего режимов управления с релейным 

элеьентом, охваченным обратной связью.     Вестник томского государственного университета. 

Управление, вычислительная техника и информатика. 13(28), 2014, стр. 8. 

2. Уткин В.И Скользящие режимы и их применения в системах переменной структурой. М, 1974, стр. 271. 

3.  Москаленко В. В. Автоматизированный электропривод. М, Энергофтомиздат, 1986, стр.416. 

 

OPTIMIZATION OF THE CONTROL SYSTEM OF DC ELECTRIC MOTOr 

Tsetskhladze M. 

Georgian Technical University 

Summary 

  It’s known that the indicators of regulation of rotational speed significantly increased by using the electrical 

elements and the relay law of regulation. This in turn is related to developments in microelectronics, relatively non 

inertial and high-speed blocks and application of thyristors in control systems that enabled the establishment of prac-

tically non inertial management schemes. It’s shown the rotational speed regulation system of the DC motor opera-

ting in the slipping mode, which is characterized with high speed and accuracy when used in electric drives of vario-

us types. 

 
 

 

gumaThesis wyalsacavis hidravlikuri garecxvis kvleva 

 

noseliZe j., momcemliZe S., kalaZe d., noseliZe g. 
akaki wereTlis saxelmwifo universiteti 

 
    naSromSi ganxilulia   mravalmiznobrivi daniSnulebis gumaThesi I  wyalsacavis 
hidravlikuri garecxvis da energetikuli moxmarebis SesaZleblobebis perspeqtivebis 
Sesaxeb. 2016 wels Catarebuli savele-saeqspedicio samuSaoebisa da hidrometriuli ga-
zomvebis safuZvelze dadginda, rom  wyalsacavSi kaSxalTan arsebuli erTi kunZuli  
wairecxa mTlianad, xolo meore nawilobriv,  wyalsacavis samdRiani garecxvis Sedegad 
garecxili natani masalis moculoba  1.5 mln. m 3 tolia, garecxvis Semdeg wyalsacavis 
sasargeblo moculoba gaxda 3.0 mln. m 3. 
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rioni saqarTvelosaTvis umniSvnelovanesi samdinaro arteriaa. masze daproeq-

tebulia ramodenime kaskadi: namaxvanis kaskadi moicavs sam hess  tviSi, namax-

vani da JoneTi. 

 
     nax.1. gumaThesi I wyalsacavis molamuli marcxena napiri. 

 

wyalSemkrebi auzis mTliani farTobi 13418 km2, xolo mdinaris sruli 

sigrZe 327km. saSualo wylis wliuri xarji 127 m3/ wm. anu 4.9 milioni m3. mdina-

re rionze ukve aSenebulia 8 didi hidroeleqtrosadguri: lajanurhesi (namaxva-

nis kaskadis zemoT), gumaThesi I da II, rionhesi da varcixehesi I, II, III, da IV.         

Tanamedrove civilizaciis arsebobisaTvis aucilebelia wylis obieqtebis 

intensiuri gamoyeneba, risTvisac ganuzomlad izrdeba hidrologiur obieqtebze 

anTropogenuri zegavlenis formebi da masStabebi. aqedan gamomdinare wyalsaca-

vis garemoze zemoqmedebis Sefaseba metad aqtualur problemas warmoadgens.    

     mdinareTa Camonadeni, rogorc mudmivad ganaxlebadi da xelmisawvdomi re-

sursi, farTod gamoiyeneba energetikaSi, mSeneblobaSi, irigaciaSi, wyalmomara-

gebasa da meurneobis TiTqmis yvela dargSi. mdinareTa Camonadenzea damokidebu-

li zRvebisa da okeaneebis napirebis mdgradoba da wonasworoba.  

 
nax. 2. mdinare rionis molamvis integraluri mrudi 
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        wylis resursebis marTvis efeqturobaze da wyalsacavebis regulirebis 

procesze bevrad aris damokidebuli sazogadoebis socialur-ekonomikuri ganvi-

Tareba.  amitom mdinareTa Camonadenis da wyalsacavebis gawmendili moculobis 

racionaluri gamoyeneba aris metad aqtualuri, globaluri problema. 

mdinare rionze mdebare wyalsacavebis kaskadebis eqspluataciis gamocdi-

leba gviCvenebs [1,2,3,4,5,6], rom maT dakarges moculobis didi nawili (nax.1da 2) 

da amis gamo maTi dRe-Ramuri regulirebis unari mkveTrad daeca.  isini faqti-

urad aRar asruleben energosistemis pikuri simZlavreebis regulatoris rols, 

muSaoben bunebriv Camonadenze da amis gamo zamTris periodSi (noemberi-marti) 

energosistema kargavs pikur energias.  

wyalsacavebis garecxvis procesi metad rTuli problemaa. garecxvis 

dros hesebi wyveten muSaobas. miuxedavad siZneleebisa hesebis wyalsacavebis ga-

recxva gardauvali amocanaa, vinaidan wyalsacavSi masalis dagroveba xels uS-

lis wyalmimRebis normalur muSaobas. natani masala aRwevs mimRebis dones da 

iwyebs moZraobas turbinaSi, rac iwvevs turbinis frTebis dazianebas. 

 

 
nax. 3. mdinare rionis   gumaTihesi I garecxvis pirveli dRe.  kaSxlis zeda  

biefi molamuli pirveli da meore kunZuli 

 

rogorc cnobilia, wyalsacavebis garecxvis ZiriTad mizans warmoadgens 

maTi sasargeblo moculobis SenarCuneba. garecxviTi samuSaoebis ganxorciele-

ba xdeba garemoze zemoqmedebis Sefasebis angariSis dokumentebiT dadgenili 

garemosdacviTi normebis gaTvaliswinebiT. aRniSnuli samuSaoebi moicavs sam 

dRes, rac gamoiwvevs gumaTi I, gumaTi II da rionis hidroeleqtrosadgurebis sa-

mi  dRiT gaCerebas, ris Sedegadac q. quTaisSi md. rioni nawilobriv  daubrun-

deba bunebriv kalapots ( nax.3). zemoaRniSnuli gamoiwvevs wylis donis cvli-

lebas. md. rionis kalapotSi samuSaoebis usafrTxoebis mizniT ssp ”energo-pro 

jorjia~ mimarTavs TxovniT Sesabamis samsaxurebs  da ugzavnian gumaTi I, guma-

Ti II da rionis hidroeleqtrosadgurebis wyalsacavebis garecxvis savaraudo  

gegma-grafiks. 

wylis donis dawevasTan erTad mkveTrad gamoCnda gumaThesi I wyalsacav-
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Si kaSxlis maxloblad ori didi kunZuli, romelTa Soris moZraobda wylis 

sakmaod didi nakadi. ZiriTadi nakadi moZraobda mdinaris marjvene mxares, Seda-

rebiT mcire nakadi mdinaris marcxena mxarex (nax.3). kaSxlidan pirveli kunZu-

lis naxevari  warecxilia. mdinaris marjvena nakadi kidev ufro gaaqtiurda, 

xolo marcxena mxaris nakadma daiwyo Sesabamisad Sesusteba. kuZulebs Soris 

jer kidev  miedineba kunZulebis gamyofi wylis  nakadi. 

 

 
nax. 4  gumaThesis wyalsacavi.  garecxvis meore dRe 

 

nax. 4-ze  warmodgenilia gumaThesis wyalsacavis garecxvis meore dRe. me-

ore dRisaTvis pirveli kunZuli srulad wairecxa. gaqtiureba daiwyo mdinaris 

marcxena napiris nakadma, xolo marjvena napiris nakadi Sesabamisad Sesustda. 

Sesabamisad moxda mdinaris dinebis formireba. daiwyo meore kunZulis warecx-

vis procesi. 

 

 
nax. 5.  gumaThesis wyalsacavi. garecxvis mesame dRe  
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nax. 5-ze warmodgenilia gumaTis wyalsacavis garecxvis mesame dRe. gare-

cxis mesame dRes mdinareSi arsebulma meore kunZulis marcxena napirma ganica-

da intensiuri warecxva.    TiTqmis naxevari wairecxa. am droisaTvis mdinaris 

marjvena nakadi SedarebiT gaaqtiurda, Sesabamisad Sesustda marcxena nakadi. 

kaSxlis win nakadi TiTqmis gaTanabrda. (nax. 5) garecxvis sami dRis periodSi 

ZiriTadad gairecxa md. rionis ZiriTadi kalapoti. wyalsacavis garecxili mo-

culoba savaraudod gaizarda 1.5 mln m3-iT. 

garecxvamde wyalsacavSi wylis  moculoba Seadgenda 1,5 mln. m3. aqedan 

gamomdinare wyalsacavis garecxvis Semdeg sasargeblo moculoba daaxloebiT 

tolia  3.0 mln.m3 . 
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INVESTIGATION OF GUMATI HPP RESERVOIR HYDRAULIC WASHING-OUT 

Noselidze J., Momtsemlidze S., Kaladze D., Noselidze G. 
Akaki Tsereteli State University 

Summary 

The paper dwells on the prospects for hydraulic washing-out of multi-purpose Gumati HPP I reservoir.  and 

its use for energy purposes. Based on the field research expeditions and hydraulic measurements carried out in 2016, 

it has been established that one island existing in the reservoir near the dam was washed-out completely, but another 

one – partially. As a result of three-day washing-out of the reservoir, the volume of sediments was 1,5 mln m3, and 

the effective volume of the reservoir after washing-out was 3,0 mln. m3.  

 

 

 

 

saqarTvelos  eleqtroenergetikuli sistemis eleqtruli 

datvirTvebis grZelvadiani prognozireba Tanamedrove, 

winaswarmetyvelebis funqciebis gamoyenebiT 

 
kopaliani n., zivzivaZe o., zivzivaZe l. 

 
statia eZRvneba eleqtroenergetikis iseT umniSvnelovanes mimarTulebas, rogori-

caa eleqtruli datvirTvebis prognozireba eleqtroenergetikul sistemebSi. statiaSi 
saubaria prognozirebis rolsa da mniSvnelobaze da ganxilulia prognozirebis tradi-
ciuli da aratradiciuli meTodebi. statiaSi SemoTavazebulia saqarTvelos energosis-
temis eleqtruli datvirTvebis grZelvadiani prognozireba erT-erTi Tanamedrove meTo-
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diT, romelic emyareba winaswarmetyvelebis funqciebis gamoyenebas MathCad-is sistemaSi. 
Grafikebisa da cxrilebis saSualebiT warmodgenilia prognozirebis Sedegebi 2021 
wlamde. 

 
eleqtruli datvirTvebis prognozireba, eleqtroenergatikaSi warmoebuli 

kvlevebis umniSvnelovanesi sferoa, vinaidan swored maszed dayrdnobiTaa Se-

saZlebeli eleqtruli sistemis planirebis, operatiuli marTvisa da zogadad 

funqcionirebisaTvis saWiro sainJinro amocanebis farTo speqtris gadawyveta. 

konkretulad, prognozis safuZvelze xdeba eleqtroenergetikuli sistemis mu-

Saobis optimaluri reJimebis SerCeva, fasdeba am reJimebis saimedoba,  ekonomiu-

roba da eleqtruli energiis xarisxi. swori prognozi saSualebas iZleva, eko-

nomiurad davtvirToT eleqtruli sadgurebis generatorebi da, maSasadame, gav-

lena movaxdinoT eleqtruli energiis TviTRirebulebaze.[1] 

eleqtruli datvirTvebis prognozireba SeiZleba CavataroT sxvadasxva 

droiTi diapazonebisaTvis. Tumca, unda aRiniSnos, rom erTiani Camoyalibebuli 

klasifikacia drois aRniSnuli diapazonebisaTvis ar arsebobs. magaliTisaTvis,  

avtorTa erTi jgufi [2] Tvlis, rom erTi dRe-Ramis farglebSi prognozireba 

operatiul prognozs warmoadgens. prognozi, romelic moicavs diapazons, erT 

dRe-Rameze meti _ kvira-Tve, SeiZleba xanmokle prognozad CaiTvalos, xolo 

prognozi, romelic moicavs diapazons _ Tve-kvartali-weli, grZelvadian prog-

nozad iTvleba.  

sxva avtorebi [3] Tvlian, rom klasifikaciaSi unda arsebobdes Zalian xan-

mokle prognozic, romelic moicavs diapazons ramodenime wamidan erT saaTamde, 

garda amisa, unda iyos  xanmoklevadiani prognozi erTi saaTidan kviramde, sa-

Sualovadiani prognozi _ erTi kviridan erT wlamde da grZelvadiani progno-

zi _ erTi wlidan 20 wlamde diapazoniT. arsebobs droiTi diapazonebis klasi-

fikaciis sxva modelebic. 

Cveni statia miZRvnilia grZelvadiani prognozirebisadmi da moicavs dro-

iT diapazons 6 wlis vadiT 2021 wlamde. 

sagulisxmoa aRiniSnos, rom pirveli publikaciebi prognozirebis Taobaze 

gamoCnda jer kidev gasuli saukunis (10_20)-ian wlebSi da interesi am Tematikis 

mimarT dRemde ar neldeba, rac ganpirobebulia eleqtroenergiis bazris sul 

ufro da ufro mzardi moTxovnebiT eleqtruli energiis xarisxis mimarT. 

dReisaTvis Seqmnilia uamravi meTodi da modeli eleqtruli datvirTvebis 

prognozirebisaTvis rogorc tradiciuli aseve aratradiciuli midgomebiT. Ta-

vis mxriv tradiciuli statikuri modelebi pirobiT SeiZleba daiyos regresi-

ul  da droebiTi mwkrivebis safuZvelze agebul modelebad. 

axali sainformacio teqnologiebis ganviTarebasTan erTad warmoiqmna 

prognozirebis axali aratradiciuli meTodebi, romlebic iyeneben eqspertul 

sistemebsa da xelovnur, neironul qselebze dafuZnebul modelebs. 

biologiuri sistemebis da maTi elementebis funqcionirebis da TviTkon-

trolis maRali done da srulyofileba yovelTvis ipyrobda teqnikuri darge-

bis mkvlevarebis yuradRebas, raTa  isini gamoyenebuli yofiliyvnen teqnikur 

sistemebSi. swored ase warmoiSva xelovnuri neironuli qselebis Teoria  wina 

saukunis 40-ian wlebSi, rogorc adamianis tvinis modelis Seqmnis mcdeloba. am 

cdis mizani iyo adamianis iseTi Tvisebebis ganmeoreba, rogoric aris swavle-
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bis, ganzogadebis da abstragirebis unari. faqtobrivad, es aris ganviTarebuli 

”Savi yuTis” amocana.  

zemoqmedi faqtorebis mravalsaxeoba, TviT am faqtorebis prognozis sir-

Tule, ar iZleva SesaZleblobas calsaxad ganisazRvros prognozirebis optima-

luri meTodi  aseTi amocanebis amoxsnisaTvis. 

eleqtroenergetikuli sistemis eleqtruli datvirTvebis, moxmarebisa da 

generaciis cvlilebaTa procesi warmoadgens droiT mwkrivs. dReisaTvis damu-

Savebulia droiTi mwkrivebis prognozirebis mravali meTodi, iseTebi rogori-

caa eqstrapolaciuri, ekonomiuri da regresiuli  meTodebi, boksisa da jenki-

sis meTodebi (ARIMA- Auto-Regressive Integrated Moving Average, ARMA - autoregressi-

ve–moving-average), eqspertuli meTodebi, prognozireba xelovnuri neironuli 

qselebis meSveobiT TviTswavlebis unariT, agreTve veivletebisa da aramkafio 

logikis saSualebebiT da ase Semdeg.   

Tanamedrove kompiuteruli maTematikis sistemebSi gaTvaliswinebulia Se-

darebiT axali prognozirebis saSualebebic. sailustraciod, qvemoT moyvani-

lia grZelvadiani prognozirebis magaliTi sawyis monacemTa interpolaciisa da 

eqstrapoliaciis gamoyenebiT energetikis amocanebSi, maTi   maTematikuri mode-

lirebis dros. 

rogorc cnobilia, interpolaciis da eqstrapoliaciis ZiriTadi meTodebia 

- wrfivi interpolacia da splain - interpoliacia.  Mathcad-s gaaCnia CaSenebu-

li funqciebi, romlebic mniSvnelovnad amartiveben monacemTa interpoliacias 

da eqstrapolacias.  wrfivi monakveTebiT interpoliaciis dros damatebiTi 

wertilebis angariSi sruldeba wrfivi damokidebulebiT, rac grafikulad niS-

navs sakvanZo wertilebis erTmaneTan ubralo SeerTebas swori xazebiT. amisaT-

vis gamoiyeneba Semdegi funqcia: 

linterp (VX,VY,x). 

Tu sakvanZo wertilebis raodenoba mcirea (10-ze naklebi), maSin wrfivi in-

terpolacia gamodis sakmaod uxeSi. am dros aproqsimaciis funqciis pirveli 

warmoebulic ki ganicdis mkveTr naxtomebs sakvanZo wertilebSi. 

    bevrad ukeTes Sedegebs iZleva interpolacia splainebiT. splaini - 

aris moqnili saxazavi, lekalo. splain-funqcia - moqnili saxazavis maTematiku-

ri modelia.  am funqciis gansazRvris are iyofa monakveTebad, romlebSic 

splaini emTxveva raRac algebrul mravalwevrs. mravalwevrebad umetes SemTxve-

vebSi aiReba wrfivi, kvadratuli an kuburi polinomebi. 

 
splainebiT interpoliaciis dros sawyisi funqcia icvleba monakveTebiT 

kvadratuli an kuburi polinomebiT, romlebic gaivlian sam mezobel, sakvanZo 

wertilze. polinomebis koeficientebi iangariSeba iseTnairad, rom pirveli da 

meore warmoebulebi iyvnen uwyveti. splainebiT interpoliaciisaTvis Mathcad-i 

gvTavazobs Semdeg CaSenebul funqciebs: 

1. cspline (VX,VY) _ kuburi polinomiT; 

2. pspline (VX,VY) - paraboluri mrudiT; 
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3. lspline (VX,VY) _ wrfivi damokidebulebiT; 

da meoTxe funqcia - interp (VS,VX, VY, x)  gankuTvnilia veqtorebisaTvis VS, 

VX, VY da mocemul x mniSvnelobebisaTvis. 

amrigad, splain-interpolacia da eqstrapolacia tardeba or etapad. pir-

vel etapze iZebneba funqcia y (x) -is meore warmoebulis veqtorebi, xolo Sem-

deg, meore etapze, yoveli saZiebel wertilisaTvis ganisazRvreeba y(x)-is mniS-

vneloba interp funqciis meSveobiT. 

nax.1-ze naCvenebia interpolaciisa da eqstrapolaciis gziT miRebuli sa-

qarTvelos energosistemis generaciis   grZelvadiani prognozirebis Sedegebi. 

sawyisi monacemebi mopovebulia saqarTvelos eleqtrosistemasa da energetikis 

maregulirebel komisiaSi (semeki) da moyvanilia cxrilSi   cxr. 1.  

 
nax. 1. ელექტრული ენერგიის წლიური გენერაციის წრფივი ინტერპოლაცია და ექსტრაპოლაცია  

2019 წლამდე 

 
nax. 2. გენერაციის სპლაინური ინტერპოლაცია და ექსტრაპოლაცია f1-წრფივი გაგრძელებით,  

f2-პარაბოლური გაგრძელებით, f3-კუბური გაგრძელებით, 

 

naxazebidan naTlad Cans, rom wrfivi interpolaciis dros grafiki gamo-

dis uxeSi da moსCans gadaRunvis wertilebi, romlebic emTxveva sakvanZo werti-

lebs. splainebiT interpoliaciis dros zogjer gadaRunvis wertilebSi adgili 

aqvs adgilobriv, lokalur SeSfoTebebs gibsis efeqtis msgavsad, furies swra-

fi gardaqmnis dros. amis mizezi aris sakvanZo wertilebis uxerxuli, cudi gan-
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lageba, da saWiro xdeba am sakvanZo wertilebis Secvla. 

prognozirebis Sedegebi, maRali sizustisaa, maSin rodesac grafiki aris 

mdore, xolo  gadaRunvis wertilebi SeumCneveli. mTlianobaSi, gansakuTrebiT 

ki arawrfivi damokidebulebebis SemTxvevebSi, interpolacia splainebiT maTema-

tikuri modelirebis amocanebSi Seucvlelia da xSirad da farTod gamoiyeneba.  

garda aRniSnulisa, MathCad-Si გააჩნია CaSenebuli wrfivi winaswarmetyvele-

bis funqciebi: 

1. predict(v, m, n) (nax...)[4] 

 

 
nax. 3. MathCad-is funqcia Predict-i 

 

sadac v - aris monacemTa veqtori, m - veqtoris bolodan wertilebis ricxvi, 

romelic gamoiyeneba prognozirebisaTvis, n - prognozirebuli wertilebis rao-

denoba. es funqcia realizacias ukeTebs burgis avtoregresiul meTods. 

2. MathCad-is  SP -gafarToebaSi (Signal Processing) damatebuli aris kidev ori 

პროგნოზირების funqcia: 

 yulew (s, N) _ romelic winaswarmetyvelebisaTvis iZleva N rigis 

(1<N<length(s)) koeficientebis veqtors iule-uokeris meTodiT 

 

 
nax. 4. 

 

 burg (s, N) - winaswarmetyveleba N rigis (1<N<length(s)) burgis meTodiT 

 
nax. 5. 

 

es funqciebi agreTve dafuZnebuli arian avtoregresiis wrfivi modelis gamoye-

nebaze, rodesac yoveli Semdgomi anaTvali ganixileba rogorc wina anaTvlebis 

wrfivi kombinacia.   funqcia SesaZloa iyos arawrfivi da hqondes metad rTuli 

xasiaTi. funqcia uzrunvelyofs N rigis avtoregresiuli modelis koeficiente-

bis Seqmnas namdvili saxis monacemTa veqtorisaTvis s, romelsac aqvs n mniSvne-

lobebi (n>N). funqcia abrunebs veqtors sigrZiT N+1, romlebic warmoadgenen 

winaswarmetyvelebis koeficientebs. Tu s veqtori Seicavs n mniSvnelobebs xi, sa-

dac i=0,…,n-1, maSin morigi n-uri mniSvneloba SesaZloa vipovoT formulis mi-
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xedviT: 

 
Cvens mier, zemoT moyvanili (cxrili 2,3,4) monacemebis safuZvelze, kompiu-

teruli maTematikis sistema MathCad-Si, burgis avtoregresiuli meTodiT, prog-

nozirebuli iqna, saqarTvelos eleqtrenergetikul sistemaSi: eleqtruli dat-

virTvebis, eleqtruli generaciisa da eleqtroenergiis moxmarebis dinamika 2021 

wlamde. qvemoT es Sedegebi warmodgenilia  grafikebisa da cxrilebis saxiT. 

 
cxr. 1. eleqtroenergiis wliuri generacia, moxmareba da maqsimaluri datvirTvebi sa-

qarTveloSi 1995-2015 wlebSi  

 

                                                                      

 
nax. 3. eleqtroenergiis wliuri generacia-moxmarebebi da maqsimaluri datvirTvebi  

saqarTveloSi 1995-2015 wlebSi da grZelvadiani prognozebi 2021 wlamde 

   
wlebi 

genera
cia 

moxmareba 
maqsimaluri 
datvirTva 

2005 7061.0 8667.7 1698 

2006 7621.9 8302.5 1979 

2007 8346.4 8146.0 1712 

2008 8441.1 8410.9 1682 

2009 8402.3 7907.9 1583 

2010 10046.3 8744.1 1620 

2011 10106.1 9646.5 1682 

2012 9697.6 9784.1 1680 

2013 10059.3 10093.0 1810 

2014 10371.1 10619.5 1853 

2015 10707.9 10390.3 1869 

 

wle
bi 

gener
acia 

moxmare
ba 

maqsimaluri 
datvirTva 

 1995 7073.0 7827.0 1739 

  1996 7225.7 7311.7 1625 

1997 7172.1 7363.0 1639 

1998 8088.4 7993.7 1776 

1999 8118.4 8168.5 1872 

2000 7420.6 7814.9 1731 

2001 6905.7 7159.4 1728 

2002 7224.9 7713.0 1630 

2003 7132.4 7976.7 1818 

2004 6902.2 8109.8 1794 

 

 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 63 

cxr. 2. eleqtruli energiis generaciis prognozi saqarTvelos elenergetikul 

sistemaSi 2021 wlamde 

 
                                                                            

cxr. 3. eleqtruli energiis moxmarebis prognozi saqarTvelos elenergetikul 

sistemaSi 2021 wlamde 

 

cxr. 4. maqsimaluri datvirTvis prognozi saqarTvelos elenergetikul sis-

temaSi 2021 wlamde 

 

rogor grafikebidan, aseve cxrilebidan Cans, rom 2021 wlisTvis eleqtru-

li energiis generacia da moxmareba saqarTvelos eleqtroenergetikul sistema-

Si 5,3%-iT gaizrdeba, xolo rac Seexeba maqsimalur datvirTvebs igi praqtiku-

lad ucvleli darCeba. 
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wlebi 2016 2017 2018 2019 2020 2021 

generacia- prog-
nozi 

(mln.kvt.sT.) 
10481.8 10177.3 11245.3 11288 11045 11302.9 

wlebi 2016 2017 2018 2019 2020 2021 

elenergiis mox-
marebis progno-
zi (mln.kvt.sT.) 

10900 10866 11107.2 11639 11716.3 11435.9 

wlebi 2016 2017 2018 2019 2020 2021 

 maqsimaluri 
datvirTvis prog-

nozi (mgvt) 
1826.3 1820.8 1794.5 1760.2 1725.3 1632.9 

http://mathcad-help.software.informer.com/
http://www.ptc.com/products/mathcad/
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THE LONG-TERM FORECAST OF THE ELECTRIC LOADING OF GEORGIA’S ELECTRIC POWER 

SYSTEM BY USING MODERN PROGNOSTICATION FUNCTIONS 

Kopaliani N., Zivzivadze O., Zivzivadze L. 

Akaki Tsereteli State University  

Summary 

 The paper dwells on such an important electric power field as forecast of the electric loading in the electric 

power systems. This is about the role and importance of prognostication and traditional and non-traditional forecast 

procedures.  The paper offers the long-term forecast of the electric loading of Georgia’s electric power system by 

using one of the modern methods, which is based on the use of prognostication functions in a MathCad system. The-

re are presented graphically the results of prognostication until 2021.  
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energoefeqturobis barierebi saqarTvelos Senobebis seqtorSi 

 
arabiZe g., fxalaZe i., arabiZe n. 

saqarTvelos tenikuri universiteti 

 
naSromSi ganxilulia yvela is ZiraTadi dabrkoleba, romelic xvdeba energoefeq-
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turi RonisZiebebis ganxorcielebas saqarTvelos Senobebis seqtorSi. pirvel rigSi 
ganxilulia maregulirebeli da instituciuri bariereba. aRniSnulia, rom politikis 
arasrulyofileba, samarTlebrivi bazis ar qona mniSvnelovnad aferxebs energoefeqtu-
ri reabilitaciis procesebis ganxorcielebas. meore mnivnelovani faqtori finansuri 
barierebia. aq yvlaze mZime problema saprocento ganakveTebia. miuxedavaT imisa, rom ga-
nakveTi 17.9%-dan (2009) 13.6%-mde Semcirda, jer kidev sakmaod maRalia. miuxedavad muni-
cipalitetebis motivirebisa gazardon Senobebis fondis energoefeqturoba, maT SezRu-
duli aqvT damoukideblad moqmedebis areali iseTi finansuri resursebis mosazidad, 
rogoricaa dabalprocentiani sesxebi da krediti. problemebia sacxovrebel seqtorSi. 
dafinansebaze SezRuduli wvdoma da Camoyalibebuli struqturebis, Tu samuSao stan-
dartebis arasrulyofileba gaurkvevlobas iwvevs samSeneblo da sareabilitacio pro-
eqtebis SesaZleblobebis mimarTulebiT. saxezea informaciis nakleboba energoefeqtu-
robis upiratesobebis da ganaxlebadi enegoresursebis Sesaxeb. aRniSnuli iwvevs im 
faqts, rom moTxovna mdgrad Senobebze SedarebiT naklebia.  
 
 Senobebis seqtori erT-erTia energo-intensiuri seqtorebidan saqarTve-

loSi, romelsac dazogvis maRali potenciali gaaCnia energoefeqturi RonisZie-

bebis ufro farTod danergvis pirobebSi. miuxedavad amisa, amJamad energoefeq-

turoba Senobebis seqtorSi mTel rig dabrkolebebs awydeba. 

 zogadad Senobebis maRali segmentacia seqtorTan urTierTobis proble-

mas qmnis. aRniSnuli vrceldeba saqarTvelos Senobebis seqtorzec. nagebobebi 

gansxvavdeba erTmaneTisagan energointensiurobidan gamomdinare, rac Senobis 

gamoyenebas, zomas da stils ukavSirdeba. TiToeul Senobas aqvs, agreTve, ener-

giis dazogvis gansxvavebuli potenciali da am dazogvis misaRwevad saWiro 

xdeba Sesabamisi energoefeqturi RonisZiebebis gatareba. es ukanaskneli gulis-

xmobs, rom erTi gadawyvetileba yvela Senobis saWiroebebs ver ergeba. garda 

amisa, Senobebis seqtoris problematika ZiriTadad sxvadasxva saministros pasu-

xismgeblobaa. es niSnavs imas, rom gadawyvetilebis miRebis procesSi bevri da-

interesebuli mxarea CarTuli. aRniSnuli zrdis tranzaqciis xarjebs Senobis 

dagegmvis, aSenebis da eqspluataciis kuTxiT da iwvevs interesTa konfliqts 

energoefeqturi RonisZiebebis ganviTarebisa da gatarebis TvalsazrisiT.    

maregulirebeli da instituciuri barierebi 

 saqarTvelos xelisufleba amJamad aqtiuradaa CarTuli energiis defici-

tis, energoefeqturobis da klimatis politikis saqmeSi. politikis arasrulyo-

fileba mniSvnelovnad aferxebs energoefeqturi reabilitaciis procesebis gan-

xorcielebas. garda amisa, saxezea samarTlebrivi bazis nakleboba, romlis dax-

vewa xels Seuwyobda da gaakontrolebda qveynis Senobebis seqtors energoefeq-

turi produqtebis, masalebis da ganaxlebadi energoresursebis stimulirebi-

saTvis axali Senobebis agebisa da Zveli nagebobebis reabilitaciis procesebSi. 

 saqarTvelos Senobebis seqtorSi energoefeqturi reabilitaciis ganxor-

cielebis kidev erT barierad nebayoflobiTi da savaldebulo standartebis 

naklovaneba moiazreba samSeneblo masalebisa da sxvadasxva teqnologiebis mi-

marTulebiT. miuxedavad imisa, rom axal SenobebSi energoefeqturi teqnologie-

bi da masalebi ukve warmodgenilia, maTi mwarmoebluroba sxvadasxvaa da efeq-

turobis donis monitoringi da aRricxvac limitirebulia. 

 sacxovrebeli Senobebis SemTxvevaSi problematuria mTliani Senobis rea-

bilitaciis dafinanseba, vinaidan amxanagoba ar aris kanonmdeblobiT registri-

rebuli piri, an gaerTianeba da ar gaaCnia korporatiuli qmedebebis ganxorcie-

lebis uflebamosileba [1]. garda amisa araferi avaldebulebs mobinadreebs Seu-
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erTdnen amxanagobas an gaiRon eqspluataciis xarjebi. 

 vinaidan axali procesebi da politikebi daxvewis procesSia, aucilebe-

lia pasuxismgeblobebis gansazRvra saministroebis mier mflobelobis uzrun-

velsayofad. aRniSnuli xels Seuwyobs meti sicxadis miRwevas, rogorc erov-

nul, ise qve-erovnul doneze.      

finansuri barierebi  

 samSeneblo masalebis xarjebi sakmaod didia, energoefeqturi masalebi 

kidev ufro Zviri. sesxebis saprocento ganakveTi 17.9% -dan (2009) 13.6%-mde Sem-

cirda, Tumca jer kidev sakmaod maRalia. SedarebisTvis, did britaneTsa da 

aSS-Si 2013 wels saprocento ganakveTebi  0.5% da 3.3%-s Seadgenda [2]. aseTi si-

tuacia garkveulwilad ucnauria, Seusrulebeli sasesxo valdebulebebis sim-

ciris, gadaxdisunarianobis Sesaxeb informaciis srulyofilebis, uzrunvelyo-

fisa da gakotrebis Sesaxeb kanonebis SedarebiTi sisrulis fonze, rasac SeuZ-

lia msesxeblisa da gamsesxeblis uflebebis dacva da Sesabamisad sesxis gace-

mis procesis gamartiveba.  SeRavaTiani sesxis paketebis ararsebobis gamo, kre-

ditis aReba energoefeqturi RonisZiebebis gansaxorcieleblad aramimzidvelia, 

vinaidan maRal saprocento ganakveTebs SeuZliaT sagrZnoblad gazardon ener-

goefeqtur RoniZiebebSi Cadebuli investiciebis amoRebis periodi. 

 zogierTi qarTuli banki energoefeqturi RonisZiebebis gasatareblad 

momxmarebels sTavazobs sesxebs xelsayreli pirobebiT, donorebis (mag.: EBRD 

da ICF)  mxridan aqtivobis fonze. sesxebi ZiriTadad warmodgenilia Tanxis ukan 

dabrunebis elementiT. Tumca zogierT bankSi SezRudulia sesxis administrire-

bis SesaZlebloba da amasTan, marketinguli RonisZiebebis simciris gamo aseTi 

sesxebis xelmisawvdomobis Sesaxeb informacia potenciuri klientebisTvis cno-

bili ar aris. gamokiTxvebma cxadyo, rom bevri bankis SexedulebiT es programe-

bi ar unda iyos maTi pasuxismgeblobis sagani da isini unda imarTebodes sxva 

organizaciebis mier. aRsaniSnavia, rom potenciuri klientebis informirebulo-

bis done energoefeqturi sakredito xazebis alternatiuli variantebis Sesaxeb 

sakmaod dabalia. rig SemTxvevebSi sesxis damtkicebis procesi gaxangrZlivebu-

lia, Tumca, aRsaniSnavia isic, rom zogierT banks ukve gatarebuli aqvs Ronis-

Ziebebi drois Sesamcireblad. 

 kerZo saxlebis macxovrebelTaTvis xarji energiaSemcvelebze maTi Tviu-

ri Semosavlis mniSvnelovani nawilia, miuxedavad imisa, rom komfortis done 

dabalia - ZiriTadad mxolod erTi oTaxi Tbeba. energoefeqturi RonisZiebebiT 

savaraudod ver miiRweva xarjebis Semcireba, Tumca komfortis done gaizrdeba. 

aRniSnuls damatebiTi upiratesobebic axlavs Tan, Tumca finansuri meqanizmis-

Tvis, romelic xarjebis Semcirebazea orientirebuli, mniSvnelovan bariers 

warmoadgens. 

 miuxedavad municipalitetebis motivirebisa (magaliTad merebis SeTanxme-

biT) gazardon Senobebis fondis energoefeqturoba, maT SezRuduli aqvT damo-

ukideblad moqmedebis areali iseTi finansuri resursebis mosazidad, rogori-

caa dabalprocentiani sesxebi da krediti.  

 eleqtroenergiis ganawileba xorcieldeba sami msxvili kompaniis mier, 

saqarTvelos energetikisa da wyalmomaragebis maregulirebeli erovnuli komi-

siis (GNEWRC)  mier dadgenili tarifebiT. es sami kompania iyofs bazars, arae-
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feqturi konkurenciis fonze. ar arsebobs agreTve araviTari waxalisebis meqa-

nizmi energoefeturobis mimarTulebiT investiciebis gansaxorcieleblad. 

 energoefeqturi masalebi iyideba, Tumca maTi umravlesoba importirebu-

lia  da damatebuli aqvs importis gadasaxadi, Sesabamisad, adgilobrivad war-

moebul produqciaze Zviria. saizolacio masalebi, rogorebicaa polistirolis 

filebi, qva-bamba da mina bamba ar iwarmoeba saqarTveloSi. Tumca, perliti, pem-

za da bazalti moipoveba qveyanaSi da SesaZlebelia am nedleulis gamoyeneba 

maRalxarisxiani saizolacio masalebis sawarmoeblad. ukve naxsenebi problema 

- sertifikaciis da standartebTan dakavSirebuli SeTanxmebuli sistemebis nak-

leboba xels uSlis am masalebis, Tu produqciis xarisxisa da mwarmoebluro-

bis  saTanado donis uzrunvelyofas.      

sacxovrebeli seqtori 

 saqarTvelos sacxovrebeli Senobebis seqtori ramdenime seriozul bari-

ers awydeba energoefeqtur reabilitaciasTan dakavSirebiT. rogorc aRiniSna 

saxlebis umetesoba kerZo sakuTrebaa. Sesabamisad TiToeul maTgans individua-

luri, daxuruli gaTbobis sistema aqvs da remontdeba individualurad, amave 

Senobis sxva binebisgan damoukideblad. komunaluri aqtivobebis stimulireba 

rTulia; ZiriTadi komunaluri infrastruqtura - rogoricaa mag.: liftebi, sa-

valalo mdgomareobaSia, vinaidan macxovreblebi ver Tanxmdebian eqspluataciis 

da reabilitaciis xarjebis da pasuxismgeblobebis ganawilebaze. 

 im SemTxvevaSic ki, rodesac amxanagobebi dafuZnebulia binaTmesakuTreTa 

mier, maT ar gaaCniaT iuridiuli statusi da saerTo qonebaa saWiro sesxis da-

samtkiceblad. miuxedavad imisa, rom amJamad saqarTvelos mTavroba am proble-

maze muSaobs, amxanagobebs mainc SeezRudebaT saerTo farTobze gasatarebeli 

RonisZiebebis arCevani. reabilitaciisa da efeqturobis doneebs Soris gansxva-

vebulobis sakiTxi binebs Soris agreTve darCeba problemad.  

 dafinansebaze SezRuduli wvdoma da Camoyalibebuli struqturebis, Tu 

samuSao standartebis arasrulyofileba gaurkvevlobas iwvevs samSeneblo da 

sareabilitacio proeqtebis SesaZleblobebis mimarTulebiT. informirebulobis 

done energiis dazogvis saWiroebis da dazogvis miRwevis gzebis Sesaxeb, kvlav 

dabalia. ofisebi, magaliTad zedmetad Tbeba da maRali temperatura fanjris 

gaRebiT regulirdeba. 

 sacxovrebel seqtorze zegavlenas ZiriTadad finansebTan, wvdomad in-

formaciasTan da moqmed regulaciebTan dakavSirebuli barierebi qmnis. maTi 

daZlevis gareSe sacxovrebel saxlebze orientirebuli aqtivobebis ganxorcie-

leba rTulia.                  

sazogadoebrivi seqtori 

 sazogadoebrivi Senobebis seqtori gacilebiT nakleb dabrkolebas awyde-

ba. aseTi Senobebi (adgilobrivi) xelisuflebis kuTvnilebaa da energoefeqturi 

reabilitaciis ganxorcielebis procesebi gamartivebulia, rac garkveulwilad 

ganpirobebulia mdgradi ganviTarebis samoqmedo gegmebis gavlenis safuZvelze 

gazrdili informirebulobis doniT energoefeqturobis mniSvnelobis Sesaxeb. 

miuxedavad amisa, gamokiTxvebma cxadyo, rom municipalitetebs, romelTac surT 

aqtivobebis ganxorcieleba da CarTulni arian molaparakebebSi sxvadasxva (sa-

erTaSoriso) finansur institutTan, sWirdebaT agreTve finansTa saminitros 

Tanxmoba sesxis asaRebad.   
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informaciuli barieri 

 marTalia garkveuli monacemebi gaxda xelmisawvdomi Senobebis seqtorSi 

manamde ganxorcielebuli iniciativebis wyalobiT, sruli da sando informacia 

Senobebis fondis Sesaxeb kvlavac ar arsebobs. arsebuli monacemebi ar aris 

sakmarisi politikis ganmsazRvreli organoebis, kerZo investorebis, komerciu-

li damfinanseblebis da momwodeblebisaTvis mkafio signalebis uzrunvelsayo-

fad. 

 saxezea informaciis nakleboba energoefeqturobis upiratesobebis da ga-

naxlebadi enegoresursebis Sesaxeb. aRniSnuli iwvevs im faqts, rom moTxovna 

mdgrad Senobebze SedarebiT naklebia. Tumca, zogierTi, ZiriTadad saerTaSori-

so organizacia eZebs mdgrad Senobebs, ase, magaliTad prokredit bankis axali 

saTavo ofisi aSenda energoefeqturi standartebis da evrokavSiris xarisxis 

moTxovnebis Sesabamisad [3]. 

 informaciis nakleboba, finansuri riskebi da energoefeqturobasTan da-

kavSirebuli susti sakonstitucio baza arTulebs energoefeqturobis gaumjo-

besebisaken mimarTul Zalisxmevebs. energoefeqturi RonisZiebebis danergva saWi-

roebs maRal teqnikur SesaZleblobebs, dainteresebul mxareTa koordinacias 

da xelisuflebis mxridan stimulirebas. garda amisa, dainteresebul mxareTa 

informirebulobis gareSe energoefeqturobis upiratesobebis Sesaxeb, zemoaR-

niSnuli gamowvevebis marTva ukiduresad garTuldeba. 
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BARRIERS FOR ENERGY EFFICIENCY IN GEORGIAN BUILDING SECTOR 

Arabidze G. Pkhaladze I. Arabidze N. 

Georgian Technical University  

Thesis addresses all the main barriers that hinder implementation of energy efficient measures Georgian Buil-

dings Sector. First of all problems related to regulatory and institutional issues are discussed. It is mentioned that im-

perfectness of policy and lack of legal base significantly hinder implementation of EE rehabilitation. The second im-

portant factor is financial barriers.  Here the main and serious problem is related to interestrates.  Despite the fact 

that interestrates have decreased from 17.9% (2009) to 13, 6%, the rate remains very high. Despite municipalities-

’Despite the municipalities’ motivation to increase EE of their building stock, they face problems by being restricted 

in attracting financial resources like low interest rateloans and credits. There are problems in residential sector. Res-

tricted access to financial resources, imperfectness ofestablished structuresand standards create uncertainty in capa-

city of construction and rehabilitation projects. Lack of information on energy efficiency and renewable energy ad-

vantages is evident. All the above mentioned explains relatively low demand on sustainable buildings.  

CO2 emisiebi saqarTvelos Senobebis seqtorSi 

 
arabiZe g., fxalaZe i., arabiZe n. 

saqarTvelos tenikuri universiteti 

 
naSromSi mocemulia saqarTveloSi Senobebis seqtoris energoefeqturi reabili-

taciis uzrunvelsayofad Catarebuli   erovnuli  Semarbilebeli RonisZiebebis (NAMA) 
analizi. NAMA 1-s farglebSi ganxilulia mzaobis programis 2 ZiriTadi faza da Ses-



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 72 

rulebis teqnikuri mxardaWeris pirobebi. warmodgenilia seqtoruli emisiebis wili emi-
siebis saerTo raodenobaSi. dadgenili emisebis gadanawileba  Senobebis seqtorSi.  naC-
venebia emisiebis CaSla sawvavis tipis mixedviT, sacxovrebel seqtorSi. gaangariSebu-
lia CO2-is raodenobebi  saxelmwifo sakuTrebaSi arsebuli Senobebidan maTi funqcio-
naluri daniSnulebis mixedviT. dadgenilia, sididiT meore jgufs qmnis sxva saganma-
naTleblo Senobebi, rogorebicaa universitetebi da kolejebi (14%), Semdegia komunalu-
ri, socialuri da personaluri momsaxurebebi (8%) da jandacvis da socialuri daxma-
rebis Senobebi (7%). ganaTlebisa da jandacvis wili sazogadoebrivi Senobebis seqto-
ris emisiebis 83%-s Seadgens, rac saqarTvelos Senobebis seqtoris saerTo emisiebis  
4%-a. 
  

saqarTveloSi Senobebis seqtorisTvis erovnuli  Semarbilebeli RonisZi-

ebebis (NAMA) analizidan gamomdinare, emisiebi Senobebidan  energetikis seqto-

ris 22,3%-s Seadgens da energiisa da emisiebis dazogvis RonisZiebebis kuTxiT, 

warsulSi mSeneblobis dabali xarisxidan gamomdinare, mniSvnelovani potencia-

lis matarebelia. NAMA orientirebulia arsebuli Senobebis ganaxlebaze ener-

goefeqturobis uzrunvelsayofad, gamomdinare iqidan, rom Senobebis wili emi-

siebis saerTo moculobaSi yvelaze didia. Senobebis energoefeqturobis gaum-

jobeseba dadebiT zegavlenas moaxdens agreTve ekonomikuri, janmrTelobis da 

garemos dacvis TvalsazrisiT.  

NAMA warmoadgens saqarTvelos xelisuflebis  (erovnuli da adgilob-

rivi) aqtivobis nawils, romelic eyrdnoba dabalemisiebiani ganviTarebis stra-

tegiasa  (LEDS) da erovnuli gadawyvetilebis wvlils (INDC) Senobebis seqto-

ris  transformaciis uzrunvelsayofad. saqarTvelo - evrokavSiris asocirebis 

Sesaxeb SeTanxmebis miReba da energetikul sazogadoebaSi dagegmili gawevria-

neba avaldebulebs saqarTvelos aiRos meti pasuxismgebloba Semarbilebeli aq-

tivobebTan, energoefeqturobis xelSewyobasTan da energiis miwodebis Sida 

bazris restruqturizaciasTan dakavSirebiT regionSi. pasuxismgebloba xeli-

suflebis SigniT axali Senobebis farglebSi gamokveTilia, Tumca saxezea sare-

monto samuSaoebTan dakavSirebuli pasuxismgeblobis da regulaciebis naklebo-

ba. NAMA (NAMA 1) iTvaliswinebs aRniSnul barierebsa da administraciuli 

struqturebis sisustes da orientacias iRebs sazogadoebriv Senobebze. NAMA-s 

winadadeba moicavs mTliani Senobis aRdgenas, romelic, ra Tqma unda, ukavSir-

deba ufro met danaxarjebs, vidre gamaumjobesebeli samuSaoebis ganxorciele-

ba, rogoricaa, magaliTad fanjrebis Secvla an daTbuneba, Tumca bevrad mniS-

vnelovani ekonomikuri da socialuri sargeblis momtania.  

 NAMA 1-s farglebSi 2 ZiriTadi faza moiazreba. pirveli faza warmoad-

gens mzaobis programas, romelic moicavs saqarTvelos xelisuflebisa da muni-

cipalitetebis kompetenciebis ganviTarebas Senobebis energoefeqturi reabili-

taciis programebis dagegmvisa da danergvis kuTxiT. mzaobis programa Sedgeba 

ramdenime komponentisgan, romelTa ganxorcielebac SesaZlebelia teqnikuri 

mxardaWeris pirobebSi: 

 Senoba-nagebobebis fondis saTanado aRwera, rac moicavs energoauditebsa da 

prioritetuli aqtivobebis gansazRvras reabilitaciis farglebSi; 

 kompetenciebis ganviTareba teqnikuri davalebis dawerisa da Senobebis ener-

goefeqturi reabilitaciis uzrunvelsayofad gamocxadebuli tenderebis Se-

fasebis mimarTulebiT da xelSekrulebebis gaformeba; 
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 kompetenciebis ganviTareba teqnikuri davalebis daweris kuTxiT  energoe-

feqturobis zrdis Sesaxeb xelSekrulebebis gasaformeblad (Energy Perfor-

mance Contracting _ EPC)  aRniSnul teqnikuri davalebaze reagirebis Sefaseba 

da xelSekrulebebis gaformeba; 

 grZelvadiani programebis momzadeba sxvadasxva tipis Senobebis energoefeq-

turi reabilitaciis uzrunvelsayofad; 

 energoefeqturobis zrdis Sesaxeb xelSekrulebebis gaformebis procesis 

dafinansebis/marTvis kompetenciebis ganviTareba, rogorc municipalitetebis, 

ise centraluri xelisuflebis warmomadgenlebisTvis; 

 kompetenciebis ganviTareba sareabilitacio programebisa da energoefeqtu-

robis zrdis Sesaxeb xelSekrulebebis gaformebis procesis  monitoringis, 

angariSgebisa da Semowmebis mimarTulebiT.  

NAMA1-s aRniSnuli fazis teqnikuri mxardaWera moiTxovs finansur resurss 

da moicavs reabilitaciis jgufis Camoyalibebas da gare auditebis mosaZiebel 

tenders sainformacio-sakomunikacio komponentis dasanergad. garda amisa, xeli-

suflebas da municipalitetebs dasWirdebaT grZelvadiani sesxi 18 mln evros 

odenobiT reabilitaciis procesebis energoefeqturobis standartebTan Sesaba-

misobis misaRwevad.   

nax.1-ze warmodgenilia seqtoruli emisiebis wili emisiebis saerTo raodeno-

baSi. gaeros klimatis cvlilebis CarCo konvenciis (UNFCCC) farglebSi saqar-

Tvelo ganasxvavebs energetikis, samrewvelo procesebis, soflis meurneobis da 

narCenebis seqtorebs. seqtori - miwaTsargebloba, cvlilebebi miwaTsargebloba-

Si da satyeo meurneoba (LULUCF) gamoiricxa. energetikis seqtoris wili 2011 

wlis emisiebis saerTo moculobaSi 54.7% Seadgens (LULUCF-s gareSe) [1]. 

Tavisi wiliT samSeneblo seqtori ikavebs meore adgils saTburis gazebis emi-

siebis saerTo raodenobaSi, saqarTvelos energetikis seqtoris masStabiT 

(22.3%) satransporto seqtoris Semdeg. Sesabamisad, samSeneblo seqtori warmo-

adgens erT-erT prioritetul sferos qveynisTvis Semarbilebeli RonisZiebebis 

gatarebis mimarTulebiT. 

 2013 wels saTburis gazebis emisiebis raodenobam saqarTvelos Senobebis 

seqtoridan 2,398 ktCO2 Seadgina. aqedan 74% ukavSirdeboda pirdapir emisiebs 

wiaRiseuli sawvavis, xolo danarCeni 26% arapirdapir emisiebs eleqtroenergi-

is gamoyenebis Sedegad. Senobebis seqtoris WrilSi saTburis gazebis emisiebis 

86% sacxovrebel Senobebze, 5% - saxelmwifos sakuTrebaSi arsebul da sazoga-

doebriv nagebobebze, xolo danarCeni 9% kerZo, komerciul Senobebze modioda, 

rogorc es naCvenebia naxazze 2-ze. 
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nax.1.seqtoruli emisiebis wili emisiebis saerTo raodenobaSi saqarTveloSi LULUCF-s 

gareSe, 1990-2011; TNC 2015 

 
nax.2. emisiebis gadanawileba Senobebis seqtorSi TNC 2015. 

  

nax.3-ze naCvenebia emisiebis CaSla sawvavis tipis mixedviT, sacxovrebel seq-

torSi: 

gaTbobisa da cxelwyalmomaragebis uzrunvelsayofad gamoyenebul buneb-

riv airTan da SeSasTan erTad, wiaRiseuli sawvavis moxmarebis Semcireba SesaZ-

lebelia energoefeqturi RonisZiebebis da, mcire masStabebiT ganaxlebadi ener-

giis gamoyenebiT. amasTan, energiis moxmarebis zrdis xelSemwyob faqtorebad 

ekonomikuri ganviTareba da Semosavlebis zrda moiazreba. zogadad im qalaqeb-

Si, saqarTveloSi, sadac yvelaze maRalia  Semosavlebia dafiqsirebuli, energi-

is moxmarebis maCvenebeli erT sul mosaxleze yvelaze didia. 
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nax.3. CO2 emisiebi sacxovrebeli Senobebidan 

 
nax.4. CO2 emisiebi saxelmwifo sakuTrebaSi arsebuli Senobebidan 

  

saqarTvelos komerciuli Senobebis seqtori moicavs saxelmwifo sakuTreba-

Si arsebul da kerZo Senoba-nagebobebs. saxelmwifo Senobebi, Tavis mxriv, iyo-

fa Semdeg kategoriebad: 

 ganaTleba (saxelmwifo universitetebi, kolejebi) 

 jandacva da socialuri daxmareba (janmrTelobis erovnuli centrebi, saavad-

myofoebi da dispanserebi da a. S.) 
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 sajaro administrireba (saministroebi, municipaluri Senobebi, saxelmwifo 

uwyebebi, resurs centrebi, maT Soris skolebi) 

 komercia; manqanebis SekeTeba da Sida produqtebi 

 komunaluri, socialuri da personaluri momsaxureba 

 sastumroebi da restornebi 

 uZravi qonebis operaciebi 

 transporti da komunikacia 

nax.4-is mixedviT, emisiebis umetesi nawili (63%) sajaro administrirebis 

Senobebidan modis, rogoricaa saminitroebi, municipaluri Senobebi, saxelmwi-

fo uwyebebi, skolebi da a. S. sididiT meore jgufs qmnis sxva saganmanaTleblo 

Senobebi, rogorebicaa universitetebi da kolejebi (14%), Semdegia komunaluri, 

socialuri da personaluri momsaxurebebi (8%) da jandacvis da socialuri 

daxmarebis Senobebi (7%). ganaTlebisa da jandacvis wili sazogadoebrivi Seno-

bebis seqtoris emisiebis 83%-s Seadgens, rac saqarTvelos Senobebis seqtoris 

saerTo emisiebis 4%-a. 

arsebuli Senobebis fondi saqarTveloSi sakmaod mravalferovania, kon-

struqciis tipebisa da funqciebis TvalsazrisiT da moicavs meoce saukunis 

sabWoTa epoqis da agreTve Semdegi periodis Senobebs. vinaidan mosaxleobis 

53% cxovrobs urbanul regionebSi, xolo 47% soflis tipis dasaxlebebSi, gan-

sakuTrebuli mravalferovnebiT sacxovrebeli Senobebi gamoirCeva. Senobebis 

fondis sruli aRwera jer-jerobiT ar moipoveba. Tumca, qalaqis masStabiT 

garkveuli informaciebisa da monacemebis moZieba moxerxda. am nawilSi warmod-

genili aRwera ZiriTadad eyrdnoba 15 qalaqSi [2,3] (maT Soris, saqarTvelos 6 

did qalaqsa (Tbilisi, quTaisi, baTumi, rusTavi, foTi da gori) da 4 SedarebiT 

patara qalaqSi (zugdidi, Telavi, axalcixe da zestafoni) Catarebul gamokiTx-

vas. am qalaqebidan 5 ganixileba municipalitetad, esenia: gori, zugdidi, Tela-

vi, axalcixe da zestafoni. sul gamokiTxulTa ricxvi 2, 459, 000 adamians Sead-

gens, anu saqarTvelos mosaxleobis 55%-s.   
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CO2  EMISSIONS IN GEORGIAN BUILDINGS SECTOR 

Arabidze G. Pkhaladze I. Arabidze N. 

Georgian Technical University 

Summaey 

The thesis represents the analysis conducted in the framework of Nationally Appropriate Mitigation Actions 

(NAMA) study, for ensuring energy efficient rehabilitation of Georgian building sector.In the framework of NAMA 

1, two main phases of Readiness program and technical support conditions for implementation are discussed. Sec-

tor’s emission share in total emissions trend is presented. Emissions within buildings sector are categorized. Emissi-

ons break down according to fuel types in residential sector is presented.CO2 quantities in state-owned buildings ac-

cording to their functional relevance are presented. As it is already defined, the second large group iseducational bu-

ildings such as universities and colleges (14%), social and personal services (8%), health protection and social assis-

tance buildings (7%). Educational and health protection share in public buildings sector emissions constitutes 83% 

that is 4% of Georgia’s total building sector emissions.  

 

http://www.migitationpartnership.net/gpa
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PRINCIPLES OF CONTROL FOR EFFICIENCY  

OF THE ENERGY USED IN A ROOM 

 
Y. Akgüney 

Department of Energy Systems Engineering, Ereğli Faculty of Engineering and Natural Sciences, 

Necmettin Erbakan University, 42310, Ereğli / KONYA, TURKEY. 

 
The aim of this study was to evaluate the control method for use in an environmental room with minimum 

energy to be conditioned.  System variables for this purpose; temperature, humidity, air velocity and air mixture 

ratio.  Control methods are used for system analysis. Providing the comfort conditions and equipment are reviewed 

to minimize energy use.  Conventional controls, they work independently control variables.  Thus they provide an 

environmental chamber to hold the comfort zone.  The new and modern controls, manages to control variables and 

control at the same time together. Energy expenditure is minimized.  Modern and advanced control systems in terms 

of energy savings compared to conventional control system that offered superior.  Modern control method, in an 

environmental room will be air conditioned, in the amount of comfort.  It does this with minimal energy use.  So 

here, using cheap and convenient electronic control devices, energy consumption is minimized.  At the same time it 

is achieving the required comfort conditions.   An environmental zone to be conditioned, can be controlled by 

modern and advanced control systems.   This situation is described in this study. Here, scientific methods of a 

control room engineering are discussed.  Principles and positions about it are presented.  This study has shed light 

on the optimal control design. 

 

1.  INTRODUCTION 

This work laid the foundations of the past 1, 2, 3.  System developed with analog simulation 4, 

5 or by analytical methods. 6, 7.  Then, using a simplified frequency response 8.  Energy saving was 

ensured only with temperature control 9, 10.   Enthalpy by C.E. Bullock control mechanism was 

developed.  None of these studies have failed to keep the room in the comfort zone.  These studies further 

taken by A Kaya is achieved by keeping the energy minimization of the volume of your comfort zone 11, 

12.  This study was developed on A Kaya model. 

The work being done here is to demonstrate the application of modern control methods for energy 

saving principles.  Presented system, heating / cooling, humidification, fans and damper comprises motor. 

They are a classic room equipment d to be conditioned.  The optimization techniques to our energy use 

mini and kept within the comfort zone of the system is performed.  Comfort zone is shown in Figure 1.  

These limits are set by ASHRAE 13. 

 

 
a- Comfort region 

 
b- Boundaries of comfort region 

 
c- Comfort region in the 

psychometric chart 

Figure 1. Comfort region of medium activity and light clothing 13. 

Temperature and relative humidity measured in the internal and external conditions.  Mixing ratio 

with air velocity is also taken into account.  With the help of computer has the minimum energy point of 

your comfort zone. Temperature and relative humidity are determined through these optimum values. 

Feedback control, these values are edited on the basis for the use of minimum energy. 

 

2.  AN ENVIRONMETAL ROOM 
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An environmental room will be conditioned, it has been established in experimental conditions 

14.  Experiment room 1.8 m height, 2 m long and 1 m wide, was hand made from chipboard.  Room air 

conditioning are standard equipment are located.  Room a side view is shown in Figure 2a. In the system, 

the rotating air and outside air control is provided by a two-position dump. Air flow for the fan. Heating 

process performs heater disposed channel. Moisture-making process, the water fountain placed in the 

channel is made by way of spraying 

 

 
a- Sideview of experimental room. 

 
b- Control diagram of the experimental 

room. 

Figure 2. Sideview and general control diagram of the experimental room 14. 

 

3.  CLASSIC (CONVENTIONAL) CONTROLS 

Room with a heating / cooling device is placed.  A humidistat is placed in the return air duct and 

independently controls the moisture from the thermostat.  Classical controls the return air is completely 

activated again.  Temperature 21 0C and 40% relative humidity in winter conditions, the summer 

temperature is 24 0C and relative terms in what is determined as 50%.  The air conditioning equipment 

control, giving power to the coil is provided by thermostat and humidistat.  It is located in a typical 

system 11, 12. 

 

4.  OPTIMAL CONTROLS 

Optimal control system uses the same hardware and control equipment.  Relay pin connections, 

by making according to the conventional control method, performed in a computer control. Transmitted 

through the relay output inverters and energy are applied to the computer.  Consequently the overall 

control loop diagram of the computer shown in Figure 2b.  Air velocity with indoor and outdoor 

temperature and relative humidity, measured for optimum control.  This output is taken as variables volts.  

System by applying appropriate and modern control theories are controlled by the computer.. 

 

5. CALCULATION OF ENERGY 

a. Determination 

Energy efficiency. 

 

  (1) 

b. Calculate energy 

cost efficiency. 

 

  (2) 

c. Calculation of energy load.   

  

      (3) 

 

Energy cost =  (energy used, kJ)(Energy cost,  

$/kJ) 

d. Energy use function:               (4) 
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6.  COMFORT CONDITIONS 

Multivariate mathematical model of the dynamic behavior of the system is installed. This model 

is developed within some limitations. Ensuring comfort conditions with these limitations is the most 

important limitation.  Comfort equation was developed and adopted by ASHRAE modified form it is as 

follows 13.  

 

  (5) 

 

The first four parameters can be given as values for the activity and clothing requirements and is 

considered stable.  In most cases can be written as Tm and vr are variables respectively T and v terms, or 

may be equal.  Also it is used for Pw variable w.  Even Pw value of  can be written in easily breed..  In 

that case, the comfort of the rooms will look like equality or comfort requirements.  For a given garment 

and activity conditions, the general equation can be reduced to a function of three variables can be 

rewritten as follows. 11, 12.    

 

  (6) 

Figure 1a comfort zone for moderate activity and light clothing has been adopted by ASHRAE.  

Limits of the comfort zone are shown in Figure 1b. 

 

7.  DETERMINATION OF COMFORT REGION 

Figures 1a and 1b as shown in the comfort zone, 0.20    0.80,  0.1 m/s  v 1.5 m/s it is 

limited by. Comfort conditions, provided that it is determined to stay in the region ABCD shown.  To 

ensure comfort conditions need to provide specific air velocity in the given T and  values.  This 

correlation can be taken from ASHRAE publication.  Until the ABCD comfort of diagonal v,  and T are 

given below 14.   

 

A = (0.10,  0.80,  18.90) ;  B = (1.50,  0.80,  23.00) ;  C = (0.10,  0.20,  20.10) ;  D = (1.50,  0.20,  24.20) 

 

A–B between:  = 0.80;   0.10  v  1.50,  v = 0.01863 T3 – 1.07493 T2 + 20.75681 T – 134.03082  

 (7) 

C–D between:  = 0.20;   0.10  v  1.50,  v = 0.02253 T3 – 1.39050 T2 + 28.70684 T – 198.10089  

 (8) 

A–C between: v = 0.10;   0.20    0.80,  T = - 0.0185  + 20.44               

 (9) 

B–D between: v = 1.50;   0.20    0.80,  T = - 0.0194  + 24.56                

(10) 

 

m and q the energy index has a value of  is as follows. 11, 12.    

 

         (11) 

 

   (12) 
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8.  DEFINING THE OPTIMAL CONTROL PROBLEM 

Optimal control problem consists of two stages. 

1- The control vector must be determined so that a minimum of energy use for given external 

conditions and proportions. Founded done in 30 minutes as a static optimization of this procedure 

is appropriate for this system. Founded done in 30 minutes as a static optimization of this 

procedure is appropriate for this system. 

2- Disturbance of the vector control and thus requires replacement, it must be replaced with the 

specified value so as to minimize the performance criteria defined around. Dynamic optimization, 

calculated at the end of this period are canceled and a control vector magnitude 5 minutes must be 

sent to the system. Near optimum conditions calculated to remain in the first phase of the system, 

feedback control is required.  To feedback-control the energy consumption must be minimized.  

In this case, the step of determining the optimal feedback gain of the system linearized model. 

 

8.1  STATIC OPTIMIZATION 

Energy use, outdoor, return is calculated for air ratio and room conditions. If the outside air in the 

comfort zone, so it should be mixed with room air.  In this case, the use of energy (q = 0, m = 0) can stay 

in the comfort zone.  Outside air is usually outside of the comfort you are eligible for the minimum 

energy consumption, v, T and  variables fall within the boundaries of your comfort zone.  These 

guidelines limit the optimum value on the basis of comfort, located using research methods.  The 

following actions will lead us to the optimal solution. 

a- Are known values Ta and a. 

b- Figure 1b and as set forth by equation (7) and (10) a selected point on the limits defined.  0  r  

1 r staying in increased limits apply.  Equation for each value of r (11) and (12) using q and m, 

equation (4) using the found.  Wherein the minimum  and has a corresponding value of r. 

c- Will be moving over the border point and b same as in small increments is frequently repeated.   

is selected among those found in b. 

d- As a result, the minimum value of  and the corresponding, v, T, and r obtain the optimum 

value.   

 

8.2  DYNAMIC OPTIMIZATION 

By controlling power with feedback control to ensure optimum conditions minimized.  Optimal 

feedback linear regulator problem, the linearized model is developed for and applied.  If the outside air is 

considered fixed in a short time, or are utilized to ya= 0.  This is generally considered to bring the 

situation there is no loss.  or it included as variables. ya variable is determined..  A change in the weather 

conditions is also to be noticed, a new optimal value calculated for optimum steady state. The solution of 

the optimal linear regulator problem, available in standard workbook.  The problem described here 

represents a special case of the general problem. Making the optimal control is possible with analog 

devices. When calculating the digital control it is greatly reduced. 

 

9.  RESULTS AND DISCUSSION 

In this study, the research is on using computers to minimize energy use. It can provide the 

necessary comfort when it was also shown.  Usually classic controls are conditioned to room amounting 

to a region within the comfort zone.  Thus, significant energy savings can also be achieved. However, 

comfort has not been achieved with conventional controls. Methods discussed herein, as well as provide 

the energy minimization and desired comfort conditions.  Possible errors in manipulating the system 

normalization is.  The differences between the classic and the modern controls some value can be caused 
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by the humidity in the air variables and possible miscalculation.  In the long term, the system is used, the 

average are received and comparisons are built not seen a major error.   Consequently, a significant 

advantage compared with conventional control methods, optimum control methods are seen. This 

ultimately means that significant energy savings.  Energy savings achieved in classical and optimal 

control, direct and obvious.  These studies and research in the real scale of the building and should be 

applied in particular in developing commercial buildings.  It is possible to create a system in terms of 

energy savings.  Significant energy savings are obtained with static optimization.  Static optimization, 

belongs solely to the control system at the point of believing defined comfort zone.  The use of a feedback 

for it are also required. 

Using optimal control methods such as adaptive control, self-tuning control and fuzzy control, 

provided comfortable conditions in a room to be air conditioned.  Doing so, it is necessary to save energy.  

But this work should be continued and developed in the real environment by making the exergy analysis. 

 

10.  SYMBOLS 

A : Room cross section, (m2) 

cpa  : Air specific heat, (kJ/kg K) 

cpw  : Specific heat of water vapor, (kJ/kg K) 

Du  : Heat generation of body per unit area 

d    : Exit the room air flow, (m3/s) 

e1, e2, e3 : Energy functions 

f    : Total air flow, (m3/h) 

fcl  : Clothing function 

fe  : Fresh air flow, (m3/h) 

fm  : A function 

fr    : Return air flow, (m3/h) 

f, q  : Nonlinear vector functions 

g   : A function 

h    : Room air enthalpy content, (kJ/kg) 

hg  : Specific enthalpy of water vapor, (kJ/kg) 

hw  : Enthalpy of the water, (kJ/kg) 

Icl  : Heat transfer resistance of the garments, 

                 (m2h0C/kJ) 

k   : Infiltration coefficient 

m  : Humidity control variable, (kg/h) 

nc  : Cost of energy efficiency 

ne  : Efficiency of energy. 

P   : Atmospheric pressure, (kPa) 

Pw  : Partial pressure of water vapor in humid air, (kPa) 

Q  : Heat loss, (kW/h) 

q  : Heat control variable, (kJ/h) 

r   : Air mixture ratio 

S   : Room area, (m2)  

Si  : Wall area, (m2) 

T   : Room temperature, (0C) 

   : T + 273.15 

Te  : Mixed air temperature, (0C) 

Ti   : Temperature of the outer surface, (0C) 

Tm  : Room average radiation temperature, (0C) 

Tw  : Water temperature, (0C) 

Ui  : Heat transfer coefficient, (kJ/m2h0C) 

u   : Control vector, fe, q, mT 

va  : External wind velocity, (m/s) 

v    : Air velocity, (m/s) 

vr  : Relative velocity of the air and the human body., (m/s) 

w   : Moisture content, (kg moisture/kg of dry air) 

y   : Output vector, d, T, T 

ya  : Environmental vector, va, Ta, aT 

ye  : Fresh air vector, vr, Tr, rT 

   : Relative humidity, (%) 

   : Constant, (Pa) 

   : Constant, (1/0C) 

   : Energy function 

   : Ratio of heat production rate of the human  

                 body mechanical power. 

  :   eT 
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Senobebis energoefeqtიანobis amaRlebis SesaZleblobebi 

 

grZeliSvili a.,  baraTaSvili m. 
akaki wereTlis saxelmwifo universiteti 

 
moxsenebaSi ganxilulia, sayofacxovrebo da sawarmoo plastmasebisa da sxvadasxva 

araorganuli narCenebis civad damuSavebiT (daqucmaceba, daRerRva, dafqva) miRebuli ma-
sis gamoyenebaze samSeneblo daniSnulebiT, kerZod rogorc Semavsebeli energoefeq-
tiანი sakedle blokis warmoebisaTvis. aRsaniSnavia rom, Senobebis energoefeqtიანobis 
amaRlebasTan erTad, warmoebs rogorc plastmasis narCenebis aseve sxvadasxva araorga-
nuli sayofacxovrebo narCenebis gamoyeneba, amiT ki sagrZnoblad mcirdeba garemoze am 
narCenebis ukontrolod gavrcelebis Sedegad gamowveuli zianis odenoba, xolo TviT 
teqnologiuri procesi aRniSnuli narCenebis damuSavebisa ar xasiaTdeba garemoze mavne 
zemoqmedebiT. 
 

energo matarebelebze fasebis zrda, tradiciuli ganaxlebadi wyaroebidan 

energo resursebis mowodebaSi mosalodneli sirTuleebi, aucilebels xdis aq-

tiurad iqnas gamoyenebuli  ganaxlebadi energiis wyaroebi da efeqturad iqnas 

moxmarebuli energiis arsebuli resursebi. energiis efeqturi gamoyeneba saxal-

xo meurneobis yvela dargSi  mniSvnelovania da es problema  samSeneblo in-

dustriisaTvis gansakuTrebul aqtualurobas iZens., aRsaniSnavia rom samoqala-

qo samSeneblo obieeqtebis  eqspluataciisas energo efeqtიანobas gadamwyveti 

mniSvneloba eniWeba,  sezonis mixedviT Senobis gaTbobasa  da  gagrilebisTvis 

saWiro energiis  xarjebi rogorc fizikuri aseve iurdiuli pirebisaTvis biu-

jetis mniSvnelovan nawils Seadgens,amitom  energoefeqტiანი nagebobebis mSeneb-

loba  problemis gadawyvetis mniSvnelovan amocanas warmoadgens. am mimarTu-

lebiT kvelevebis warmoebas da Sedegebis danergvas gansakuTrebuli yuradReba 

eqceva. miRweuli konkretuli Sedegebis gamoyeneba adgilze ver xerxdeba Sesa-

bamisi masalebisa da nakeTobebis xelmiuwvdomlobis gamo, ris gamoc adgilob-

rivi mSeneblobebi  umetes  SemTxvevaSi  mimdinareobs am sferoSi arsebuli 

energoefeqturi meTodebisa da teqnikuri miRwevebis gaTvaliswinebis gareSe.  

mSeneblobaSi, axali energoefeqturi  meTodebis, teqnikuri saSualebebis 

da teqnologiebis SemuSaveba warmoebs mravali mimarTulebiT, magram Senobebis 
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energoefeqtიანoba ZiriTadad damokidebulia gare kedlebis da gadaxurvebis 

asagebi masalebis Tboteqnikur maxasiaTeblebze. amJamad CvenTan farTod gavrce-

lebuli karkasuli tipis  mSeneblobebSi, mzid konstruqciebs Soris kedlebis 

amosayvanad  sakedle bloki yvelaze gavrcelebuli da gamoyenebadia, aqedan ga-

momdinare aqtualuria, msubuqi, siTbomedegi samSeneblo blokis  sawarmoo cik-

lis Seswavla, romelic moicavs blokis sawarmoeblad saWiro masalebis, maT 

Soris Tvisobrivad axali Semavseblis cementTan urTierTSekavSirebisTvis au-

cilebeli proporciebis dadgenas da warmoebis mTliani ciklis damuSavebas. 

warmodgenil siaxled iTvleba iseTi samSeneblo blokis momzadeba romlis Se-

mavsebel masalad gamoiyenebuli iqneba plasmasis sawarmoo da sayofacxovrebo  

arorganuli narCenebis, damuSavebiT (daqucmaceba, daRerRva, dafqva) miRebuli 

masa, romelic wyalcementis narevTan gamkvrivebisas iZens saTanado simtkices 

da savsebiT akmayofilebs teqnikur moTxovnebs samSeneblo blokebis warmoebi-

saTvis.  

samSeneblo blokis Tbogamtarobis mniSvnelovnad Semcirebis miRwevis Sede-

gad uzrunvelyofili iqneba zogadad saboloo samSeneblo produqtis, dasru-

lebuli samSeneblo nagebobis energoefeqtianobac, am dros proeqtis miznis uz-

runvelyofisTvis  mniSvnelovania blokis warmoebisTvis saWiro narevis  opti-

maluri receptis dadgena, yvela nimuSisaTvis arsebuli meTodebisa da saTana-

do axali saxis siTbogamtarobis sazomi xelsawyos gamoyenebiT, unda moxdes 

Tbogamtarobaze, blokis saxeobebis mixedviT  eqsperimentuli nimuSebis gamoc-

da. eqsperimentuli samuSaoebis ganxorcielebisaTvis saWiroa  plasmasis narCe-

nebis saTanado maragebi,am kuTxiT mniSvnelovania quTaisSi ganxorcielebuli 

evrokavSoris proeqti, romlis farglebSic mimdinareobs plasmasis narCenebis 

damoukidebeli Segroveba, SesaZlebelia, moiZebnos saSualebebi, raTa meoradi 

mizniT  Segrovili gamouyenebeli plasmasis narCenebi,  miRebuli iqnas aRniSnu-

li maragebidan xelSekrulebis safuZvelze. 

blokis siTbomedegobisa da saTanado simtkicis uzrunvelyofis mizniT,  

samuSaoebis Sesrulebisas, SemuSavebuli iqneba plasmasis narCenebis damuSave-

bis saTanado pirobebi, SerCeuli iqneba dasamuSavebeli, narCenebis  optimaluri 

zomebi, dadgindeba miRebuli masis rogoorc Semavseblisa da wyalcementis  na-

revis  optimaluri proporciebi da narevis momzadebis  saTanado pirobebi. gaT-

valiwinebuli Sedegebis prognozirebisa da kvlevebis efeqturad da swori mi-

marTulebiT warmarTvis mizniT, garda imisa rom, gamokvleuli iqna sakedle da 

satixre  blokebis sacdeli nimuSebi, gansaZRvrulia, cnobili ,,teriva”-s teqno-

logiiT, gadaxurvebSi gamoyenebuli Cveulebrivi betonis blokebis Canacvleba, 

analogiuri formis msubuqi energoefeqtiani blokebiT, rac gamiwvevs gadaxur-

vis konstruqciis Semsubuqebas mTlianobaSi da gazrdis mis Tboteqnikur maCve-

neblebs.  

ukanasknel periodSi TandaTan, viTardeba plasmasis narCenebis gadamuSave-

bis mizniT Segroveba, Semgrovebeli sawarmoebi  ar ibareben yvela saxis plas-

masis narCenebs aramed axdenen gadarCevas maTi qimiuri Sedgenilobis mixedviT, 

amitom narCenebis meti wili mainc xvdeba garemoSi da Ria tipis nagavsayreleb-

ze.  gansakuTrebiT aRsaniSnavia is garemoeba rom,  Senobebis energoefeqturo-

bis amaRlebasTan erTad, warmoebs rogorc, plastmasis nebismieri narCenebis, 

ise sxvadasxva araorganuli sayofacxovrebo narCenebis  gamoyeneba,  amiT ki 
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sagrZnoblad mcirdeba garemoze am narCenebis ukontrolod gavrcelebis Sede-

gad gamowveuli zianis odenoba, xolo  TviT teqnologiuri procesi RniSnuli 

narCenebis damuSavebisa ar xasiaTdeba garemoze mavne zemoqmedebiT. 

rogorc sawyisma sacdelma dakvirvebebma gviCvena, aRniSnuli narCenebis da-

muSavebiT miRebuli masis cementTan kavSiri savsebiT uzrunvelyofilia, sacde-

li samSeneblo bloki gacilebiT msubuqi da siTbomedegia Cveulebrivi betonis 

blokTan SedarebiT, es yovelive ki, momavalSi mecnieruli da eqsperementuli 

kvlevebis Catarebis  miznobrivobis safuZvels iZleva.  
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POSSIBILITIES TO IMPROVE THE BUILDING ENERGY EFFICIENCY  

BY USAGE OF PLASTIC WASTE 

Grdzelishvili    A.,  Baratashvili M. 

Akaki Tsereteli State University 

Summary 

For the prognostication of the project results, as well as for effective and proper development of the research 

we have studied thermal technical features of wall and partition blocks, for further replacement of the existing usual 

concrete blocks, produced as per “teriva” technology, with the light weight blocks which will contribute overall roo-

fing facilitation and increase its warmth stability quality. 

In recent period collection of plastic waste for the purpose of its recycling has become actual, though waste-

gathering companies do not accept all kinds of plastic waste, they select them according to its chemical consistence, 

as a result a great part of waste is still observed outside and in open waste disposal area. 

The most noteworthy in the project is the fact that together with improvement of energy efficiency in buil-

dings, it will contribute to reduce harmful effects on the environment by utilization of all kinds of plastic waste, in-

cluding inorganic household wastes, which are spread in an uncontrolled manner in the environment. Also technolo-

gical process of recycling of the noted waste do not have any adverse effect on the environment. 

 

 

 

 

 

teniani najeri orTqliT momuSave orTqlis manqanis  

efeqturobis analizi 

 
gigineiSvili g., maWavariani e., jixvaZe m., qsovreli n. 

saqarTvelos teqnikuri universiteti 
 

naSromSi aRwerilia teniani najeri orTqliT momuSave orTqlis manqanis Tburi   
sqema da Teoriuli Termodinamikuri cikli. gamoyvanilia aRwerili ciklis Termiuli 
margi qmedebis koeficientis gasaangariSebeli formula da mocemulia sxvadasxva wnevis 
pirobebSi gaangariSebuli sidideebis Sedareba karnos ciklis margi qmedebis koefici-
entTan. 

samuSao sruldeba SoTa rusTavelis erovnuli samecniero fondis sagranto dafi-
nansebiT.  
 

1. Sesavali 

cnobilia, rom orTqlis manqanebi warmoadgenen  Tboenergetikuli danad-
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garebis erT-erT ZiriTad komponents da ukve  mravalmxivad arian teqnikurad 

daxvewili. orTqlis manqanis efeqturobis ZiriTadi maCvenebelia misi Termiuli 

margi qmedebis koeficienti (Tmqk), romelic warmoadgens sasargeblod daxarju-

li siTbos raodenobis fardobas mTlianad daxarjul siTbos raodenobasTan. 

misi Teoriuli mniSvnelobis gaangariSeba xdeba manqanis idealuri Termodina-

mikuri ciklis maxasiaTebel wertilebSi muSa sxeulis ZiriTadi Temodinamiku-

ri parametrebis mniSvnelobaTa mixedviT. amasTan cnobilia, rom xsenebuli para-

metrebis mniSvnelobaTa gamoyenebiT agebuli  Termodinamikuri ciklis diagra-

midanac SeiZleba ciklis Tmqk-s dadgena egreTwodebuli grafikuli meTodiT. 

magaliTad moviyvanT orTqlis manqanebisaTvis damuSavebul renkinis cikls, ro-

melic gamosaxulia 1-l naxazze warmodgenil Ts diagramaze. 

 

 
nax. 1. renkinis cikli orTqlZalovani danadgarisaTvis 

 
warmodgenili renkinis ciklis Tmqk warmoebaSi ganxorcielebul teqni-

kur pirobebSi Seadgens araumetes 3545 %-s. daaxloebiT es sidide miiReba Tu 

0-1-2-3-4-5-6-0 farTobs SevafardebaT 1-2-3-4-5-9-7-1 farTobTan (naxazis mixedviT 

0,38-ia). xolo Tu cikli mxolod teniani orTqlis areSi ganxorcieldeba, ro-

gorc es wiTlad aris naCvenebi, maSin analogiuri fardoba, anu 0-1-2-3-6-0 far-

Tobi Sefardebuli 1-2-3-6-8-7-1 farTobTan Seadgens 0,23-s, rac gacilebiT daba-

lia  renkinis ciklis  analogiur maxasiaTebelze da mravali wlis ganmavloba-

Si aseTi ciklis praqtikuli ganxorcieleba araviTar interess ar warmoadgen-

da.  amis ZiriTadi mizezi  iyo siTxis wnevis momatebis 0-1 procesSi tumboze 

danaxarjebis sidide, rac mTlianad ciklis dabali Tmqk-s pirobebSi savsebiT 

miuRebeli iyo. 

Tanamedrove pirobebSi, mZafri energetikuli krizisis viTarebaSi, saqar-

Tvelos teqnikuri universitetis energiis alternatiuli da aratradiciuli 

wyaroebis samecniero-kvleviT laboratoriaSi damuSavda da Seiqmna siTxis aor-

Tqleba-kondensaciis monacvleobiT mimdinare procesebiT momuSave orTqlis 

manqana, romlis Termodinamikuri cikli mTlianad teniani najeri orTqlis are-

Sia moTavsebuli da konstruqciulad Zalze martivia. is ar saWiroebs tumbos 

an kompresors wnevis asamaRleblad. am mizniT gamoyenebulia saorTqlebel ze-

dapirze specialurad datanili kapilaruli sistema da wnevis momateba xdeba 

kapilaruli dawnevis xarjze. amasTan xsenebuli manqana ar Seicavs moZrav kvan-
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Zebsa da detalebs. erTaderTi moZravi nawili periferiulad damagrebuli 

elastiuri kedelia, romelic ibereba muSa sxeulis aorTqlebisas da ubrundeba 

sawyis mdgomareobas orTqlis kondensaciis Semdeg. 

 

2. muSa sxeulis aorTqleba-kondensaciiT momuSave manqanis  

Tburi sqema 

 

me-2 naxazze naCvenebia muSa sxeulis aorTqlebisa da kondensaciis monac-

vleobiT mimdinare procesebiT momuSave umartivesi Tburi manqanis principuli 

Tburi sqema.  

 
nax. 2. aorTqleba-kondensaciiT momuSave  manqanis Tburi sqema 

 

manqanis ZiriTadi nawilia muSa kamera, romelic warmoiqmneba erTmaneTTan 

periferiulad ganxorcielebuli SemWidrovebiT (1) dakavSirebul da horizonta-

lurad ganlagebul or wriul kedels Soris da romelic savsea Txevadi muSa 

agentiT, (2). zeda kedeli (3) myaria da misi qveda zedapiri kapilaruli struq-

turiT aris dafaruli, xolo qveda kedeli (4)  elastiuria da muSa agentis 

aorTqlebisas gaibereba qvemoT, rogorc es punqtiriT aris naCvenebi. 

warmodgenili Tburi manqana muSaobs Semdegnairad. siTbos garegani wyaro 

zeda liTonis kedels  3 gadascems siTbos garkveul raodenobas q1. liTonis 

kedeli 3, gacxelebis Semdeg, qveda zedapiridan gadascems orTqladqcevis  siT-

bos qo-s masTan SexebaSi myof Txevad muSa agents 2, ris xarjzec agenti aor-

Tqldeba da gadaaadgilebs drekad kedels 4. Semdeg, garemoSi siTbos q2 raode-

nobis gadacemis Sedegad, muSa agentis orTqli dakondensirdeba, drekadi kede-

li daubrundeba sawyis mdgomareobas da muSa agentis kondensats  kvlav Sea-

xebs cxeli kedlis 3 qveda zedapirs, rac gamoiwvevs ciklis gameorebas da a. S. 

amgvarad drekadi kedlis centraluri nawili Seasrulebs winsvliT-ukusvliT 

moZraobas, romelic SeiZleba gamoyenebuli iqnas sasargeblo muSaobis Sesasru-

leblad. 

 

3. muSa sxeulis aorTqleba-kondensaciiT momuSave Tburi manqanis  idealuri 

Termodinamikuri cikli 

muSa sxeulis aorTqleba-kondensaciiT momuSave Tburi manqanis idealuri 

Termodinamikuri cikli warmodgenilia me-3 naxazze rogorc Pv,  aseve  Ts  diag-

ramაze.  
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nax. 3. teniani najeri orTqlis areSi ganxorcielebuli idealuri  

Termodinamikuri cikli Pv  da  Ts  diagramebze 

 
wertili 1 asaxavs moments, roca muSa sxeulis kondensati exeba amaor-

Tqlebels, anu zeda kedels (pozicia 3 nax. 2-ze). am ukanasknelze arsebuli ka-

pilaruli  struqtura uzrunvelyofs wnevis matebas siTxis gaTbobasTan erTad 

(procesi 1-2). amaorTqlebel kedels zemodan siTbos awvdis siTbos raime wyaro 

da miwodebuli siTbos xarjze aTbobs kapilarebSi moTavsebul siTxes kapila-

ruli dawnevis, Pmax-is Sesabamis duRilis temperaturamde, rasac moyveba kapi-

larebSi arsebuli siTxis sruli aorTqleba elastiuri kedlis gaberva da ga-

farToebis muSaobis Sesruleba (procesi 2-3). orTqli kondensirdeba  gaberili 

elestiuri kedlis zeda zedapirze da wneva vardeba Pmin-amde  kondensaciis  

siTbo gadaecema garemos elastiuri kedlis gavliT (procesi 4-1), xolo konden-

sati grovdeba elastiuri kedlis zeda zedapirze da sruli kondensirebis Sem-

deg kvlav Seexeba amaorTqlebels kapilarul struqturas, ris Semdegac cikli 

meordeba. elastiuri kedlis meore mxares arsebuli gamacivebel saSualebad 

Cven pirobebSi gamoyenebuli gvqonda gamdinare wyali. 

 
nax. 4. muSa sxeulis aorTqleba-kondensaciiT momuSave Tburi manqanis   

Tmqk-s Teoriuli mniSvnelobebis Sedareba imave temperaturul intervalSi  

momuSave karnos ciklis Tmqk-sTan 

 
warmodgenili ciklis Tmqk-s vangariSobT formuliT: 

 
sadac  -  X4 orTqlis simSralis xarisxia wertilSi 4, xolo i warmoad-



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 88 

gens siTboSemcvelobas Sesabamis wnevebze siTxisa (aRniSnulia erTi ‘-iT) da 

mSrali najeri orTqlisaTvis (aRniSnulia ori ‘-iT). 

formuliT gaangariSebuli Sedegebi moyvanilia  nax. 4-ze. aqve SedarebisaTvis 

moyvanilia imave temperaturul diapazonSi momuSave karnos ciklis Tmqk-s mniS-

vnelobebi. 

aRsaniSnavia, rom zemoTxsenebul laboratoriaSi damzadebuli da 

gamocdili iqna aRwerili Tburi manqanis ramodenime prototipi, romel-

Ta gamocdebma naTlad daadastures maTi qmediTunarianoba. 

 

4. daskvna 

Catarebulma analizma cxadhyo, rom arsebuli orTqlis manqanebis 

Tmqk-s realuri mniSvnelobebi Sesabamis karnos ciklis Tmqk-s sididis 

daaxlovebiT mesameds Seadgenen. Cvens mier damzadebuli aRwerili tipis 

manqanis Tmqk-m 4 %-s gadaaWarba, rac karnos Sesabamisi ciklis Tmqk-s me-

eqvseds Seadgens da garkveuli modernizaciis Semdeg kidev ufro maRali 

Sedegis miRebaa mosalodneli, ris Semdegac gaRwerili orTqlis manqanis 

praqtikuli gamoyeneba uTuod mizanSewonili iqneba. 
 

ANALYSIS OF EFFICIENCY OF  THE STEAM-ENGINE WORKING ON A WET SATURATED STEAM 

Gigineishvili G., Machavariani E., Jikhvadze M., Ksovreli N. 

Georgian Technical University 

Summary 

The paper describes the thermal scheme and the theoretical thermodynamic cycle of the steam-engine wor-

king on a wet saturated steam. Created the formula for calculation of  the thermal efficiency coefficient of the pre-

sented cycle and  comparison calculated values with efficiency of the Carnot cycle, at different pressures. 

Work is funded by a grant from Shota Rustavelı Natıonal Scıence Foundatıon of Georgıa.  
 

 

 

 

 

teniani najeri orTqliT momuSave orTqlis manqana 

 
maWavariani e.,  gigineiSvili g.  

saqarTvelos teqnikuri universiteti 
 

naSromSi aRwerilia teniani najeri orTqliT momuSave orTqlis manqanis umarti-
vesi sqema da muSaobis principi.  

gamoTqmulia mosazreba, rom warmodgenili sqemiT momuSave Tbur manqanas SeiZle-
ba hqondes garkveuli praqtikuli interesi  dabaltemperaturuli Tburi energiis wya-
roebis efeqturad aTvisebis amocanebis gadaWrisas. 

samuSao sruldeba SoTa rusTavelis erovnuli samecniero fondis sagranto dafi-
nansebiT.  

 
1. Sesavali 

cnobilia, rom siTxis orTqladqcevaze daxarjuli energiis didi nawili 

Txevadi fazidan orTqlis fazaSi gadasvliT ganpirobebuli gafarToebisas 

Sesrulebul muSaobaze ixarjeba. atmosferul pirobebSi gafarToebis es muSao-

ba garemo haeris gandevnaze ixarjeba da amdenad SeumCnevelia. miuxedavad amisa, 

aRsaniSnavia, rom Tu realur orTqlis manqanebSi gafarToebis muSaobis Sesru-
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lebisas  muSa orTqli sul ramdenimejer (46-jer) farTovdeba, atmosferul 

wnevaze orTqlis fazasa da siTxis fazas Soris moculobaTa fardoba  TiTqmis 

1600-s Seadgens da, ra Tqma unda, wnevis matebiT aRniSnuli fardoba klebu-

lobs.  

 

 
nax. 1. wylis orTqlisa da siTxis kuTr moculobaTa 

fardobis damokidebuleba wnevaze 

 
1-l naxazze warmodgenilia mSrali najeri orTqlisa da imave wnevaze si-

Txis moculobebs Soris fardobis damokidebuleba wnevaze, saidanac Cans, rom 

310 bari wnevis diapazonSi wylis mSrali najeri orTqlis warmoqmnisas nivTi-

erebis moculoba ramdenime aseuljer matulobs, razec daxarjuli energia, ra 

Tqma unda, wnevian WurWelSi siTxis Tavze arsebuli garemos SekumSvis muSaobas 

xmardeba.  

amasTan cnobilia, rom erTeuli masis mqone siTxis aorTqlebaze sakmaod 

didi raodenobis siTbo ixarjeba da vinaidan orTqladqcevis procesSi siTxisa 

da orTqlis temperaturebi erTi da igivea, siTbos saxiT miwodebuli energia 

mTlianad orTqlis potenciur energiad gardaiqmneba, ris xarjzec xdeba mocu-

lobis zrda, anu sruldeba muSaoba garemos gandevnaze. cxadia, rom namuSevari 

orTqli teniani najeri orTqlis areSi unda darCes da am manqanis Termodinami-

kuri ciklic mTlianad teniani najeri orTqlis areSi unda ganxorcieldes. am 

muSaobis gamomyenebel Tbur manqanaSi organizebuli unda iyos muSa sxeulze 

siTbos miwodebis da misgan siTbos arTmevis Termodinamikuri procesebi. ra 

Tqma unda, Tburi manqanis Termodinamikuri ciklis gansaxorcieleblad teniani 

najeri orTqlis areSi siTxeze miwodebuli siTbo siTxis aorTqlebas gamoiw-

vevs, xolo namuSevari orTqlidan siTbos arTmeviT ganxorcieldeba orTqlis 

kondensaciis procesi. maSasadame, gansaxilvel orTqlis manqanaSi unda mimdina-

reobdes muSa sxeulis, anu raime Txevadi nivTierebis aorTqlebisa da kondensa-

ciis monacvleobiTi procesebi.  

zemoTqmulidan gamomdinare, winamdebare samuSaos mizania aRniSnuli mu-

Saobis sasargeblo mizniT gamomyenebeli Tburi manqanis ganxorcielebadi sqe-

mis variantis damuSaveba. 
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2. muSa sxeulis aorTqleba-kondensaciiT momuSave  manqanis 

principuli sqema 

 

Txevadi muSa sxeulis aorTqleba-kondensaciis procesebiT momuSave Tbu-

ri manqanis principuli meqanikuri sqema warmodgenilia  me-2 naxazze.  

 

 
nax. 2. Tburi manqanis principuli meqanikuri sqema 

 
sqemis Semadgeneli elementebia muSa kameris zeda, cxeli kedeli (1), ro-

melzec SemamWidrovebelis (2) gamoyenebiT mimagrebulia muSa kameris qveda, 

elastiuri  kedeli (3). muSa kameraSi moTavsebulia Txevadi da dabal tempera-

turaze aorTqlebadi nivTiereba (4), magaliTad acetoni, romelic periodulad 

orTqldeba (5) da Semdeg kvlav kondensirdeba. muSa sxeulis aorTqlebis pro-

cesSi kameris qveda, elastiuri kedeli (3) gadaadgildeba  xufis (6) saSuale-

biT hermetulad daxurul meore, gamacivebel kameraSi (7). sivrce, romelic mo-

Tavsebulia elastiur membranasa da xufs Soris, Sevsebulia maRal temperatu-

raze aorTqlebadi ukumSvadi da civi siTxiT, magaliTad wyliT.  

xufs gaaCnia ori, gamomSvebi (8) da SemSvebi (9) sarqveli. SemSvebi sarqve-

li isea daregulirebuli, rom iReba mxolod im SemTxvevaSi roca gamacivebel 

kameraSi ganviTardeba atmosferuli wneva. gamomSvebi sarqvelic regulirebadia 

da uzrunvelyofs gamacivebel kameraSi maRali wnevis sasurveli mniSvnelobis 

miRwevas.  

amrigad, muSa sxeulis kondensatis zeda, cxel kedelze Sexebisas warmoq-

mnili orTqlis wneva roca imdenad gaizrdeba, rom gaiReba gamomSvebi sarqveli, 

orTqls miecema gafarToebis saSualeba, elastiuri kedeli gadaadgildeba da 

garkveuli raodenobis gamacivebel siTxes gamodevnis kameridan. Semdeg elasti-

uri kedlis zedapirze moxdeba muSa sxeulis orTqlis kondensacia. kondensaci-

is siTbo gadaecema elastiuri kedlis gavliT gamacivebel kameraSi arsebul 

siTxes _ wyals. muSa kamera daiwyebs Seviwrovebas da wneva daecema atmosfe-

rul wnevamde, rasac moyveba Semwovi sarqvelis gaReba da gamacivebel kameraSi 

Seva gamacivebeli siTxis axali ulufa.  

elastiuri kedlis gadaadgileba, iwvevs mis centrSi Camagrebuli Wokis 

(10) gadaadgilebas, romelic Cobaluri SemWidrovebiT (11) hermetuladaa gayri-

li xufSi. elastiur kedelTan erTad Wokis winsvliT ukusvliTi moZraoba spe-

cialuri xrutuna meqanizmis (12) gamoyenebiT SeiZleba gadayvanili iqnas brun-
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viT moZraobaSi da  gamoiyenebuli iqnas raime saxis sasargeblo muSaobis Sesas-

ruleblad. 

dasasrul unda iTqvas, rom muSa sxeulis rolSi dabal temperaturaze 

maduRari siTxis gamoyeneba iZleva maqanis muSaobisaTvis aucilebel siTbos 

wyarod dabaltemperaturuli Tburi energiis wyaroebis gamoyenebis SesaZleb-

lobas. magaliTad, gamonabolqvi airebis siTbo,  qimiuri da kvebis mrewvelobis 

Tburi sawarmoo narCenebi, mzis energia da a. S.   

aRsaniSnavia agreTve, rom warmodgenili orTqlis manqanis margi qmedebis 

koeficienti, siTbos wyarosa da garemos temperaturaTa Soris arsebuli daba-

li sxvaobis gamo, mcire iqneba. miuxedavad amisa, manqanis konstruqciuli simar-

tive da narCeni siTbos gamoyenebis SesaZlebloba garkveulad ganapirobebs misi 

praqtikuli realizaciis mizanSewonilobas. 

 
STEAM-ENGINE WORKING ON A WET SATURATED STEAM 

Machavariani E., Gigineishvili G. 

Georgian Technical University 

Summary 

The paper describes the simplest scheme and working principle of the steam-engine, working on a wet satu-

rated steam. 

It is suggested, that the heat engine working on the presented scheme, may have some practical usage in pro-

cess of solving problems of effective development of low-temperature thermal energy sources. 

Work is funded by a grant from Shota Rustavelı Natıonal Scıence Foundatıon of Georgıa. 

 

 

 

 

 

 

maRaltemperaturuli samfaza kriotronuli  

gammarTveli naxevradgamtaruli marTviT 

 
koxreiZe T., qadagiSvili g. 

saqarTvelos teqnikuri universiteti 
 

ganxilulia samfaza kriotronuli gammarTveli naxevradgamtaruli marTviT. mo-
wyobiloba Seicavs pirvelad gragnils, Sesrulebuli Cveulebrivi sadenisagan; meorad 
gragnils, Sesrulebuli mravalZarRviani zegamtaruli sadenisagan; samfaza kriotro-
nul gammarTvels; samfaza tiristorul gammarTvels, romelic gamoiyeneba kriotronu-
li gammarTvelis marTvisaTvis. 

kriotronis gadamrTveli elementi Sesrulebulia agreTve mravalZarRviani zegam-
taruli sadenebiT, maT Soris lokalizebuli magnituri veliT, romelic arsebiTad am-
cirebs kriotronebis gragnilebis zegamtaruli sadenebis xarjs. 

 
damuSavebulia maRaltemperaturuli samfaza kriotronuli gammarTveli 

naxevradgamtaruli marTviT nax.1. mowyobiloba Seicavs pirvelad 1 gragnils, 

Sesrulebuli Cveulebrivi sadenisagan; meorad gragnils 2, Sesrulebuli mra-

valZarRviani zegamtaruli sadenisagan. samfaza kriotronuli gammarTvels, ro-

melic Seicavs kriotronebs, romlis gadamrTveli elementis gragnili 3 Sesru-

lebulia mravalZarRviani zegamtaruli sadenebiT, Semagnitebis gragnili 4 da 

marTvis gragnili 5 Sesrulebulia Cveulebrivi zegamtaruli sadenisagan [1]. 

kriotronuli gammarTvelis marTva xorcieldeba tiristorebiT gaRebis  
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kuTxis cvlilebis gziT. 

samfaza kriotronuli gammarTveli muSaobs Semdegi saxiT [2]. pirveladi 1 

gragnilis CarTviT samfaza cvladi denis qselSi, masSi gaivlis cvladi deni 

da sivrceSi pirvelad 1 da meorad 2 gragnilebSi warmoiqmneba mbrunavi magni-

turi veli, romelic meoradi gragnilis 2 fazebSi aRZravs cvlad emZ da de-

nebs. aRniSnuli denebi kriotronuli gammarTvelis saSualebiT gardaiqmneba 

mudmiv denSi. 

cvladi sidideebis gardaqmna mudmivSi kriotronuli gammarTveliT dafuZ-

nebulia zegamtarebis Tvisebaze, rom is xdeba erTis mxriv zegamtari, roca mag-

nituri veli naklebia kritikulze, da gaaCnia, meore mxriv metad didi winaRoba, 

roca magnituri veli metia kritikulze. kriotronis gadamrTveli elementis 

gragnili 3 moTavsebulia muSa areSi TanaRerZulad ganlagebuli Semagnitebis 4 

da marTvis 5 gragnilebis, ganivad grZivi velebis mimarT Seqmnili 4 da 5 grag-

nilebiT. 4 da 5 gragnilebi Sesrulebulia erTnairi xviaTa ricxviT, xolo ma-

Ti damamagnitebeli Zalebi moqmedeben sawinaaRmdego mimarTulebiT. amgvarad mu-

Sa areSi veli Seiqmneba 4 da 5 gragnilebis jamuri amperxviebiT. 

nax. 2 naCvenebia samfaza kriotronuli gammarTvelis marTvis axsna-ganmar-

tebiTi maxasiaTeblebi. yvela kriotronebis Semagnitebis gragnilebi SeerTebu-

lia mimdevrobiT da CarTulia tiristoruli gammarTvelis (nax.1) gamosasvlel-

ze. amitom masSi gadis mudmivi deni  (nax.2, a). TiToeuli kriotronis marTvis 

5 gragnili SeerTebulia mimdevrobiT tiristorebTan da maTi gavliT gadis ti-

ristoris anodis  deni (nax.2, b). amitom jamuri amperxviebis mrudi, romelic 

qmnis vels muSa areSi, gaaCnia saxe, warmodgenili nax.2, v. 

(-) + - (+)

2

3

1

~ ~ 
50 hc

5 4

IA IO IA IO

IA IO IA IO

IA IO IA IO

6

 
nax.1 - samfaza kriotronuli gammarTvelis princialuri sqema: 1-pirveladi gragnili; 2-
meoradi gragnili; 3-kriotronis gadamrTveli elementis gragnili; 4-kriotronis Semag-

nitebis gragnili; 5-kriotronis marTvis gragnili; 6-tiristori 
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nax..2. samfaza kriotronuli gammarTvelis marTvis  

axsna-ganmartebiTi maxasiaTeblebi. 

 

ubanze 1-2 (nax.2), muSa areSi veli, metia kritikulze, kriotroni ar ata-

rebs dens, radganac misi gadamrTveli elementis gragnili gadadis normalur 

mdgomareobaSi eleqtruli winaRobis didi mniSvnelobiT. ubanze 2-3 (nax.2) Se-

magnitebis da marTvis gragnilebis amperxviebi akompensireben erTmaneTs da ve-

li muSa areSi axlosaa nulTan, am SemTxvevaSi kriotroni imyofeba zegamtarul 

mdgomareobaSi, e.i. atarebs maqsimalur dens. tiristoris CarTvas mimdevrobiT 

kriotronis marTvis 5 gragnilTan praqtikulad myisad gadahyavs kriotroni ze-

gamtarul mdgomareobaSi, amaRlebs kriotronis swrafqmedebas da sagrZnoblad 

amartivebs marTvis sqemas kriotronuli gammarTvelis, gansakuTrebiT mravalfa-

za sistemis SemTxvevaSi. 

amJamad kriotronebis konkurencia naxevradgamtaruli gadamrTvelebTan 

garTulebulia ori mizezis gamo. 

 kriotronebi SeiZleba Sesruldes mxolod dabali sixSireze. sixSiris diapa-

zonis gazrdisaTvis aucilebelia damuSavdes swrafmoqmedi marTvis sistema, 

marTvis impulsebis cicabo frontiT. 

 kriotronebi SeiZleba Sesruldes mxolod dabal Zabvaze. Zabvis gazrdiT mqk 

kriotronis arsebiTad mcirdeba. aRniSnuli naklovanebis aRmofxvrisaTvis 

aucilebelia Seiqmnas zg sadenebi didi xvedriTi winaRobiT normalur mdgo-

mareobaSi. 

warmatebebi Seqmnisa, axali Taobis zegamtaruli masalebis, gaumjobesebe-

li maxasiaTeblebiT [3] iZleva perspeqtivas samuSaos Semdgomi Catarebisa ro-

gorc Zalovani kriotronebis damuSavebisa, ise maT safuZvelze gardamqmneli 

mowyobilobebisa maT safuZvelze. 

 

daskvna 

1. energetikuli daniSnulebis kriotronebis gadamrTveli elementis grag-

nilis Sesruleba mravalZarRviani zegamtaruli sadenebiT, maT Soris lokali-

zirebuli magnituri veliT, arsebiTad amaRlebs swrafqmedebas, amcirebs dana-

kargebs Caketil mdgomareobaSi, marTvis denebs da amcirebs zegamtarebis xarjs 
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kriotronebis gragnilebis. 

2. kriotronebi, Sesrulebuli lokalizirebuli mravalZarRviani zegamta-

ruli sadenebiT, warmoadgenen axali klass zegamtaruli energetikuli mowyobi-

lobebis, romlebic xasiaTdebian arsebiTi teqnikur-ekonomikuri upiratesobiT, 

SedarebiT tradiciuli Sesrulebis kriotronebTan.  

 
literatura 

1. koxreiZe T., qadagiSvili g. energetikuli daniSnulebis maRaltemperaturuli (77 k) 
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3. R.M. Scanlan, A.P. Malozemoff, D.C. Larbalestier, “Superconducting materials for large scale applications”. Proc 

IEEE, 2004, V.92, n.10, p.1639-1654. 

 

HIGH-TEMPERATURE THREE-PHASE CRYOTRON ADJUSTER  

WITH SEMICONDUCTOR CONTROL 

Kokhreidze T. Kadagishvili G. 

Georgian Technical University 

Summary 

The paper deals with high-temperature three-phase cryotron adjuster  with semiconductor control. The device 

includes a first roll, performed with conventional cables, the second roll, produced with wire superconducting cable, 

three-phase cryotron adjuster; Three-phase  thyristor adjuster used for controlling  cryotron adjuster  . 

Cryotron switch element is made of wire superconducting cables, with magnetic field localized  among them, 

which substantially reduces the costs of superconducting cables of cryotron windings. 
 

 

 

 

 

zegamtaruli eleqtromowyobilobebis mokle SerTvis denebis 

SezRudva zegamtaruli densazRudiT da misi angariSi droSi 

intervalebis mixedviT 

 

koxreiZe T., kenWoSvili f. 
saqarTvelos teqnikuri universiteti 

 
damuSavebulia zegamtaruli eleqtromowyobilobebis mokle SerTvis denebis Sez-

Rudvis aratradiciuli saSualeba, dafuZnebuli swrafmomqmedi zegamtaruli densazRu-
di mowyobilobis gamoyenebaze, romelic muSaobs arawrfivi voltamperuli maxasiaTeb-
lis safuZvelze, roca zegamtaris winaRoba icvleba denis sididisagan damokidebuleba-
Si, rac saSualebas iZleva SezRudos rogorc dartymis, ise damyarebuli mokle Ser-
Tvis denebi. magaliTis saxiT ganxilulia zegamtaruli turbogeneratoris dacva. miRe-
bulia eleqtromagnituri procesebis gantolebebi da Catarebulia angariSi droSi in-
tervalebis mixedviT. 

 
ganxilulia energetikuli daniSnulebis maRaltemperaturuli (77k) zegam-

taruli densazRudi (zgds) [1], romelSic mimdinareobs eleqtromagnituri pro-

cesebi, gamowveuli winaRobis gazrdiT fazuri gadasvlis dros zg wrfivi ele-

mentis daSuntebis dros, misi induqciuri winaRobiT. amasTan dakavSirebiT anga-

riSi zgds-is SeiZleba ganxorcieldes nax.1 mocemuli sqemis mixedviT, sadac 

ganxilulia magaliTis saxiT zg turbogeneratoris dacva (misi winaRoba 

). aRniSnul sqemaSi zg turbogeneratori warmodgenilia zegardamavali 
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emZ-iT  da zegardamavali induqciurobiT  

-Zabva zgds-ze, 

- Zabva datvirTvaze, 

-zg arawrfivi elementis winaRoba, romelic icvleba 0-dan zg mdgomareo-

baSi -mde normalur mdgomareobaSi, 

-arawrfivi elementis induqciuroba, 

-datvirTvis winaRoba, 

-wrfivi droselis induqciuroba, 

-datvirTvis induqciuroba. 

-denebi zg turbogeneratoris, zg arawrfivi elementis da wrfivi 

droselis. 

 

~ 

𝑈𝑜  

𝐿𝑅  R

IR

IL

L

UH
RH , LH𝐿′′  
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nax.1. zg turbogeneratoris Canacvlebis sqema zgds-iT. 

 

CavataroT analizi eleqtromagnituri procesebis, droselur zgds-is maga-

liTze. avRniSnoT  zg arawrfivi elementis winaRobis mniSvneloba  drois 

momentSi. maSin zg turbogeneratoris gardamavali procesebis gantolebas 

zgds-iT gaaCnia Semdegi saxe: 

      (1) 

     (2) 

     (3) 

     (4) 

CavsvaT  (3) gantolebidan da  mniSvneloba (1) gantolebidan (2) ganto-

lebaSi, miviRebT: 

   (5) 

CavsvaT  mniSvneloba (4) gantolebidan (5) gantolebaSi, gardaqmnis Sem-

deg miviRebT: 

  (6) 
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(6) gantolebidan ganvsazRvravT  (4) gantolebidan vpoulobT dens dro-

selSi: 

    (7) 

turbogeneratoris dens vpoulobT (1) gantolebidan. 

(1)-(7) gantolebebSi  winaRoba icvleba zg arawrfivi elementis fazuri 

mdgomareobisagan damokidebulebaSi. 

zgds-is angariSis amocanis gadawyvetisaTvis aucilebelia (1)-(7) gantole-

bebis safuZvelze angariSebis Catareba. angariSi tardeba intervalebis mixedviT 

droSi. virCevT SedarebiT arasasurvel variants, roca mokle SerTva (mS) mimdi-

nareobs drois momentSi . aseT SemTxvevaSi mS-is dens aRniSnul fa-

zaSi gaaCnia maqsimaluri aperioduli mdgeneli, SedarebiT mokle SerTvasTan 

sxva fazaSi, da dartymis deni aRwevs Tavis maqsimalur mniSvnelobas. 

vTvliT, rom mS mimdinareobs wredSi zgds-is Semdeg, datvirTvis damokle-

bis dros (nax.1). 

drois I intervali:  (nax.2). zg arawrfivi elementi imyofeba zg 

mdgomareobaSi,   denis gansazRvrisaTvis viyenebT (6) gantolebas, roca 

 Sedegad vRebulobT: 

, 

aqedan    (8) 

miviRebT (8) gantolebidan miviRebT  

 (9) 

roca  zgds-is gamoricxvis dros  deni, roca  aRwevs 

Tavis maqsimalur mniSvnelobas: 

,     (10) 

rac dauSvebelia turbogeneratorisTvis, da is unda SeizRudos periodis 

pirvel meoTxedSi. 

drois II intervali: .  drois momentSi  deni aRwevs  mniS-

vnelobas, romlis drosac zg arawrfivi elementi gadadis rezistul mdgomare-

obaSi.  deni naklebia  kritikul denze zg arawrfivi elementis: 

 sadac -turbogeneratoris nominaluri deni,   koe-

ficienti gviCvenebs fardobiT jeradobas kritikuli denis turbogeneratoris 

nominaluri denTan.  denis mniSvneloba ganisazRvreba zg sadenis voltampe-

ruli maxasiaTebliT [2], romlisganac Sesrulebulia zg arawrfivi elementi. 

rezistul mdgomareobaSi  winaRoba izrdeba Tavisi nulovani 

mdgomareobidan,  mdgomareobamde, e.i. normalur mdgomareobaSi wina-
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Robis mniSvneloba.  winaRobis gansazRvrisaTvis SeiZleba gamoviyenoT 

Semdegi gamosaxuleba 

III III IV V
𝜔𝑡 

t0 t1 t2 t3 t4 t5

Imax

i

IKS IK

IH

O

, i𝑒′′  

𝑒′′  

 
nax. 2. intervalebis mixedviT zg arawrfivi elementSi denis angariSi. 

 

 roca    (11) 

 

romelic aRwers winaRobis zrdas  dan (roca )  (roca 

 
 denis gansazRvrisaTvis rezistul mdgomareobaSi (6) da (10) dan mivi-

RebT: 

 (12) 

roca . 

 deni izrdeba  sidididan -mde.  drois momenti ganisazRvreba (12) 

gantolebidan: roca  (12) gantoleba warmoadgens arawrfivs. 

meore intervalis ganmavlobaSi energiis jamuri danakargebi zg arawrfiv 

elementSi Seadgens 

  (13) 

drois III intervali: . zg arawrfivi elementi aRniSnul drois in-

tervalSi imyofeba normalur mdgomareobaSi. 

 denis gansazRvrisaTvis normalur mdgomareobaSi arawrfivi zgds gveq-

neba: 

, (14) 

roca  
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aRniSnuli drois intervalSi  denis sidide izRudeba  winaRobiT 

(nax.2), denis mniSvnelovani nawili am SemTxvevaSi, (7) gantolebis Tanaxmad, 

wrfiv droselSi  parametrebis sidideebis SerCevasTan damokidebuleba-

Si. zg turbogeneratoris deni agreTve SezRudulia ((1) gantoleba). drois aR-

niSnul intervalSi arawrfiv elementSi mimdinareobs energiis danakargebi: 

 

 momentSi  emZ-is mniSvneloba gadadis nulze da Semdeg xdeba 

uaryofiTi. amasTan dakavSirebiT  roca  aRwevs Tavis maqsimalur mniS-

vnelobas, romelic mniSvnelovnad dabalia, vidre maqsimaluri mS deni, gansaz-

Rvruli (10). 

denis maqsimaluri mniSvneloba tolia , sadac  - denis maqsi-

maluri mniSvnelobis jeradoba zgds arsebobis dros, roca  aRniSnuli 

jeradoba SeiZleba ganisazRvros zgds parametrebis SerCeviT. 

drois IV intervali: .  denis Semcirebis dros dgeba  drois 

momenti, romlis dros  deni aRwevs  denis kritikul mniSvnelobas da Sem-

deg xdeba -ze naklebi. 

aRniSnul drois intervalSi zg arawrfivi elementi normaluri mdgomare-

obidan gadadis rezistorul mdgomareobaSi, magram drois II intervalisagan 

gansxvavebiT  winaRoba  denis SemcirebasTan dakavSirebiT  sidididan 

 -mde, iqneba Semcirebuli  sidididan nulamde.  denis gansazRvrisaTvis 

gvaqvs gantoleba: 

  (15) 

roca  

 deni mcirdeba  sidididan  mde. 

aRniSnul intervalSi danakargebi zgds-Si ganisazRvreba (13) gantolebiT. 

drois V intervali: . zg arawrfivi elementi Tavidan imyofeba ze-

gamtarul mdgomareobaSi, da  deni gansazRvreba gantolebiT, analogiurad 

imisa, romelic samarTliania drois pirvel intervalSi: 

  (16) 

ase mTavrdeba denebis gansazRvra gardamaval procesSi drois pirvel cik-

lSi (xangrZlivobiT 0,02 wm) mS-is Semdeg. aRniSnuli sakmarisia zgds-is paramet-

rebis gansazRvrisaTvis, aucilebeli mS-is denebis SezRudvisaTvis. 

Semdegi ciklebis angariSi dazianebuli ubnis gamorTvis momentamde amom-

rTvelebiT, mimdinareobs analogiurad pirveli ciklis angariSis drois inter-

valebis mixedviT, am SemTxvevaSi mS-is denebi TandaTanobiT iqneba Semcirebuli 

mS-is denebis damyarebuli mniSvnelobamde. 

mS-is denebis angariSis mocemuli meTodi drois intervalebis mixedviT iZ-

leva SesaZleblobas sxvadasxva tipis zgds-ebis Sedarebis, maTi gamoyenebis op-

timizaciis mizniT, sxvadasxva eleqtroenergetikuli obieqtebis dacvisaTvis. 
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LIMITATION OF  SHORT CIRCUIT CURRENTS OF SUPERCONDUCTING ELECTRICAL  

APPLIANCES WITH SUPERCONDUCTING CURRENT LIMITER AND ITS CALCULATION  

IN TIME BY INTERVALS 

Kokhreidze T. Kentchoshvili G. 

Georgian Technical University 

Summary 
The paper deals with  nontraditional means of Limitation of  short circuit currents of superconducting electri-

cal appliances, based on the use of quick superconducting current limiter, which works on the basis of non-linear 

current-voltage  characteristic, when the superconductor resistance changes depending on current size, which makes 

it possible to limit the impact as well as the established short circuit currents. 

As an example, superconducting turbogenerator protection is considered , electromagnetic processes equati-

ons are obtained and calculations in time by intervals are conducted. 
 

 

 

 

Qeleqtromagnituri gardamavali procesebi, qaris eleqtrosadgurisa 

da samfaza marTvadi gammarTvelis erToblivi muSaobis pirobebSi 

 

papiZe z. 

 საქართველოს ტექნიკური უნივერსიტეტი 
 

naSromSi warmodgenilia qaris eleqtrosadgurSi da masTan dakavSirebul erTian 
gardamqmnel sistemaSi mimdinare eleqtromeqanikuri da eleqtromagnituri gardamavali 
procesebis maTematikuri aRwera. cvladTa kompleqsuri gardaqmnis meTodis gamoyenebiT 
miRebulia gamarTuli Zabvis myisa mniSvnelobisa da samfaza Zaluri transformatoris 
gamosasvlelze rezultirebul kompleqsur Zabvas Soris damakavSirebeli gantoleba. 

 
Tanamedrove hibridul eleqtroenergetikul sistemebSi erT-erT ZiriTad 

rgols warmoadgens qaris eleqtrosadguri, masTan dakavSirebuli samfaza Za-

lovani transformatori da samfaza marTvadi gammarTveli. aRniSnul eleqtro-

magnitur mowyobilobebSi procesebis aRmweri eleqtruli wonasworobis ganto-

lebebis Sesadgenad warmovadginoT erTiani gardamqmneli sistema. nax.1. 

 

 

 

 

 

 

 

 

 

 

 

 nax.1. qaris eleqtruli sadguris principuli eleqtruli sqema samfaza 
Zaluri transformatoriTa da marTvadi gammarTveliT  

uqmi svlis reJimisaTvis. 
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qaris generatoris statoris gragnilebis momWerebze samfaza fazuri Zab-

vebis myisa mniSvnelobebisaTvis gvaqvs Semdegi gamosaxuleba: 

  ,
3

2
1sin 








 


 ktUU I

m

I

Kq                                     (1) 

sadac   
 





sin

1

2

1
2








II

m

XI

m
U

VVVSCX

T
U

frTfrTqar
                              (2) 

rogorc (2) gamosaxulebidan Cans, qaris generatoris momWerebze  I

mU  Zab-

vis amplitudur mniSvnelobebSi  funqcionireben qaris borbalze moqmedi 

,,,,, frTqar VVSCX   parametrebi:   mimRebi cvladi denis qselis  II

mU  amplituduri 

mniSvnelobebi I

mU   da  II

mU , Zabvebis veqtorebs Soris    –Zvris kuTxe. 

damyarebul procesSi  dcU  Zabva qaris eleqtruli sadguris gamosas-

vlelze tolia: 

      .
2

1
34.234.2 I

m

I

dc UVU                                                           (3) 

samfaza Zaluri transformatorisaTvis gvaqvs fazuri myisa sidideebisad-

mi Semdegi gantolebTa sistema: 

         

















,

,

dt

d
U

dt

d
iRU

II

KII

K

I

KI

K

II

K

q

q

q

qq





                                                           (4) 

sadac, (4)–Si Sesabamisi nakadSebmebisaTvis gvaqvs Semdegi gamosaxulebebi: 

       ;cos
3

1

qqq n

n

I

k

I

n

III

K

I

S

I

K iMiL 


                                                     (5) 

      .3,2,1;cos
3

1

12  


kiM n

n

II

k

I

n

II

K

I
qq                                                   (6) 

(4) gantolebaTa sistemis orive mxare gavamravloT Sesabamisad 
II
k

I
k jj

ee


, –

ze, miviRebT kompleqsur formaSi gantolebaTa sistemas: 

       ;I
k

I
k

I
k jI

K

jI

K

IjI

K e
dt

d
eiReU

   qqq                                                 (7) 

        .3,2,1,  ke
dt

d
eU

II
k

II
k jII

K

jII

K

  qq                                                 (8) 

miRebuli (5)–(8) gantolebebi gamosaxulia veqtorul sidideebSi, romelTa 

modulebi ganisazRvrebian denebis, Zabvebis da nakadSebmis myisa mniSvnelobe-

biT, xolo mimarTulebebi – fazebis magnituri RerZebiT. es gantolebebi aRwe-

ren Zalur transformatorSi uqmi svlis reJimisaTvis eleqtromagnitur proce-

sebs misi ZiriTadi parametrebis gaTvaliswinebiT. gaangariSebis gamartivebisaT-

vis viyenebT cvladTa kompleqsuri gardaqmnis meTods da (7), (8) gantoleba (5), 

(6)–s gaTvaliswinebiT miiRebs Semdeg saxes: 
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  ,
2

3

2

3 11

dt

Id
MLIReU I

S

ItjI

m

I
qI

q


 








                                            (9) 

     .
2

3 12

dt

Id
MU

I
qII

q


                                                     (10) 

amgvarad, samfaza Zaluri transformatorisaTvis cvladTa kompleqsuri 

gardaqmnis meTodis meSveobiT eqvsi gantolebis magivrad (7,8) miviReT ori gan-

toleba denebisa da Zabvebis rezultirebuli veqtorebis mimarT. gamoviyenebT 

ra cvladTa speqtralur–operatorul gardaqmnas, vwerT samfaza marTvad gam-

marTvelis Sesaval da gamosavali eleqtruli sidideebis myisa mniSvnelobebs 

Soris kavSiris gantolebas uqmi svlis reJimebisaTvis: 

        ,3,2,1,
3

1

 


kUtU II

K

k

ukdc q                                              (11) 

sadac, (11)–Si   tku –Zabvis mixedviT komutaciuri funqciaa. igi SeiZleba war-

modgenili iqnas furies mwkrivis saxeSi: 

        ,sin
2

sin
6

cos
14

1

k

m

uk tm
m

m
m

t 



  





                                  (12) 

sadac,  ,3,2,1k m  –yvela kenti ricxvebia;   

.
3

2
;

3

2
;

2
13121








  p  

sawyisi gantolebaTa sistemis amoxsnisas SeiZleba gaviTvaliswinoT komu-

taciuri funqciebis harmonikebis nebismieri ricxvi, magram Caweris moculobis 

SemcirebiTvis SemovifargloT mxolod am mwkrivebis pirveli rigis harmonike-

biT, e.i. gaangariSeba vawarmooT gamarTuli Zabvis saSualo mniSvnelobis mixed-

viT. 

komutaciuri funqciis ZiriTadi harmonikis gaTvaliswinebiT (11) kavSiris ganto-

leba miiRebs saxes: 

      .3,2,1,
3

2
1

2
sin

2
cos

32 3

1









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kktUU p
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
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
q  (13) 

(13)–Si gamoviyenoT cvladTa kompeqsuri gardaqmna da Sesabamisad gveqneba: 

     

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
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2
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32

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

ptj
II

edc eURU q
                                              (14) 

amgvarad, miviReT gamarTuli Zabvis myisa mniSvnelobasa da samfaza Zalu-

ri transformatoris gamosavalze rezultirebuli kompleqsur Zabvas Soris 

damakavSirebeli gantoleba. (9), (10) da (14) gantolebebi warmoadgenen gamosak-

vlevi gardamqmneli sistemis srul diferencialur gantolebaTa sistemas. am 

gantolebaTa sistemis amoxsna gvaZlevs saSualebas ganvsazRvroT rezultire-

buli kompleqsuri sidideebi  I
qI
 ,

II
qI
   da dcU   gamarTuli Zabva. 

Tu gamoviyenebT cvladTa kompleqsur ukugardaqmnas, Zaluri transforma-

toris fazuri denebisaTvis da ZabvebisaTvis vRebulobT: 
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ELECTROMAGNETIC  TRANSIENTS  IN  THE CONDITIONS OF JOINT OPERATION OF WIND 

POWER PLANT AND THREE-PHASE CONTROLLABLE BRIDGE RECTIFIER 

Papidze Z.   

Akaki Tsereteli State University  

Summary 

The paper is aimed at mathematical description of electronic transients occurring at the wind power plant 

and in a connected single conversion system.  The methods of complex and backward transformation of variables 

have been used in this work. The equation of the dependence between the output direct voltage and complex net vol-

tage has been obtained.  
 
 

 
 

 

eleqtromomaragebis qselSi Zabvis arasimetriis gavlenis Sesaxeb 

 

wereTeli k., firosmanaSvili g. 
saqarTvelos teqnikuri universiteti 

 
ganxillulia Zabvis arasimetriis gavlena eleqtromomaragebis qselis elementebze 

da momxmareblebze. naCvenebia, rom qselis elementebSi arasimetriiT ganpirobebuli kar-
gvebi kvadratulad aris damokidebuli simetriis doneze. moyvanilia Zabvis arasimetri-
iT gamowveuli kargvebi zrdis monacemebi asinqronukl ZravebSi. aRniSnulia, Tu ramde-
nad mcirdeba asinqronuli Zravis samsaxuris vada arasimetriuli qselidan kvebisas. aR-
niSnulia, rom Zabvis arasimetriuloba arasimetriis koeficientiT 0,1 iwvevs transfor-
matorebSi izolaciis samsaxuris vadis Semcirebas 16%-iT, amave dros iwvevs Zabvis da-
maxinjebas da damatebiT Zabvis kargvebs. ganxilulia transformatorebis gragnilebis 
SeerTebis sqebi nulovani mimdevrobis denebis Sekvris TvalsazrisiT. cxrilis saxiT 
moyvanili aris Zalovan transformatorebSi simZlavris kargvebis damokidebuleba ara-
simetriis koeficientisagan. aRniSnulia, rom aucilebelia eleqtromomaragebis sisteme-
bis eqspluataciis dros Sefasdes da kontroli gaewios sxva da sxva mimdevrobis Zab-
vebs Soris fazuri Zvra. 

 
eleqtrul qselebSi eleqtruli kargvebis gazrdis erT-erTi faqtori 

aris mis elementebSi denebis arasimetria. datvirTvis arasimetria zrdis qse-

lebSi energiis kargvebs da amcirebs maTSi momuSave danadgarebis saimedoobas 

[1].. 10-0,4 kv Zabvis qselebis Sesawavla gvaCvenebs, rom qselSi erTfaza datvir-
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Tvis mniSvnelovani xvedriTi wilis gamo mudmivad adgili aqvs denebisa da Zab-

vebis mniSvnelovan arasimetrias. eqspluataciis realur pirobebSi arasimetriu-

li reJimi aris 10-0.4 კვ qselisTvis Cveulebrivi reJimi.  Zabvebis arasimetria 

iwvevs qselis elemrntebis teqniko-ekonomiuri maxasiaTeblebis mkveTr gauarese-

bas (eleqtroenergiis kargvebis mravaljeradi gazrda, qselis elementebis gaxu-

rebis zrda da sxva). 

 Seyursuli datvirTvis mqone ganuStoebel xazSi arasimetriuli datvir-

Tvis dros kargvebi ganisazRvreba formuliT [2] : 

ΔP2 = (  +  + ) 

sadac k2V =  100    ukumimdevrobis Zabvis koecientia [3],    - ukumimdevro-

bis Zabva,     - nominaluri fazaTaSoriso Zabva; ΔPi,              ΔPj, ΔPk  -  xazSi 

aqtiuri kargvebi simetriul reJimSi Sesabamisad i-uri asinqronuli ZravebiT, j – 

uri  sinqronuli manqanebiT da k –uri wrfivi datvirTvebis dros; , 

- sinqronuli manqanisa da asinqronuli Zravis ukumimdevrobis winaaRmdegobebia.  

rogorc moyvanili gantolebidan sCans qselis elementebSi arasimetriiT 

ganpirobebuli kargvebi kvadratulad aris damokidebuli simetriis doneze. 

Zabvis arasimetriuloba gansakuTrebiT gansakuTrebiT cud gavlenas ax-

dens asinqronuli Zravebis muSaobaze da samsasaxuris vadaze. ukumimdevrobis 

Zabvebis moqmedebiT ZravaSi warmoiSveba sawinaaRdego momenti. asinqronuli Zra-

vebis arasimetriulii ZabviT kvebisas aqtiuri simZlavris damatebiTi kargvebi 

proporciulia ukumimdevrobis mixedviT Zabvis arasimetriulobis koeficientis 

kvadratis. Zabvis 2% sididiT arasimetriis dros asinqronuli ZravSi kargvebi 

SeiZleba gaizardos 25%-iT. Tu miviRebT maxedvelobaSi, rom asinqronul am-

Zravs dadgmuli simZlavris mixedviT eleqtromimRebebs Soris wamyvani adgili 

ukavia Zravuli datvirTvis mkvebav qselebSi Zabvis arasimetriulobis problema 

gansakuTrebul simwvavesD iZens. 

Zabvis 4% arasimetriis dros asinqronuli Zravebis samsaxuris vada mcir-

deba daaxlovebiT 2-jer damatebiTi gaxurebis gamo. Tu miviRebT mxedvelobaSi 

Zravis vibracias arasimetriul qselSi muSaobisas SeiZleba  vivaraudoT, rom 

misi samsaxuris vada kidev ufro metad Semcirdeba. 

Zabvis arasimetriuloba arasimetriis koeficientiT 0,1 iwvevs transforma-

torebSi izolaciis samsaxuris vadis Semcirebas 16%-iT, amave dros iwvevs Zab-

vis damaxinjebas da damatebiT Zabvis kargvebs. damoukidebeli magnituri siste-

mis mqone transformatorebSi nulovani mimdevrobis denebs aseTi transforma-

torebis gragnilebSi  SeuZliaT daainduqtiron sakmaod mniSvnelovani eleq-

troamoZravebeli Zalebi. es movlena ukiduresad arasasurvelia imitom, rom  

Y/Y0 sqemiT  gragnilebis SeerTebis mqone transformatorebis eqspluataciisas 

nulovan gamtarSi deni izRudeba fazuri nominaluri denebis 25%-iT.  

Tu transformatorebis gragnilebis SeerTebis sqema aris Δ/Y0 pirvelad 

gragnilSi ukve SeiZleba gadiodes nulovani mimdevrobis denebi ganpirobebuli 

fazuri denebis uTnabrebobiT da  iwveven fazuri Zabvebis damaxinjebas.  

transformatorebSi gragnilebis SeerTebis sqemiT Y/Zo nulovani mimdevro-
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bis denebi ar qmnian Zabvebis fazuri sistemis did damaxinjebas, radganac es 

denebi magniturad gawonasworebuli aris yovel Reroze TviTon zigzagad Seer-

Tebuli gragnilis farglebSi.  

SeerTebebi Δ/Y0, Y/Zo SeiZleba rekomendirebul iqnas datvirTvis ,niSvnelo-

vani arasimetriis dros, radganac aseTi sqemebiT SeerTebebis dros nulovani 

mimdevrobis winaaRmdegobebi naklebia vidre Y/Y0  SeerTebisas. 

cxrilSi moyvanili aris Zalovan transformatorebSi simZlavris kargve-

bis damokidebuleba arasimetriis koeficientisagan. 
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ΔP2, ვტ   

(k2V=2%) 

ΔP2, ვტ   

(k2V=4%) 

ΔP2, ვტ   

(k2V=6%) 

TM-25 25 6-10 4,5 0,60 118 474 1062 

TM-40 40 6-10 4,5 0,88 174 696 1566 

TM-63 63 6-10 4,5 1,28 253 1012 2277 

TM-100 100 6-10 4,5 1,97 389 1556 3438 

TM-160 160 6-10 4,5 2,65 523 1092 4707 

TM-250 250 6-10 4,5 3,70 731 1924 6579 

TM-400 400 6-10 5,5 5,50 1086 4344 9774 

TM-630 630 6-10 5,5 7,60 1005 4020 9045 

 

mkvebavi Zabvis arasimetriis dros kondensatoruli danadgarebi araTanab-

rad itvirTeba reaqtiuli simZlavriT fazebis mixedviT, ris Sedegad saerTo 

reaqtiuli simZlavre icvleba, praqtikulad pirdapiri mimdevrobis Zabva Nnomi-

nalur Zabvaze SeiZleba iyos meti an naklebi. amitom sesaZlebelia generirebu-

li reaqtiuli simZlavris rogorc gazrda aseve Semcireba. amis gamo ufro dat-

virTuli fazis kondensatorebSi  kargvebis mniSvnelobam SeiZleba mniSvnelov-

nad gadaaWarbos nominalurs, rac iwvevs kondensatorebis samsaxuris vadis Sem-

cirebas. unda aRiniSnos, rom praqtikaSi gamoyenebuli kondensatorebis bataree-

bi Zabv ebis mniSvnelovani arasimetriis pirobebSi ufro amZimeben  suraTs, te-

vaduri elementebis uaryofiTi maregulirebeli efeqtis gamo. 

unda aRiniSnos, rom normatiul dokumentebSi [4] ar aris gaSuqebuli ise-

Ti mniSvnelovani sakiTxi, rogoricaa  sxva da sxva mimdevrobis Zabvebs Soris 

fazuri Zvris Sefaseba da kontroli. eleqtromomaragebis sistemebis eqsplua-

taciis dros am parametris kontroli da statistikuri damuSaveba SesaZleblo-

bas mogvcems: jer erTi gamovavlinoT arasimetriis sistematuri mdgeneli da 

,Sesabamisad, sistemaSi arasimetriis wyaro, xolo meore, movniSnoT da efeqtu-

rad gavataroT RonisZiebebi simetrirebisaTvis da, mesame, ufro srulad Sevafa-

soT arasimetriis gavlenis xarisxi danadgarebis muSaobaze. 
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ABOUT THE VOLTAGE ASYMMETRY EFFECTS IN POWER SUPPLY NETWORK 

Tsereteli K., Pirosmanishvili G. 

Georgian Technical University 

Summary 

It’s discussed the impact of the asymmetry voltage on power supply network elements and users. It’s shown 

that the losses caused by the asymmetry of the network elements are quadratically depended on the level of 

symmetry. It’s indicated the increased data of  losses caused by the voltage asymmetry in non-synchronous engines.  

It’s mentioned how is decreased the service life of asynchronous engine while asymmetric power network.  It’s indi-

cated that voltage asymmetry with the asymmetry coefficient 0.1 causes the reduction of service life of isolation in 

transformers by 16%,   at the same time leads to a distortion of the voltage and the additional voltage loss. It’s dis-

cussed the schemes of transformer windings connection in terms of zero-sequence current pack. In time-table it’s 

mentioned the dependence of power losses in powerful transformers from asymmetry coefficient.  It’s noted that it’s 

necessary to be evaluated and controlled the phase shift between the different sequences of voltage during the opera-

tion of  power supply systems.  
 

 

 

 

 

erTeuli simZlavris Sesabamisi  wylis xarjis dadgena naturuli 

gazomvebiT, baxvi 3 hesis muSaobis sxvadasxva reJimSi. 

 

lomiZe i., xeliZe g., CubiniZe z., samsonaSvili p. 
saqarTvelos teqnikuri universiteti. 

 
baxvi 3 hesis muSaobis sxvadasxva reJimSi xvedriTi wylis xarjis sididisdasadge-

nadhesis sadawneo auzSi saderivacio arxis gamosasvlel kveTSi daniSnulisazomi gas-
worisfiqsirebuli oTxi siCqaruli vertikalis sam-sam wertilSi hidrometruli mila-
kiTganxorcielda nakadis adgilobrivi siCqareebis gazomva. hesis wylis xarji ganisaz-
Rvra sadawneo auzSi Semosul da wyalsagdebiT gatarebul wylis xarjebs Sorissxvao-
biT. es ukanaskneli gaangariSda wyalsaSvis damokidebulebebiT naturaSi gazomili daw-
nevis mixedviT. dadginda xvedriTi wylis xarjis sidideebihesis muSaobis sxvadasxva re-
JimisTvis.  

 
mcire hesebis energoefeqturobis gansazRvrisaTvis, rogorc wesi, gamoiye-

neba dadgmuli simZlavriT wlis ganmavlobaSi muSaobis saaTebis raodenoba. 

amasTan erTad, mniSvnelovania iseTi energetikuli maxasiaTebeli, rogorocaa 1 

kvt simZlavris misaRebad moxmarebuli wylis xarjis sidide-wylis xvedriTi 

xarji. es sidide sakmao sisruliT axasiaTebs wyaldenis gamoyenebis efeqturo-

bas bunebriv CamonadenTan mimarTebaSi, rac saboloo angariSiT hesis rentabe-

luri muSaobis arsebiTi faqtoria. aqedan gamomdinare, hesis normaluri muSao-

bis uzrunvelsayofad moxmarebuli wylis Camonadenis aRricxvas gansakuTrebu-

li yuradReba unda mieqces. vinaidan, mcire hesebze personalis raodenoba Sez-

Rudulia, amitom sasargeblod moxmarebuli wylis Camonadenis permanentuli  

naturuli gazomvebis warmoeba rTulia. aRniSnulis kompensacia  SesaZlebelia 
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hidroturbinebiT gatarebuli wylis xarjis instrumentuli gazomviT hesis 

sxvadasxva reJimSi muSaobisas da Sesabamisi Teoriuli damokidebulebis dadge-

niT moxmarebul wylis xarjebis sidideebs da hesis simZlavres Soris, rac he-

sis saeqspluatacio  personals saSualebas miscems mudmivad akontrolos hesis 

wylis xarji simZlavris Sesabamisad, xolo maTi Seusabamobis SemTxvevaSi gana-

xorcielos saTanado RonisZiebebi. 

zemoT miTiTebulis mixedviT, Cvens mier ganxorcielda wylis xarjebis in-

strumentuli gazomva baxvi hesis muSaobis sxvadasxva reJimSi. 

baxvi 3 hesi md. baxviswylis Camonadenze  momuSave derivaciuli hidroe-

leqtrosadguria, romlis SemadgenlobaSi Sedis: wyalsaSviani kaSxali, saderi-

vacio arxi, sadawneo auzi wyalsagdebi RariT, saturbino milsadeni, hesis Seno-

ba, gamyvani arxi. 

vinaidan, saderivacio arxidan wylis filtracias adgili ara aqvs, amitom 

wylis xarjebis gansazRvrisaTvis aucilebeli adgilobrivi siCqareebis gazom-

vis mizniT baxvi 3 hesis saderivacio arxis gamosasvleli kveTi SerCeuli iqna 

sazomi gasworis saxiT. gasworSi  nakadis ganivi  kveTi wylis moZraobis mimar-

Tulebis perpendikularulia. nakadis cocxali kveTis or mezobel vertikals 

Soris wylis xarjebis gansazRvrisaTvis gamoyenebul iqna e.w. „a.p. braslavskis“  

saangariSo formula [1]: 

udid.KQ  (1) 

sadac, aris cocxali kveTis farTobi or mezobel siCqarul vertikals 

Soris, m2; udid. - ori mezobeli siCqaruli vertikalis saSualo siCqareebs Soris 

udidesi, m/wm;K  - koeficienti, romelic ganisazRvreba udid.umcir.  /n   fardobis 

mixedviT  [1]; umcir.  -  ori mezobeli siCqaruli vertikalis saSualo siCqareebs 

Soris umciresi, m/wm. 

 mTliani wylis xarji ganisazRvreba, rogorc kerZo (mezobel siCqarul 

vertikalebs Soris) wylis xarjebis jami:. 

udid.,

1

ii

m

i KQ      (2) 

sadac,, m aris siCqaruli vertikalebis raodenoba. 

 aRniSnuli meTodiT wylis xarjis gansazRvrisaTvis sakmarisia nakadis 

siCqaris gazomva 3-5 vertikalze, amasTan maqsimaluri cdomileba ar aWarbebs 

4,4%-s [1]. 

 Cvens SemTxvevaSi saSualo siCqare TiToeul siCqarul vertikalze gani-

sazRvreba empiriuli formuliT  [1]: 

 8,06,02,0 225,0 uuu vert. (3) 

sadac,, 8,06,02,0 ,, uuu aris mocemul vertikalze wylis siCqareebi gazomili Se-

sabamisad wylis Tavisufali zedapiridan0,2 H , 0,6 H  და 0,8 H siRrmezeH - wylis 

siRrme mocemul vertikalze. 

 TiToeuli vertikalis calkeul wertilebSi wylis adgilobrivi siCqaris 

gasazomad gamoyenebuli iqna hidrometriuli („pitos“) milaki, romlis moqmedeba 

dafuZnebulia  siCqaruli dawnevis sididis gansazRvraze Semdegi formuliT: 
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ghu 2 (4) 

სადაც,  aris  Semasworebeli koeficienti, romelic iTvaliswinebs milakis 

mimRebi nawilis formas, nakadis moZraobis reJims da sxva faqtorebs. Cvens Sem-

TxvevaSi =1; h - siCqaruli dawnevis sidide, m.  mocemul wertilSi igi ganisaz-

Rvreba, rogorc sxvaoba milakSi wylis donis awevas da nakadSi wylis  dones 

Soris;g =9,81 m/wm2 - Tavisufali vardnis aCqareba. 

gasworSi wylis dinebis adgilobrivi siCqareebis gazomva warmoebda hesis 

hidroturbinebis mimmarTveli aparatis gaRebis sxvadasxva sidideebisaTvis (hid-

roagregatebis sxvadasxva simZlavrisaTvis) 4 vertikalze zemoT moyvanilis Se-

sabamisad.  

unda aRiniSnos, rom sadawneo auzidan sadawneo milsadenSi miwodebuli 

wylis xarji hesis muSaobis sxvadasxva reJimSi regulirdeba sadawneo auzSi 

mowyobili wyalsagdebi Raris saSualebiT. am ukanaskneliT gatarebuli wylis 

xarji ganisazRvra Teoriuli gziT, wyalsagdebis qimze faqtobrivi dawnevis si-

didis gazomvis Sedegebze dayrdnobiT. saturbino milsadenSi miwodebuli 

wylis xarji ganisazRvreboda, rogorc sxvaoba sadawneo auzSi Semosul da 

wyalsagdebi RariT gatarebul wylis xarjebs Soris. 

sadawneo auzis wyalsagdebi Raris TiToeuli mxaris gamtarunariano-

ba( iQ yals.,sad.auz..w ,m3/wm)ganisazRvreba formuliT [2]: 

2

3

. 2 HgmbQ als.sad.auz.wy (5) 

sadac, m ariswyalsaSvis xarjis koeficienti, romelic  gamoiTvleba wyal-

saSvis zRurblis saxeobis mixedviT [2]: 

Txelkedliani wyalsaSvisaTvis   67,0/ H pHm /054,0402,0  ,  

praqtikuli, marTkuTxa moxazulobiswyalsaSvisaT-

vis   2/67,0  H  /183,07,042,0 Hm  [2];farTozRurbliani wyalsaSvisaT-

vis   10/2  H 32,0m [3];aq  =0,40 m aris  wyalsaSvis qimis sisqe; b =5,95 m - 

wyalsaSvebi frontis sigane Raris  TiToeuli mxridan; p =1,2 მ- wyalsaSvis qimis 

simaRle zeda biefis mxridan; H  - dawneva wyalsaSvze, m.  

 gaangariSebis Sedegebi hesis muSaobis sxvadasxva reJimebisaTvis moyvani-

lia cxrilSi 1. 

cxrili 1. 

rigiTi № hesis simZlavre, 

kvt 

sadawneo auzSi 

modinebuli 

wylis xarji, 

m3/wm 

sadawneo auzis 

wyalsaSviT gada-

dinebuli wylis 

xarji, m3/wm 

hesisaTvis 

miwodebuli 

wylis xarji, 

m3/wm 

1 kvt-is 

Sesabamisi 

wylis xar-

ji, 

m3/wm/kvt 

1 2 3 4 5 6 

1 9000 5,72 0,08 5,64 0,00063 

2 7900 5,94 0,56 5,38 0,00068 

3 6590 5,9 1,21 4,69 0,00071 

4 5500 5,75 1,8 3,95 0,00072 

5 4120 5,74 2,53 3,21 0,00078 

6 2000 5,96 4,69 1,27 0,0006 
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am  cxrilis me-2 svetSi mocemuli hesis simZlavreebis mniSvnelobebi See-

sabameba marTvis farze mowyobili vatmetris Cvenebas. me-6 svetSi  moyvanilia 

wylis xvedriTi xarjebis sidideebi  (m3/wm/kvt) hesis muSaobis sxvadasxva reJim-

Si. rogorc Cans, hesis simZlavris SemcirebasTan erTad izrdeba hesis xvedriTi 

xarji, rac mocemul reJimSi xangrZlivad muSaobis mizanSeuwonlobaze miuTi-

Tebs. rac Seexeba amave cxrilis me-6 svetis da me-6 stroqonis kveTaSi mocemul 

sidides 0,0006 m3/wm/kvt, am SemTxvevaSi (hesis wylis xarji 1,27 m3/wm) muSaobs 

mxolod№2 hidroagregati. 

naxazze 1 wiTeli mrudi asaxavs gazomvebis Sedegad miRebul hesis sim-

Zlavreebs (N) da wylis xarjebs (Q) Soris damokidebulebas,  cisferi mrudi -  

simZlavreebs da gazomil hesis wylis xarjebs Soris Teoriul damokidebule-

bas. es ukanaskneli gamoisaxeba Semdegnairad:Q=-0,0472N2+1,1638N-0,9162. sxvaoba 

wylis xarjebis gazomil da Teoriul sidideebs Soris ar aWarbebs 5,7%-s. 

 

 
nax. 1. wylis xarjis damokidebuleba  simZlavrisagan. 
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ESTABLISHING WATER CONSUMPTION VIA NATURAL MEASUREMENTS WORKING  

OF BAKHVI 3 IN VARIOUS REGIMES 

Lomidze I., Khelidze G., Chubinidze Z., Samsonashvili P. 

Georgian Technical University 

Summary 

As number of employees are limited at small hydro power, the measurement of the permanent natural water 

consumption is difficult. The conception of the said is possible via instrumental measurement of water consumption, 

working in various regimes and establishing proper theoretical approach between consumed water and hydro power, 

that will give opportunity to the staff to control water consumption constantly and in case their inconsistency to take 

proper measures. According to the said, we have instrumentally measured water consumption, working in various 

regimes of Bakhvi 3. With this aim, hydrometer alignment was appointed at hydro power tank, at exit of derivation 

channel, where 4 speed vertical were fixed and at three points local speed of water was measured via hydrometer tu-

bule, in various regimes of hydro power working. The water consumption provided to hydro power was defined as 

the difference between water consumption flow in the pressure tank and flow out via spillway chute. The latter was-

defined by spillway approach according to the pressure measured in depiction. Water consumption properties were 

established. The following theoretical approach between hydro power properties and water consumption of hydro 

power was established:Q=-0,0472N2+1,1638N-0,9162. 
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saqarTveloSi arsebuli energoresursebis aTvisebis potencialuri 

mimarTulebani 

 

veziriSvili-nozaZe q, fancxava e, papava l, jixvaZe m, razmaZe m, mWedliZe q. 
saqarTvelos teqnikuri universiteti    

 
saqarTvelos energetikis saministros mier energetikuli seqtoris ganviTarebis pirve-
li grZelvadiani strategiis dokumentis proeqti gamoqveynda. statiaSi ganxilulia is 
ZiriTadi gamowvevebi, romelTa winaSec energetika dgas. 
 

warmodgenil proeqtSi strategiuli ganviTarebis xedva dakavSirebulia 

saqarTvelos energousafrTxoebisa da energodamoukide-blobis gaZlierebas-

Tan.garda amisa mniSvnelovania, rom saministros mier gamoqveynebul dokumentSi 

mkafiod aris gansazRvruli evrokavSirTan daaxloebis procesSi arsebuli 

energetikuli resursebis aTvisebis SesaZleblobani. Aam CarCos mixedviT upria-

nia ganvixiloT saqarTvelos energopotenciali.  

     Cveni qveynis energetikul resursebs Soris pirveli adgili hidroe-

nergoresursebs ukavia. rogorc sxvadasxva kvlevebis safuZvelze gamoikveTa, 

qveynis ZiriTad mdinareTa ekonomikurad mizanSewonili wliuri potenciali, da-

axloebiT 40 miliardi kvt/sT-iTaa Sefasebuli. [1] amave monacemebiT saqarTve-

los mdinareTa mxolod 20 %-ia aTvisebuli (2.8 aTasmgvt-mde). gaTvaliswinebu-

lia, rom hidroenergoresursebi saqarTvelos teritoriaze araTanabradaa gada-

nawilebuli. maTi 72% dasavleT saqarTveloze modis, xolo aRmosavleTze - 

mxolod 28%. energetikuli resursebis mqone mdinareebidan gansakuTrebiT engu-

ri, rioni da mtkvari gamoirCeva, romelTa auzebSi ganlagebulia arsebuli hese-

bis mniSvnelovani nawilic. 

     saqarTvelos mdinareebis udidesi nawili mkveTri sezonurobiT xasi-

aTdeba, rac gazafxuli-zafxulis periodSi wyaluxvobiT da Semodgoma _ zam-

TarSi wyalmarCxobiT gamoixateba; amitom maTi potencialis efeqtianoba sxva-

dasxva tipis hesebis mSeneblobiT aris SesaZlebeli, sadac mdinaris bunebriv 

reJimze zegavlena minimaluri iqneba da moxdeba bunebrivi da xelovnuri siste-

mebis Tanaarsebobis srulyofa-ganviTareba.  

     saqarTveloSi amJamad xorcieldeba saerTaSoriso proeqti, romelic 

norvegiis samefos sagareo saqmeTa saministros grantiT finansdeba. Mmis mizans 

warmoadgens saqarTvelos mdinareebis auzebis Seswavlisa da Sefasebis safuZ-

velze potenciuri hidroeleqtrosadgurebis identificireba. Pproeqtis far-

glebSi ganxorcielda arsebuli hidrologiuri  da meteorologiuri, istoriu-

li monacemebis cifrulformatSi gadayvana, Sevseba. rogorc saboloo Sedegi 

GIS sistemis safuZvelze Seiqmneba saqarTvelos teritoriaze arsebuli mdinare-

ebis cifruli ruka, romelzec datanili iqneba informacia potenciuri hidro-

sadgurebis savaraudo monacemebis Sesaxeb: koordiantebi, simZlavre, gamomuSave-

ba da mSeneblobisaTvis saWiro investiciis odenoba. 

 Bbolo periodSi sul ufro aqtiurad ganixileba qaris energiis gamoyene-

bis proeqtebis dagegmareba. saqarTvelos energetikis saministrosa da energeti-

kis ganviTarebis fonds muSaoba ukve dawyebuli aqvT da wlis bolomde saqar-

Tvelos energetikul balansSi pirveli qarisgan warmoebuli energiac gaCndeba: 

goris municipalitetis teritoriaze qaris eleqtrosadguris dadgenili sim-
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Zlavre 20 megavatia. 

 kvlevebis Tanaxmad, [1] saqarTvelos qaris mniSvnelovani potenciali gaaC-

nia. Yyvelaze xelsayreli teritoriebi qaris eleqtrosadgurebisTvis kavkasiis 

maRalmTiani zonaa, samxreT saqarTvelos zegani (javaxeTis regioni)  da Saviz-

RvispireTis samxreTi nawili. Qqaris muSa siCqare am midamoebSi 1400-7100 saaTam-

de meryeobs. ramdenime perspeqtiul moednad qarisTvis SeiZleba ganvixiloT 

foTis, quTaisis, rusTavis, Tbilisis, rikoTis uReltexilisa (mTa sabueTi) da 

mdinare Woroxis mimdebare teritoriebi. Qqaris energiis saSualo wliuri po-

tenciali 4 trvt-iT, xolo dadgmuli simZlavre 1500 mgvt-iTaa Sefasebuli.[2] 

     saqarTvelos geografiuli mdebareobidan gamomdinare, mzis efeqturi 

da xangrZlivi gamosxiveba sakmaod maRalia. qveynis umetes nawilSi, mzis naTe-

bis wliuri xangrZlivoba daaxloebiT 1900-2200 saaTia. amasTan, muSa saaTebis 

raodenoba zamTarSi 10-15%-s, xolo zafxlSi 30-35%-s Seadgens. mzis jamuri 

wliuri radiacia  regionebis mixedviT 1300-2500 kvt.sT/mg diapazonSi meryeobs. 

cxel periodSi mzis pirdapiri radiaciis mixedviT, saqarTvelos teritoria da-

yofilia 14 raionad, aqedan mzis energiis misaRebad yvelaze perspeqtiulia io-

ris zegani, xolo yvelaze naklebad perspeqtiuli - Savi zRvis sanapiro. mzis 

energiis sruli wliuri potenciali saqarTveloSi 34 aTasi tona pirobiTi saT-

bobis ekvivalenturia. 

      miuxedavad imisa, rom mTagorian adgilebSi mdebare, Znelad misas-

vleli da mcired dasaxlebli soflebis energiiT momaragebisaTvis saqarvelos 

pirobebSi  optimalur variants mzis energiis fotoeleqtruli gardamqnelebis 

bazaze momuSave avtonomiuri mikroeleqtrosadgurebi warmoadgens, qveyanaSi 

mzis potenciali mcired aris aTvisebuli. 

      saqarTvelos teritoriaze dReisaTvis aRricxlia 60-1100C Termuli 

wylis 300-mde gamosavali jamuri debitiT 230-270 mln. m3 weliwadSi, rac poten-

ciurad Seesabameba 1.8-2.3 mlr. tpss. geoTermuli wylebis siTbo Seucvlelia sa-

yofacxovrebo - komunalur seqtorSi, soflis meurneobis sxvadasxva dargebis 

da teqnologiuri procesebis siTbo-siciviT momaragebisaTvis. miuxedavad amisa 

saTbob-energetikul balansSi geoTermuli energiis wilma  2015 wels mxolod 

2.3 %-i Seadgina. 

 biogazi-romlis Tbounarianoba 25 megajouli/m3-ia SesaZlebelia gamoyene-

buli iqnas rogorc Tburi, aseve eleqtroenergiis misaRebad. biogazidan SesaZ-

lebelia agreTve sinTezuri Txevadi sawvavis warmoeba. biogazis warmoebis teq-

nologiebi gamoirCeva simartiviTa da siiafiT wiaRiseuli sawvavis mopovebis 

teqnologiebTan SedarebiT . 

 daskvna:  qveyanaSi saerTaSoriso da adgilobrivi organizaciebis mier Ca-

tarebuli samecniero-kvleviTi samuSaoebis analizidan Cans, rom saqarTvelos 

ganaxlebadi, aratradiciuli energiis  resursebis didi maragi gaaCnia: iqneba 

es hidro, mzis, qaris, geoTermuli wylebis Tu biogazis alternatiuli resur-

si. mca dRemde miRebuli ar aris maTi aTvisebis mxardamWeri kanonebi, amitomac 

am resursebis gamoyenebis done amJamad Zalian dabalia da es xdeba maSin, roca 

Cveni qveyana yovelwliurad 300 mln. laris bunebriv airis yidulobs ucxoeTSi. 

saqarTveloSi moxmarebuli bunebrivi airis 50% ki ixarjeba dabalpotenciuri 

Tburi energiis  (40-1500C) misaRebad, gaTbobisa da cxelwyalmomaragebis uzrun-

velyofis mizniT. swored am segmentis Canacvlebaa upriani alternatiuli re-
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sursebiT, rac milionobiT tona ZviradRirebul importirebul nedleuls da-

zogavs da arc garemos daabinZrebs. Cveni azriT, aucilebelia Catardes fnda-

menturi samuSaoebi am sferoSi, raTa gadaiWras sakanonmdeblo, ekonomikuri, sa-

mecniero-teqnikuri, informaciuli da fsiqologiuri barierebi, rac xels uS-

lis da amuxruWebs am metad aqtualur, qveynisTvis sasicocxlod aucielebel 

axal mimarTulebebs. 
 

literatura: 
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POTENTIAL DIRECTIONS OF MASTERING EXISTENT ENERGY RECOURSES IN GEORGIA. 

Vezirishvili-Nozadze K., Pantskhava E.,  Papava L., Jikhvadze M., Mchedlidze K. 

Georgian Technical University 

Summary 

The Ministry of energy of Georgia has published the first long-term project strategy document about develop-

ment of the energy sector. in the article, the major problems of Energetics are discussed 

 
 

 

 

 

 

aratradiciuli, ganaxlebadi resursebi _  

ekologiuri problemebis gadaWris alternativa 

 
veziriSvili-nozaZe q., Jordania ir., nozaZe T., mirianaSvili n., lomsaZe z., 

wowonava-durgliSvili T. 
saqarTvelos teqnikuri universiteti  

 
gaanalizebulia msoflioSi organuli saTbobis dawvis Sedegad garemoze miyene-

buli ekologiuri zianis gamomwvevi mizezebi. naCvenebia, rom organuli saTbobis dawvis 
Sedegad garemoze miyenebuli ekologiuri zianis Semcirebis erT-erTi perspeqtiuli mi-
marTulebaa aratradiciuli, ganaxlebadi energoresursebis farTod gamoyeneba Tburi 
da eleqtruli energiis misaRebad.                    

 
cnobilia, rom saqarTvelos, qvanaxSiris garda, ar gaaCnia sxva wiaRiseuli 

saTbobis mniSvnelovani maragebi.  

qveynis ekonomikas seriozul tvirTad awevs navTobproduqtebisa da buneb-

rivi airis importi, romlis fasebi msoflio bazarze sakmaod maRalia da amave 

dros arastabiluria. aseT viTarebaSi ki qveynis energousafrTxoeba mniSvnelo-

vanwilad damokidebulia gare faqtorebze, rasac emateba agreTve globaluri 

daTbobis Sedegad gamowveuli klimatis cvlilebis gamo gaxSirebuli ekologi-

uri katastrofebi. 

2013 wels energiis wliurma moxmarebam msoflioSi gadaaWarba 145103 mlrd. 

kvtsT-s. imave periodSi, energiis wliurma moxmarebam saqarTveloSi Seadgina 

daaxloebiT 3,7 mln t.n.e. anu 42,3 mlrd. kvtsT, rac msoflio moxmarebis 0,03%-

ia. 
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eleqtroenergiis wliurma moxmarebam msoflioSi 2013 wels Seadgina 22,5103 

mlrd. kvtsT. imave periodSi eleqtroenergiis wliurma moxmarebam saqarTvelo-

Si Seadgina 9,1 mlrd. kvtsT, rac msoflio moxmarebis 0,04%-ia. energiis wliuri 

moxmarebidan eleqtroenergiis moxmarebis wilma msoflioSi Seadgina 15,5%, xo-

lo saqarTveloSi _ 21,5%.  

msoflioSi moxmarebuli eleqtroenergiis daaxloebiT 60% gamomuSavdebo-

da organul saTbobiT momuSave TboeleqtrosadgurebSi, saidanac, aRniSnuli 

saTbobis dawvis Sedegad, garemoSi, wvis produqtebTan erTad didi odenobis 

naxSirorJangi (CO2) gamoityorcneba, romelic planetaze “saTburis” efeqts ga-

momwvevi mizezia.  

1900-1950 wlebSi atmosferoSi gamotyocnili CO2-is raodenoba 300 mln to-

nidan 1200 mln tonamde gaizarda. drois am monakveTSi garemoSi gamotyorcnili 

naxSirorJangis odenoba weliwadSi saSualod 18 mln toniT anu 2%-iT izrdebo-

da.  

1950-1970 wlebSi, romelic emTxveva meore msoflio omis damTavrebisa da 

kacobriobis mSvidobiani ganviTarebis periods, msoflio bazarze organul saT-

bobis dabali fasis gamo mniSvnelovnad gaizarda misi moxmareba, ramac gamoiw-

via atmosferoSi naxSirorJangis raodenobis momateba _ 1200 mln tonidan 4000 

mln tonamde. drois am monakveTSi atmosferoSi gamotyorcnili naxSirorJangis 

odenoba weliwadSi saSualod 140 mln toniT anu 5%-iT matulobda. 

1970-2000 wlebSi CO2-is emisia atmosferoSi 4000 mln tonidan 8000 mln to-

namde gaizarda. drois am monakveTSi garemoSi gamotyorcnili naxSirorJangis 

odenoba weliwadSi saSualod 133,3 mln toniT anu 3,3%-iT matulobda. es perio-

di emTxveva gasuli saukunis 70-ian wlebSi msoflioSi energetikuli krizisis 

dasawyiss, rodesac msoflio bazarze daiwyo navTobproduqtebisa da bunebrivi 

airis gaZvireba.  

am procesebma xeli Seuwyo energiis ganaxlebadi, aratradiciuli resurse-

bis intensiur aTvisebas da axali energodamzogi sistemebis Seqmnis stimulire-

bas. Sedegad, marTalia drois aRniSnul monakveTSi (1970-2000 ww.) organuli saT-

bobis moxmareba gaizarda, miuxedavad amisa misi saSualo wliuri moxmareba da 

Sesabamisad atmosferoSi CO2-is emisia weliwadSi 5%-dan 3,3%-mde Semcirda. 

Tu davuSvebT, rom msoflioSi energiis moxmarebis zrdis amJamindeli tem-

pi SenarCundeba (didi albaTobiT ki gaizrdeba kidec, rac ganpirobebulia 

upirvelesad mosaxleobis raodenobis zrdiT planetaze), dedamiwaze globalu-

ri daTbobis Sedegad da “saTburis” efeqtis gaZlierebis gamo, rac gamowveulia 

atmosferoSi CO2-is emisiis matebiT, ekologiuri katastrofebi gardauvali iq-

neba. am katastrofebis Sedegad miyenebuli zianis aRdgena kacobriobas amJamad 

weliwadSi daaxloebiT 300 mlrd. aSS dolari ujdeba. 

sakiTxis ganxilvisas aucilebelia iTqvas, rom ekologiurad sufTa ener-

giis iseTi wyaro, romelic zians ar miayenebs garemos, ar arsebobs. amitom, 

energetika da misi ganviTarebis perspeqtivebi yovelTvis unda iyos im saxelmwi-

fo Tu sazogadoebrivi organizaciebis yuradRebis qveS, romlebic sistematur 

kontrols axorcieleben garemos ekologiur mdgomareobaze. 

sul ufro srulyofili xdeba energiis miRebisa da misi gardaqmnis Tana-

medrove teqnologiebi, romelTa gamoyenebis Sedegadac kacobrioba, gazrdili 
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moTxovnilebebis dasakmayofileblad, gacilebiT nakleb bunebriv resurs moix-

mars da Sesabamisad ufro naklebad daabinZurebs garemos. 

ekosistemis dacvisa da bunebrivi resursebis racionalurad gamoyenebis 

strategiis SemuSaveba, misi prioritetuli mimarTulebebis gansazRvrisa, Tana-

medrove, ekologiurad sufTa teqnologiebis danergva, saqarTvelos ekonomiku-

ri potencialis zrdis erT-erTi aucilebeli pirobaa. 

qveyanas gaaCnia energiis ganaxlebadi resursebis (hidro-, mze, qari, geo-

Termuli wyali, biomasa) mniSvnelovani potenciali, Tumca dRemde ar aris miRe-

buli maTi aTvisebis mxardamWeri kanoni. am resursebis gamoyenebis done amJamad 

Zalian dabalia da es xdeba maSin, roca Cvenma qveyanam 2013 wels 300 mln laris 

bunebrivi airi iyida ucxoeTSi (1,9 mlrd. Kkuburi metri anu 17 mlrd. kvtsT). 

saqarTveloSi moxmarebuli bunebrivi airis 50% ixarjeba dabalpotenciuri 

Tburi energiis (40-150C) misaRebad, gaTbobisa da cxeli wyalmomaragebis proce-

sebis gansaxorcieleblad. 

saqarTvelos mosaxleobis energouzrunvelyofisaTvis bolo 20 welia da-

axloebiT 5 mln kuburi metri saSeSe xe-tye iWreba weliwadSi, maSin roca tyee-

bis potenciali imis saSualebas iZleva, rom weliwadSi mxolod 1 mln kuburi 

metri SeSa moiWras. mxolod am SemTxvevaSi SeiZleba tye CaiTvalos ganaxlebad 

resursad. 

energiis ganaxlebadi resursebis intensiuri aTvisebis mizniT aucilebe-

lia gadailaxos Semdegi tipis barierebi: sakanonmdeblo; ekonomikuri; samecnie-

ro-teqnikuri; informaciuli da fsiqologiuri. 

cxrilSi 1 warmodgenilia saqarTvelos energiis ganaxlebadi wyaroebis 

(egw) potenciali. 

                                                          cxrili 1 

saqarTvelos energiis ganaxlebadi wyaroebis potenciali 

 

egw-s saxeoba Teoriuli potenciali 
teqnikuri potencia-

li 

ekonomikuri poten-

ciali 

mcire hesebi 40 mlrd. kvtsT 20 mlrd. kvtsT 5 mlrd. kvtsT 

qaris energia  1300 mlrd. kvtsT 35 mlrd. kvtsT 4-5 mlrd. kvtsT 

mzis energia 10104 mlrd. kvtsT 5-10 mlrd. kvtsT 2-3 mlrd. kvtsT 

geoTermuli energia  1,3 mlrd. kvtsT 0,6-0,7 mlrd. kvtsT 

biomasa  10 mlrd. kvtsT 2-3 mlrd. kvtsT 

jami  74 mlrd. kvtsT 15 mlrd. kvtsT 

       

 cxrilidan Cans, rom egw-s ekonomikuri potencialis 30%-iT aTvisebis Sem-

TxvevaSi qveynis saTbob-energetikul kompleqsSi weliwadSi daizogeba moxmare-

buli energiis daaxloebiT 10%. 

daskvna: saqarTveloSi saTbob-energetikuli kompleqsis dRevandeli mdgomareo-

bis gasaumjobeseblad da gamwvavebuli ekologiuri situaciis gamosasworeb-

lad aucilebelia gatardes Semdegi RonisZiebebi:  
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- SemuSavdes saxelmwifo samecniero-teqnikuri programa “energetika da 

ekologia”, romlis erT-erTi ZiriTadi nawili iqneba aratradiciuli, ganaxle-

badi energetikuli resursebis gamoyeneba Tburi da eleqtruli energiis misaRe-

bad; 

- daixvewos amJamad arsebuli sakanonmdeblo baza da parlamentis mier mi-

Rebul iqnas energiis ganaxlebadi wyaroebis aTvisebis mxardamWeri kanoni; 

- saqarTvelos mTavrobis mier dafinansdes is proeqtebi, romlebic dakav-

Sirebuli iqneba energiis ganaxlebadi resursebis aTvisebasTan. 
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NONTRADITIONAL RENEWABLE RESOURCES – THE ALTERNATIVE FOR ECOLOGICAL  

PROBLEMS’ SOLUTION 

Vezirishvili-Nozadze K.,.Zhordania Ir,.Mirianashvili N, Lomsadze Z., Nozadze T., Tsotsonava-Durglishvili T. 

Georgian Technical University  

Summary 

The causes of ecological damage arising from burning organic fuel in the World are analyzed in the article. One of 

the perspective ways for reducing such ecological damage is considered by the authors the using of non-traditional, 

renewable energy resources for receiving heat and electric power. 

 

                   
 

 

organuli (OLED) Suqdiodebi da maTi gamoyeneba Tanamedrove 

teqnologiebSi 

 

qaTamaZe i. nakaSiZe v. kapanaZe T. 
Aakaki wereTlis saxelmwifo universiteti  

 
statiis Sinaarsi exeba:  Tanamedrove organuli da araorganuli Suqdiodebis qi-

miur Semadgenlobas  da maTi gamoyenebis sferoebs. naSromSi ganxilulia OLED teqno-
logiebis dadebiTi da uaryofiTi mxareebi da maTi Semdgomi ganviTarebis perspeqtivebi. 
  

naxevargamtarebma mniSvnelovani revolucia ganicada ganaTebaSi. araorga-

nuli da organuli Suqdiodebi (inglisurad LED da  OLED) - es aris Sqdiodu-

ri sinaTlis ori wyaro, romlebmac mniSvnelovnad Caanacvla airganmuxti da 

luminescenciuri naTurebi. 

Suqdiodis LED naTurebis safuZvels warmoadgens araorganuli masalebi, 

romlebic uzrunvelyofen sinaTlis gamosxivebas. Suqdiodis gamosxivebis diapa-
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zoni mniSvnelovnad damokidebulia naxevargamtaris qimiur Semadgenlobaze. 

 cxrilSi N1 moyvanilia Suqdiodis feri, talRis sigrZis diapazoni, Zab-

vis vardna diodze da naxevargamtaris masala.  

                                                                                       cxrili 1 

Fferi 
talRis 

sigrZe(wm) 
Zabva (v) Nnaxevargamtaris masala 

infrawiTeli λ>760 Δ U <1.9 

galiumis arsenidi (GaAs); 

alumini- galiumis  

arsenidi (AlGaAs). 

wiTeli 610<λ<760 1.63<ΔU <2.03 

alumini- galiumis arsenidi 

(AlGaAs); 

galiumis arsenidi-fosfidi (GaAsP); 

alumini-galiumi-indiumis  

fosfidi (AlGaInP); 

galiumi(III) fosfidi (GaP). 

Nnarinjisferi 590<λ<610 2.03<ΔU <2.10 

galiumis fosfidi -arsenidi (GaAsP); 

alumini-galiumi-indiumis fosfidi 

(AlGaInP);galiumi (III) fosfidi (GaP). 

yviTeli 570<λ<590 2.10<ΔU <2.18 

galiumis arsenidi-fosfidi 

(GaAsP)fosfidi (AlGaInP) 

galiumi (III) fosfidi (GaP) 

 mwvane 500<λ<570 1.9[8]<ΔU<4.0 

indiumi-galiumis nitridi 

(InGaN);/galiumi(III) nitridi (GaN); 

galiumi(III) fosfidi (GaP);  

alumini-galiumi-indiumis  

fosfidi (AlGaInP;P; alumini-galiu-

mis fosfidi (AlGaP). 

Llurji 450<λ<500 2.48<ΔU <3.7 

TuTiis selemi (ZnSe); indiumi gali-

umis nitridi (InGaN); 

kaJbadis karbidi (SiC). 

iisferi 400<λ<450 2.76<ΔU<4.0 
indiumi-galiumis  

nitridi (InGaN). 

Mmewamuli 

Ramdenime 

speqtris 

naerTi 

2.48<ΔU <3.7 

ormagi: lurji/wiTeli diodi; 

lurji wiTeli luminoforiT, an 

TeTri mewamuli firfitebiT. 

Uultraiisferi λ<400 3.1<ΔU <4.4 

almasi (235 НМ); 

boris nitridi (215 НМ; 

aluminis nitridi (AlN) (210 НМ); 

alumini-galiumis nitridi (AlGaN); 

aluminis-galiumis-indiumis  

nitridi (AlGaInN) 

TeTri 
farTo 

speqtri 
ΔU≈ 3.5 

firuzisferi/ultraiisferi diodi 

luminoforiT; 

 

OLED-organuli Suqdiodi aris naxevargamtaruli xelsawyo, romelic or-

ganuli naerTebis meSveobiT efeqturad gamoasxivebs sinaTles masSi eleqtruli 

denis gavlisas. organuli naerTi umetesad Seicavs wyalbadis, Jangbadis, azo-

tis elementebs, ufro naklebad fosforsa da sxva kombinirebul liTonebs. 

https://ru.wikipedia.org/wiki/%D0%94%D0%BB%D0%B8%D0%BD%D0%B0_%D0%B2%D0%BE%D0%BB%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BB%D1%8C%D1%82%D0%B0_(%D0%B1%D1%83%D0%BA%D0%B2%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4#cite_note-8
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 axali teqnologia sinaTlis dargSi - organuli Suqdiodebi,  iZleva 

Tbil gafantul da amasTan energoefeqtur sinaTles. 

organuli Suqdiodebis (OLED) Sesaqmnelad iyeneben Txevadplastikur mra-

valSrian struqturas, romlebic Sedgenilia polimerebisagan. Tu anodze miva-

wodebT dadebiT Zabvas kadodis mimarT, eleqtronebis nakadi xelsawyoSi gaiv-

lis kaTodidan anodisken. amgvarad kaTodi awvdis eleqtronebs emisiur Sres. 

emisiuri Sre iRebs uaryofiT muxts, xolo gamtari Sre - dadebiTs. eleqtrone-

bi da xvrelebi eleqtrostatikuri Zalebis gavleniT erTmaneTis Sesaxvedrad 

gadaadgildebian da Sexvedrisas rekombinirdebian. es xdeba emisiuri Sris max-

loblad, radganac  organul naxevargamtarebSi xvrelebs ufro meti Zvradoba 

axasiaTebT, vidre eleqtronebs. rekombinaciis Semdeg eleqtronebi kargaven 

energias, rasac Tan axlavs fotonebis gamosxiveba (emisia) xiluli sinaTlis sa-

xiT. amitom am Sres uwodeben emisiurs (nax.1). 

 
OZiriTadi gamoyeneba OLED teqnologiebma hpoves monitorebSi,  agreTve Suq-

dizainSi, sastumroebisa da kerZo seqtoris dekorisaTvis, organuli Suqdiode-

bis Txevadplastikur mravalSriani struqtura mas moqnils da rbils xdis, ro-

melsac SeiZleba mieces nebismieri forma, misi es Tvisebebi gaxda dizainerebis-

Tvis saintereso. organuli Suqdiodebis Txeli da brtyeli forma iZleva avej-

Si, kedlebSi, Wersa Tu iatakSi maTi advilad integraciis saSualebas, risi 

miRwevac SeuZlebelia sinaTlis sxva wyaroebiT. moviyvanoT magaliTebi OLED-

inovaciebisa, romlebic ukve xelmisawvdomia bazarze:. 

• organul Suqdioduri modulebi Philips Lumiblade, romlebic aRWurvilia mTeli 

aucilebeli eleqtronikiTa da meqanikuri mowyobilobebiT sanaTebSi, avejsa 

da oTaxebis interierebSi CasaSeneblad; 

• interaqtiur ganaTebis instalaciebi organuli Suqdiodebis bazaze sastumros 

biznesisa da kerZo momxmareblebisaTvis; 

• pirveli OLED D- sanaTebi O O’Leaf (Philips Modular) da Edge (Established & Sons)  mom-

xmareblebisaTvis. 

organuli Suqdioduri tenologiiT damzadebuli monitorebi farTod gamo-

iyeneba biWvur telefonebSi, televizorebSi, GPS-navigatorebSi da a. S. 

arsenobs gansxvaveba organul Suqdiodur monitorebsa da plazmur da Txe-

vad kristalur  monitorebs Soris. 

plazmuri monitorebisagan  gansxvavebiT  organul Suqdiodur (OLED) moni-
torebs axasiaTebT: 
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• mcire zomebi da wona;  

• SedarebiT mcire energomomxmareblebi arian  gamosaxulebis igive sikaSkaSis 

dros; 

• SesaZlebelia ufro moqnili da didi zomis ekranebis Seqmna. 

 

Txevadkristaluri monitorebisgan  gansxvavebiT axasiaTebT: 
 

• mcire zomebi da wona; 

• gavrcelebis didi kuTxe - gamosaxuleba nebismieri kuTxidan Cans maRali xa-

risxiT; 

• xmas gamoscems myisierad da ufro swrafad, vodre Txevalkristaluri; 

• maRali kontrastuloba; 

• moqnili ekranebis Seqmnis SesaZlebloba; 

• muSa temperaturis didi diapazoni (−40 °C -dan +70 °C -de); 

• ar saWiroebs damatebiTi ganaTebis mowyobilobebs gamosaxulebis gaumjobese-

bis mizniT. 

 
organuli Suqdioduri monitorebi uzrunvelyofen gamosaxulebis sikaSka-

Ses ramdenime kd/m2-dan 100 000 kd/m2-de. agreTve didia maTi kontrastuloba, kon-

trastulobis koeficienti  warmoadgens 10 000:1, rac niSnavs, rom maT SeuZliaT 

TeTri feri gamosaxon 10 000-jer ufro mkveTrad, vidre Savi feri da rac ufro 

metia kontrastuloba, miT ukeTesia gamosaxulebis xarisxi. 

organuli Suqdiodebis naklad SeiZleba CaiTvalos  misi damzadebis maRa-

li Rirebuleba, rac xels uSlis mis masiur warmoebas. organuli Suqdiodebis 

kidev erTi,  mTavari problemaa uwyveti muSaobis dro - romelic unda iyos 

aranaklebi 15000 saaTze. amasTan, „wiTeli“ da „mwvane“ feris organul diodebs 

SeuZliaT uwyvetad imuSaon SedarebiT didxans, vidre „lurjs“. es droTaganmav-

lobaSi vizualurad amaxinjebs gamosaxulebas, Tumca unda aRiniSnos, rom 

dResdReobiT „lurji“ feris organuli Suqdiodis uwyveti muSaobis xangrZli-

voba Seadgens 2 wels - 17,5 aTas saaTs. 

miuxedavadLOLED teqnologiebis naklovanebebisa, misi ganviTareba gardau-

valia, is jer-jerobiT naklebad gavrcelebulia, magram misi unikaluri SesaZ-

leblobebi gvaZlevs imis varauds, rom OLED teqnologiebi sul male farTod 

daipyrobs adamianis saqmianobis araerT sferos. 
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ORGANIC LIGHT-EMITTING DIODES (OLED) AND THEIR USE IN MODERN TECHNOLOGIES 
Katamadze I., Nakashidze V., Kapanadze T. 

Akaki Tsereteli State University  

Summary 

The paper dwells on chemical composition of modern organic and inorganic light-emitting diodes and areas 

of their use. The paper describes advantages and disadvantages of OLED technologies and prospects for their further 

development.  

 

 

 

 

neto aRricxvis efeqtianoba da sargebeli hidroenergetikaSi 

 

nemswveriZe. m 
saqarTvelos teqnikuri universiteti 

 
Tanamedrove epoqaSi, rodesac energo-ekologiuri problemebi wina planzea wamowe-

uli didi mniSvneloba eniWeba ganaxlebadi energiis maqsimalur gamoyenebas. msoflios 
mraval qveyanaSi am mxriv danergilia bevri wamaxalisebeli meqanizmi Tu praqtika. 

statiaSi ganxilulia erT_ erTi aseTi iniciativis neto aRricxvis danergvis au-
cileblobis Sesaxeb hidroenergetikaSi, romelic mikro simZlavris eleqtrosadgurebis 
ganviTarebis tradiciul da farTod gavrcelebul politikas warmoadgens. misi mizania, 
mikro simZlavris eleqtrosadgurebis xelSewyoba saqarTveloSi.  

 

XXI saukuneSi msoflios mraval qveyanaSi da maT Soris saqarTveloSic 

cdiloben  energo _ ekologiuri usafrTxoebis gaumjobesebis mizniT gnaxleba-

di   energiis maqsimalur gamoyenebas. 

saqarTvelo sakmaod perspeqtiulia ganaxlebadi energiis aTvisebis mxriv, 

gansakuTrebiT ki mdidaria hidroenergoresursebiT. mas aqvs qaris, mzis, bioma-

sisa  da geoTermuli wylebis energiis potencialic, rac saSualebas iZleva, 

Seiqmnas damatebiTi simZlavreebi adgilobrivi da ucxouri investiciebis gan-

xorcielebiT. 

saqarTvelos mdidari hidroenergoresursi saSualebas iZleva aSendes  

aramarto didi hidroeleqtrosadgurebi, romelic arcTuise xelsayrelia eko-

logiuri TvalsazrisiT, aramed ufro efeqtiania mcire da mikro hesebis mSeneb-

lobac, rogorc finansurad aseve ekologiuri usafrTxoebis mxrivac. 

ganaxlebadi energiis ganviTarebis xelSewyobis saqmeSi msoflios mraval 

qveyanaSi danergilia bevri saintereso iniciativa, kerZod momxmareblis mier sa-

kuTari moxmarebis dakmayofilebisa da mikro simZlavris ganaxlebadi energiis 

wyaroebis ganviTareba saerTaSoriso doneze sxvadasxva wamaxalisebeli poli-

tikiT aris mxardaWerili.  

waxalisebis politika orientirebulia iqeTken, rom gamartivebuli wesiT, 

administraciuli Tu sxva saxis barierebis moxsniT, uzrunvelyos garkveuli 

SeRavaTiani pirobebis daweseba da momxmareblisaTvis sakuTari saxsrebiT an na-

wilobriv donoruli xelSewyobiT ganaviTaron sakuTari energiis wyaroebi da 

srulad an nawilobriv daikmayofilon  energomoTxovnileba.  

http://www.russianelectronics/
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momxmareblis sakuTrebaSi arsebuli mikro simZlavris eleqtrosadgurebis 

ganviTarebis erT_erT tradiciul da farTod gavrcelebul politikas warmo-

adgens e.w. neto aRricxva, romelic aris saerTaSoriso doneze farTod gavrce-

lebuli termini da gamoiyeneba maSin, rodesac eleqtroenergiis momxmarebels 

gaaCnia sakuTari energiis wyaro, romelic  paralelurad CarTulia qselSi da 

pirvel rigSi axdens Tavisi energomoTxovnilebebis dakmayofilebas, xolo War-

bad warmoebul energias gascems qselSi. aseTi sqemis dros saWiroa specialuri 

mricxveli, romelic energias aRricxavs ori mimarTulebiT da SeuZlia moxmare-

buli da warmoebuli eleqtroenergiis saldos gamoyvana. swored am sxvaobidan, 

anu neto sidididan xdeba angariSworeba momxmarebelsa da eleqtroenergiis 

mimwodeblebs Soris. im SemTxvevaSi, rodesac momxmarebelma awarmoa ufro meti 

energia vidre moixmara, ganawilebis licenziats  momxmareblis sasargeblod 

marTebs Warbi kvt.sT_ebi, romlis anazRaurebis sxvadasxva xerxi arsebobs, maT 

Soris yvelaze gavrcelebulia Warbi kvt.sT_ebis  qviTarSi kreditad asaxva. 

`nax.1ze mocemulia neto aRricxvis programaSi CarTuli sacalo momxmareb-

lis gamartivebuli sailustracio sqema  

Nnaxazi 1. neto aRricxvis sailustracio sqema,  

mzis energiis gamoyenebis SemTxvevaSi. 

 

arsebobs garkveuli SezRudvebi, romliTac ganisazRvreba neto aRricxviT 

mosargeble momxmareblebis  kategoria da gavrcelebis intensivoba. pirvel 

rigSi, SezRudvas eqvemdebareba sakuTari energiis wyaros mier gamoyenebuli 

pirveladi energiis saxeoba da simZlavre.  

 momxmarebeli SezRudulia aaSenos mis mier qselidan moTxovnil simZa-

lavreze meti simZlavris mikro eleqtrosadguri, amasTan, rogor wesi unda 

iyos ganaxlebad energiaze momuSave.  ganawilebis liceziatebs, qselis marTvi-

sa da teqnikuri standartebis Sesrulebis TvalsazrisiT, gaCniaT qselTan mier-

Tebuli mikro eleqtrosadgurebis saerTo simZlavris SezRudvis saWiroeba, ro-

melic Semoifargleba qselSi pikuri datvirTvis 2_4 procentiT. 

potencialis mixedviT neto aRricxvis gamoyeneba ufro xelsayrelia 

wylis resursebis aTvisebiT, radganac es aris yvelaze ufro iafi resursi, Se-

saZlebelia aseve qaris, mzis mikroeleqtrosadgurebis agebac, magram es sakmaod 

did xarjebTan aris dakavSirebuli. 

aseve aucilebelia gakontrolebuli iqnas mikroeleqtrosadguris mSeneb-
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lobis standartebi da is aigos winaswar gawerili wesebiT ganawilebis licen-

ziantTan winaswari SeTanxmebiT, raTa Tavidan iqnes acilebuli  finansuri ris-

kebi da safrTxeebi.saWiroa mSeneblobis Seswavla da  saerTaSoriso praqtikis 

gaziareba. 

saerTaSoriso gamocdilebiT bevr qveyanaSi am kuTxiT Zalian bevri waxa-

lisebis meTodebia: arsebobs iafi krediti, sxvadasxva organizaciebis Tanadafi-

nanseba, sagadasaxado SeRavaTebi, emisiebis SemcirebasTan dakavSirebiT damate-

biTi Semosavlebis daricxva da aS.  

saqarTveloSi es praqtika axla inergeba da aris wingadadgmuli nabijebic,  

ganxorcielda regulaciebi kanonSi ,,eleqtrienergetikisa da bunebrivi gazis 

Sesaxeb,~  ganisazRvra sacalo momxmareblis sakuTrebaSi arsebuli mikro eleq-

trosadgurebis  statusi, raTa Tavidan iqnas acilebuli sakanonmdeblo da ma-

regulirebeli bundovaneba, skiTxTan dakavSirebiT, ar moxdes aseTi mikroeleq-

trosadgurebis mimarT igive teqnikuri da administraciuli moTxovnebis wayene-

ba, romelTa dakmayofilebac moeTxovebaT mcire simZlavris eleqtrosadgurebs 

da maqsimalurad moxdes sacalo momxmareblebis waxaliseba amgvari wamowyebis-

Tvis. 

msoflioSi neto aRricxvis politikam farTo gavnrceleba hpova. aSkaraa, 

rom energetikis mdgradi ganviTarebis uzrunvelyofisTvis  erTaderTi aucile-

beli piroba aRaraa mxlod didi energobieqtebis mSenebloba, aramed SesaZlebe-

lia mikro simZlavris  eleqtrosadgurebis mSeneblobiT sakuTari energomo-

Txovnilebis dakmayofileba. 

 amgvarad,saerTaSoriso praqtika gviCvenebs, rom  mikroeeleqtrosadgure-

bis ganviTarebas saqarTveloSi SesaZloa hqondes mravalmxrivi sargebeli, maT 

Soris: 

 gadamcemi da gamanawilebeli qselebis asaSeneblad saWiro finansuri dana-

xarjebis Semcireba; 

 importirebuli energiis moculobis an Tboeleqtrosadgurebze gamomuSavebis 

Semcireba ; 

 eleqtroenergiis danakargebis Semcireba gadamcem da gamanawilebel qselebSi; 

 momxmarebels uCndeba damatebiTi SesaZlebloba dazogos finansebi energiis 

Sesyidvaze an sulac gaxdes energiis mimwodebeli; 

 xels uwyobs dasaqmebas da ekomikur aqtivobas, iqedan izrdeba moTxovna, kva-

lificiur inJnrebze da memontaJeebze; 

 es aris sufTa energia da dadebiTad aisaxeba garemoze. 
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THE EFFECTIVENESS OF NET-ACCOUNTING IN HYDROPOWER 

Nemsitsveridze M. 

Georgian Technical University 

Summary 

In the modern era, when the energy-environmental problems are brought to the fore, the maximum use of re-

newable energy is accorded great importance. In this regard, many incentive mechanisms have been introduced in 

many countries worldwide.  

The paper dwells on one of such initiatives for the necessity of adoption of net-accounting in whydropower, 

which represents the traditional and widespread policy for the development of micro-capacity electric power plants, 

which is aimed at promotion of micro-capacity electric power plants in Georgia.  

 

 

 

 MODELLING OF AN EXPERIMENTAL ROOM TO WORK WITH MINIMUM USE 

OF ENERGY 

 
Assistant Professor Yılmaz AKGÜNEY 

Department of Energy Systems Engineering, Ereğli Faculty of Engineering and Natural Sciences, 

Necmettin Erbakan University, 42310, Ereğli / KONYA, TURKEY. 

 
The aim of this study is mathematical modeling of a variable volume control for the use of the least energy to be 

conditioned at test room conditions.  In an environmental space to be conditioned, together with energy savings and 

comfort in keeping human health or the appropriate level of industrial purposes is expected features. The air-

conditioning will be controlled volumes; homes, offices, greenhouses, are environmental spaces such as sea and air 

vehicles. This rooms in the desired conditions in the air conditioning system can be provided with different energies. 

The goal is to minimize the system energy costs by keeping the comfort conditions.  The problem addressed in this 

study, temperature, humidity, air velocity and air ratio includes variables.  Thus comprises a multi-input and multi-

output model of the enclosure.  In this study, the test chamber was established multi-input and multi-output as a real 

system. Dynamic equations expressing mathematical model was established between the variables here.  Air 

conditioning systems, modern and operation in the case where optimum control techniques using a minimum of 

energy expenditure and has been shown to be able to control. 

 

1. INTRODUCTION 

This work laid the foundations of the past 1, 2, 3.  System developed with analog simulation 4, 

5 or by analytical methods. 6, 7.  Then, using a simplified frequency response 8.  Energy 

saving was ensured only with temperature control 9, 10.   Enthalpy by C.E. Bullock control 

mechanism was developed.  None of these studies have failed to keep the room in the comfort 

zone.  These studies further taken by A Kaya is achieved by keeping the energy minimization of 

the volume of your comfort zone 11, 12.  This study was developed on A Kaya model. 

In a room to be air conditioned, with energy-saving comfort it is also important.  Studies made 

here of an environmental room comfort conditions relate to ensuring energy saving together.  To 

achieve this, the system of multivariate mathematical model is described here.  A simulation is 

presented by improving the performance index. Comfort conditions, references 11, 12, 13, 14, 

16 are shown. 

2. DEVELOPMENT OF MATHEMATICS MODEL 

Controlled chamber shown in Figure 1.  Temperature, relative humidity and air velocity cannot 

be independently controlled.  In case of a control function, which has a negative impact on the 

other.  This allows unnecessary deviations and fluctuations. 
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=  

 

 

(1) 

 
 

 
(2) 

 

 
 

 
(3) 

 
 

 

 

(4) 

 

 

 

(5) 

 

 

 

 

(6) 

 

 

 

 

 

(7) 

 

Moisture Balance Equation 

Moisture balance mathematically for the system shown in Figure 1 can be written as follows. 

;       (8) 

  (9) 

Energy Balance Equation 

Energy balance can be written as follows for the considered control volume. 

 

 

 

  (10) 

(10) a simplified case of the Q value in the equation can be written as follows 11 . 

 

;       (11) 

 

The expression of heat loss in a continuous regime will look like. 

 U S (T - )   (12) 

Velocity (Continuity) Relation 

Control within the volume and the continuity equation can be written as follows for the air. 

  (13) 

(13, 10 and 5) the equation (1 and 2) can be written in the statement numbered.  Linear systems 

(3 and 4) is given in the equation. This line is Jacobean matrices can be found by linearization. 

The block diagram of a linear system is given in Figure 4.  Here is , transfer 

function matrix.  (1) The first term in the equation, you can put in place the following link in 

terms of simplification. 

 (14) 

 

Energy use is expressed as follows. 

  (15) 
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Figure 1. Controlled room 14. 

 

 

Figure 2. Comfort region for medium 

activity and light clothing 13. 

 

Wherein "r" is set to minimize energy use, and f, q, m acts directly on the value.  The optimum steady 

state is calculated.  Static optimization is applied to it.  Here, it is essential to remain within the comfort 

zone, as shown in Figure 2 11, 13, 14.  In to equation (3) ye using  provided. The 

optimum conditions to minimize deviations from the index can be written as follows.  

.  Wherein Q and R matrix unit definition and  shaped.  Matrix 

K, which leads to the following link fixed. .  The block diagram of 

Figure 5 gives the optimum control.  K is constant, is possible to perform the optimum control of the 

analog and the device. 

 

 

Figure 3. Heat 

transfer section 14. 

 

 
 

 

Figure 4. The block diagram 

of linear systems 11, 12. 

 
 

Figure 5. Optimum control scheme 

11, 12. 

 

3. SIMULATION FOR OPTIMAL CONTROL 

Optimize for optimum control is applied to this model of Figure 1.  In this model, experiments 

and applications made according to the result corrections and additions can be made more 

convenient. 
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Structure Model : B model shown in Figure 1 has the following parameters. 

 

 

S  = 10.8 m2            fi   = 50 kJ/m2h0C 

cd = 2.5 kJ/kg0C      f0  = 30 kJ/m2h0C 

d = 500 kg/m3       A  = 2 m2 

Ld = 0.018 m          V  = 3.6 m3 

kd = 0.5 kJ/hm0C    Tw = 20 0C 

 

 

Room parameters 

 

Ta = 18 0C 

a = 0.50 

r   = 0.50 

(% 50 outside air) 

 

 

Air entering 

Specifications 

ef = 7.558(10-4)  kJs2/m9 

Heating             eq  = 1 

Cooling            e’q = -0.37 

Humidification em =  

                            765 kJ/kg 

Dehumidification e’m=  

                  -30600.5  kJ/kg   

 

Energy use 

function values 

T = 19.59 0C 

  = 0.46 

v  = 0.10 m/s 

f  = 0.197 m3/s 

q  = 0.4069 kJ/h 

m = 8.8(10-3) kg/h 

  = 0.4136 kJ/h 

Optimal room 

conditions 

Linear Model : Room firstly; B, C, D, H, H, A, M and F is given by the optimum conditions for 

given values of the matrix elements. 

 

    

 

   

   

  in its statements,  when the first case would be as follows. 

 (16) 

The last two state "v" if you would have put in place as a result. 

 (17) 

 (18) 

Equation (17) and (18) together it is concluded that when written. 

    

 

 

 

 

 in its statement, Q and R are used as the unit matrix and  

  K has the numerical methods of expression.   ıt 

expressed "u" can be written. 

; R=  
 

 

; 

Here matrix N is located.  "u" is placed instead of the value to obtain the following results. 

 

 

 

 

 

;  

 

This solution gives the optimal trajectory.  Deviations are  assume that.  

The solution has the following relation of the above expression. 

;    (19) 
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(19) contains the following statement from the movement said. 

 ;        (20) 

Equation (16) and is now obtained.    

  (21) 

x position in the optimum conditions x = 0 state is the control vector that moves.  This 

expression vector v has said there is help.  When the value of f, f = f u1 instead of u1 is used and 

u equality, equality (21) has the express x1 in the statement. 

  

    

Control variables, the air flow is the amount of heat and humidity.  System (state) variables, air 

velocity, temperature and relative humidity (and moisture contents) values.  Optimal curves and 

behavior over time of these values are given in Figure 6. 

 

Figure 6. Control and stete vectors the optimum curves with respect to time. 
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4.  RESULTS AND DISCUSSION 

In this study, in an environmental room climate control, minimum energy use and provide the necessary comfort to 

the problem it was investigated. Multi-input and multi-output closed room as a real system has been established in 

experimental conditions. The system output to clean the air is given back to re-enter at a certain rate through the air 

circulation. 

At a given level of activity and ensure the comfort conditions and energy needs for essential clothing to minimize 

the problem, temperature, humidity and air velocity variables, cases are selected as variables. These variables 

change as a function of time was examined at various mixture ratios and a climate. The aim here mathematics of 

change according to the time of the state variables of the real parameters of the experiment is to compare the model 

fitness room. 

Multi-input and multi-output supplies for experiments established as a real physical system, the dynamic 

relationship between variables expressed and nonlinear mathematical model was established. Simulation studies 

show that the stable behavior of the system is high persistence behavior. When installing the system mathematical 

model, thermodynamic properties of mixtures and assumptions made to simplify, was included in the equation.  

Nonlinear vector functions, linearized around a given value of the components of vector and linear matrix elements 

were found.   

Significant savings are obtained with static optimization. This is, to control the area around the point within the 

defined comfort zone with static optimization, it means of feedback control methods can be used.  So, out of the 

inlet air to be mixed with air provides less energy and spend time during the operation of the system. 

An optimal control problem for a specific simulation model, developed and examined the behavior was determined 

to exhibit a stable behavior of this problem.  Figure 6 shows the optimal curve and control the behavior of the state 

vector. These results are very promising.  It is seen that the modern control system is an alternative to the classic 

controls. Work on this topic should continue improving in the real environment because of its importance. 

 

5.  SYMBOLS 

A : System matrix, Room cross section, (m2) 

a  : Duct cross section area, (m2) 

B  : Control matrix, 

C  : Entrance air matrix, 

cpa  : Air specific heat, (kJ/kg K) 

cpw  : Specific heat of water vapor, (kJ/kg K) 

D  : Outside air matrix, 

Du  : Heat generation of body per unit area 

d    : Exit the room air flow, (m3/s) 

E  : Entrance matrix, 

e1, e2, e3 : Energy functions 

F  : (F=A+C M) state vector, 

f    : Total air flow, (m3/h) 

fcl  : Clothing function 

fe  : Fresh air flow, (m3/h) 

fm  : A function 

fr    : Return air flow, (m3/h) 

f, q  : Nonlinear vector functions 

G  : Transfer function matrix, 

g   : A function 

H  : Output matrix, 

h    : Room air enthalpy content, (kJ/kg) 

hg  : Specific enthalpy of water vapor, (kJ/kg) 

hw  : Enthalpy of the water, (kJ/kg) 

Icl  : Heat transfer resistance of the garments, 

                 (m2h0C/kJ) 

P   : Atmospheric pressure, (kPa) 

Pw  : Partial pressure of water vapor in humid air, (kPa) 

Q  : Heat loss, (kW/h) 

q  : Heat control variable, (kJ/h) 

r   : Air mixture ratio 

S   : Room area, (m2)  

Si  : Wall area, (m2) 

T   : Room temperature, (0C) 

   : T + 273.15 

Te  : Mixed air temperature, (0C) 

Ti   : Temperature of the outer surface, (0C) 

Tm  : Room average radiation temperature, (0C) 

Tw  : Water temperature, (0C) 

Ui  : Heat transfer coefficient, (kJ/m2h0C) 

u   : Control vector, fe, q, mT 

va  : External wind velocity, (m/s) 

v    : Air velocity, (m/s) 

vr  : Relative velocity of the air and the human body., (m/s) 

w   : Moisture content, (kg moisture/kg of dry air) 

y   : Output vector, d, T, T 

ya  : Environmental vector, va, Ta, aT 

ye  : Fresh air vector, vr, Tr, rT 

   : Relative humidity, (%) 

   : Constant, (Pa) 

   : Constant, (1/0C) 
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k   : Infiltration coefficient 

m  : Humidity control variable, (kg/h) 

nc  : Cost of energy efficiency 

ne  : Efficiency of energy. 

   : Energy function 

   : Ratio of heat production rate of the human  

                 body mechanical power. 

  :   eT 
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saqarTvelos satelekomunikacio sferoSi dasaqmebis formula 

 
mardaleiSvili z.*, gelxviiZe p.*, 

koplataZe m.**, kupataZe T.** 
*akaki wereTlis saxelmwifo universiteti 
**saqarTvelos teqnikuri universiteti* 

 
     naSromSi gaanalizebulia saqarTvelos satelekomunikacio bazarze arsebuli kon-
kurenciuli garemo da gamovlenilia is gzebi, romlebic calkeul kompaniebs aZlevs 
upiratesobis mopovebis Sanss. amis safuZvelze kursdamTavrebulebs eZlevaT saSualeba 
sworad ganiviTaron inteleqtualuri unarebi, dasmuli amocanis amoxsnis unari, maTema-
tikuri modelirebis unari, logikuri azrovnebis unari, sainformacio teqnologiebis 
gamoyenebis unari, rom iyvnen moTxovnadi Sromis bazarze. 

 
saqarTveloSi saxelmwifo _ politikuri da socialur _ ekonomikuri 

wyobis Secvlam gamoiwvia umaRlesi ganaTlebis sferoSi reformis aucileblo-

ba. sabazro ekonomikam da globalizaciam waSala konkurenciis nacionaluri 

sazRvrebi da ekonomikuri aRmavloba da keTildReobis zrdis sakvanZo proble-

mad warmoaCina qveynis inteleqtualuri da saganmanaTleblo potenciali. kadre-

bis momzadebis sistema iZens strategiul mniSvnelobas, rogorc ZiriTadi in-

strumenti. maRali konkurentunarianobis uzrunvelsayofad ganaTleba, mecniere-

ba da kultura sul ufro xSirad gvevlineba saerTaSoriso konkurenciisa da 

nayofieri TanamSromlobis sferod [1]. 

mkveTrad izrdeba ganaTlebis done msoflioSi. inteleqtma Caanacvla ma-

terialuri warmoeba, teqnologiebi da teqnologiuri inovaciebi gaxda yovlad-

gamWoli movlena. maRalma teqnologiebma gadaasxvafera adamianTa moRvaweobis 

Cveuli garemo, romelic sul ufro Rrmad mieba kompiuterul teqnikasa da te-

lekomunikacias, internetis CaTvliT.  

amrigad, saganmanaTleblo sistemas da kadrebis momzadebis process ekis-

reba gansakuTrebuli misia _ Seaguos studentoba mecnierebasa da teqnikaSi mim-

dinare cvalebadobas, sakuTari codnis fardobiTobis Sefasebas da Sesabamisad 

ganuviTaros uwyveti ganaTlebisaken swrafvis survili swrafad cvlad samyaro-

Si qveynis momavlis Rirseulad damkvidrebis mizniT. 

am viTarebaSi umaRlesi ganaTlebis reformis strategia iTvaliswinebs 

saganmanaTleblo programis orientirebas, ara viwro specialobebad momzadebis 

mimarTulebiT, aramed orientirebulia kompetenturobis ganviTarebaze, anu sa-

ganmanaTleblo programam unda uzrunvelyos, Sesabamis sferoSi codnisa da 

unarebis SeZena da kompetenciebis formireba, rogorc saganmanaTleblo proce-

sis saboloo produqti. kompetencia aris codna da gacnobiereba (akademiuri 

sferos Teoriuli codna, codnisa da gacnobierebis SesaZlebloba); codna Tu 

rogor unda imoqmedo (garkveul viTarebebSi codnis praqtikuli da operaciu-

li gamoyeneba);  kompetencia aRwers adamianis mier misi gamoyenebis dones an xa-

risxs [2]. 

       dargobrivi kompetenciebi dakavSirebulia Sesaswavli sferos specifikur 

codnasTan da warmoadgenen dargis specifikur kompetenciebs da uzrunvelyo-

fen saganmanaTleblo programis identurobasa da Tanmimdevrulobas  [3].  

bakalavris saganmanaTleblo programis dargobrivi kompetenciebis gan-
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sazRvris mizniT, Seswavlil iqna saqarTvelos infotelekomunikaciis sivrceSi 

momqmedi 369 kompaniisagan SemoTavazebuli momsaxurebis saxeobebi:   

– 149  kompanias gaaCnia internet momsaxureba _ 40,7%; 

– 59 kompania axorcielebs sakabelo, satranzito telemauwyeblobas _ 16 %;  

– 39 kompanias gaaCnia adgilobrivi momsaxurebis satelefono qseli _ 10,5%;  

– 34 kompania eweva saerTaSoriso da saqalaqTaSoriso sakomunikacio momsaxu-

rebas _ 9,2 %; 

– 32 kompanias licenzia aqvs mobiluri komunikaciis saxeobebze _ 17%;  

– kompania awarmoebs telemauwyeblobas _  ; 

– 32 kompania awarmoebs radiomauwyeblobas  _   

– 15 kompanias eqspluataciaSi aqvs radiosareleo xazebi, radio da satelevi-

zio programebis gadamcemebi, sabazo sadgurebi, uZRvebian samontaJo_ samSe-

neblo saqmianobas _ 4%. 

es maCveneblebi, rogorc momsaxurebaTa saxeobebis, aseve maTi gavrcelebis 

TvalsazrisiT, emTxveva telekomunikaciisa da infotelekomunikaciis ganviTare-

bis msoflio tendenciebis monacemebs, imis gaTvaliswinebiT, rom saqarTvelo 

ar aris telekomunikaciis teqnikuri saSualebebis mwarmoebeli qveyana. 

dReisaTvis kavSirgabmulobis bazris garemo xasiaTdeba mkacri konkuren-

ciiT. arsebobs mizezebi, ris gamoc ar unda velodoT arsebuli viTarebis 

cvlilebas, rogorc uaxloes periodSi, aseve momavalSic. pirveli mizezi, imaSi 

mdgomareobs, rom saqmis arsebuli viTareba srul SesabamisobaSia qveynis mare-

gulirebeli organos politikasTan, romelic saxelmwifo dawesebulebis saSua-

lebiT eweva sakanonmdeblo funqcionirebas, rac mimarTulia bazris yvela mona-

wilisaTvis Tanabari samoqmedo pirobebis uzrunvelyofisaken. meore mizezi da-

kavSirebulia faqtTan, rom amJamad mkveTrad aris Semcirebuli ganviTarebis 

iseTi SesaZleblobebi, romlebic emyareboda samomxmareblo bazris martiv, rao-

denobrivi zrdisa da axali regionebis aTvisebis procesebs. mesame mizezi da-

kavSirebulia im faqtTan, rom bazris yvela monawilisaTvis Ria da xelmisaw-

vdomia nebismieri teqnologia, momsaxurebis saxeobebi da Sesabamisad, Zalze 

mcirea imis albaToba, rom romelime operatori raime siaxlis danergviT moipo-

vebs liderobas. 

 CamoTvlili mizezebis gagrZeleba SesaZlebelia, magram aRniSnulida-

nac gasagebi xdeba, rom satelekomunikacio kompaniisaTvis - raTa is iyves warma-

tebuli, rCeba erTaderTi gza, aamaRlos biznesis warmoebis efeqturoba, xolo 

es procesi ki, mravalmxrivia. is Seexeba kavSirgabmulobis dargis operatorebs 

da unda Sesruldes inovaciebis farTo mozidvis gziT, rogorc axali komerci-

uli SeTavazebebis SeqmniT, aseve iseTi RonisZiebebis gatarebiT, romlebic mi-

marTuli iqneba biznesis ganviTarebis procesis optimizaciisaken da kompaniebis 

moqmedebis efeqturad marTvis procesebisaken. 

 am procesis erT-erT Semadgenel nawils warmoadgens satelekomunikacio 

qselebis dasabuTebuli dagegmareba da optimizacia, romlebic uzrunvelyofen 

momsaxurebis saxeobebis miwodebas dadgenili xarisxis maCveneblebiT. 

      aseTi funqciis ganxorcieleba ar aris martivi amocana, rac bunebrivad 

aixsneba satelekomunikacio obieqtebis sirTuliT. aseTi amocanis gadasawyvetad 
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saWiroa specialistebis gundis Zalisxmeva, romlebSic warmodgenili iqnebian 

teqnologiebis, protokolebis, sistemuri analizis, gamoTvliTi maTematikis da 

programirebis sferoebis mcodneebi (eqspertebi). maTi kvlevis ZiriTad Sedegs 

unda warmoadgendes Sesaswavli qselis an misi fragmentis formalizeba maTema-

tikuri modelis saxiT, romelic mogvcems saSualebas SevafasoT qselis gamta-

runarianobis maCveneblebi. CamoTvlili midgomebis gardaqmna programuli Sede-

gebis saxiT, mniSvnelovnad Seamcirebs qselis dagegmarebis procesis xangrZli-

obas da kompaniis menejments miscems saSualebas ganaxorcielos qselis ganvi-

Tarebis SesaZleblobebis mravalmxrivi analizi. gadasawyveti amocanebis Camo-

naTvalSi aucilebelia gaTvaliswinebuli iqnas agreTve: sainvesticio garemo-

saTvis SesaZlo xifaTebis Sefaseba; SesaZlo sagangebo viTarebebis analizi da 

am viTarebebidan gamosvlis gzebis Zieba; satelekomunikacio qselis resursebis 

efeqturad gamoyenebis meqanizmebis damuSaveba. 
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FORMULA FOR EMPLOYMENT IN THE TELECOMMUNICATIONS INDUSTRY IN GEORGIA 

Mardaleishvili Z.*, Gelkhviidze P.*, Koplatadze M.**Kupatadze T.** 

*Akaki Tsereteli State University, **Georgian Technical University 

Summary 

The thesis analyses the competition on the telecommunication market and reveals ways, by which companies 

can achieve competitive advantage. Based on this, students have the opportunity to develop right intellectual skills, 

such as problem solving, mathematical modeling, logical thinking, use of information technologies, to ensure their 

own competitiveness on the labor market.  

 

 

 

informaciis paketuri mimocvlis Taviseburebebi mobiluri kavSiris 

axali Taobebis teqnologiebSi 

 
burkaZe t., basilaSvili g. 

saqarTvelos teqnikuri universiteti 
 

resursebis ganawilebis aucileblobidan da struqturidan gamomdinare, sixSiru-
li sivrcis damgegmavis algoriTmebi farTod aris gamokvleuli LTE sistemaSi. mraval-
momxmareblian LTE qselSi, paketebis damgegmavis algoriTmebi SesaZlebelia efeqturad 
gamoyenebuliqnan sixSiruli da mravalmomxmarebliani mravalferovnebis (Diversity) meqa-
nizmis gamoyenebis meSveobiT. sixSiruli mravalferovneba exeba ramdenime qve-gadamtani 
sixSiris (subcarrier) erTdroul gamoyenebas, raTa gadailaxos SerCeviTi sixSiruli mile-
vis efeqti. mravalmomxmarebliani mravalferovneba ki saSualebas aZlevs sabazo sad-
gurs SearCios ukeTesi radio arxis pirobebis mqone mobiluri sadgurebi. paketuri mi-
mocvlis dagegmvis dros warmoqmnili sirTuleebi SeiZleba gadaiWras QOGS sqemis gamo-
yenebiT, romelic adapturad da Wkvianurad irCevs dagegmvis algoriTms arsebuli jgu-
fidan, nacvlad erTi romelime konkretuli algoriTmis gamoyenebisa, rac zrdis aras-
tabiluri mobiluri qselis garemos mimarT mdgradobas. 
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 ZiriTadi gansxvaveba mobilur da fiqsirebul sistemebs Soris aris is, 

rom radio resursebi mobilur sistemaSi SezRudulia sixSiruli zolis mixed-

viT da yovelTvis ar aris xelmisawvdomi, radgan misi gamoyeneba xdeba erTdro-

ulad mravali momxmareblis mier. garda amisa, qselTa Soris interferencia, 

mravalsxivuri gavrceleba, signalis mileva da momxmareblis mobiloba iwvevs 

radio arxis araprognozirebad bunebas, romelic gavlenas axdens resursebis 

ganawilebasa da miniWebaze. swored es warmoadgens ZiriTad gamowvevas momsaxu-

rebis xarisxis uzrunvelyofisa mobilur sistemebSi. 

 resursebis ganawilebis da miniWebis meqanizmi (RAA - Resource Allocation 

Allot)   SemuSavebuliqna radio resursebis ufro efeqturad gamoyenebis 

mizniT. RAA meqanizmi zogadad Sedgeba ori fazisgan: resursebis ganawile-

bis da maTi miniWebis fazebisgan. pirvel fazaSi, gamoyofili radio re-

sursebis (RB/RU – Resource Block/Unit) raodenoba ganisazRvreba calkeuli mom-

xmareblis gadacemis moTxovnebiT TiToeul dagegmvis intervalSi. im Sem-

TxvevaSi, Tu gamoyofili RU-bis raodenoba aRemateba praqtikulad SesaZ-

lo raodenobas erT TTI-Si, erTi an ramdenime RU amoRebuli iqneba TiToe-

uli momxmareblis ganawilebis siidan, sanam maTi raodenoba ar Semcir-

deba praqtikul maqsimumamde RU(max).  aqve avRniSnavT, rom RU warmoadgens 

minimaluri radio resursis erTeuls gamoyofils momxmareblisaTvis. 
 meore fazaSi xdeba calkeuli momxmareblis prioritetis gamoTvla Ti-

Toeul RU-ze, arCeuli paketebis dagegmvis algoriTmis safuZvelze; xolo Sem-

deg, pirveli fazis Sedegad, konkretuli gamoyofili raodenobis RU-bis miniWe-

ba xdeba momxmareblebisaTvis, TiToeuli RU prioritetis safuZvelze. es meqa-

nizmi adapturad aniWebs momxmareblebs radio resursebs maTi paketebis gadace-

mis moTxovnebis Sesabamisad, raTa maqsimalurad efeqturad iqnas radio resur-

sebis gamoyeneba. nax. 1-ze mocemuli sqema asaxavs RAA meqanizmis muSaobas: 

OFDMA sistemaSi, realur droSi momuSave servisebis mxardasaWerad, Semu-

Savebul iqna sixSiruli sivrcis paketebis damgegmavis algoriTmi, romelic RAA 

maqanizms iyenebs da aq moxseniebulia, rogorc datvirTvaze orientirebuli da-

gegmvis (LOS - Load Oriented Services) algoriTmi. LOS-is resursebis ganawilebis faza, 

TiToeul dagegmvis intervalSi, Sedgeba ori nawilisgan: pirvel nawilSi, mobi-

lur sadgurebs, romelTa buferic ar aris carieli, eniWebaT RU monacvleobiT 

maSin, rodesac darCenili RU-bi gamoiyofa danarCeni aqtiuri momxmareblebis-

Tvis, im pirobiT, rom meore nawilSi darCenili iqneba Tavisufali RU-bi. i mom-

xmareblisTvis t intervalSi RU-bis TTI (Transmit Interval Time) saerTo raodenoba ga-

moiTvleba Semdegi gamosaxulebiT: 
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sadac RUrem  aris darCenili RU-bis raodenoba; B(t) – sabazo sadguris buferis 

xangrZlivoba bitebSi, xolo N ki mobiluri sadgurebis sruli raodenoba. 

 resursebis ganawilebis fazis Semdeg xdeba TiToeuli momxmarebelisTvis 

prioritetebis mouwesrigebeli gansazRvra, resursebis miniWebis sawyis fazaSi. 
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Semdgom saukeTeso radio arxis mqone momxmareblebs mieniWebaT RU, prioritete-

bis mixedviT. momdevno TTI-Si momxmareblebis xdeba prioritetebis gacvla – um-

ciresi prioritetis mqone mobiluri sadguri momdevno TTI-Si miiRebs umaRles 

prioritets. am gziT xdeba momxmareblebs Soris resursebis samarTliani gana-

wilebis uzrunvelyofa. bolos ki miniWebuli RU-bis amoReba xdeba manamde, sa-

nam resursebis sadguris buferi dacarieldeba. bolo safexurze ki xdeba Ti-

Toeuli momxmareblis prioritetis ganaxleba zemoT mocemuli gamosaxulebis 

mixedviT. meore da meoTxe etapi meordeba iqamde, sanam ar dacarieldeba matri-

ca, rac miuTiTebs yvela RU-s gamoyenebaze an yvela mobiluri sadguris warma-

tebiT dagegmvaze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 nax. 1. RAA maqanizmis muSaoba 

 

 TiToeuli dagegmvis algoriTmi SemuSavebulia konkretuli mizniT. aqedan 

gamomdinare, TiToeuli dagegmvis algoriTms aqvs dadebiTi da uaryofiTi mxa-

reebi, radgan isini iTvaliswineben sxvadasxva moTxovnebs sxvadasxva situacieb-

Si. qselis muSaobis efeqturoba SesaZlebelia Semcirdes dagegmvis garemoebebis 
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(magaliTad: mobiluri sadgurebis raodenoba, maTi da maTi moTxovnis servise-

bis ganawileba) cvlilebasTan erTad. 

 paketebis dagegmvis damatebiT gamowvevas mobiluri qselisTvis, warmoad-

gens araprognozirebadi radio arxis mdgomareoba, ramac SeiZleba gamoiwvios 

dagegmvis efeqturobis mniSvnelovani degradacia, mxolod erTi romelime dam-

gegmavis algoriTmis gamoyenebisas. 

 aRniSnuli sirTuleebi SesaZlebelia Semcirdes QOGS sqemis gamoyenebiT, 

romelic adapturad da Wkvianurad irCevs dagegmvis algoriTms arsebuli jgu-

fidan, nacvlad erTi romelime konkretuli algoriTmis gamoyenebisa, rac 

zrdis arastabiluri mobiluri qselis garemos mimarT mdgradobas. 

 QOGS meqanizmi simulaciis mTel intervals hyofs ramdenime jgufad. maga-

liTad, pirveli jgufi Seicavs yvela resursis bloks TTI 1, TTI 2 da TTI 3-Tvis. 

nax. 2-ze naCvenebia aseTi konfiguraciis QOGS sqema. yoveli jgufi Sedgeba fiq-

sirebuli raodenobis TTI-gan da TiToeul TTI jgufi iyenebs erT-erT dagegmvis 

algoriTms. aseve gasaTvaliswinebelia, rom TiToeul TTI jgufSi  gamoyenebuli 

dagegmvis algoriTmi SeiZleba iyos identuri an gansxvavebuli imisaTvis, rom 

dagegmvis algoriTmebis kombinacia SesaZloa dakonfigurirdes Sesabamisi tra-

fikis QoS momsaxurebis xarisxis moTxovnebis uzrunlsayofad. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                    nax. 2. QOGS sqema 

 

 Tu vivaraudebT, rom sistema ZiriTadad Sedgeba GBR servisis mqone momxma-

rebelebisgan, romelic ufro mgrZnobiarea paketis dayovnebaze vidre paketis 

dakargvis fardobaze, jgufis gonivruli xangrZlivoba iqneboda 1=3, xolo da-

gegmvis algoriTmebis jgufi ki SesaZloa aseTi kombinaciis yofiliyo: M-LWDF, 

DPS da PF.   
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FEATURES OF THE PACKAGE INFORMATION EXCHANGE IN NEW GENERATION TECHNOLO-

GIES OF THE MOBILE COMMUNICATION 

Burkadze T., Basilashvili G. 

Georgian Technical University 

Summary 

Because of the resources allocation need and the structure, frequency space planning algorithms are widely 

researched in LTE system. In the multiuser LTE network packages, planning algorithms can be efficiently used thro-

ugh frequency and multiuser diversity mechanism. Frequency diversity refers to the simultaneous use of the number 

of sub-carrier frequencies, in order to overcome the effects of the selective frequency attenuation. Multiuser diver-

sity allows the base station to select the mobile stations with the best radio channel conditions. The difficulties du-

ring the planning of packages exchanges  could be solved by using QOGS scheme, which uses the adaptively and in-

telligently selects the planning algorithms from existing group, instead of the use of a specific algorithm, which in-

creases the resistance of the unstable mobile network to the environment. 

 

 

 

radiosixSiruli uzrunvelyofis problemebi me-5 Taobis (5G) 

mobiluri kavSiris qselebisaTvis 

 
maxaraZe s.,  beriZe j., qorTua T. 

saqarTvelos teqnikuri universiteti 
 

mobilur momxmarebelTa mier Seqmnili trafikis moculoba imdenad didi gaxdeba 
uaxloes periodSi, rom arsebuli teqnologiebi arasakmarisi iqneba momxmarebelTa mo-
Txovnilebebis dasakmayofileblad, rac ubiZgebs dRes arsebul 4G qselebs Seiqmnas teq-
nologiurad axali Taoba – mexuTe Taoba (5G). moxsenebaSi ganxilulia 5G-s Seqmnis per-
peqtiuloba, radiosixSiruli uzrunvelyofis problemebi mobiluri kavSiris qselebi-
saTvis. 

 
 mobiluri kavSirebis ganviTarebaSi dgas me-5 Taobis (5G) Seqmnis periodi, 

romlis ZiriTadi mimarTulebebi Camoyalibebulia IMT-2020 koncefciaSi da ro-

melic pirvel rigSi moicavs axali radiointerfeisebis Seqmnas, me-4 Taobis qse-

lebis evolucias 5G-ken,  WiFi-s axali teqnologiis – WiGig - danergvas (es uka-

naskneli warmoadgens WiFi-qsels 60 ghc sixSiris diapazonSi) [1].  

 momdevno 10-15 wlis ganmavlobaSi potencialurad mzard momsaxurebis sa-

xeebs SeiZleba mivakuTvnoT: 

 momsaxurebebi hologramebis safuZvelze da multimedia sruli daswrebis 

efeqtiT. aseTi momsaxurebis miwodebis teqnologiur bazas warmoadgens ul-

tramaRali mkafiobis videos (4-jer da 8-jer ufro maRali mkafioba Full HD-

Tan SedarebiT – UK-UHD da 8K-UHD) da maRali xarisxis bgeris (VoLTE) gada-

cema. Tavis mxriv aseTi teqnologiebis danergva moiTxovs zemaRali siswra-

fis gamtarunarianobis miRwevas. 

 virtualuri da damatebiTi realizebis srulmasStabiani momsaxurebebi. amis 
magaliTia avtomobilis saqare SuSaze damontaJebul monitorze miRebuli yo-

velmxrivi sasargeblo informacia gzaze moZraobis Sesaxeb (avtomobilis vi-

deo-kameris da sxvadasxva gadamwodebis sixSiriT, GPS-iT da a.S.), medicinaSi 

robotis gamoyenebiT distanciuri operaciis CatarebisaTvis saWiro didi mo-

culobis informaciis (video, marTvis da Aa.S.) ormxrivi da mravalmxrivi mi-
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mocvla da a.S. 

 mowyobilobebi udablesi dayovnebis droiT. kerZod, Tu dRevandel uaxles 

teqnologiaSi 4G-Advanced informaciis momxmareblamde mitanis gamWoli dro 

Seadgens ramodenime miliwams, 5G-Si es dro unda Seadgendes 1 mwm-mde. es pi-

roba umniSvnelovanesia manqanebs Soris (M2M), mowyobilobebs Soris (D2D), 

avtomobilebs Soris (V2V), avtomobilebsa da infrastruqturas Soris (V2I) 

da a.S. informaciis mimocvlis dros. 

 nivTebis (sagnebis) interneti (IoT) da masTan dakavSirebuli sensoruli qse-
lebis ageba, maTi kolosaluri SesaZleblobebiT. 

 inteleqtualuri momsaxurebebi didi moculobis monacemebis mimocvlis sa-
fuZvelze. Tu amJamad didi moculobis monacemebis gadacemisa da analizis 

safuZvelze yalibdeba e.w. “korporaciuli inteleqti” (Business Intelligence-BI) da 

“qseluri inteleqti” (Network Intelligence-NI), momavalSi 5G-s bazaze Camoyalib-

deba “momsaxurebis inteleqti” (Service Intelligence-SI). SI-gulisxobs ara mxolod 

momxmareblis 3D informirebas irgvliv arsebuli informaciis Sesaxeb, aramed 

zogadi miswrafebebis, socialur qselebSi (SNS) arsebuli sazogadoebrivi 

azrebis, momxmareblis garSemo internet-informaciis yovelmxriv analizs re-

alur droSi da formatSi da aseTi informaciiT momxmareblis optimalur 

momsaxurebas. es yvelaferi Seqmnis adamianis yoveldRiur cxovrebas ufro 

mosaxerxebels da komfortuls, drois da ekonomikuri saxsrebis efeqturi 

gamoyenebiT [2].  

yvelaferi zemoTqmulis realizaciisaTvis saWiroa Sesabamisi teqnikisa da teq-

nologiebis bazis Seqmna, rac Cadebulia IMT-2020-koncefciaSi da sqematurad 

mocemulia nax.1.  

 
nax.1. IMT-2020-koncefciis sqema 

 

aRniSnuli parametrebidan umniSvnelovanesia gadacemis zemaRali siCqaree-

bi – 20 gbit/wm, gamWoli dayovneba – 1 mwm, xvedriTi trafiki 10 mbit/wm/m2, ro-

melTa miRweva arsebuli sixSiruli resursebis pirobebSi praqtikulad SeuZle-

belia, amitom 5G-s Seqmna ganviTarebisaTvis SemuSavebulia Semdegi midgoma - ga-

moyenebuli da axali sixSiruli resursebi iyofa sam kategoriad, romlebSic 

SesaZlebelia Sesabamisi radioteqnologiebis gamoyeneba, kerZod: 

 arsebuli da dasagegmi sixSiruli zolebi 6 ghc-is-qvemoT. am sixSirul dia-
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pazonSi mosalodnelia LTE-Advanced-is mier 5G-s zogierTi moTxovnis dakma-

yofileba. amisaTvis aRsaniSnavia LTE-Advanced-is ganviTarebis mimarTulebebi: 

 mcire zomis fiWebis momsaxurebis mxardaWera; 

 aqtiuri antenebis ganviTareba antenebis mimarTulebis diagramis formirebiT 

samganzomilebian sivrceSi (3D Bearforming); 

 CoMP/MIMO-teqnologiis ganviTareba ganawilebuli sabazo sadgurebisaTvis; 

 pirdapiri kavSirebis uzrunvelyofa saabonento terminalebs Soris; 

 FDD/TDD-teqnologiebSi gadamtanebis agregaciis uzunvelyofa aseTi teq-

nologiebisaTvis gamoyofili sixSiruli zolis sigane 20 mhc-is far-

glebSia.  

moTxovna sixSirul speqtrze 2020 wlisaTvis, kerZod mis siganeze 5G-qse-

lebisaTvis, sxvadasxva SefasebiT meryeobs (1080-2770) mghc SualedSi. cxadia ase-

Ti siganis Tavisufali sixSiruli speqtris moZebna diapazonSi 6 ghc-is qveviT 

SeuZlebelia, aseve problematuria maTi moZebna diapazonSi 20 ghc-mde. amitom 

(6-20) ghc sixSirul diapazonSi, kerZod mis qveda nawilSi (6ghc-is siaxloves) 

gamoyenebuli speqtrisaTvis saWiroa Seiqmnas axali radiointerfeisebi (20-100) 

mghc sixSiruli zolebisaTvis, romlebic ZiriTadad dafuZnebuli iqnebian LTE-

Advanced teqnologiebze, magram mniSvnelovani damatebebiT, kerZod: 

 miRwevis araorTogonaluri meTodi (SesaZlebelia ara - OFDM); 

 eICIC (enhanced Inter-Cell Interference Coordination-gaZlierebuli fiWaTSorisi in-

terferenciis koordinireba) teqnologiis gamoyeneba, gadacemisa da miRe-

bis erT sixSireze ganxorcielebiTac ki; 

 mcire fiWebis gamoyeneba sakontrolo trafikis gareSe. 

sixSirul diapazonSi (20-100) ghc advili mosaZebnia Tavisufali sixSiru-

li zolebi siganiT (500-1000) mghc, rac saSualebas iZleva gamoyenebuli iqnas 

martivi radiointerfeisebi cnobili meTodebiT: martivi modulacia-demodula-

ciis meTodebi, TDMA/FDMA multipleqsireba da a.S. amasTanave es meTodebi da-

matebuli unda iqnas axali midgomebiT – axali, mokle (submiliwamuri) freimis 

SemoReba, axali, maRali rigis adapturi saabonento meserebis (MMB-Massive 

MIMO Breamforming) gamoyeneba. unda aRiniSnos, rom efeqturi antenebis sistemebis 

SeqmniT kargi sixSiruli maxasiaTeblebiT farTo sixSirul diapazonSi (1 ghc-

mde) SesaZlebeli xdeba ukve 28 ghc sixSireze da zeviT, rac saSualebas iZleva 

antenebis gaZlierebis koeficientis amaRlebiT kompensirebuli iqnas milevis 

zrda dakavSirebuli maRalsixSirul diapazonebze gadasvlasTan. 

 konkretuli gadawyvetilebebi (20-100) ghc sixSiruli diapazonebis gamoye-

nebaze miRebuli iqneba 2019 wels WRC-19 (Word Radio Conference-2019 ) mier. aq mo-

viyvanT mxolod kvlevebis Sedegebs da mosazrebebs, romlebic win uswrebs aR-

niSnul gadawyvetilebebs da gaxdeba maTi miRebis safuZveli. 

 didi britaneTis telekomunikaciis administraciis kvlevis mixedviT, ro-

melic kargad asaxavs situacias dasavleT evropaSi, rekomendirebul sixSirul 

diapazonebs 5G-Tvis Seagens 10,125-10,225/10,475-10,575 ghc, 31,8-33,4 ghc, 40,5-43,5 ghc, 

45,5-48,9 ghc da 60-71 ghc. proeqt METIS-is farglebSi Catarebuli kvelevebiT re-

komendebul sixSireebs maRali prioritetiT Seadgens 9,2-10 ghc, 31,3-33,2 ghc, 42,2-

43,1 ghc, 45,4-46 ghc, 47,2-50,2 ghc, 55,2-75 ghc, 81-85 ghc [3]. 
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 amasTanave mxedvelobaSi miisaRebia is, rom gamoyenebuli sixSireebis 

zrdasTan erTad izrdeba mileva gavrcelebaze rogorc Tavisufal garemoSi, 

aseve sxvadasxva dabrkolebebSi SeRwevis dros (betonis kedeli, SuSa da a.S.). 

Tu mxedvelobaSi miviRebT, rom 2020-2030 wlisaTvis mosalodnelia trafikis 

80%-mde formireba Senobis SigniT, sasurvelia aseTi trafikis momsaxurebisaT-

vis gamoyenebuli iqnas rac SeiZleba dabali diapazonis sixSireebi (50 ghc-mde). 

sixSireebi 50 ghc-is zeviT gamoyenebuli unda iqnas satransporto nakadebis ga-

dasacemad Senobis SigniT ganlagebuli sabazo sadgurebisaken, an Ria sivrceSi 

_ magaliTad avtomobilebs Soris kavSirisaTvis, maTi mZRolis gareSe marTvi-

saTvis. aseve gasaTvaliswinebelia is, rom mxolod didi gatarebis zolis piro-

bebSia (500-1000 mghc) SesaZlebeli aucilebeli minimaluri droiTi dayovnebis 

(<1mwm) miRweva satransporto saSualebebis avtomaturi marTvisaTvis, an infor-

maciis mimocvla sxva kombinaciebisaTvis (M2M, D2D, V2V, V2I da sxv.) saWiro pa-

rametrebiT. 
 

gamoyenebuli literatura 
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RADIOFREQUENCY PROVIDING PROBLEMS FOR 5th GENERATION MOBILE NETWORKS 

Makharadze S., Beridze J., Kortua T. 

Georgian Technical University 

Summary 

If at present, the base station serving several hundred simultaneous connected devices, in the coming years  

the number of devices will increase for spread machine to machine (M2M) communication. In some cases, the base 

station will process simultaneously accepted data from to 10 thousand devices.  This requires  development of new 

nodes, which will be able to manage networks, also modernization of support  infrastructure. Considerably the large 

area coverage with high-speed, low delay and high reliability is impossible to achieve by low-frequency band spec-

trum (to 6GHz). In 5G networks higher (ultrahigh) transmission speeds reach by very small time’s delay available 

only by ultrahigh frequency ranges above 6 GHz. Using of such frequency bands will play an important role, it will 

become an effective tool to increase capacity in intensive loading areas. 
 

 

 

me-5 Taobis (5G-Generation) mobiluri kavSiris ganviTarebis           

aspeqtebi 

                             
kvirkvelia S.,   beriZe j. 

saqarTvelos teqnikuri universiteti,  
optikur boWkovani teqnologiebis samecniero kvleviTi centri. 

 
  statiaSi ganxilulia Tanamedrove mobiluri qselebis Semdgomi ganviTarebis perspeq-
tivebi. moyvanilia arsebuli moTxovnebi da moTxovnebis Sesrulebis mecnieruli gadawy-
vetis variantebi. Sefasebulia kritikuli problematuri mxareebi.   
 
  me-4 Taobis mobiluri kavSiris qselebi funqcionirebs bevr qveyanaSi da 

momxmarebels awvdis gaumjobesebuli xarisxis servisebs wina Taobis qselebTan 

SedarebiT, Tumca arsebobs bevri gamowveva, romlebic srulad ar aris gaTva-
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liswinebuli me-4 Taobis qselebSi. mag. speqtris SezRudulobis da energiis ma-

Rali moxmarebis problema. usadeno qselebis problematikaze momuSave mecnie-

rebis da inJinrebis winaSe dgas mobiluri  5G  qselis Seqmnis amocana, romel-

Sic unda gadaiWras DdRevandel qselebSi arsebuli problemebi da miRweuli 

iqnas axali moTxovnebi. es mimarTulebebi da amocanebi Semdegia: 5G qselebis 

ganviTarebis scenarebi, arqiteqtura, SesaZlo teqnologiebi, rogoric aris  ma-

siuri da 3D MIMO(Multi input multi output), energo efeqturi komunikaciebi, kognetu-

ri radio teqnologiebi, programulad gansazRvruli radio teqnologiebi, xi-

luli sxivis teqnologiebi, TviTorganizebadi qselebis, speqtris gaziarebis da 

axali speqtris aTvisebis SesaZleblobebi.  

     rogorc, wina Taobis qselebis SemTxvevaSi 5G qselebisaTvisac ZiriTadi 

problema mdgomareobs radio SeRwevis teqnologiis ganviTarebaSi. multiteqno-

logiuri radio SeRwevis organizeba iTvleba yvelaze perspeqtulad  5G qseli-

saTvis,  rac gulisxmobs 3G/4G/Wi-Fi teqnologiebis kombinirebul gamoyenebas, 

aralicenzirebuli  speqtris aTvisebas,  maRali rigis QAM-256 (Quadrature amplitu-

de modulation) gamoyenebas, energoefqturobis miRwevas, linkis biujetSi danakar-

gebis minimumamde dayvanas,  mcire zomis maRali simWidrovis qselebis agebas. 

mikro, piko da femto zomis fiWebSi gavrcelebis Sedegad miRebuli danakargebi 

gacilebiT dabalia makro fiWebTan SedarebiT da didia gadacemis siCqare. Tum-

ca makroselebis mTlianad uaryofac ar gamova amitom unda gadaiWres Semdegi 

Taobis qselebis moqnilobis problema rac moxerxdeba TviTorganizabadi qse-

lebis gamoyenebiT.  
    tradiciulad mobiluri kavSiris qselebisaTvis gamoiyeneba sixSiruli 

speqtri 3 ghc diapazonamde. egred wodebuli "tkbili zoli" radgan gavrcele-

bis da tevadobis TvalsazrisiT es zoli saukeTesoa.  axali Taobis qselisaT-

vis igegmeba axali ufro  maRali diapozonis aTviseba rac Senonis formulidan 

gamomdinare kidev ufro gazrdis gadacemis siCqares. maRali sixSiris diapazo-

nebSi SesaZlebelia ultrafarTo usadeno qselebis organizeba,  Tumca manZili 

mobiluridan sabazo sadguramde mkveTrad mcirdeba da Sesabamisad izrdeba sa-

bazo sadgurebis raodenoba da saWiro xdeba ufro gaSlili satransporto qse-

lis ageba. garda amisa unda gaizardos  satransporto arxebis gamtarunariano-

ba, radio interfeisiT gazrdili trafikis gatarebisaTvis.  gazrdili trafiki 

zrdis momwyobilobebis energo moxmarebas, rac kritikulia gansakuTrebiT mo-

biluri mowyobilobebisaTvis. SesabamisaT  5G qselisaTvis mniSvnelovania ener-

goefeqturi teqnologiebis danergva. teqnologiis energoefeqturoba SeiZleba 

Sevafasod gamosaxulebiT(1). 

                                                        (1) 

   energo efeqturoba fasdeba gadacemis saSualo siCqaris  SefardebiT mox-

marebul energiasTan. 

   nax.1  mocemulia 5G qselis arqiteqtura da teqnologiebi[1]. mTliani qse-

lis jamuri tevadoba gamoiTvleba gamosaxulebiT (2). 

5G PPP KPI (5G  Public Private Partnership Key Performance Indicators- 5G sajaro da ker-

Zo TanamSromlobis Sesrulebadobis indikatorebi)-is mimarTulebiT ganviTare-

bis moTxovnebi aseTia: 1000-jer meti tevadoba, dayovneba 1mwm-ze naklebi, 90% 
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energo danazogi, batareis sicocxlis unarianoba 10-jer meti,  ukeTesi/gazrdi-

li/sruli dafarva, momxmareblis monacemTa gadacemis 10-jer da 100-jer maRali 

pikuri siCqare, energiis 10-jer dabali moxmareba dabali simZlavris manqanuri 

tipis komunikaciebisaTvis,  LTE -isTan SedarebiT EMF(Electric and magnetic fields-

eleqtruli da magnituri velebi) dabali doneebi [2].  

 
Nnax.1 5G qselis arqiteqtura da teqnologiebi. 

 

                                 (2) 

    wina Taobis mobiluri sistemebis agebisaTvis gamoiyeneba dafarvis teri-

toriis fiWurad dayofis principi, rac zrdis qselis tevadobas, aramezobel 

fiWebSi sixSiris ganmeorebiT gamoyenebiT. es aris sixSireebis sivrciTi daSo-

rebis meTodi interferenciebis Tavidan acilebisaTvis, magram Tanamedrove qse-

lebSi mainc ZiriTad problemas radio nawilSi warmoadgens interferencia. me-

xuTe TaobisTvis ganixileba axali koncefcia - arafiWuri  qselis ageba, rome-

lic efuZneba eqstremalurad mimarTuli viwrosxivuri antenebis gamoyenebas. 

Ees, gansakuTrebiT maRali sixSiris SemTxvevebisaTvis iZleva SesaZleblobas 

ramodenime metris daSorebiTac ki  gamoviyenoT igive sixSire. mobilur tele-

fonSi mimarTuli antenis gamoyenebis idea CvenTvis axali ar aris. Cven vikvlev-

diT am problemas[3] signali xmauris fardobis, interferenciis maCveneblis da 

arxis sxva parametrebis gaumjobesebisaTvis. Teoriul gamoTvlebze dayrdnobiT 

gvqonda garkveuli Sedegebi. ideis uaryofiT nawilad miiCneoda meqanikurad 

moZravi antenis elementebi. [4]-Si  mocemulia mimarTuli sxivis formirebisaT-

vis axali eleqtruli masalebis gamoyenebis idea.  

   radgan mexuTe Taobis mimarT moTxovnebi didia, mecnieruli  Tu teqno-

logiuri muSaoba mimdinareobs yvela mimarTulebiT. signalebis damuSavebis ku-

TxiT sxva meTodebTan erTad ganixileba OFDMA(Orthogonal Frequency-Division Multiple 

Access ) teqnologiaSi cikluri prefiqsis problemis amocana.  Cven am kuTxiT 

ganxiluli gvaqvs cikluri prefiqsis adapturi gamoyenebis varianti [5], sadac 

SeiZleba miRweuli iyos 15% procentiani zrdis Sedegi, miTumetes Tu iqneba ga-

moyenebuli programulad gansazRvruli kognituri radio teqnologiebi. ciklu-

ri prefiqsis gamoyenebis mizania simboloTa Soris interferenciis Tavidan aci-

leba, rac ganpirobebulia arekvlili, gardatexili da pirdapiri sxivebis mier 
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gavlili manZilebis sxvaobiT. es amocana romelic Cven davsviT me-4 Taobis qse-

lisTvis ufro aqtualuri xdeba 5G qselisaTvis, radgan aq aseve ganixileba 

sixSireTa ufro farTo diapazonis gamoyeneba da mkveTrad iqneba gansxvavebuli  

cikluri prefiqsis xangZlivobebic. am kvlevis Semdeg gagrZelebad migvaCnia 

OFDM simboloebis interferenciuli ubnebisaTvis, naiqvიstis siCqareze dabali 

siCqariT araorTogonaluri gadacemis gamoyeneba, romelic mazos zRvris saxe-

liT aris cnobili, 25 procentiT swrafia da ar zrdis simboloebs Soris ev-

klides minimalur distancias. aseTi signali  Caiwereba gamosaxulebiT(3). 

                                                        (3) 

sadac, 

N -aris paketis zoma; 

g(t) -aris modulaciis tipi; 

T=1/(2w) -simbolos periodi; 

sn- modulirebuli simbolo drois myisieri mniSvnelobebisaTvis n=0,...,   N-1, 

am meTodis gamoyenebis SemTxvevaSi gausis TeTri xmauris dros qselis 

tevadoba SeiZleba gamovTvaloT gamosaxulebiT(4). 

                                                                         (4) 

sadac, W -aris signalis sixSiruli zolis sigane erTi mimarTulebiT; 

P- saSualo simZlavre; 

N0-TeTri xmauris speqtruli simkvrive; 

H(f)- signalis sixSiruli maxasiaTebeli. 

     araorTogonaluri gadacemis gamoyeneba orTogonaluri arxebisTvis  Seam-

cirebs resursebis im danakargs, romelic gamowveulia  orTogonaluri teqno-

logiis zeda doneebis mkveTri mgrZnobiarobiT interfernciebis mimarT. fizi-

kur doneze araorTognal/orTogonaluri meTodebis kombinirebuli gamoyeneba 

gazrdis teqnologiis efeqturobas zeda doneebzec, ramac SeiZleba mogvces re-

sursebis  gamoyenebis efeqtianobis 25%-iani zrda. 
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5G MOBILE NETWORK DEVELOPMENT ASPECTS 

Sh. Kvirkvelia,  J.Beridze 

Georgian Technical University 

Summary 

The article describes the aspects of 5G network development, and problem solving variants.  There are estimated so-

me parameters that must be reached. Discussion about using orthogonal/not orthogonal transmission scheme also is 

considered. 
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momavlis FN qselis ZiriTadi struqtura da misi ZiriTadi doneebi  

 
jRamaZe m. s.*, xunwaria j. m.** 

satelekomunikacio kompania ,,axali qselebi”* 
saqarTvelos teqnikuri universiteti** 

 
warmodgenilia momavlis FN qselis ZiriTadi struqtura da misi erT-erTi Ziri-

Tadi donis Wkviani yvelgan SeRwevadi SUN qselis komponentebi da struqtura. agreTve 
am struqturaSi Semavali zogierTi rgolis mniSvneloba momavlis FN qselis ganviTare-
baSi. 

 
momavlis FN qselis struqtura Sedgeba rogorc fizikuri, aseve virtua-

luri qselebisagan. struqtura iyofa oTx ZiriTad doned: Data awareness - monacem-

Ta mimarTulebis done; Social and Economic awareness - socialuri da ekonomiuri mi-

marTulebis done; Environmental awareness - ekologiuri mimarTulebis done; Service 

awareness - servisis mimarTulebis done. am doneebis samarTavad Seqmnilia damate-

biTi doneebi: IF (Identification Framework) - saidentifikacio struqturuli done; D-

AN (Data-aware networking) - qselis struqturuli organizebis monacemTa Setyobine-

bis qseli; ID configuration; Identifiers; Autonomic network management da sxva.  

momavlis FN qselis ZiriTadi Semadgeneli nawilebia egreT wodebuli 

Wkviani SG (Smart Grids) qselebi, monacemTa BD (Big Date) qselebi da Wkviani yvelgan 

SeRwevadi SUN (Smart Ubiquitous Networks) qselebi. aseT qselebs eZaxian hibridul 

qselebs, radgan masSi gaerTianebulia ramdenime axali da wina Taobis qselebi. 

momavlis FN qselSi sxvadasxva saxis qselebi naklebad arian damokidebuli fi-

zikur doneze da maTi SeerTebis saxeobebze. amitom aucilebelia maT Soris ar-

sebobdes maRali donis damoukidebeli universaluri qseluri komponenti. aseT 

saSualedo qsels warmoadgens Wkviani yvelgan SeRwevadi SUN qseli, radgan igi 

warmoadgens erTgvar xids axali da Zveli Taobis qselebs Soris. igi awarmoebs 

or qsels Soris trafikis kontrols da amavdroulad damatebiT asrulebs me-

nejmentis funqcias.  

2016 wlsis 14 seqtembers, JenevaSi ITU-T-is konferenciaze miRebul iqna sa-

boloo SG13, SG/WP2 da FG IMT-2020 gadawyvetilebebi 2020 wlamde momavlis FN 

qselis da maT Soris Wkviani yvelgan SeRwevadi SUN qselis saboloo struqtu-

ris, standartebisa da rekomendaciebis Sesaxeb. 

miRebuli gadawyvetilebiT Wkvianma yvelgan SeRwevadma SUN qselma unda 

daakavSiros arsebuli axali generaciis NGN qseli da momavlis FN qselis Ziri-

Tadi doneebi, struqturuli erTeulebi da agreTve damatebiT SeiTavsos maTi 

zogierTi funqciebi (sur. 1). 

arsebuli axali generaciis NGN (New Generation Network) qselebis ZiriTadi 

doneebi, struqturuli erTeuli da funqciebia: IPTV – internet televizia; NACF 

(Network Attachment Control Functions) – qseluri mimagrebebis marTva; RACF (Resource 

Admission and Control Functions) – resursebis wvdoma da kontroli; MMCF (Mobility Ma-

nagement and Control Functions) - mobiluri menejmenti da kontroli; IDF (Intermediate Dis-

tribution Frame) - saSualedo gamanawilebeli rgoli. 
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sur. 1. arsebuli axali generaciis NGN (New Generation Network) qselebisa da momavlis FN 

qselebis dakavSireba Wkviani yvelgan SeRwevadi SUN qselis saSualebiT. 

 

momavlis FN qselisa da misi Semadgeneli struqturuli donis, Wkviani 

yvelgan SeRwevadi SUN qselis ZiriTadi doneebi, struqturuli erTeuli da 

funqciebia: servisis integraciisa da xelmisawvdomobis sivrce/OSE; satranspor-

to qseluri komponentebi M-IPTV - multimediuri televizia; USN (Ubiquitous Sensor 

Network) - yvelgan SeRwevadi sensoruli qselisa da M2M (Machine to Machine - manqana 

manqanasTan) mowyobilobebs Soris kavSiris qselis organizireba; veb interfeisi 

da Wot (Web of Things – sagnebis qseli); DSN (Data Source Name - monacemTa wyaros saxe-

li); Ad-Hoc Network - TviTorganizirebadi sensoruli usadeno qseli; P2P (Point to 

Point - kavSiri wertili wertilTan); PDN (Personal Detente Network - personaluri mo-

nacemebis gantvirTvis qseli); virtualuri da inteleqtualuri qselebi; M2Mul-

ti-Connection - mowyobilobebs Soris kavSiri (manqana mraval mowyobilobasTan); 

IDM (Identity Management) - identifikaciis menejmenti da usafrTxoebis struqture-

bi. 

Tanamedrove qselebis ganviTarebis momavali aTwleulebis erT-erT mimar-

Tulebas warmoadgens egreT wodebuli sensoruli qselebis ganviTareba. Sesaba-

misad Wkviani yvelgan SeRwevadi SUN qselis struqturul doneebSi sensoruli 

qselebis ramdenime struqturuli done (USN, Ad-Hoc Network, Wot) moxvda .  

USN (Ubiquitous Sensor Network - yvelgan SeRwevadobis sensoruli qseli) Tvi-

Ton warmoadgens sensoruli qselebis ZiriTad dones. misi qselis struqtura 

da stadartebi JenevaSi 2012 wlis ITU-T-is SG13 konferenciaze iqna miRebuli, 
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ris Semdegac xdeba misi damoukideblad ganviTareba. 

Ad-Hoc Network (TviTorganizirebadi dinamiuri sensoruli usadeno qseli) 

warmoadgens decentralizirebul qsels, romelsac ar gaaCnia mudmivi struqtu-

ra. klientis mowyobiloba TviTneburad, damoukideblad uerTdeba qselis ele-

mentebs da qmnis sxva damatebiT qsels. qselis yvela rgoli cdilobs gadasces 

monacemebi sxva qselis rgolebs, amasTan imis garkveva Tu romel rgols ekuT-

vnis es informacia xdeba dinamiurad. es aris mTavari gansxvaveba usadeno da 

sadenian qselebTan SedarebiT, sadac marTva xdeba marSutizatorebis an daSve-

bis wertilebis saSualebiT. 

oficialuri termini Wot (Web of Things – sagnebis qseli) Wot (Web of Things – 

sagnebis qseli) gamoCnda ITU-T-is Y.2063 rekomendaciaSi. sxvadasxva mowyobilobe-

bis CarTva erTian qselSi imdenad moTxovnadi da aucilebeli gaxda, rom SeuZ-

lebelia maTi cal-calke monacemebis erTian bazaSi gaerTianeba. Wot-s SeuZlia 

fizikur mowyobilobas misces qselis resursebTan wvdomis saSualeba, romelic 

damyarebulia veb sivrcis gamoyenebaze, am an am saxis mowyobilobebis istoria-

ze (mowyobilobis saxeoba, mwarmoebeli, modeli, programuli uzrunvelyofa da 

sxva), mowyobilobis sxvadasxva saxis bazebTan wvdomaze da sxva. yovelive es 

qmnis mowobilobebis erT did virtualur monacemTa bazas, romlis gamoyenebac 

SeuZlia qselis yvela rgols da elements Sesabamisi avtorizaciis gavlis Sem-

deg. aseTi virtualuri bazebis Seqmnisas ar aris aucilebeli axali bazebis an 

monacemebis Seqmna. Wot iZleva ukve arsebuli monacemTa bazebis gamoyenebis Se-

saZleblobas. 

 ITU-T-is Y.2063 rekomendacia aRwers greTve im moTxovnebs, romlebic auci-

lebelia Wot-is mxardaWerisaTvis da misi Semdgomi ganviTarebisaTvis, aseve aR-

wers mis models da funqcionalur arqiteqturas. 
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axali qseluri arqiteqturis SDN qselis ZiriTadi struqtura da 

ganviTarebis etapebi 

 
jRamaZe m. s.*, xunwaria j. m.** 

satelekomunikacio kompania ,,axali qselebi”* 
saqarTvelos teqnikuri universiteti** 

 
warmodgenilia axali qseluri arqiteqturis SDN qselis ZiriTadi struqtura da 

ganviTarebis etapebi. agreTve naCvenebia misi perspeqtivebi, dadebiTi mxareebi da momava-
li ganviTarebis mimarTulebebi. 

 
bolo 20 wlis ganmavlobaSi qselur teqnologiebSi xdeba neli magram 

swori cvlilebebi, romlebic uzrunvelyofen qselis efeqtianobis gazrdas 

sul ufro mzardi moTxovnebis mimarT. erT-erT aseT cvlilebas warmoadgens 

axali Taobis iseTi teqnologiebi, rogoricaa SDN (Software Defined Networking – 

programulad konfigurebadi qseli) da NFW (Network Function Virtualization – qseluri 

servisebis virtualizacia), romlebmac mTlianad Secvales kompiuteruli qse-

lebis virtualiazacia da fizikuri konfiguracia.  

orive teqnologia uzrunvelyofs qselis struqturisa da marTvis gamar-

tivebas, masStabirebasa da marTvis avtomatizacias, zeddebuli virtualuri qse-

lis saSualebiT fizikuri infrastruqturis simZlavreebis gazrdas, rezervire-

bis gamartivebas da, rac mTavaria, fizikuri qslis elementebis Secdomebis ga-

mosworebas programuli uzrunvelyofiT. 

jer kidev 1993 wels warmoiqmna axali qseluri arqiteqturis Seqmnis auci-

lebloba, romelmac miiRo saxelwodeba SDN (Software Defined Networking – programu-

lad konfigurebadi qseli), magram misi ganxorcieleba moxda mxolod 2007 wels 

stenfordis universitetSi mas Semdeg, rac Seiqmna qseluri protokoli Open-

Flow. SDN-is Seqmna universitetisa da industriuli warmoebis TanamSromlobis 

yvelaze idealuri magaliTia. is viTardeboda iseTi kompaniebis mxardaWeriT, 

rogorebicaa Google (mas gaaCnia yvelaze rTuli IT qseli) da iaponuri kompania 

NEC, romelic aris erT-erTi lideri kompania qseluri infrastruqturis war-

moebaSi.  

 globaluri qselis arsebuli arqiteqtura SemuSavebulia jer kidev gasu-

li saukunis 70-ian wlebSi da igi dRemde TiTqmis ucvleladaa SenarCunebuli. 

maSin warmoudgeneli iyo amJamad moTxovnadi informaciis nakadi. dResdReobiT 

veb-serverebi ver akmayofildeben provaiderebis, qselis operatorebis, finansu-

ri da sabanko struqturebis, sxvadasxva monacemTa centraluri bazebisa da 

sxva informaciis momxmareblebis moTxovnebs, radgan isini ver uZleben moTxov-

nili informaciis nakadis gadacemas, informaciis virtualizaciasa da usaf-

rTxoebas (maT uwevT daaxloebiT 600-mde sxvadasxva protokolTan muSaoba). 

 Tanamedrove kompiuterul qselebSi informaciis gadacemisa da marTvis 

funqciebi erTadaa gaerTianebuli, rac arTulebs mis marTvasa da kontrols. 

qselis arsebuli arqiteqtura aqamde viTardeboda egreT wodebuli ,,mercxlis 

bude”-s principiT, anu problemis aRmoCenis paralelurad TCP/IP protokolebis 

bades emateboda axali protokoli, romelic wyvetda arsebul problemas, rac 

yovel jerze sul ufro rTuli xdeboda. 
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kompiuterul qselebSi informaciis gadacemisa da marTvis funqciebis er-

Toblioba iseTivea, rac meore Taobis mobilur telefonebSi. mobiluri tele-

fonebis funqciebis 90% iyo xistad Cawerili aparatebSi da momxmarebels ar 

SeeZlo misi cvlileba. magaliTad, Tu mobilur telefonSi ar iyo TamaSebi an 

sxva aplikaciebi, maSin momxmarebels ar SeeZlo maTi Cawera da, Sesabamisad, ga-

moyeneba. momxmarebels qonda Zalian SezRuduli SesaZleblobebi telefonis 

konfiguraciis SecvlaSi. amJamad ki is yidulobs ara telefons, aramed plat-

formas, romelsac Tavisi Sexedulebisamebr akonfigurirebs da wers masSi sxva-

dasxva misTvis saWiro aplikaciebsa da funqciebs. zustad aseTive cvlilebebi 

iqneba kompiuterul qselebSic. 

programulad konfigurebadi qselis SDN–is (Software Defined Networking) idea 

mdgomareobs imaSi, rom marSutizatorebSi aparaturul doneze Tavidanve iyos 

realizirebuli ramdenime ararTuli operacia, romlebic dakavSirebulia komu-

tatoris portebs Soris paketebis gadacemasTan, paketebis velebis modifikaci-

asTan da a.S.  

 

 
sur. 1. tradiciuli da SDN qselis Sedareba informaciis gadacemis, qselis kontrolisa 

da marTvis TvalsazrisiT   

 

SDN qselis koncefciis Tanaxmad, qselis mTliani kontrolis logika 

sruldeba egreTwodebul kontrolerSi (qseluri operaciuli sistema), romel-

sac SeuZlia mTeli qselis muSaobis Tvalyuris devneba da marTavs mis paramet-

rebs. yvela sxva operacia, romlebic exeba qselis mimdinare mdgomareobas, mar-

Sutizacias, nakadebis marTvas, datvirTvis balansirebas, qselis gadatvirTvis 

prevenciasa da sxva, programulad unda iqnas realizirebuli specializirebu-

li danarTis saxiT qselur operaciul sistemaze zeddebiT. aseTi qseluri ope-

raciuli sistema qmnis erTian API–is (Application Programming Interface – programuli 

interfeisis aplikacia). igive funqciebi tradiciul qselebSi xorcieldeba yve-

la doneze marSutizatorebis, sviCebis da sxva qseluri mowyobilobebis gamoye-

nebiT (sur. 1). 
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 provaiderebisaTvis programirebulad konfigurebadi qselebis teqnolo-

giis yvelaze didi Rirsebaa daSorebuli punqtebis SeerTeba da monacemTa cen-

tralur bazasTan gamartivebuli muSaoba. SDN qseli, marTvis gamartivebidan ga-

momdinare, sagrZnoblad amcirebs xarjebs, radgan saSualod 30%-iT mcirdeba 

kompiuteruli qselebis komponentebi. qselSi datvirTvis gadanawilebiT da, ag-

reTve, dinamiuri balansirebiT qselis arxebis gamtarunarianoba izrdeba saSua-

lod 20%-iT, rac, Tavis mxriv, amcirebs danaxarjebs.  

 telekomunikaciisa da sainformacio teqnologiebis kvlevis sakiTxebSi 

erT-erTi yvelaze cnobili saeqsperto organizaciis Dell’Oro Group-is saagentos 

cnobiT 2016 wlidan TiTqmis yvela msxvili qseluri mowyobilobebis mwarmoebe-

li kompaniebi TavianT produqciaSi Cadeben SDN qselis mxardaWeris funqcias 

miuxedavad imisa, rom igi jer kidev ar aris bolomde standartizirebuli da, 

agreTve, ar aris yvela misi funqcia da struqtura gawerili. 
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Summary 

The paper describes the main structure and development stages of a new SDN networking architecture, as well as its 

positive aspects and development areas.   

 

 

 

multiservisul qselSi moTxovnebze dayovnebebis warmoqmnis 

damokidebuleba qselSi arsebul marSrutebze 

 

bJinava e.*, yifiani q.*, gvalia T.** 
*saqarTvelos teqnikuri universiteti 

** akaki wereTlis saxelwifo universiteti 

 
naSromSi ganxilulia multiservisuli qselis fragmenti droSi dayovnebis Ses-

wavlisaTvis da miRebulia Sedegi, rom ganStoebuli qseli SeiZleba Canacvldes qselis 
eqvivalenturi ubniT, romelic xasiaTdeba signalis gavrcelebis igive dayovnebiT, ro-
gorc qselis kvanZebSia gansazRvruli. 

 
NGN (NextGenerationNetworks an Nextstepgeneration) aris Semdegi Taobis - es 

aris heterogenuli, multiservisuli qseli, romelic uzrunvelyofs yvela sa-
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xis mediatrafikis gadacemas da satelekomunikacio momsaxurebis farTo speq-

tris siaxleTa damatebebs, redaqtirebebs da ganawilebuli tarifikaciis SesaZ-

leblobebs. 

qselis ZiriTadi sainformacio-teqnikuri maxasiaTeblebi, romlebic gan-

sazRvravs momxmarebelTa momsaxurebis garantirebul xarisxs da saerTod qse-

lis qmediTunarianobas, aris Semdegi: 

- satransportomagistralebisgamtarunarianoba an gadacemissiCqare; 

- qseliskvanZebSiSemomavali da gamavalitrafikismoculoba; 

- qselistraqtebSi da magistralebSijamuritrafikismniSvneloba; 

- qselissaimedoba da mzadyofniskoeficienti. 

    Tanamedrove kavSirgabmulobis cifruli qselebi damatebiT moiTxovs qselis Se-

mdgomi gafarToebisa da ganviTarebisSesaZleblobisarsebobas da Semdegi faqto-

rebis gaTvaliswinebas: 

- saWirogatarebiszolisuzrunvelyofas; 

- qselisgafarToebisa da masStabirebisSesaZleblobas; 

- qselismarTvadobas; 

- sxva da sxvatrafikebisintegraciisSesaZleblobas; 

- gadacemis da komutaciisnebismieri sistemebisurTierT-Tavsebadobas; 

- qselisarxebisa da traqtebisrezervirebas, qselissaimedobisa da 

mzadyofnisumaRlesimaCveneblebisuzrunvelsayofad. 

ტrafikis ganawilebis analizis safuZvelze xorcieldeba magistraluri qse-

lis dagegmva da organizeba, magram, amasTanave, qselSipirveladitrafikisanalizi-

sa da komutaciis funqciiT nakadebis gacvlis ierarqiis safuZvelze, ganisazRvre-

ba qselis datvirTuloba. 

komutaciis tradiciuli SSP (Service Switching Point - momsaxurebis saxeobaTa 

komutaciis wertili) kvanZebidan qselis inteleqtisa da momsaxurebis logikis 

gadatana kompiuteruli uzrunvelyofis SCP (Service Control Point - momsaxurebis sa-

xeobaTa marTvis wertili)-Si morgebuli iyo inteleqtualuri qselis (Intelligent 

Network) koncefciaze, ITU-s Q-1200 rekomendaciis specifikaciiT. 

telekomunikaciis teqnologiebis swrafma ganviTarebam da momsaxurebis 

saxeobebze moTxovnebis zrdam gamoiwvia momsaxurebis axali saxeobebis Seqmnisa 

da maTi swrafi danergvis aucilebloba. am faqtorebis zegavleniT Camoyalibda 

heterogenuli paketuri teqnologiis, Semdgomi Taobis NGN qselis koncefcia, 

sadac sametyvelo signalis gadacema ganixileba, rogorc momsaxurebis iseTi 

saxeoba, romlebic moiTxovs dayovnebis kidev ufro mcire mniSvnelobas, vidre 

sametyvelo signalis gadacema IP qseliT, Sesabamisad dayovnebebis problemam 

moaxdina mniSvnelovani zegavlena NGN  qselis maxasiaTeblebze. [1] avtorebma 

aseTi qselebi gamoyves axal klasad da uwodes qselebi mcire dayovnebebiT. 

ganvixiloT iseTi satelekomunikacio qselis SemTxveva, romelic Seicavs 

mxolod erT kvanZs SSP-fuqcionaluri SesaZleblobebiT. inteleqtualur momsa-

xurebaze moTxovnebi SSP-s miewodeba qselis yvela kvanZebidan, winaswar dadge-

nili marSrutebiT. nax.1-ze mocemulia aseTi qselis fragmenti Sesabamisi kvanZe-

biT [2], xolo SemaerTebeli xazebi, Seesabameba kvanZebidan SSP-mde signalebis 

miwodebis marSrutebs. (aq signalebis miwodebis SesaZlo SemovliTi gzebi aR-
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niSnuli ar aris). 

CavTvaloT, rom SSPganTavsebulia
0Y sakvanZosadgurSi, xolo danarCeni 

kvanZebi ( 0)iY i  warmoadgenen damaboloebel sadgurebs, anu yoveli maTgani 

qmnis inteleqtualur momsaxurebaze moTxovnebis datvirTvas. 

avRniSnoT: 
0 -iT inteleqtualur momsaxurebaze moTxovnebis saSualo 

ricxvi erTi momxmareblisagan, drois erTeulSi;
iN aris i-uri kvanZis momxmare-

belTa ricxvi; 

am SemTxvevaSi, yoveli kvanZidan Semosuli moTxovnebis saSualo ricxvi 

inteleqtualur momsaxurebaze iqneba: 

0i iN   , 

xolo SSP -ze Semosuli jamuri moTxovnebi yvela kvanZidan: 

1

K

i

i

 


  , 

sadac K aris SSP-ze mierTebuli kvanZebis saerTo ricxvi. 

avRniSnoT 
ijV -iT monakveTi, romelic aerTebs qselis 

iY  da 
jY kvanZebs. av-

RniSnoT 
iB -iT qselis ubani, romelic Seicavs 

iY  kvanZidan, sakvanZo sadguramde 

marSrutis yvela monakveTebs. magaliTad, nax.1-ze 
4Y  kvanZisaTvis 

4B  marSruti 

Seicavs monakveTebs 
01 13,V V  da 

14V . 

avRniSnoT 
ijV  monakveTis Sesabamisi gzis sigrZe 

ijL -iT, xolo qselis 
iB  

monakveTis sigrZe, romelic Seicavs yvela marSrutebs 
iY  kvanZidan sakvanZo 

sadguramde 
iL -iT: 

ij i

i ij

Y B

L L


  . 

magaliTad, nax.1-Tvis gveqneba: 

4 43 31 10 3 31 10 2 21 10, ,L L L L L L L L L L      
  
da a.S. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.1. satelekomunikacio  kvanZebidan SSP-ken SesaZlo marSrutebi. 
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 inteleqtualur momsaxurebaze 
iB  marSrutiT moTxovnis gavlis albaToba 

aris i-uri satelekomunikacio  kvanZidan moTxovnaTa  

intensiobis proporciuli: 

                                                                     i
iP




 . 

           LsaS. gzis saSualo sigrZe, romlis gavlasac saWiroebs moTxovnis Semos-

vlis Sesaxeb informaciis signali, satelekomunikacio kvanZidan SSP-mde, gani-

sazRvreba TanafardobiT: 

1

K

i i

i

L P L


 saS.
. 

aseTive msjelobiT ganisazRvreba im kvanZebis saSualo ricxvi, romelTa 

gavlac mouxdeba 
iB  marSrutiT moTxovnis Sesaxeb informaciis signals: 

1

K

i i

i

K P K


 saS. , 

sadac 
iK  aris 

iB  marSrutis kuTvnili satelekomunikacio kvanZebis ricxvi. 

Tu CavTvliT, rom qselSi xazis ubanze signalis gavrcelebis dro Sead-

gens Vsign. , maSin qselis xazebSi signalis gavrcelebis drois Sesabamisad, sig-

nalis dayovnebis saSualo mniSvneloba iqneba: 

L

L

V
  saS.

saS.

. 

rodesac satelekomunikacio  kvanZi miiRebs momxmareblis moTxovnas da 

es moTxovna gaivlis yvela tranzitul kvanZs, cxadia yvelgan moxdeba droSi 

dayovnebebi. Tu CavTvliT, rom yovel kvanZSi dayovnebebis mniSvnelobebi erTna-

iria da avRniSnavT mas day. /kv , Setyobinebis jamuri dayovneba, marSrutis Sesaba-

misad yvela kvanZebis gavlis Semdeg, iqneba: 

K K  sign. day. /kv . 

amrigad, droSi dayovnebebis TvalsazrisiT, ganStoebuli qseli SeiZleba 

pirobiTad Canacvldes eqvivalenturi ganuStoebeli ubniT, xasiaTdeba xazebSi 

signalis gavrcelebis igive dayovnebiT da qselis kvanZebSi Setyobinebis imave, 

saSualo jamuri dayovnebiT. 

 

daskvna 

 

dayovnebebis mniSvnelobaTa zusti gazomvis Sedegebi iqneba informaciis 

wyaro, qselSi gadacemuli signalisaTvis marSrutis Secvlis Sesaxeb [3-5], rac 

iZleva axali amocanebis gadawyvetis saSualebas, maT Soris qselis funqcioni-

rebaSi arasanqcirebuli CarTvis Sesaxeb. 
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DEPENDENCE OF DELAY WITH THE REQUESTS IN MULTI SERVICE NETWORKS ON THE ROU-

TES EXISTING IN NETWORK  

Bzhinava E.*, Kipiani K.*, Gvalia T.** 

*Georgian Technical University,  **Akaki Tsereteli State University 

Summary 

The paper describes  the fragment of multiservice network to study time delay. It has been shown that broad network 

can be replaced by the equivalent network segment, which is characterized by the same delay in the distribution of 

signal as defined in network nodes. 

 

 

 

pirdapiri gadadaniSnulebis procedurebis 

gavlena mobiluri qselis xarisxobriv maCveneblebze 

 

A SamanaZe o., SamanaZe g. 
saqarTvelos teqnikuri universiteti 

 
   Tanamedrove pirobebSi mobiluri momsaxurebis popularobis zrdasTan damokidebu-
lebiT mobiluri operatorebis winaSe dgeba arc Tu ise martivi amocana, gansazRvros 
GSM standartis qselisaTvis gadatvirTulobis  parametrebis intensivobis cvlilebis 
kanoni. Mmobilurobis parametris cvlilebis aRmoCena warmoadgens SesaZlo gadatvir-
Tulobis winaswarmetyvelebis da aRmoCenis  yvelaze adreul etaps. imisaTvis, rom gai-
zardos saimedoba da ar moxdes reagireba datvirTvis mcire xangrZliobis  cvlileba-
ze, rac igivea gaizardos ganxiluli algoriTmebis efeqturoba, mizanSewonilia Catar-
des fiWaSi warmoqmnil gardamavali procesebis analizi. 
 
       momuSave fiWaSi maRali datvirTvis arsebobisas rogorc wesi xdeba “pir-

dapiri gadadaniSnulebis” inicireba. amitom dadebiTi efeqtis garda, rogori-

caa gadatvirTulobis Semcireba, “pirdapiri gadadaniSnulebis” gamoyenebas Se-

iZleba hqondes uaryofiTi efeqti – laparakis dros SeerTebis gawyveta (Sem-

dgomSi ubralod SeerTebis gawyveta), rac aranakleb uaryofiTad vidre gadat-

virTuloba aRiqmeba abonentis mier. Aaqedan gamomdinareobs, rom Zalian faqi-

zad unda miudgeT mobiluri qselis logikuri parametrebis gadawyobas. winaaR-

mdeg SemTxvevaSi yvela misawvdomi saSualebebiT erTi parametris Semcirebam Se-

iZleba gazardos meore. e.i. saWiroa kompromisi gadatvirTulobebis Semcirebasa 

da SeerTebis gawyvetis mniSvnelobis zrdas Soris. 

       arsebiTad Signal_levmin mniSvneloba gansazRvravs “pirdapiri gadadaniSnule-

bis” proceduris dros fiWebis gadafarvis zonas. e.i. rac ufro mcirea am para-

metris mniSvneloba, miT metia albaToba imisa, rom mobiluri terminalebis na-

wilma, romlebic momsaxurebas iReben gadatvirTulobadi fiWidan, miiRon re-

sursi mezobeli, ufro mcired datvirTuli fiWidan. aRsaniSnavia, rom esaa da-

farvis zonis logikuri Secvla. Ffizikurad (gamosxivebuli simZlavris Tval-
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sazrisiT) dafarvis zonebi ar icvleba da mobiluri terminalis qceva lodinis 

reWimSi rCeba ucvleli. Aamrigad, gadatvirTulobis Sesamcireblad ukeTesi iq-

neboda migveniWebina Signal_levmin=-110dBm (sabazo sadguris da mobiluri termi-

nalis mimRebis mgrZnobiarobis done). Ees garantirebulad mogvcemda saSuale-

bas, rom yvela mobiluri terminali, romlebsac SeuZliaT miiRon signali mezo-

beli fiWidan, miiReben mis resurss. arsebiTia, rom am SemTxvevaSi gadatvirTu-

lobebis Semcirebisas, romelic gamowveulia cudi radio pirobebiT, gaizrdeba 

xarisxis sxva maCvenebeli – SeerTebis gawyvetis mniSvneloba. amasTan dakavSire-

biT ismeba kiTxva, logikuri parametrebis ra mniSvneloba unda mivaniWoT?  sxva 

sityvebiT, ramdenad unda gavzardoT dafarvis zona xarisxobrivi maCveneblebis 

gauaresebis gareSe? Aam kiTxvaze pasuxis gasacemad saWiroa moiZebnos damokide-

buleba gadatvirTulobebiT momsaxurebis dros uaris mniSvnelobas da SeerTe-

bis gawyvetas Soris, rogorc funqcias gansazRvruli donis signalis wilTan, 

romelsac vuwodoT zRvruli. zRvruli done, es aris  signalis minimaluri 

done, romlis drosac mosalodnelia abonentis momsaxureba moTxovnili xaris-

xiT. is damokidebulia garemos interferenciul suraTze, reliefis Tavisebure-

bebze, Senobebis simWidroveze da sxva, da rogorc wesi ganisazRvreba empiriu-

lad sxvadasxva statistikuri monacemebis damuSavebis safuZvelze. gaTvlebi-

saTvis zRvrul doned miviRoT -95 dBm. Signal_levmin  mniSvneloba ganisazRvreba 

signalebis wiliT, romelTa done naklebia zRvrulze.  

     erlangis cnobili formula umartivesi nakadisaTvis SekveTebis (gamoZaxe-

bebis) Semosvlis intensivobiT  da momsaxurebis saSualo xangrZlivobiT 1/ 

amyarebs damokidebulebas uaris albaTobasa da dakavebul da miRwevad xazebs 

Soris (Cven SemTxvevaSi miRwevad da dakavebul taim-slotebs fiWaSi) [2]. aRniS-

nuli formula gamtarunarianobis SefasebisaTvis SeiZleba gamoyenebuli iqnas 

izolirebuli fiWis SemTxvevaSi, radganac aRniSnuli maTematikuri modeli ar 

iTvaliswinebs mobiluri qselebis dagegmarebis da agebis ZiriTad princips - 

fiWebis gadafarvas. romlis gareSeTac SeuZlebeli gaxdeboda hendoveri da 

sxva procedurebi, romlebiTac xasiaTdebian mobiluri kavSiris qselebi. [4]-e 

naSromSi miRebulia formula, romelic saSualebas iZleva gamoiTvalos uaris 

albaToba gadafarvis zonebis gaTvaliswinebiT: 

 
   sadac N – fiWaSi taim-slotebis dasaSvebi raodenobaa; f – fiWaSi taim-slo-

tebis dakavebaze moTxovnis albaTobaa;  – momsaxurebis saSualo xangrZlivo-

bis Sebrunebuli parametria; K – fiWebis gadafarvis jeradobaa (daSvebulia, 

rom fiWas gaaCnia maqsimum oTxjeradi gadafarva, e. i. K= 4); Sk – fiWis farTo-

bia, sadac SeimCneva fiWis K-jeradi gadafarva; Sf – fiWis farTobia. 

   (1) formuliT miRebuli Sedegebi kargad korelirdeba praqtikul mniSvnelo-
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bebTan. Nnax. 1-ze agebulia Teoriuli damokidebuleba PgaT(f)  da eqsperimenta-

luri monacemebi, rigi fiWebisaTvis, sadac gaaqtiurebulia “pirdapiri gadada-

niSnulebis” procedura Nnax. 2-ze mocemulia uaris albaTobis damokidebulebis 

grafiki, romelic agebulia erlangis klasikuri formuliT (wyvetili mrudi) 

da 1 modificirebuli formulis mixedviT (uwyveti mrudi). rogorc moyvanili 

naxazebidan Cans fiWebis gadafarva saSualebas iZleva gaizardos gamtarunaria-

noba 25%-iT. 

  Aamrigad miRebuli da aseve [2,4] moyvanili  Sedegebi asabuTeben “pirdapiri 

gadadaniSnulebis” proceduris efeqturobas, romelic warmoadgens mobilur 

qselebSi uaris albaTobis Semcirebis an misi gamtarunarianobis gazrdis me-

Tods. 

  (1) formulaSi Sk-s gamosaTvlelad saWiroa vicodeT rc=rkavSiri/rfiWa. ramde-

naTac Signal_levmin ama Tu im mniSvnelobis dayeneba logokurad gansazRvravs am 

damokidebulebas, SeiZleba moiZebnos damokidebuleba PPgaTiSva –sa rc-dan, sxva 

sityvebiT Signal_levmin mniSvnelobidan, romelic Tavis mxriv gansazRvravs signa-

lis wils zRvrulze naklebi doniT.  

 
Nnax. 1 damokidebuleba PgaT(lf)   

 
nax. 2 uaris albaTobis damokidebulebis grafiki saaTSi gamoZaxebebis raodenobidan 

 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 155 

     Catarebul iqna “pirdapiri gadadaniSnulebis” procedurebis gavlenis ana-

lizi mobiluri qselis ZiriTad xarisxobriv maCveneblebze: uaris albaTobaze 

da SeerTebis gawyvetis mniSvnelobaze. Ppraqtikuli Sedegebi da (1) modificire-

buli formuliT Teoriuli gaTvlebi, romlebic iTvaliswinebdnen gadafarvis 

zonis zomebs aCvena, rom “pirdapiri gadadaniSnulebis” procedura warmoadgens 

efeqtur meTods mobiluri kavSiris qselebSi uaris alnaTobis Sesamcireblad, 

romelic saSualebas iZleva 25%-iT gaizardos qselis gamtarunarianoba.  

     aRniSnuli damokidebulebis gamoTvlisaTvis gamoyenebul iqna “bilainis” 

mobiluri qselis monakveTi, romelSic arsebobdnen fiWebi, romlebic emsaxure-

bodnen teritoriebs abonentebiT rogorc “qalaquri” qceviT, aseve qalaqgareTa 

specifikaciiT. miRebuli Sedegebis safuZvelze, miviReT ra signalis zRvrul 

doned -95dbm, SeiZleba iTqvas, rom warumatebeli SeerTebis mniSvnelobis 2%-

mde SenarCunebiT logikuri parametrebis gadawyoba, romlebic pasuxoben “pir-

dapiri gadadaniSnulebis” procedurebis muSaobas, iseTnairad unda moxdes, rom 

zRvrul doneze naklebi signalis wilma ar unda gadaametos 15%..   
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DIRECT INFLUENCE REASSIGNMENT PROCEDURES FOR QUALITY MOBILE NETWORK PER-

FORMANCE 

Shamanadze O.,Shamanadze G. 

Georgian Technical University 

Summary 

Depending on the conditions of the mobile operators are faced with the increasing popularity of the service is not a 

simple task, reset the parameters defined in the GSM standard networks intensity changes in the law. The discovery 

of the mobility parameter is reset to the discovery of the prophets, and in the early stages. In order to increase relia-

bility and to respond to changes in load on a short duration, which is the same as increasing the efficiency of the al-

gorithm, it is recommended to take cells arising in the analysis of transient processes. 

 

 

 
 

Hheterogenul qselebSi Wi-Fi SeRwevis wertilebis monitoringis 

meTodebis SedarebiTi analizi 

 
ZoweniZe g., murjikneli g., bajeliZe i. 
saqarTvelos teqnikuri universiteti 

 
mobiluri aparatis mravalfunqciurobidan gamomdinare, erT-erT mniSvnelovan 

problemas warmoadgens misi energoresursis ekonomiuri xarjvis uzrunvelyofa. mobi-
luri mowyobilobis uaxlesi modelebi aRWurvilni arian rogorc yvela Taobis fiWuri 
teqnologiebiT, aseve Wi-Fi terminalebiT.Sesabamisad amisa, am ukanasknelTa eleqtroda-
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naxarjebis garkveuli wili modis maT funqcionirebaze usadeno farTozolovan qse-
lebSi. Cvens mier warmodgenilia heterogenulqselebSi Wi-Fi SeRwevis wertilebis moni-
toringis meTodebis Sefaseba energoefeqturobis TvalsazrisiT. 
 

Wkviani telefonebis raodenoba dRiTidRe matulobs. monacemebis tipis tra-

fikis zrdasTan erTad sul ufro meti mobiluri operatori axdens fiWuri da 

WLAN qselebis heterogenizacias.  Miuxedavad amisa, fiWuri qselebis gantvir-

Tvis mizniT, saTanado doneze ar xdeba maTgan monacemebis tipis trafikis gada-

tana WLAN qselebze. Aqedan gamomdinare Wi-Fi qselebis resursi rCeba dautvir-

Tavi,  xolo fiWur qselebSi gvaqvs maRali gadatvirTvebi. Amis erT-erTi Ziri-

Tadi mizezia is, rom momxmarebeli ver iRebs informacias Wi-Fi SeRwevis werti-

lebze,  radgan mobiluri mowyobilobis energiis SenarCunebis mizniT momxma-

reblebs xSir SemTxvevaSi gaTiSuli aqvTWi-Fi qseli. 

Qseluri mowyobilobebis mwarmoeblebis mier SemuSavebul iqna midgoma 

[1],  romlisgamoyenebiTacS esaZlebelia trafikis gadatana mobiluri qselidan 

Wi-Fi qselebze. Im SemTxvevaSi, Tu fiWis datvirTulobam miaRwia zeda zRvars da 

amavdroulad Wi-Fi qseli xelmisawvdomia, mobiluri mowyobilobisaTvis Ses-

ruldeba monacemTa gadacemis servisis gadatana Wi-Fi qselze. Aam gziT SesaZle-

belia monacemTa tipis trafikis gadatvirTva fiWuri qselidan WLAN qselze. 

aRniSnuli proceduris ganxorcielebidan miRebuli sargebeli SeiZleba Camoya-

libdes Semdegnairad: 

a) momxmareblisaTvis: 

 mobiluri aparatis energomoxmarebis Semcirebis uzrunveliyofa. mobilu-

ri mowyobiloba avtomaturad gamorTavs Wi-Fi qsels, rodesac moxmarebe-

li gamova WLAN qselis dafarvis arealidan an daamTavrebs monacemTa ga-

dacemas. 

b) mobiluri operatorisTvis: 

 fiWur qselSi mcirdeba gadatvirTvebi, radgan sruldeba garkveuli mocu-

lobis trafikis gadatana mobiluri qselidan WLAN –ze. 

 xorcieldeba mobiluri da WLAN qselebis maqsimaluri utilizacia. dina-

mikur reJimSi trafikis teqnologiebSorisi gadatana zrdis heterogenul 

qselebSi resursis efeqturad gamoyenebis maCvenebels. 

dReisaTvis mwarmoeblebis mier gamoyenebuli midgomis mixedviT, winaswar 

xdeba dadgena, aris Tu ara fiWis dafarvis arealSi Wi-Fi SeRwevis wertilebi. 

SeRwevis wertilis arsebobis SemTxvevaSi, mocemul fiWaze aqtiuri sesiis mqone 

mobilur mowyobilobebs egzavnebaT informacia, rom aRniSnuli fiWis dafarvis 

arealSi aris Wi-Fi qseli. amis Semdeg mobiluri aparatebi daiwyeben WLAN qse-

lis signalis Semowmebas, xolo im SemTxvevaSi, Tu fiWis dafarvis arealSi ar 

aris Wi-Fi SeRwevis wertili, mobilur mowyobilobas egzavneba brZaneba Wi-Fi 

qselis Zebnis reJimis deaqtivaciis Sesaxeb, manamde sanam mobiluri mowyobilo-

ba ar datovebs aRniSnul fiWas. mocemuli midgoma saSualebas iZleva Tavidan 

iqnas acilebuli mobiluri aparatis energiis damatebiTi xarjva iseTi fiWebis 

dafarvis arealSi, sadac ar aris ganTavsebuli Wi-Fi SeRwevis wertilebi. 

mobiluri kavSirgabmulobis qselebSi gamoyenebuli makro/mikro fiWebis 

zomebi gacilebiT didia vidre WLAN qselebSi gamoyenebuli SeRwevis wertile-
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bis dafarvis areali. mwarmoeblebis mier SemoTavazebuli midgomis mixedviT, 

mobilurma mowyobilobam mudmivad unda amowmos WLAN qselis signali, im Sem-

TxvevaSic ki Tu fiWis dafarvis arealSi mxolod erTi SeRwevis wertilia. 

aseT SemTxvevaSi ar xdeba mobiluri mowyobilobis energiis efeqturi gamoyene-

ba. 

Cvens mier damuSavebul iqna gansxvavebuli midgoma [2,3], romlis saSuale-

biTac SesaZlebelia heterogenul qselebSi funqcionirebadi mobiluri mowyobi-

lobebis energoresursis efeqturi gamoyeneba. damuSavebul iqna Wi-Fi SeRwevis 

wertilebis maRali energoefeqturobis algoriTmi, romlis mixedviTac mobi-

lur mowyobilobas egzavneba brZaneba WLAN qselis signalis donis Semowmebis 

saWiroebis Sesaxeb. 

sazogadod, fiWurqselebSi, mobiluri mowyobilobis aqtiur mdgomareoba-

Si yofnis SemTxvevaSi, mudmivad sruldeba TA-s (Timing Advance) gazomvebi. aRniS-

nuli gazomvebis saSualebiT SesaZlebelia LTE sabazo sadgursa da mobilur 

mowyobilobas Soris manZilis dadgena 80 metris sizustiT. mocemuli saxis ga-

zomvebi mobiluri mowyobilobis mxares ar saWiroebs energoresursis damate-

biT xarjvas. swored aRniSnuli gazomvebis gamoyenebiT SesaZlebelia LTE  fiWis 

dafarvis arealis dayofa 80 metrian APG (Access Points Group) jgufebad. im Sem-

TxvevaSi, Tu APG jgufi carielia (masSi ar aris arcerTi SeRwevis wertili), 

maSin mas mieniWeba indeqsi 0 (daxuruli) da Sesabamisad mocemul arealSi mobi-

luri mowyobiloba ar moaxdes WLAN qselis signalis skanirebas, xolo Tu 

APG jgufSi ganTavsebulia erTi SeRwevis wertili mainc, maSin mas mieniWeba in-

deqsi 1 (Ria) da mobiluri mowyobilobis mier moxdeba Wi-Fi qselis signalis Se-

mowmeba. 

 
nax.1. Wi-Fi signalis skanirebis SemoTavazebuli algoriTmis muSaobis principi 

 

amgvarad, LTE - Wi-Fi tipis heterogenul qselebSi SemoTavazebuli algo-

riTmis gamoyeneba, arsebuli gadawyvetebisagan gansxvavebiT, saSualebas iZleva 

LTE fiWis dafarvis arealSi myofma mobilurma mowyobilobam moaxdinos Wi-Fi 

SeRwevis wertilebis signalis monitoringi mxolod im ubnebSi, sadac xelmi-

sawvdomia Wi-Fi qseli, rac aRniSnul proceduraze mobiluri aparatis mier da-

xarjuli energiis sagrZnobi Semcirebis saSualeba siZleva. 
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COMPARATIVE ANALYSIS OF MONITORING METHODS WI-FI PENETRATION POINTS IN HETE-

ROGENEOUS NETWORKS 

DDzotsenidze G., Murjikneli G., Bajelidze I. 

Georgian Technical University 

Summary 

Due to the multi-functionality of mobile device, nowadays on of the most important issue is energy resource 

consumption of user equipment. New models of mobiles are equipped with all generation of cellular technologies, 

also they’re being supported by Wi-Fi system. The mentioned wireless networks utilize big part of equipment 

energy. In this work, it is proposed the energy efficient method, which could be deployed in heterogeneous networks 

to reduce mobile equipment power consumptionduring the signal monitoring of Wi-Fi Access Points. 

 

 

 

 

me-4 Taobis mobiluri kavSiris qselSi xmis gadacemis “VoLTE” 
teqnologiis sakiTxebis gamokvleva da damuSaveba 

 

murjikneli g., abulaZe v. 
saqarTvelos teqnikuri universiteti 

 
naSromSi ganxilulia me-4 Taobis mobiluri kavSiris qselSi xmis gadacemis  teq-

nologiis VoLTE-s muSaobis ZiriTadi principebis ganxilva da mis danergvasTan dakavSi-
rebuli Taviseburebebis gamokvleva da damuSaveba. 

 
maRali xarisxis sakomunikacio servisebis uzrunvelyofa IP qselebSi 

farTozolovani mobiluri qselebis ganviTarebasTan erTad, VoLTE  iye-

nebs telekomis maxasiaTeblebs, rogoricaa QoS da globalur SeRwevadobas, 

inovaciuri sakomunikacio servisebis SesaTavazeblad, rogoricaa ganviTarebu-

li maRalxarisxiani xmis gadacema, musikis gaziareba saubris dros da video 

komunikacia IP qselebis meSveobiT.   

xmis gadacemis servisebi farTozolovan mobilur qselebSi 

farTozolovanma mobilurma gadacemam Seqmna axali SesaZleblobebisa da 

Semosavlebis samyaro mobiluri operatorebisTvis. am SesaZleblobebs rogorc 

wesi Tan axlavs gamowvevebic, da farTozolovani mobiluri kavSiri amowmebs 

sakomunikacio servisebis poziciebs, rogoricaa xmis gadacema, romelic dRes-

dReobiT globalurad Seadgens operatorebis wliuri Semosavlebis 60 pro-

cents, ramac 2014 wels Seadgina 600 milioni amerikuli dolari. mTavari kiTx-

vaa, rogor gamoviyenoT  farTozolovani mobiluri kavSiris SesaZleblobebi 

da amavdroulad SevinarCunoT da gavzardoT sakomunikacio servisebis Semosav-

lebi, rogorc kerZo, aseve biznes momxmareblebisTvis. 

LTE qselebs SeuZliaT farTozolovani mobiluri informaciis gadatana 

monacemTa gazrdili siCqariT da naklebi dayovnebiT. Tumca, radganac LTE-Si 
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ar arsebobs  winaswar gamoyofili komutaciis xmis gadacemis domeni, mobilur 

industriaSi damkvidrda saerTaSorisod Tavsebadi IP-teqnologiaze dafuZnebu-

li xmisa da videos gadacemis gadawyveta LTE-Tvis, romelic cnobilia, rogorc 

VoLTE, ramac Tavis mxriv SesaZlebeli gaxada axali inovaciuri sakomunikacio 

servisebis ganviTareba. 

zevidan daSenebulma (Over-the-top (OTT)) sakomunikacio gadawyvetebma, rogo-

ricaa Skype da FaceTime, gamoiwvia momxmarebelis mier VoIP-is, videozarisa da 

mokel teqsturi Setyobinebis teqnologiaze dafuZnebuli, ufro mowinave sevri-

sebis aTviseba. Tumca, OTT gadawyvetebi ver uzrunvelyofen  srulad damakmayo-

filebel momxmareblis gamocdilebas, radganac ar arsebobs  QoS-is sazomi sa-

Sualebebi, ar gaaCniaT hendovar meqanizmebi winaswar gamoyofili komutaciis 

qselisTan da sxvadasxva OTT servisebsa da mowyobilobebs Soris farTomaSta-

biani Tavsebadoba, ar aqvs garantirebuli kritikuli, gadaudebeli mxardaWera  

da usafrTxoebis sazomi saSualebebi.  aqedan gamomdinare, OTT klentebis aTvi-

seba pirdapir damokidebulia farTozolovani mobiluri qselis dafarvasTan 

da momxmareblebis survilTan, raTa maT gamoiyenon uxarisxo, saxifaTo da mo-

uqneli servisebi.  

operatorebma daiwyes qveynebis maStabiT komerciuli VoLTE servisebis 

gaSveba xmisa da videos gadacemisaTvis LTE qselis saSualebiT, winaswar gamo-

yofil sakomutacio qselTan uwyveti Seuferxebeli servisiT. garda amisa, Tan-

daTan bazarze inergeba uwyveti kavSiri Wi-Fi qselebTan sayofacxovrebo gamoye-

nebisTvis. 

globalurad Tavsebadi gadawyveta 

LTE da Evolved Packet Core (EPC) arqiteqturebs ar gaaCniaT mxardaWera wi-

naswar gamoyofili sakomutacio arxebis xmisa da videos gadacemis mimarT. am 

mimarTulebiT satelekomunikacio industriaSi ori ZiriTadi tendencia ganvi-

Tarda, romlebic uzrunvelyofen LTE smarTfonebTan Tavsebad xmis gadacemis 

servisebs: winaswar gamoyofil sakomutacio arxebze dabrunebas (CSFB) da 

VoLTE-s. tipiurad, CSFB-s iyeneben iseT adgirebSi sadac LTE-s dafarva Sedare-

biT uxarisxo da araerTgvarovania (ZiriTadad soflebSi da LTE-s ganviTarebis 

sawyis etapze), maSin rodesac VoLTE-s gauSves adgilebSi, sadac LTE-s dafarva 

uwyveti da xarisxiania (did qalaqebsa da iseT adgilebSi, sadac LTE teqnolo-

gia ukve farTod damkvidrebulia). 

IMS-ze dafuZnebuli VoLTE-s upiratesobebi 

termini VoLTE gamoyenebuli iqna GSMA-s mier LTE-teqnologiaSi xmisa da 

mokle teqsturi Setyobinebis gadacemisaTvis, romelsac Tavis sawyisebi 3GPP 

IMS-ze dafuZnebul multimedur gadawyvetaSi (MMTel) aqvs. VoLTE-s meSveobiT, 

operatorebs uCndebaT saSualeba IP-teqnologiaze dafuZnebuli qselebis far-

To SesaZleblobebis gamoyenebis, maRal-xarisxiani farTozolobani mobiluri 

servisebis misawodeblad da Tavsebadi sakomunikacio servisebis gaSvebisaTvis. 

VoLTE aris safuZveli Tanamedrove momxmareblis gamocdilebisaTvis da Seicavs 

servisebs, rogoricaa HD xma, video zari, HD konferencia da IP mesijingi, da 

amasTanave axali inovaciuri servisebi - romlebic iqneba gamoyenebuli yvelgan 

da yvela mowyobilobaze. 
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VoLTE pirvelad gaeSva samxreT koreaSi 2012 wlis agvistoSi. amis Semdeg, 

daiwyes gamoSveba VoLTE-sTan Tavsebadi mowyobilobebis. 2014 wlis ganmavloba-

Si, aziisa da CrdiloeT amerikis bevrma operatorma gauSva VoLTE servisebi Ta-

vianT qselebSi da momaval wlebSi msoflioSi bevri operatori apirebs maT da-

nergvas. 

rogor muSaobs VoLTE 

miuxedava imasa, rom MMTel aformirebs VoLTE teqnologiis sawyisebs, EPC 

(IP nakadebiT da arxebis marTviT) da LTE (sasaubro radio arxebiT) misi ganuyo-

feli nawilia. erTad isini uzrunvelyofen mowyobilobebisa da qselis yvela 

interfeiss Soris Tavsebadobas. suraTze 1 naCvenebia dasawisidan-bolomde mid-

gomis mniSvneloba VoLTE-s danergvisaTvis, imisTvis, rom uzrunvelyofili iyos 

klasikuri telekomis Zlieri mxareebi, rogoricaa brwyinvale xmis xarisxi QoS-

is meSveobiT (LTE), mobilobis marTviT (EPC) da sxvadasxva tipis maregulirebe-

li da damxmare servisebiT (IMS da MMTel). 

 
suraTi 1. VoLTE-s komunikacia UNI (User to Network) interfeisebis saSualebiT  

mowyobilobasa da qsels Soris 

 

VoLTE-s mxardaWera smartfonebSi 

ganviTareba daiwyo VoLTE mowyobilobis ekosistemam imisTvis, rom yofi-

liyo mxardaWerili farTo-masStabiani danergvis gegmebi yvela didi mwarmoeb-

lebis farTo diapazonis mowyobilobebSi.  es mowyobilobebi mzaddeba Cipseteb-

Si integrirebuli VoLTE-s im funqcionalurobebis SesaZleblobebiT, romlebic 

uzrunvelyofen HD xmas, video zars sxva mraval funqciebTan erTad. mxardaWe-

rilia ZiriTadi VoLTE-s funqciebi maRali-xarisxis xmisa da efeqturi moculo-

bisTvis, xmisa da monacemebis erTianad gadasacemad. mowyobilobebi iqmneba raTa 

Tavsebadebi iyvnen arsebul radio garemosTan, imisaTvis, rom uzrunvelyofili 

iyos mdore mobiloba, batariis optimaluri gamoyeneba da zaris dayovnebis 

gaTvaliswinebiT.   

integrirebuli Wi-Fi zaris funqcionali 
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mowyobilobebSi integrirebuli Wi-Fi zaris funqcionali am bolo dros 

dainerga mTavari mwarmoeblebis mier. ase, rom operatorebs SeuZliaT amieridan 

VoLTE-s servisi miawodon iseT adgilebSi, sadac fiWuri dafarva ar arsebobs 

an SezRudulia. zarebis mdore gadasvla LTE-dan Wi-Fi-ze mxardaWerili, raTa 

uzrunvelyofili iyos servisis uwyvetoba. telefoni gamoiyenebs adgilobriv 

Wi-Fi-s qselis SeRwevis wertils da avtomaturad daukavSirdeba operatoris mo-

wodebul xmis serviss nebismieri internet kavSiris saSualebiT. smartfonis 

tradiciuli satelefono damrekavi gamoiyeneba regularuli zaris gasakeTeb-

lad, isev gamoiyeneba SIM-ze dafuZnebuli mobiluri satelefono nomeri da 

aris saWiroeba telefonSi damatebiTi aplikaciis arsebobis. video zarebic ama-

ve wesiT muSaoben. 

Wi-Fi zaris funqcia saWiroa gaaCndes rogorc mowyobilobas, aseve qsels. 

EPC-Si saWiroa arsebobdes axali, integrirebuli funqcionali, Evolved Packet 

Data Gateway (ePDG)-Tan erTad, raTa moxdes arasando ara-3GPP SeRwevadobis daS-

veba, imisTvis, rom monacemebi gacvalos EPC-sTan da da daukavSirdes IMS 

qsels. ePDG uzrunvelyofs usafrTxoebis meqanizmebs, rogoricaa mowyobilo-

bebTan IPSec tuneling kavSirebi arasando ara-3GPP SeRwevadobis arxebis gamoye-

nebiT, raTa moxdes mdore hendovari mimdinare VoLTE zaridan abonentis saxlis 

Wi-Fi qselze. 

VoLTE iyenebs qselis meqanizmebs, raTa servisi gaxados prognozirebadi 

da damoukidebeli sxva servisebis datvirTvisgan, maSin roca, Wi-Fi zaris Sem-

TxvevaSi, servisis xarisxi damokidebuli iqneba adgilobriv garemoze da qse-

lis im datvirTvaze, romelsac amave qselTan dakavSrebuli sxva momxmareblebi 

ikaveben. amrigad, Wi-Fi zaris funqciis gamoyeneba rekomendirebulia mxolod 

adgilobrivi gamoyenebisaTvis da mcire zomis kompaniebSi, maSin, rodesac didi 

kompaniebisTvis rekomendirebulia 3GPP-ze dafuZnebuli mcire zomis fuWuri ga-

dawyvetebis gamoyeneba, raTa garantirebuli iyos maRal-xarisxiani realur-

drois xmisa da video zaris servisebi. 

VoLTE-s muSaoba 

IP-ze dafuZnebul farTozolovan mobilur qselebSi xmovani servisebis 

gadasacemad, umniSvnelovanesia gamoviyenoT satelekomunikacio qselis iseTi pa-

rametrebi, rogoricaa QoS. xmis gadacema realuri-drois kritikuri servisia 

sWirdeba gansakuTrebuli midgoma farTozolovan mobilur qselebSi maRali 

xarisxis samomxmareblo gamocdilebis uzrunvelsayofad. 

xmis xarisxis parametrebi 

xmis xarisxi, romelsac momxmarebeli aRiqvams ganisazRvreba ramdenime pa-

rametriT, rogorc es naCvenebia suraTi 2-ze. zogierTi es parametri damokidebu-

lia uSualod mowyobilobaze; zogierTi damokidebulia qselis SesaZleblobeb-

ze; xolo zogierTi maTgani danergilia mowobilobaSi, magram maTze zegavlenas 

axdens qseli. Tuki gamoiyeneba erTi da igive xmis kodirebis algoriTmi (da re-

Jimi), xmis xarisxi erTnairia, rogorc paketur sakomutacio (VoLTE-s mxardaWe-

ril LTE-Si) qselSi, aseve winaswar gamoyofili arxebis sakomutacio qselSi 

(WCDMA, GSM). gamsxvaveba mxolod imaSia, rom dayovnebis parametris marTva ga-

cilebiT rTuli xdeba. paketuri komutaciis qselis servisebisTvis, dayovneba 

sakvanZo parametria samarTavad, imisTvis, rom miRweuli iqnas optimaluri kom-
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promisi xmis xarisxsa da xmis siCqares Soris, gansakuTrebiT radio qselSi. 

swored amitom aris mniSvnelovani jiteris buferis samarTavi meqanizmis muSao-

ba maRal-xarisxiani VoLTE-s xmis servisebis misawodeblad, radganac mniSvnelo-

vani da cvalebadi-droiTi dayovnebebis mqone paketebis arseboba radio qselSi 

saWiroa iyos marTuli. 

 

 
suraTi 2: parametrebi, romlebic erTianobaSi gansazRvraven momxmareblis  

mier aRqmul xmis xarisxs. 

 

es sabooloo-momxmareblis moTxovnebi erTnairia, rogorc VoLTE-s, ise 3G-

Tvis - gansxvaveba mxolod dayovnebis sxvadasxva gziT ganawilebaSia dasawyisi-

dan bolo wertilamde. 

daskvna 

LTE teqnologiiT xmisa da video zaris ganxorcielebis SesaZleblobam, 

romelic dafuZnebulia ukve damkvidrebul satelekomunikacio standartebze da 

mxardaWerilia msoflio industriis mowyobilobebisa da qselebis mier, opera-

torebs saSualeba misca daewyoT farTomasStabiani komerciuli servisebis gaS-

veba msoflios garSemo. maT saSualeba gauCndaT sakuTari sakomunikacio bizne-

sebis gafarToebis, momxmareblebi ki isargebleben ufro mdidari sakomunikacio 

servisebiT, nebismieri mowyobilobiT, nebismier adgilas. 
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fraqtaluri ganzomilebis gamoyeneba topologiuri qselebis 

modelirebisaTvis 

 

murjikneli g. ჩხაიძე ი. abzianiZe n. 
saqarTvelos teqnikuri universiteti 

 
          ganawilebuli qselebis ganviTarebis arsebuli tendenciebi cxadyofs uzarmazari 
zomis qselebis optimizaciisa da modelirebis aucileblobaze. amasTan dakavSirebiT 
Zalian aqtualuri xdeba rTuli sakomunikacio qselebis analizis amocanaTa gadawyveta 
sistemur doneze detaluri aRweris gareSe. warmodgenili moxsenebis mizans Seadgens 
fraqtaluri ganzomilebis gansazRvra korelaciuri funqciis meSveobiT ganawilebuli 
obieqtebis didi simravlisaTvis am qselebis modelirebis mizniT.  
 

obieqtebis ganlagebis da ganawilebis Tvisebebi arsebiTad damokidebulni 

arian maTi ganlagebis geometriaze, maT Soris manZilsa da sxva parametrebze. 

magaliTad, globaluri internetis qseli SeiZleba miviCnioT rogorc uzarmaza-

ri raodenobis ganawilebuli kvanZebis (wertilebis) erToblioba, romlebic ur-

TierTqmedebaSi imyofebian kavSirgabmulobis arxebis meSvebiT. msgavsi magali-

Tebia qselebi, fiWuri, gadamwodTaA erToblioba da sxva. 

qselebis ZiriTad maxasiaTebels, rogorc iTqva zemoT warmoadgens misi 

topologiuri ganzomileba D. D ganzomileba SeiZleba avsaxoT funqciuri damo-

kidebulebiT f(D). Tu gamoiTvleba topologiis ganzomileba D, SesaZlebeli 

gaxdeba raodenobrivad SevafasoT eqsperimentulad miRebuli qselis Tvisebebi 

da aRvweroT informaciuli kanonzomierebebi monacemTa nakadis moZraobisas. 

qselebis topologiis ganzomileba ver gamoiTvleba raodenobrivad Cveu-

lebrivi evklidis ganzomilebiT, romelic Rebulobs mxolod mTel ricxvTa 

mniSvnelobebs. evklides ganzomileba wertilisaTvis-0; wrfisaTvis-1; sibrtyi-

saTvis-2; moculobisTvis-3. qselis obieqtTa erTobliobis ganzomileba ki Rebu-

lobs wiladur mniSvnelobebs, imitom rom isini atareben fraqtalur xasiaTs. 

cnobilia, rom wiladuri ganzomileba gaaCniaT fraqtalebs [3]. 

fraqtaluri ganzomilebis ricxviTi mniSvnelobis gansazRvra warmoadgens 

am samuSaos mizans. 

fraqtalebis ZiriTadi Tvisebaa TviTmsgavseba. gamodis, rom fraqtalis 

mcire nawili moicavs informacias mTliani fraqtalis Sesaxeb. mandelbrotma 

gansazRvra fraqtali rogorc struqtura, romelic Sedgeba nawilebisagan, rom-

lebic garkveulwilad msgavsni arian mTlianobisa [3]. 

maSasadame fraqtali SeiZleba ganvsazRvroT rogorc geometriuli figura, 

romelSic erTi da igive fragmenti meordeba. qselis topologia warmoadgens 

fraqtals, vinaidan misi mcire nawili msgavsia mTlianisa. 

fiWuri kavSiris qselis topologia qalaqis calkeuli raionisa msgavsia 

qalaqis masStabis mTliani qselisa [2]. realuri fizikuri procesebis uzarma-

zar raodenobas gaaCnia fraqtaluri buneba. fraqtaluri ganzomileba gamoiT-

vleba Semdegnairad: 

davuSvaT nebismieri geometriuli struqturis Sesavsebad saWiroa N() sfe-

roTa (an wreebis) raodenoba, sadac  aris wris an sferos radiusi. roca  

mcirdeba (0) sferoebis moculobaTa jami miiswrafis moculobisaken, rome-

lic ukavia geometriul obieqts.  
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D-Ti aRvniSnoT geometriuli struqturis evkliduri ganzomileba. am dros 

fraqtaluri ganzomileba gamoiTvleba Semdegnairad:  

 
wrfisaTvis DF=DE=1. 

maSasadame gluvi formis obieqts gaaCnia ganzomileba, romelic warmoad-

gens mTel ricxvs. maSasadame, fraqtaluri ganzomileba, gansxvavebulia evkli-

dis ganzomilebisagan da axasiaTebs obieqts ufro rTuli struqturiT. fraqta-

luri ganzomilebis praqtikuli gamoTvlebisTvis iyeneben e.w. korelaciur gan-

zomilebas, romelic gamoiTvleba Semdegi gamosaxulebiT:  

 
sadac  aris korelaciuri funqcia, romelic iangariSeba 

 
n – im wertilebis raodenoba, romlebs Soris wyviluri manZili ar aRema-

teba -s. N aris wertilebis mTliani raodeoba. aq igulisxmeba evklides manZi-

li. roca  icvleba, icvleba C()-is mniSvneloba, vinaidan icvleba n.manZilid 

orP1(X1,Y1) da P2(X2,Y2) wertils Soris gamoiTvleba Semdgi gamosaxulebiT: 

 
maSasadame: pirvelad unda gamovTvaloT im wertilebis raodenoba, romel-

Ta Soris manZili ar aRemateba -s. fraqtalis safuZvelze Semotanili ganzomi-

lebis cneba warmoadgens mZlavr maTematikur saSualebas qselebis raodenebri-

vi SedarebisTvis, analizisTvis da sinTezisTvis. magaliTad, mocemuli terito-

riis fuWuri sadgurebis kvanZebis qselebiT dafarva, romelic uzrunvelyofs 

mdgrad kavSirs, SeiZleba gadawyvetil iqnes, rogorc qselis sinTezis amocana, 

saWiro fraqtaluri ganzomilebiT. 

zemod aRwerili korelaciuri ganzomilebis gamoTvlis meTodi gamoiyeneba 

maSin rodesac saqme gvaqvs qselebis topologiasTan.  

kvanZebis simravlis erTobliobisaTvis fraqtaluri ganzomilebis modeli-

rebisTvis da SefasebisTvis Cvens mier iyo generirebuli Tanabrad, normalurad 

da logistikuri ganawilebuli sidideebis mimdevroba. yvela es operaciebi 

sruldeba MathCad [4] garemoSi, sadac rogorc generireba, aseve wertilebis ra-

odenobis gansazRvra intervalSi, romelic ar aRemateba ε-s, ar Seadgens sirTu-

les. wertilebis (kvanZebis) koordinatebi formirdeboda SemTxveviT ricxvTa 

generatoriT da lagdebodnen kvadratis RerZebze romlis gverdis maqsimaluri 

mniSvneloba udrida generirebuli SemTxveviTi ricxvebis maqsimalur mniSvne-

lobas. nax. 1a, nax. 1b da nax. 1g-ze moyvanilia wertilebis erTobliobis topolo-

gia (ganlageba) Tanabrad, normalurad da logistikurad ganawilebuli werti-

lebisTvis. xolo nax. 2a, nax. 2b da nax. 2g-ze asaxulia am topologiis Sesabamisi 

korelaciuri ganzomilebis miRebuli damokidebuleba struqturuli fraqtalu-

ri elementis zomis logariTmze. 
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             nax. 1a wertilebis                 nax. 1b wertilebis               nax. 1g wertilebis 

                  erTobliobis topologia   erTobliobis topologia     erTobliobis topologia 

                   Tanabrad ganawilebuli   normalurad ganawilebuli  logistikurad ganawilebuli 

             wertilebisTvis             wertilebisTvis              wertilebisTvis 

 

 

 

 

   

 

  

 

           

 

                                                nax. 2a wertilebis            nax. 2b wertilebis                nax. 2g wertilebis 

                                      korelaciuri ganzomilebis   korelaciuri ganzomilebis korelaciuri ganzomilebis 

                                             damokidebuleba                                damokidebuleba                            damokidebuleba  

                                      struqturuli elementis              struqturuli elementis          struqturuli elementis  

                     zomaze. Tanabrad             zomaze. normalurad         zomaze. logistikurad             

                       ganawilebuli                ganawilebuli                ganawilebuli 

                      wertilebisaTvis               wertilebisaTvis           wertilebisaTvis 

                  
wertilebis (kvanZebis) simravlis erTobliobis fraqtaluri ganzomilebis 

angariSma gviCvena rom:  

1. fraqtaluri ganzomileba naklebia evklides ganzomilebaze Dc<DE,sadac  

DEEevklides ganzomilebaa, DE=2. 

2. Dc korelaciuri ganzomilebis ganawilebis damokidebulebam ε-ze, aCvena, 

rom ε-is gazrdiT fraqtaluri ganzomleba (DE→0) miiswrafis nulisaken. ε-is 

Semcirebisas (ε→0) wertilebis ganzomileba izrdeba (miiswrafis DE-ken). 

mcire nawilakebis brounis moZraoba (H=0.5) am dros SemTxveviTobas erTvis 

determinirebuli mdgenelic. ganxiluli signalebi SeiZleba mivakuTvnoT qaosu-

rad_determinirebul an fraqtalur procesebs, romlebsac gaaCniaT rogorc 

SemTxveviTi, aseve determinirebuli signalebis Tvisebebi. 

qselebis Tvisebebis damokidebulebam fraqtalur ganzomilebaze SeiZleba 
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Seasrulos mniSvnelovani roli qselebis ganviTarebis da maTi gamoyenebis 

efeqtianobis mimarTebiT. 

Catarebuli eqsperimentebis da kvlevis Sedegad dadginda: korelaciuri 

ganzomilebis gansazRvra ufro martivia MathCad programis funqciebis bazaze. 

MathCad programis garemoSi SemoTavazebuli algoriTmebis Sedgenam da reali-

zaciam sagrZnoblad gaamartiva fraqtaluri ganzomilebis gamoTvla. 
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USING FRACTAL DIMENSION FOR DESIGNING TOPOLOGICAL NETWORKS 

Murjikneli G. Chkhaidze I. Abzianidze N. 

Georgian Technical University 

Summary 

As it is known, the research of complex systems functionality, generally is based on its modeling [1]. Among   

di erent   models   Fractal   modeling   has   its   special   place.   Self-similarity   is there exceptional characteristics 

[2]. Fractal modeling introduces new perspective $eld in computer researching. Modern researches  in tra&c measu-

rement showed that network tra&c has fractal properties [3]. Using Fractal modeling in Teletra&c has its practical 

purpose, as much as, fractal like   characteristics   of   tra&c   in*uences   whole   network   productivity.   Models,   

that describe events of self-similar processes, use random fractals [2]. This   work   represents   generalized   mode-

ling   method   of   Brownian   motion (Fractalic),   that   is   based   on   using   Hurst   parameter   and   wavelet-

transformation. MathCAD software is used for computer realization. As it is known, the research of complex 

systems functionality, generally is based on its modeling [1]. Among   di erent   models   Fractal   modeling   has   

its   special   place.   Self-similarity   is there exceptional characteristics [2]. Fractal modeling introduces new per-

spective $eld in computer researching. Modern researches  in tra&c measurement showed that network tra&c has 

fractal properties [3]. Using Fractal modeling in Teletra&c has its practical purpose, as much as, fractal like   charac-

teristics   of   tra&c   in*uences   whole   network   productivity.   Models,   that describe events of self-similar pro-

cesses, use random fractals [2]. This   work   represents   generalized   modeling   method   of   Brownian   motion 

(Fractalic),   that   is   based   on   using   Hurst   parameter   and   wavelet-transformation. MathCAD software is 

used for computer realization. Development tendency of modern distributed networks require the need for develo-

ping new methods for optimizing and designing large scale networks. In this regard, solving analytic problems of 

complex communication networks by system approach, without detailed description,  becomes more and more use-

ful. The purpose of this article is to define Fractal dimension, using correlative function, for huge number of distri-

buted objects in order to design these networks. As it is known, the research of complex systems functionality, gene-

rally is based on its modeling [1].  Among   di erent   models   Fractal   modeling   has   its   special   place.   Self-

similarity   is there exceptional characteristics [2]. Fractal modeling introduces new perspective $eld in computer re-

searching. Modern researches  in tra&c measurement showed that network tra&c has fractal properties [3]. Using 

Fractal modeling in Teletra&c has its practical purpose, as much as, fractal like   characteristics   of   tra&c   in*uen-

ces   whole   network   productivity.   Models,   that describe events of self-similar processes, use random fractals 

[2]. This   work   represents   generalized   modeling   method   of   Brownian   motion (Fractalic),   that   is   based   

on   using   Hurst   parameter   and   wavelet-transformation. MathCAD software is used for computer realization. 

As it is known, the research of complex systems functionality, generally is based on its modeling [1].  Among   

di erent   models   Fractal   modeling   has   its   special   place.   Self-similarity   is there exceptional characteristics 

[2]. Fractal modeling introduces new perspective $eld in computer researching. Modern researches  in tra&c measu-

rement showed that network tra&c has fractal properties [3]. Using Fractal modeling in Teletra&c has its practical 

purpose, as much as, fractal like   characteristics   of   tra&c   in*uences   whole   network   productivity.   Models,   

that describe events of self-similar processes, use random fractals [2]. This   work   represents   generalized   mode-

ling   method   of   Brownian   motion (Fractalic),   that   is   based   on   using   Hurst   parameter   and   wavelet-

transformation. MathCAD software is used for computer realization. 
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sainformacio teqnologiebi (st) telekomunikaciis marketingul 

saqmianobaSi 

 

xaxutaSvili e., RibraZe n. 
saqarTvelos teqnikuri universiteti 

 
naSromSi ganxilulia sainformacio teqnologiebi (st) telekomunikaciis marketin-

gul saqmianobaSi, rac dakavSirebulia sazogadoebis globalur kompiuterizaciasTan. 
informaciuli teqnologiebi warmoadgenen meTodebis, sawarmoo procesebis da progra-
mul-teqnikuri saSualebebis erTobliobas gaerTianebuls erT mTlian teqnologiur 
jaWvSi. 

telekomunikaciis marketingul saqmianobaSi gamoiyeneba Semdegi sainformacio teq-
nologiebi: blog-veb saitebi; kompiuteruli prezentacia; momxmareblebTan urTierTobis 
marTvis sistema (CRM); eleqtronuli fosta; grafikuli dizainis programuli uzrun-
velyofa; veb-saitebi; socialuri media; internet-portal-gverdi sxvadasxva wyaroebidan 
informaciis nakrebi. 

rogorc statiaSia ganxiluli, kompaniebis warmatebuli saqmianoba damyarebulia 
komunikaciebis, masobrivi informaciis saSualebebze urTierTobis damyarebaSi erTma-
neTTan, romlis meSveobiT xdeba informaciebis gacvliT gamocdilebis gaziareba, er-
Toblivi proeqtebis SemuSaveba, medialandSaftis gaumjobeseba, telekomunikaciis pro-
duqtis da momsaxurebis win waweva integrirebuli marketinguli komunikaciebis saSua-
lebiT (imk). 

ganxilulia internetSi danergili specializirebuli adamiani-manqanis sistemis 
modeli, romelic garda marketinguli amocanebis gadasawyvetad, gamoiyeneba rogorc 
virtualuri fsiqologiuri samsaxuri, rac xels uwyobs agreTve telekomunikaciis mar-
ketinguli saqmianobis warmatebiT warmarTvas. 

 
sainformacio teqnologiebi gamoiyeneba sazogadoebis da ekonomikuri 

cxovrebis yvela sferoSi da maT Soris telekomunikaciaSi. sainformacio teq-

nologiebi warmoadgenen meTodebis, sawarmoo procesebis da programul-teqniku-

ri saSualebebis erTobliobas, gaerTianebuls teqnologiur jaWvSi, romlebic 

uzrunvelyofen informaciis Sekrebas, damuSavebas, Senaxvas, asaxavs. 

XXI saukuneSi sawarmos marketinguli saqmianobisaTvis gamoiyeneba sxva-

dasxva sainformacio teqnologiebi, romelic Semdegia: 1. blogebi-saitebi. 2. 

kompiuteruli prezentacia. 3. klientebTan urTierTobis marTvis sistema (CRM). 

4. eleqtronuli fosta. 5. grafikuli dizainis programuli uzrunvelyofa. 6. 

veb-saitebi. 7. socialuri media.      8.internet-portalis _ `gverdi~, romelic 

warmoadgens sxvadasxva wyaroebidan informaciis nakrebs Semdgomi gavrcelebi-

saTvis. am gverds aqvs teqnikuri unificirebuli interfeisi. es erTiani sain-

formacio komunikaciuri sivrcea informaciis gasavrceleblad, rac esoden sa-

Wiroa telematikuri samsaxurebis momsaxurebisaTvis saqalaqTaSoriso da adgi-

lobrivi satelefono kavSiris, fiWuri kavSiris, sadeniani xmovani mauwye-

blobisaTvis, radiokavSiris, radiomauwyeblobis, televiziis, Tanamgzavruli da 

safosto kavSirisaTvis. 

marketologebi xSirad pasuxismgeblebi arian TavianTi kompaniis Sesaxeb 

socialur qselebSi Ria gverdebis da akauntebisaTvis (akaunti _ ramodenime mo-

nacemebis erToblioba momxmarebelze, romelic devs saitze, anu xSir SemTxveva-

Si es informacia saWiroa momxmareblis avtorizaciisaTvis da miTiTebulia  

(paroli) misamarTi, eleqtronuli fosta, telefonis nomrebi da sxv.) rogoric 

aris `Facebook~, `Вкантакте~, `Twitter~. aseve marketologebis movaleobaa organiza-

ciis Sesaxeb video-portalebis da video-kontentis gamoqveyneba. magaliTad, 
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`You Tube~-ze, kompaniis TanamSromlebisaTvis profilebis Seqmna iseT portaleb-

ze, rogorc `Linkedin~ (Linkedin – socialuri qseli saqmiani kontaqtebis moZebnasa 

da damyarebisaTvis).  

komunikaciebi xels uwyoben kompaniebs warmatebul saqmianobaSi, urTier-

Tobis damyarebaSi, adamianebi ecnobian erTmaneTs, uziareben gamocdilebas. sa-

xaven erTobliv saqmianobasac. aseTi teqnologiebi, rogoricaa interneti, mobi-

luri telefonebi, socialuri media da klientebTan urTierTobis marTvis sis-

temebi mniSvnelovan zegavlenas axdens kompaniis muSaobaze. 

bevri momxmarebeli da sawarmoebi eZeben informaciebs da xalxi ekontaqte-

ba erTmaneTs sakuTari kompiuterebiT da mobiluri telefonebiT. momxmarebels 

SeuZlia moiZios informaciebi produqtis Sesaxeb damoukideblad informaciis 

wyaroebidan. aseve icvleba marketinguli firmis muSaobis pirobebi xalxis rao-

denobis gazrdisgan. medialandSaftis (medialandSafti _ Tanamedrove sazoga-

doebaSi masobrivi komunikaciis saSualebaTa xasiaTi) struqtura da dana-

xarjebis raodenoba, romelsac organizaciebi xarjaven komunikaciis sxvadasxva 

saxeobaze da yovelTvis icvleba. kompaniebi SeimuSaveben ra produqtebs da mom-

saxurebas, yovelTvis unda Seatyobinon potenciur klientebs maT faseulobaze 

da upiratesobaze. 

integrirebuli marketinguli komunikaciebi (imk) uzrunvelyofen klientebs 

SetyobinebebiT organizaciis saSualebiT sxvadasxva masobrivi informaciis sa-

SualebiT: televizia, radio, Jurnalebi, interneti, socialuri media da sxva. 

mis exmareba momxmarebels da potenciur klients informaciiT brendis an orga-

nizaciis Sesaxeb, xolo imk–s gamoyenebiT sawarmoebs SeuZliaT TavianTi Setyo-

binebis koordinireba brendis SeqmnisTvis da klientebTan urTierTobisaTvis. 

dRes, bevri kompaniebi TavianTi potenciuri klientebis ndobis winaswar 

Sepirebas axerxeben. amitom Tanamedrove sazogadoebaSi organizaciis marketin-

guli politika mimarTulia, upirvelesad axalgazrdebze. es niSnavs, rom marke-

tinguli firmebi unda adevnebdnen Tvalyurs komunikaciuri saSualebebis da in-

formaciuli teqnologiebis ganviTarebas da gamoCenas. axalgazrda momxmarebe-

li TviTon airCevs ra saSualebebiT miiRos informacia produqtis da momsa-

xurebis Sesaxeb. es SeiZleba iyos mobiluri marketingi _ mobiluri telefonis 

saSualebiT an saTamaSo CarTvebis an sxva mobiluri mowyobilobebis CarTviT 

internet qselSi. reklama socialur qselSi, rogoric aris `Facebook~, 

`Вкантакте~, aseve warmoadgenen popularul saSualebebs firmis produqtebis da 

momsaxurebis winwawevisTvis. informaciuli teqnologiebis ganviTarebasTan 

dakavSirebiT. amrigad, informaciuli-komunikaciuri teqnologiebis (ikt) gamoye-

neba did zegavlenas axdens marketingis ganviTarebaze profesionalur saqmiano-

baSi da imisaTvis rom darCe relevanturi, aucilebelia firmis winwawevisTvis 

srulyofileba rogorc mis-Si (gazeTebi, Jurnalebi, radio-, televizia da sxv.), 

aseve SedarebiT axal teqnologiebSi (interneti, mobiluri marketingi, socia-

luri media). 

Tanamedrove marketinguli informaciuli sistemebi telekomunikaciaSi war-

moadgenen korporatiuli portalis nawils da avseben organizaciis sainforma-

cio muSaobis erT-erT segments. 

telekomunikaciaSi, praqtikulad yvela marketinguli informaciuli siste-

ma asrulebs Semdeg funqcias: moTxovnebis damuSaveba arsebuli monacemTa bazis 
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safuZvelze; operatiuli angariSebis wardgena sawarmos mier dadgenili for-

miT; monacemebis wardgena moTxovnis Sesabamisad; analizuri angariSebis war-

dgena dadgenil formatSi. informaciebis gamoyenebas marketinguli amocanebis 

gadasawyvetad erT-erT saSualebas warmoadgens, internetSi danergili specia-

lizirebuli adamiani-manqanis sistemis modeli, romelsac SeuZlia mravalmxri-

vi marketinguli amocanebis gadawyveta. virtualuri fsiqologiuri samsaxuri 

ganixileba rogorc adamiani _ sistemis tipi, roca fsiqologiuri momsaxureba 

da TviT fsiqologis urTierTmoqmedeba gasaSualebulia. 

adamiani-manqanis sistemis Teoriis Tanaxmad, mis wamyvan faqtors warmoad-

gens adamianis erToblivi saqmianoba, xolo manqanuri komponenti warmoadgens 

misi realizaciis efeqtur saSualebas. internetSi muSaobisas adamianis saqmia-

nobaSi informaciuli da telekomunikaciuri komponentebi aisaxeba adamianis 

saqmianobis mTlianobaSi, mis moTxovnebSi, motivebSi, miznebSi. fsiqologiuri 

daxmareba internetis saSualebiT _ es idealuri masalaa adamiani-manqanis sis-

temis erToblivi saqmianobisas. 

amrigad, informaciuli-komunikaciuri teqnologiebis (ikt) gamoyeneba did 

zegavlenas axdens telekomunikacia marketingis profesionaluri saqmianobis 

warmatebaze. 

 
literatura 

1. RibraZe n, xaxutaSvili e, xunwaria l, filipidisi T. ekonomika da marketingi tele-
komunikaciaSi. naw. II Tbilisi, 2012 - 152 gv. teqnikuri universiteti. 

  
INFORMATIONAL TECHNOLOGIY (IT) N TELECOMMUNICATION MARKETING ACTIVITIEs  

Khakhutashvili E.,  Ghibradze N. 

Georgian Technical University 

Summary 

The paper describes the types of the Informational Technology (IT) for marketing activities. There are: 

blog-sites, computer presentations, Customer Relations Management System, E-mail, graphic design, software, 

web-sites, social media, internet-portal-page and the collection of the information from other sources.  

The successful activity of companies is based on the means of communications and mass-information. In 

the telecommunication factually all marketing system and especially specialized human-machine system model is 

used for solution of complex marketing problems, but virtual psychological service is averaging with psychological 

interaction.   

All above considered international technologies used in telecommunication represents powerful weapon of 

successful activity of marketing. 
 
 
 
 
 

interneti msoflio komunikaciisa da 

ekonomikuri zrdis generatori 

 
xunwaria l., kukava i. 

saqarTvelos teqnikuri universiteti 
 
saqarTvelos satelekomunikacio seqtoris ganviTareba da teqnologiuri winsvla 

qveynis ganviTarebis mimdinare etapze yvelaze aqtualuri gamowvevaa. internetis arna-
xulma popularizaciam mravali SesaZlebloba gaaCina qveynis mTavrobis, ekonomikisa da 
biznesis ufro efeqturad da axleburad warmarTvisaTvis. swored am SesaZleblobebis 
ukeT realizebisaTvis, rac qveyanas konkurentunarianobis zrdasac Seuwyobs xels, in-
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ternet bazris da teqnologiebis aTviseba,  ganviTareba da kvleva umniSvnelovanes da 
aqtualur amocanas warmodgens. 

 
Mmsoflio masStabiT satelekomunikacio dargi Zalzed swrafad viTardeba, 

rac gamowveulia teqnologiebisa da komerciuli urTie-rTobebis konvergenci-

iT, mzardi konkurenciiT, teqnologiuri cvlilebebiTa da inovaciur momsaxu-

rebaTa danergviT. satelefono qseli da satelekomunikacio servisebi adamia-

nebs da kompaniebs exmareba martivad da efeqturad urTierTobebis warmarTvaSi. 

Tanamedrove msoflio cxovrobs udidesi teqnologiuri Zvrebis pirobebSi. 

msoflio satelekomunikacio inovaciebs Soris internetis ganviTarebas gansa-

kuTrebuli adgili uWiravs bolo aTeuli wlebis ganmavlobaSi. internetis da-

nergvam SesaZlebeli gaxada arnaxuli siswrafiT informaciis mopoveba - gav-

rceleba mTeli planetis masStabiT, ramac dasabami misca globalur socio-po-

litikur da ekonomikur cvlilebebs. SesaZlebeli gaxda msoflios praqtiku-

lad yvela kuTxis urTierT-dakavSireba da swrafi integraciuli procesebis  

ganviTareba, es ki uSualo gavlenas axdens qveynis yoveldRiurobaze da ganvi-

Tarebaze. interneti romelsac sul raRac 3-4 aTeuli wlis istoria gaaCnia, 

TandaTanobiT informaciis sul ufro mniSvnelovani wyaro da komunikaciisa da 

ekonomikuri zrdis platforma xdeba.   

Sinaarsi: dReisTvis interneti yvelaze masStaburi da iafi informaciuli re-

sursia, igi gvTavazobs sxvadasxva sferosa da dargis multifunqciuri damuSa-

vebis SesaZleblobas globaluri sistemis farglebSi.  

msoflio internet-bazris kvleva gviCvenebs, rom internet infrastruqtura 

da misi resursebi mudmivad mzardi dinamikiT xasiaTdeba msoflio bazarze. 

saqarTvelos internet provaiderebis, maTi konkurentunarianobis, agreTve 

saqarTvelos internet-bazris da am WrilSi qveyanaSi arsebuli mdgomareobis 

kvleva gviCvenebs, rom Cveni qveyana erT-erTi regionaluri lideria eleqtronu-

li mmarTvelobis ganviTarebis kuTxiT, Tumca, meore mxriv, saqarTveloSi kvlav 

ar aris aRmofxvrili e.w. “cifruli daSoreba,” anu internetis xelmisawvdomo-

bis Tanabari ganviTareba qalaqebsa da regionebs Soris. swored arsebulma 

mniSvnelovanma disbalansma ganapiroba sayovelTao internetizaciis proeqtis 

ganxorcieleba. romlis Tanaxmadac interneti saqarTvelos TiTqmis mTeli mo-

saxleobisTvis unda gaxdes xelmisawvdomi. 

sagulisxmoa, rom gaeros informaciisa da sakomunikacio teqnologiebis 

specializebuli saagentos, saerTaSoriso satelekomunikacio kavSiris (ITU) ga-

moTvlebiT, interneti saqarTvelos mosaxleobis 49%-Tvis aris xelmisawvdomi. 

kvlevebi gviCvenebs, rom satelekomunikacio bazari saqarTveloSi met-nak-

lebi Seferxebebis gareSe viTardeba. xdeba sxvadasxva momsaxureobebis da axa-

li teqnologiebis danergva, rac Tavis mxriv iwvevs konkurenciis gamZafrebas. 

    saqarTveloSi interneti mzardi tendenciiT xasiaTdeba momxmarebelTa rao-

denobis cvlilebis kuTxiT. gaeros informaciisa da sakomunikacio teqnologie-

bis specializebuli saagentos,saerTaSoriso satelekomunikacio kavSiris ga-

moTvlebisa da statistikuri monacemebis mixedviT, yovelwliurad interneti sa-

qarTvelos ufrodaufro meti momxmareblisTvisaa xelmisawvdomi. statiaSi war-

mogidgenT fiqsirebuli farTozolovani momsaxurebis ganviTarebis dinamikas 

saqarTveloSi:    
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saqarTveloSi fiqsirebuli farTozolovani momsaxurebis abonentebis rao-

denobam 2014 wlis bolos 607 aTasi abonenti Seadgina, xolo 2015  wlis  bo-

los  ki 631  aTasi  abonenti.  wina welTan SedarebiT, abonentebis  raodenoba  

5.0%-iT  (30  aTasi  abonentiT)  gaizarda. 

 
graf.1. fiqsirebuli farTozolovani abonentebis raodenoba. 

 

fiqsirebuli farTozolovani momsaxurebidan miRebuli sacalo Semosava-

li agreTve zrdis tendenciiT xasiaTdeba. 2015 wels sacalo Semosavalma 184.7 

mln lari Seadgina, rac 2014 wlis maCvenebelze 15.5%-iT (24.8 mln.  lariT) me-

tia. 

 
graf.2. sacalo Semosavali mln larSi 

 

saqarTveloSi fiqsirebuli farTozolovani momsaxurebis abonentebis ume-

tesi nawili  optikur-boWkovani teqnologias iyenebs (57.3%).  Semdeg adgilze 

aris xDSL momsaxureba - 28.5%,  WiFi – 11.6 %  da WiMax – 1.2%, fiqsirebuli LTE 

– 2.1%.  sxva yvela danarCeni saxis teqnologiebs   (gamoyofili xazi, Tanamgzav-
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ri)  jamSi farTozolovani abonentebis saerTo raodenobis  0,5 %  ukviaT.            

 
diagr. 1.  abonentebis raodenoba teqnologiebis mixedviT. 

 

saqarTvelos satelekomunikacio seqtoris ganviTareba da teqnologiuri 

winsvla qveynis ganviTarebis mimdinare etapze erT-erTi yvelaze aqtualuri ga-

mowvevaa. internetis arnaxulma popularizaciam mravali SesaZlebloba gaaCina 

qveynis mTavrobis, ekonomikisa da biznesis ufro efeqturad da axleburad war-

marTvisaTvis. swored am SesaZleblobebis ukeT realizebisaTvis, rac qveyanas 

konkurentunarianobis zrdasac Seuwyobs xels, internet bazris da teqnologie-

bis aTviseba da ganviTareba umniSvnelovanes da aqtualur amocanas warmodgens. 
 

gamoyenebuli literatura: 
1. saqarTvelos komunikaciebis erovnuli komisia 2015 wlis saqmianobis                                                                     

angariSi-120gv. 
2. International Telecommunication Union- Measuring the information society report  2015- 236p. Printed in 

Switzerland Geneva, 2015 

 

THE INTERNET AS A GENERATOR OF THE WORLD’S COMMUNICATION AND ECONOMIC 

GROWTH  

Khurtsaria L., Kukava I. 

Georgian Technical University 

Summary 

The worldwide telecommunications industry is growing rapidly, which is caused by the convergence of tec-

hnologies and commercial relations, increasing competition, technological changes and the introduction of innovati-

ve services. Telephone network and telecommunications services helps people and companies to easily and effecti-

vely manage the relationship with.  As a result of conducted marketing survey has been exposed the Georgian inter-

net-market specific features and  has been stated the main tendencies of development. On the base of research there 

was made conclusion that, the telecommunications market in Georgia is developing without interruptions. Happens 

introduction of new technologies and various services, which in turn  causes straining of competition.  
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mobiluri kavSiris meoTxe Taobis LTE/SAE-is maxasiaTeblebis 

analizi 

 
zumburiZe o., adamaSvili n. 

saqarTvelos teqnikuri universiteti 
 

momavali Taobebis mobiluri kavSirebis warmateba upiratesad ganisazRvreba imiT, 
rom mobiluri mowyobilobebisa da radioaparaturis mwarmoeblebma SeZlon uaxlesi 
standartebis Sesabamisi mowyobilobebis Seqmna. es mobilur operatorebs saSualebas 
miscems, saboloo momxmarebels miawodon momsaxureba xarvezebis gareSe. naSromSi gan-
xilulia LTE-is ganviTarebis erT-erTi ZiriTadi aspeqti - misi moTxovnebi. 

 
arsebuli mobiluri kavSiris qselSi wvdomis yoveli axali teqnologiis 

danergvas Tan axlavs uamravi problema romelTa didi nawilis gaTvaliswineba 

winaswar SeuZlebelia. yoveli Semdegi Taobis upirvelesi warmateba ganisaz-

Rvreba mobiluri mowyobilobebisa da radioaparaturis mwarmoeblebis SesaZ-

leblobebiT, raTa mobilurma operatorebma SeZlon saboloo momxmareblisTvis 

uaxlesi standartebis Sesabamisi momsaxurebis miwodeba xarvezebis gareSe.  

naSromi exeba LTE-is moTxovnebs, rac misi ganviTarebis erT-erTi ZiriTa-

di aspeqtia. 

LTE/SAE-sTvis maRali donis moTxovnebi moicavs: monacemTa gadacemis Ri-

rebulebis Semcirebas, momsaxurebis xarisxis gaumjobesebas, axal da ukve arse-

bul sixSireTa diapazonis moqnil gamoyenebas, agreTve qselis gamartivebul 

arqiteqturas Ria interfeisiT. 

aucilebel moTxovnaTa SesabamisobaSi mosayvanad, LTE/SAE-is teqnologiaSi  

miRweul unda iqnes Semdegi:  

 monacemTa gadacemis pikuri siCqareebis gazrda kavSiris aRmavali da daR-

mavli xaziT, ise, rogorc es #1 cxrilzea naCvenebi: 

 

cxrili #1 

siCqareebi daRmaval arxSiFDD (64QAM) 

antenis konfiguracia SISO 2x2 MIMO 4x4 MIMO 

pikuri siCqare mgbt/wm 100 172.8 326.4 

 

siCqareebi aRmaval arxSiFDD (single antenna) 

modulaciis siRrme QPSK 16QAM 64QAM 

pikuri siCqare mgbt/wm 50 57.6 86.4 

 

yuradReba unda gamaxvildes imaze, rom kavSiris daRmavali xazi SISO (Single 

Input-Single Output)-is sistemisTvis aris gansazRvruli da MIMO-s sistemaSi antene-

bis konfiguracia 64QAM modulaciis siRrmezea dafiqsirebuli. maSin, rodesac 

kavSiris aRmavali xazi SISO sistemisTvis aris gansazRvruli, amasTan, modula-

ciis siRrme gansxvavebulia. es cxrili gviCvenebs radiointerfeisis FDD-is fi-

zikur SezRudvas radiogadacemis idealur pirobebSi, signalis gadacemis dros 

danakargis gaTvaliswinebiT.  

 arxis gamtarianobis masStabirebuli xazebi - 1.4 megaherci, 3 mh, 5 mh, 10 mh, 15 
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mh da 20 mh, kavSiris rogorc  aRmaval, ise daRmaval xazebze.  

 speqtraluri efeqtianobis mateba HSPA-s Rel-6-is versiasTan SedarebiT 3-dan 

4-mdea daRmaval xazze, 2-dan 3-mde aRmaval xazze.  

 gamtarunarianobis optimizacia mcire mobiluri siCqareebisTvis 0-dan 15 

km/sT; maRali gamtarunarianobis SenarCuneba 15-dan 120 km/sT siCqaris dros, 

agreTve, 120-dan 350 km/sT siCqaris dros funqcionaluri mxardaWera.  

 wina standartebTan Tanaarseboba, amave dros erTian IP-qselze (all-IP) gadas-

vla. 

 

monacemTa gadacemis siCqareebi LTE sistemisTvis, romelic cxrilSia miTiTe-

buli, radiogadacemis mxolod idealur  pirobebSi miiRweva. miuxedavad amisa, 

praqtikuli mizezebis gamo, es monacemebi  aucilebelia imisaTvis, rom gamoyene-

buli iqnas gamtarunarianobis ufro dabali doneebi, rac Tavis mxriv, sistemis 

gaSlisaTvis variantebis ranJirebis realizaciis SesaZleblobas iZleva. es ki 

UE kategoriis danergviT miiRweva, rac #2 cxrilSia naCvenebi, isini im katego-

riaTa analogiuria, romlebic HSPA-s sistemaSi gamtarunarianobis zusti gan-

sazRvrisTvis gamoiyeneba:     

 

cxrili #2 

kategoria UE 

daRmaval ar-

xSi gadacemis 

pikuri siCqare 

(mgbt/wm) 

antenis konfi-

guracia daR-

maval arxSi 

eNB (gadacema) 

x UE (miReba) 

aRmaval arxSi 

gadacemis pi-

kuri siCqare 

(mgbt/wm) 

aRmaval arxSi 

64QAM mxar-

daWera 

kategoria 1 10.296 1x2 5.16 ara 

kategoria 2 51.024 2x2 25.456 ara 

kategoria 3 102.048 2x2 51.024 ara 

kategoria 4 150.752 2x2 51.024 ara 

kategoria 5 302.752 4x4 75.376 ki 

 

arsebobs UE kategoriasTan dakavSirebuli sxva atributebic, magram   yve-

laze xSirad asaxeleben gadacemaTa pikur siCqares, antenebis konfiguracias 

daRmaval arxSi da 64QAM modulaciis mxardaWeras aRmaval arxSi. gansakuTre-

buli yuradReba eniWeba pikur siCqareebs, magram gamtarunarianobisTvis umniS-

vnelovanesi mainc srulyofaa, romlis miRweva SesaZloa monacemTa saSualo 

siCqareebis  gadacemaTa dros. etalonuri konfiguraciebi, romelTa winaaRmdeg 

LTE/SAE maxasiaTeblebi iyo mimarTuli,Rel-6 UMTSversiaSi iyo Camoyalibebuli. 

daRmavali arxisTvis etalonad iqca Type 1 HSDPA (miRebis gavrceleba, magram 

ara ekvalaizeri an xarvezis CaxSoba). aRmavali arxisTvis - erTi gadamcemi mi-

Rebis gavrcelebiT e.w. Node B.-Si. #3 cxrilSi naCvenebia gansxvaveba UMTS-is 

warmadobasa da LTE-s proeqtul maCveneblebs Soris. #4 cxrilSi warmodgeni-

lia analogiuri monacemebi kavSiris aRmavali arxisTvis. 
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cxrili #3.  

daRmavali arxis variant 6 UMTS-isa da LTE-is daxasiaTebaTa Sedareba 

 

fiWis Sig-

niT manZi-

li 500m 

speqtris efeqturo-

ba 

gamtarunarianoba 

momxmarebelze 

gamtarunarianoba 

fiWis kideebze 

 [bps/Hz/cell] xUTRA^ [bps/Hz/user] xUTRA [bps/Hz/user] xUTRA 

UTRA base-

line 1x2 
0.53 x1.0 0.05 x1.0 0.02 x1.0 

E-UTRA 2x2 

SU-MIMO 
1.69 x3.2 0.17 x3.2 0.05 x2.7 

E-UTRA 4x2 

SU-MIMO 
1.87 x3.5 0.19 x3.5 0.06 x3.0 

E-UTRA 4x4 

SU-MIMO 
2.67 x5.0 0.27 x5.0 0.08 x4.4 

 

am cxrilebSi SeimCneva LTE-s orjer, oTxjer meti upiratesoba 6 UMTS va-

riantTan SedarebiT. aRsaniSnavia, UMTS erT adgilze ar aris gaCerebuli da 

arsebobs 7 da 8 variantebi, romlebic UMTS-sa da LTE-s Soris sxvaobas mniSvne-

lovnad amcireben. marTalia, #3 da #4 cxrilebSi moyvanil ricxvebs azri mxo-

lod momxmarebelisTvis aqvs da es ricxvebi maTzea orientirebuli, magram isi-

ni sistemaze modelirebiTaa miRebuli da damaxasiaTebeli araa meTodebisTvis, 

romlebsac minimaluri efeqturobis gansazRvrisTvis iyeneben. modelirebis 

dros gamtarunarianoba gamoiTvleba aTeulobiT momxmareblis fiWaSi mraval-

jeradad, SemTxveviTi gadaadgilebis gziT. am monacemebidan gamomdinare, SemuSa-

vebul iqna maxasiaTeblebi da gamoTvlil iqna saSualo gamtarunarianoba mom-

xmarebelze. fiWis sazRvrebze gamtarunarianoba gamoTvlil iqna, rogorc saer-

To gamtarunarianobis 5%. am mizeziT, fiWis kideebi mocemulia Semdegnairad: 

vTqvaT, 10 momxmarebeli fiWis erT ujredze maSin, rodesac saSualo gamtaruna-

rianoba momxmarebelTa raodenobaze ar aris damokidebuli. 

cxrili #4.  

aRmavali arxis variant 6 UMTS-isa da LTE-is daxasiaTebaTa Sedareba 

fiWis Sig-

niT man-

Zilze 500m 

speqtris efeqturo-

ba 

gamtarunarianoba 

momxmarebelze 

gamtarunarianoba 

fiWis kideebze 

 [bps/Hz/cell] xUTRA [bps/Hz/user] xUTRA [bps/Hz/user] xUTRA 

UTRA base-

line  
0.332 x1.0 0.033 x1.0 0.009 x1.0 

E-UTRA 1x2  0.735 x2.2 0.073 x2.2 0.024 x2.5 

E-UTRA 1x2 

MU-MIMO 
0.675 x2.0 0.067 x2.0 0.023 x2.4 

E-UTRA 1x4 1.103 x3.3 0.110 x3.3 0.052 x5.5 

E-UTRA 2x2 

SU-MIMO 
0.776 x2.3 0.078 x2.3 0.010 x1.1 
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ANALYSIS OF THE MOBILE COMMUNICATION 4-G LTE/SAE CHARACTERISTICS  

O. Zumburidze, N. Adamashvili 

Georgian Technical University   

Summary 

The mobile devices and the radio equipment manufacturers must have opportunity to create the latest stan-

dard devices. Such circumstance predominantly determines the success of the next generation mobile communicati-

on. All of these will allow mobile operators to provide the ultimate customer service without defects. The paper de-

als with one of the key aspects of the development of LTE - its requirements. 

 

 

 

 

LTE – qselebis dagegmarebis simulaciuri meTodebi 
 

cqvitiniZe i. , basilaSvili g. 
saqarTvelos teqnikuri universiteti 

 
anotacia: naSromSi ganxilulia LTE qselebis dagegmarebis simulaciuri meTodebi. 

kerZod, monte karlos simulaciebi da fiqsirebul intenferenciasa da datvirTvas So-
ris Tanafardoba, am meTodebis dadebiTi da uaryofiTi mxareebi. warmodgenilia simu-
laciaze dafuZnebuli qselis dagegmareba da arxis danakargebze dafuZlebuli radioq-
selis dagegmareba. moyvanilia TiToeuli maTganis mimarT wayenebuli moTxovnebi. 

 
fiWuri mobiluri radiokavSiris sistemebis istoria ukve iTvlis ramodenime 

aTeul wels. SemuSavebulia mobiluri radiokavSiris qselebis agebis saerTo 

principebi. mobiluri kavSiris LTE standartis qselis agebis amocanis gadawyve-

ta SesaZlebelia dagegmarebis sxvadasxva meTodis gamoyenebiT. qselis optimiza-

ciisaTvis Seqmnilia algoriTmi, romelic Sedgeba ramodenime etapisagan, ro-

melTa Soris mniSvnelovani adgili uWiravs programuli uzrunvelyofis gamo-

yenebas. praqtikam aCvena, rom laboratoriebis alternativas stendebis safuZ-

velze Seadgens virtualuri laboratoriebi, romelTa SemadgenlobaSic Sedis 

programul-aparaturuli platformebi. es platformebi Sedgeba personaluri 

kompiuterisa da programuli paketisagan. 

 programuli paketi Network Simulator (NS) gamoiyeneba sxvadasxva daniSnulebis 

kavSiris sistemebis imitaciuri modelirebisaTvis. modelirebis Sedegebi avto-

maturad inaxeba or failad, romelsac ewodebaT `grafikuli animaciis faili~ 

da `qselSi mimdinare movlenebis faili~. `grafikuli animaciis faili~ iZleva 

saSualebas Tvalyuri vadevnoT qselis muSaobas (topologia, paketebis moZrao-

ba, kvanZebSi paketebis danakargebi, arxebis garRveva, protokolebis reaqcia qse-

lis topologiis cvlilebaze). `qselSi mimdinare movlenebis faili~ gamoiyene-

ba qselis maxasiaTeblebis raodenobrivi SefasebisaTvis.  

LTE sistemis simulaciaze dafuZnebuli meTodi moiTxovs radio qselis da-

gegmarebis programul saSualebaTa gamoyenebas. qselis dagegmarebis programu-

li uzrunvelyofa iyenebs e.w. monte karlos simulaciebs an fiqsirebul inten-

ferenciasa da datvirTvas Soris Tanafardobas. orive meTods aqvs dadebiTi da 

http://systemseti.com/
https://en.wikipedia.org/wiki/LTE_(telecommunication)
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uaryofiTi mxareebi. fiqsirebuli Tanafardoba martivia da SesaZlebelia winas-

war gansazRvruli datvirTvis modelireba. monte karlos simulaciebi ki ukeT 

asaxavs sxvadasxva momsaxurebis servisebis gavlenas da araerTgvari trafikis 

simWidroves, Tumca winaswar gansazRvruli datvirTvis modelireba sakmaod 

rTuli amocanaa. TiToeuli simulaciis momentisaTvis kavSiris aRmavali da 

daRmavali arxebis moTxovnebi gamoiTvleba arxis danakargis, C/I (Carrier to Interfe-

rence) moTxovnis da intenferenciis donis safuZvelze. Mmobiluri sadgurebi, 

romlebic ver akmayofileben C/I moTxovnebs, CaiTvlebian rogorc gaTiSuli mom-

xmareblebi. aRniSnuli gaTiSva SeiZleba iyos gamowveuli faqtorebiT, rogori-

caa arasakmarisi gatarebis zolis (Basaband) resursiT an aRmaval arxze miRweu-

li maqsimaluri intenferenciis doniT. didi raodenobiT simulaciis momentebis 

gaTvaliswinebiT, SesaZlebelia garkveuli movlenis albaTobis gansaRzvra.  

simulaciaze dafuZnebuli qselis dagegmareba. 

LTE qselis dagegmarebis process da Tavad dagegmarebas didi msgavseba aqvs 

WCDMA/HSPA teqnologiebTan. sahaero interfeisis arqiteqtura gansxvavebulia, 

Tumca sixSiris xelaxali gamoyenebis SesaZlebloba igivea.  

monte karlos simulaciebi statikuria da ara dinamiuri. rac niSnavs, rom es 

procesi fasdeba bevri damoukidebeli myisieri momentis (snapshots) gaTvaliswine-

biT. xolo dinamiuri simulacia ki sistemis muSaobas afasebs droSi miyolebu-

li momentebis rigis gaTvaliswinebiT. zogadad, dagegmareba dinamiuri simula-

ciebiT gacilebiT met dros moiTxovs, vidre statikuri simulaciisas. mobilu-

ri sadgurebis ganawileba xdeba simulaciis TiToeul myisier momentze, dinami-

uri simulaciebis meSveobiT ki xdeba radio resursebis marTvis saimedo anali-

zi. Tumca, orive saxis simulaciiT SesaZlebelia msgavsi an igive Sedegebis miR-

weva dagegmarebis TvalsazrisiT.  

LTE qselis dagegmarebisTvis simulaciaze dafuZnebuli meTodis moTxovnebia: 

 LTE kandidati  sadgurebis konfiguraciis codna (antenis tipi, antenis simaR-

le, antenis daxriloba, antenis azimuti, fideris tipi da fideris sigrZe); 

 signalis gavrcelebis modeli; 

 reliefis cifruli ruka; 

 pirobiTi LTE sistemis parametri (sixSiruli zoli, xmauris sidide da a.S); 

 LTE trafikis profili. 

mTavari sargebeli LTE sistemis simulaciisa, aris SedarebiT didi moculo-

biT da generirebuli informaciis qona, romelic sworad unda iyos gaanalize-

buli. analizis procesi ufro martivi iqneba, Tu calkeuli servisi iqneba simu-

lirebuli. qvemoT moyvanilia tipiuri LTE sistemis simulaciis ZiriTadi Sede-

gebi: 

 momsaxurebiT dafarvis zona; 

 sistemis tevadoba; 

 datvirTva daRmaval arxze jamuri tevadobis gaTvaliswinebiT; 

 datvirTva aRmaval arxze intenferenciuli zRvris gaTvaliswinebiT; 

 aramomsaxurebuli mobiluri sadgurebi (sia da poziciebi); 

 momxmareblis gamtarunarianoba daRmaval da aRmaval arxebze. 

rogorc wesi SesaZlebelia am Sedegebis grafikulad asaxva da maTi Semdgo-
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mi Seswavla ricxviTi reportebis meSveobiT. dafarvis zonebi, rogorc wesi, ge-

nerirdeba TiToeuli servisis an miRwevadi gamtarunarianobis mixedviT. qvemoT 

moyvanilia dafarvis gamtarunarianobis amsaxveli suraTi monacemTa gadacemis 

servisisaTvis: 

     

   

  

 

es simulaciaebi aseve SeiZleba gamoyenebuli iqnas LTE radio qselis da-

gegmarebisaTvis arxis danakargebze dafuZnebuli meTodis gadasamowmeblad.  

arxis danakargebze dafuZnebuli radio qselis dagegmareba. 

arxis danakargebze dafuZnebuli midgomiT LTE radio qselis dagegmareba Se-

iZleba gakeTdes 2G, 3G da WiMAX radio qselis dagegmarebis programuli saSua-

lebebiT. LTE radio qselis dagegmarebisaTvis arxis danakargebze dafuZnebuli 

midgomis moTxovnebia: 

 LTE kandidati  sadgurebi konfiguraciiT (antenis tipi, antenis simaRle, ante-

nis daxriloba, antenis azimuti, fideris tipi da fideris sigrZe); 

 signalis gavrcelebis modeli; 

 reliefis cifruli ruka; 

 arxis biujetis aRricxvis signalis donis sazRvrebi. 

danakargebze dafuZnebuli dagegmareba warmoadgens martiv da swraf gzas 

radio qselis ZiriTadi dafarvis arealis gasagebad. LTE sistemis arxis biuje-

tis aRweris Sedegebi daregulirebuli unda iyos maTi dagegmarebis programul 

nax. 1. gamtarunarianobis suraTi monacemTa gadacemis 
servisisaTvis (ATOLL) 
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uzrunvelyofaSi gamoyenebamde. qvemoT moyvanilia arxis biujetis aRweris maq-

simaluri dasaSvebi danakargiT miRebuli signalis donis zRvris magaliTi. 

 

 

   

   

  

 

 

umetesi nawili operatorebisa radio qselis dagegmarebisTvis iyeneben ar-

xis danakargebze dafuZnebul midgomas, radgan SedarebiT ufro martivia da 

nakleb dros saWiroebs simulaciaze dafuZnebul midgomasTan SedarebiT, gan-

sakuTrebiT didi tevadobis qselebisaTvis, xolo es ukanaskneli ufro konkre-

tul da specifikur Teoriul kvlevebSi gamoiyeneba, isesve rogorc qselis 

gaSvebamde optimizaciis sawyis fazaSi (Pre-launch Optimization). 
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SIMULATION  METHODS  FOR  PLANNING  LTE  NETWORKS 

Tskvitinidze I. , Basilashvili G. 

Georgian Technical University 

Summary 
Planning, based on the channel loss will not show the efficiency of the LTE system. However, it is possible to 

find out the answers to questions about basic coverage and to analyze SINR factor of the descending channel. There-

fore, planning, based on the channel loss is an easy and a fast way to learn about the scope of basic coverage of ra-

dio network. This could be a significant step toward analyzing the network, which has the existing stations.  

The budget description results of an LTE system channel need to be regulated before planning to use them in 

software. The budget description results are generated from the standpoint of the highest possible channel loss when 

the majority of planning software shows imagery corresponding to the signal level. This means that the eNodeB out-

put power needs to be selected and then needs to be measured the threshold of signal level with the subtraction of 

highest possible channel loss. The upgrade rate of the base station antenna power and transmission loss level should 

be considered beforehand. Therefore, the signal level measured by planning software could be explained as the RSSI 

(Received Signal Strength Identifier) of the descending channel. 
 

 

 

 

 

 

 

nax. 2 signalis donis zRvari 
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4B5B tipis saxazo kodis blokuri sinqronizebis sakiTxebi 
 

nanobaSvili v. 
saqarTvelos teqnikuri universiteti 

 
ganxilulia 4B5B tipis saxazo kodis SesaZleblobebi blokuri sinqronulobis 

aRdgenis TvalsazrisiT. moyvanilia blokuri sinqronulobis aRdgenis xangrZliobis 
ganmsazRvreli cnobili kriteriumi, SemoTavazebulia sinqronulobis aRdgenis albaTo-
bis gamosaTvleli analizuri gamosaxuleba. naCvenebia, rom blokuri sinqronulobis 
aRdgenis xangrZlioba aRniSnuli kriteriumiT Sefasebisas Seadgens 22 koduri kombina-
ciis gadacemisTvis saWiro drois monakveTs.      
 
 Tanamedrove boWkovan-optikur sistemebSi farTod gamoiyenebaEmBnB kla-

sis alfabetur-balansuri kodebi, romelTa formirebis algoriTmis Tanaxmad 

sawyisi ikm signalis m-Tanriga blokebi gardaiqmneba n-Tanriga kombinaciebad, 

Semdeg ki am kombinaciaTa mimdevroba gadaecema kavSiris xaziT, mimRebSi ki xde-

ba ukugardaqmna.AaRniSnuli klasi Seicavs kodebis mraval nairsaxeobas, romel-

Tagan erT-erTs warmoadgens 4B5B tipis kodi (m=4; n=5). E 

mBnB klasis kodebis erT-erTi mniSvnelovani maxasiaTebelia blokuri 

sinqronulobis aRdgenis xangrZlioba. blokuri sinqronuloba niSnavs gadamcem-

sa da mimRebSi n-Tanriga blokebis sazRvrebis Sesabamisobas, rac sxvadasxva mi-

zezebis gamo SeiZleba darRveul iqnas. darRvevis aRmosaCenad gamoiyeneba meTo-

di, romelic damyarebulia miRebuli signalis mimdevrobiT Tanrigobriv Zvraze 

da yoveli Zvris Sedegad dafiqsirebuli n-Tanriga kombinaciis analizze imis 

gamosavlenad, dasaSvebia is Tu akrZaluli [1,2].  

akrZaluli kombinaciis gamoCenis SemTxvevaSi misi sazRvrebi mcdaria, mag-

ram Tu kombinacia dasaSvebia, es jer ar niSnavs, rom sazRvrebi WeSmaritia, 

radgan dasaSvebi kombinaciis gamoCena SesaZlebelia mcdar sazRvrebSic.Aamis 

gamo saWiro xdeba n-Tanriga kombinaciebis analizis gagrZeleba iqamde, sanam ak-

rZaluli kombinaciebi ar dafiqsirdeba Zvris n-1 poziciaze, ris Semdegac mii-

Reba gadawyvetileba WeSmariti sazRvris aRmoCenis Sesaxeb.  

 mBnB klasis kodebis umravlesobisTvis WeSmariti sazRvris aRmoCena 1-is 

toli albaTobiT Teoriulad SeuZlebelia, amitom ama Tu im kodis Sefasebis-

Tvis blokuri sinqronulobis aRdgenis TvalsazrisiT iTvaliswineben im gare-

moebas, Tu ramdenad swrafad uzrunvelyofs igi blokuri sinqronulobis aR-

dgenas raRac 1-Tan miaxloebuli albaTobiT. [2]-Si SemoTavazebulia yvela ko-

disTvis blokuri sinqronulobis aRdgenis xangrZlioba ganisazRvros kombina-

ciaTa im raodenobiT, romelTa analizis Sedegad WeSmariti sazRvris aRmoCena 

xdeba PaRm.W.=0,99 albaTobiT, rac savsebiT misaRebia kodebis SesaZleblobebis 

SefasebisTvis am niSniT. 

 mocemuli naSromis mizans warmoadgens 4B5B tipis kodis sinqronulobis 

aRdgenis xangrZliobis gansazRvra. 

 4B da 5B blokebs Soris arsebuli Sesabamisobebi moyvanilia 1-l cxril-

Si [3]. 

blokuri sinqronulobis aRdgenis albaTobis ganmsazRvreli analizis 

pirvel etapze SevadginoT dasaSvebi 5B kombinaciebis yvela SesaZlo wyvili da 

movaxdinoT am wyvilebis SigniT Tanrigobrivi Zvrebi akrZaluli kombinaciebis 
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sazRvrebis gamosavlenad. dasaSvebi kombinaciebis raodenobidan gamomdinare Se-

saZlo wyvilebis raodenoba iqneba 16x16=256. analizma aCvena, rom 1 da 4 simbo-

loTi Zvris SemTxvevaSi akrZaluli kombinaciebis gamoCena xdeba 80/256=0,31 al-

baTobiT, 2 simboloTi Zvris SemTxvevaSi - 66/256=0,26 albaTobiT da 3 simbolo-

Ti Zvris SemTxvevaSi -  59/256=0,23 albaTobiT. 

         cxrili 1.  

4B da 5B blokebs Soris arsebuli Sesabamisobebi 

 

4B 5B 

dasaSvebi kombinaci-
ebi 

akrZaluli kombinaci-
ebi 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

11110 

01001 

10100 

10101 

01010 

01011 

01110 

01111 

10010 

10011 

10110 

10111 

11010 

11011 

11100 

11101 

00001 

00010 

00011 

00110 

01000 

01100 

10000 

00000 

11111 

00100 

11000 

10001 

00101 

01101 

00111 

11001 
analizis yovel Semdgom etapze…Zvris konkretul poziciaze TiToeuli 

wyvilis analizisas mxedvelobaSi miiReba mxolod is SemTxvevebi, romlebisTvi-

sac am wyvilis winamdebare arc erTi wyvilisTvis aRniSnul poziciaze ar iqna 

dafiqsirebuli akrZaluli kombinacia. aseT pirobebSi i-ur etapze akrZaluli 

kombinaciis pirvelad aRmoCenis Pi.aRm albaToba yovel poziciaze ganisazRvreba 

yvela winamdebare i-1 etapis analogiur poziciaze akrZaluli kombinaciis arga-

moCenis 1-PakrZ.(i-1) albaTobisa da aRniSnul poziciaze misi gamoCenis PakrZ alba-

Tobis namravliT [4]: 

    (1) 

… radgan analizis yovel etapze kombinaciaTa yvela SesaZlo wyvili 

identuria, amitom (1)-Si moyvanili PakrZ sidide analizis yovel etapze mudmivia 

Zvris yoveli konkretuli poziciisTvis.  

analizis pirvel etapze akrZaluli kombinaciis argamoCenis albaTobebi  

martivad  gamoiTvleba  blokuri  sinqronulobis darRvevis 

aRmoCenis zemoT miRebuli albaTobebis mniSvnelobebis gaTvaliswinebiT. rac 

Seexeba danarCen etapebs, analizis Sedegad dadgenil iqna, rom yovel maTganze 

es albaToba wina etapis albaTobisa da (1-PakrZ.) sididis namravlis tolia. aR-

niSnulis gaTvaliswinebiT (1) miiRebs saxes: 

   (2)… 

     (2) formuliT gamoTvlili Pi.aRm jamuri mniSvnelobebi yoveli etapis bo-
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los Zvris 4-ive poziciisTvis moyvanilia me-2 cxrilSi. rogorc cxrilidan 

Cans, blokuri sinqronulobis aRdgena 0,99 albaTobiT 4B5B 

cxrili 2.  

Pi.aRm jamuri mniSvnelobebi yoveli etapis bolos 

  
 Zvris poziciebi 

1,4 2 3 

 

 

 

 

 

 

Pi.aRm 

i=1 

i=2 

i=3 

i=4 

i=5 

i=6 

i=7 

i=8 

i=9 

i=10 

i=11 

i=12 

i=13 

i=14 

i=15 

i=16 

i=17 

i=18 

i=19 

i=20 

i=21 

i=22 

0,31 

0,52 

0,67 

0,77 

0,84 

0,89 

  0,924 

  0,944 

0,96 

0,97 

0,98 

  0,986 

              0,99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0,26 

0,452 

0,595 

0,705 

0,785 

0,845 

0,885 

0,915 

0,935 

0,953 

0,966 

0,977 

0,985 

0,99 

- 

- 

- 

- 

- 

- 

- 

- 

0,23 

0,41 

0,55 

0,65 

0,73 

0,79 

0,84 

0,88 

0,91 

0,93 

  0,946 

  0,957 

  0,967 

  0,974 

    0,9786 

    0,9816 

    0,9841 

    0,9861 

    0,9875 

    0,9885 

    0.9893 

0,99 

 

tipis kodSi xdeba misi darRvevidan 22 kombinaciis Semdeg (aq, ra Tqma unda, 

igulisxmeba Zvris yvelaze uaresi pozicia am TvalsazrisiT). es ar aris saxar-

bielo Sedegi, amitom, sistemebSi, romlebSic blokuri sinqronizmis aRdgenis 

xangrZliobas gansakuTrebuli mniSvneloba eniWeba, aRniSnuli kodis gamoyeneba 

mizanSewonili ar aris. 
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THE ISSUES OF BLOCK SYNCHRONIZATION OF 4B5B-TYPE LINEAR CODE 

Nanobashvili V. 

Georgian Technical University  

Summary 

The paper describes block synchronism restoration capabilities of 4B5B type linear code. The known criterion deter-

mining duration of block synchronism restoration is given, the analytical expression for calculation of synchronism 

restoration probability is offered. It is shown that block synchronism restoration duration calculated according to 

mentioned criterion equals to 22 code combinations. 
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SecdomaTa albaTobis Sefaseba gadacemis cifrul  

boWkovan-optikur sistemebSi (gcbos) 

 
rostiaSvili n., CxaiZe m., svaniZe r. 

saqarTvelos teqnikuri universiteti 
  
naSromSi warmodgenilia midgomebi SecdomaTa albaTobis BER (Bit Error Rate) SefasebisaT-
vis kavSiris cifrul sistemebSi. moyvanilia cifruli traqtebis xarisxis gansazRvris 
kriteriumebi, gazomvis reJimebi.ESecdomaTa albaTobis gansazRvris pirobebida norme-
biGgadacemis cifrul boWkovan-optikur sistemebSi (gcbos).  
 
 kavSiris xarisxis sakiTxi sul ufro aqtualuria Tanamedrove telekomu-

nikaciaSi /1/. es problema mniSvnelovania gcbos-Si, sadac  kavSiris xarisxis Se-

fasebis erT-erT mTavar kriteriums warmoadgens bitur SecdomaTa koeficienti-

sanbiturSecdomaTa albaTobis (BER - Bit Error Rate)  mniSvnelobis gansazRvra. 

 orobiTi simboloebis (bitebis) gadacemisas gcbos-Si SecdomaTa koefici-

enti ricxobrivad emTxveva SecdomaTa albaTobis mniSvnelobas, vinaidan ,,1’’ da 

,,0’’ TanabaralbaTuri gadacemis dros SecdomaTa albaToba SeiZleba warmovad-

ginoT Semdegi saxiT: 

     (0 /1) (1/ 0)P P P Secd  

sadac, P(0/1) - „0“-is miRebis albaTobaa „1“-is gadacemisas (cru „1“-is gaSvebis 

albaToba); P(1/0) - „1“-is miRebis albaTobaa „0“-is gadacemis dros (cru„1“-is mi-

Rebis albaToba). aqedan gamomdinare, cnebebs „bitur SecdomaTa koeficienti“ da 

„bitur SecdomaTa albaToba“ Tanabari mniSvnelobebi gaaCniaT, warmoadgens 

gcbos-is ganzogadebul maCvenebels da ricxobrivad:P KSecd Secd  

 bituri Secdomebi warmoadgens kavSiris xarisxis gauaresebis da  arxis 

gamtarunarianobis Semcirebis ZiriTad wyaros da xasiaTdebian statistikuri pa-

rametrebiT da normebiT, romlebic ganisazRvrebian am normebis Sesrulebis Se-

sabamisi albaTobiT. arsebobs grZelvadiani da operatiuli normebi. grZelvadi-

ani normebi ganisazRvreba ITU-T G.821 da G.826 rekomendaciebiT, xolo operatiu-

li - М.2100, М.2110 da М.2120 rekomendaciebiT. amasTan erTad, М.2100-is mixedviT 

cifruli traqtis xarisxi SecdomaTa kriteriumis mixedviT iyofa sam kategori-

ad: 

 normaluri - 
610BER  ; Semcirebuli - 

6 310 10BER    (winasaavario 

mdgomareoba); miuRebeli - 
310BER  (avariuli mdgomareoba). moTxovnebi gcbos-

Si kavSiris xarisxisa da SecdomaTa albaTobis mimarT mniSvnelovnad maRalia, 

vidre kavSiris sxva sistemebSi. 

 gcbos-Si  bitur SecdomaTa albaTobis  gansazRvrisas ganasxvaveben ga-

zomvebis reJims kavSiris sistemis eqspluataciis  pirobebSi da reJims gcbos-is 

mSeneblobisa da gamocdis (instalaciis) pirobebSi. cxadia, pirvel SemTxvevaSi 

gazomvebi da Sefaseba unda ganxorcieldes  kavSiris Seuwyvetlad. aqedan gamo-

dinare, gcbos daproeqtebisas teqnikuri davalebis pirobebi moicavs mraval mo-

Txovnas: optikuri kabelis da multipleqsirebis tipis SerCeva, magistralis 

konfiguraciis, optikuri gamaZliereblebisa da regeneratorebis raodenobis 

gansazRvra, saboloo da saSualedo punqtebSi gamoyofili arxebis raodenoba 

(romelic TavisTavad damokidebulia am punqtebSi gamosayof arxebze), regionis 
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ekonomikuri statusi da ganviTarebis perspeqtiva, sadac dagegmilia optikur-

boWkovani magistralis mSenebloba da mravali sxva faqtori. 

 gazomvebis Catarebisas mniSvnelovania arxebis gamtarunarianoba, anu ga-

dacemis siCqare. amitom ganasxvaveben gazomvebs dabali siCqaris  da maRali siC-

qaris pirobebSi. maRali siCqaris pirobebSi 5-10 gbt/wm siCqaris dros Secdoma-

Ta koeficientis dadgenas SeiZleba ramodeneme saaTi dasWirdes, miTumetes, rom 

gcbos xasiaTdeba SecdomaTa dabali albaTobiT 9 1510 10  . vinaidan aseTi gazom-

vebi ikavebs drois did Sualeds gcbos arxebisaTvis (16-160-300 arxi WDM, 

DWDM talRuri multiopleqsirebis sistemebi), rac sruliad miuRebelia. prob-

lemis gadasawyvetad SeiZleba visargebloT iribi meTodiT, calsaxa funqciona-

luri damokidebulebiT BER-sa da signali/xmauri fardobas Soris. am dros 

BER-is dasadgenad  saWiroa gamzomi aparaturis meSveobiT gamovTvaloT  far-

doba  signali/xmauri. /2/-Si analizurad miRebulia da eqsperimentalurad da-

dasturebulia funqcionaluri kavSiri  BER   s/x signali/xmuri romlis mi-

xedviTac SesaZlebelia Secdomis koeficientis gamoTvla. orobiTi signalisaT-

vis aseT funqcias warmoadgens krampis funqcia. 

 optikuri signalebis gadacemis xarisxobrivi maxasiaTeblebis Sefasebi-

saTvis identuria Q-faqtoris gansazRvra, vinaidan arsebobs calsaxa damokide-

buleba BER-sa da Q-faqtors Soris. amis gamo, xSirad am maCveneblebs miuTiTe-

ben, rogorc - Q(BER). aqedan gamomdinare sargebloben damokidebulebiT 

( )BER Q (nax.1). 

    
          nax.1 damokidebuleba ( )BER Q  

 

Q-faqtori iangariSeba formuliT:  

   1 0

1 0

I I
Q

 





 

an    2( ) 10lg 20lgQ Q Q db  

sadac, 1I - cifruli nakadis „1“-is donea, 0I  - cifruli nakadis „0“ donis mniSvne-

lobaa, Sesabamisad 1  da 0 „1“-is da „0“-is doneebis saSualo  kvadratuli ga-

daxrebia. 

 BER-is mniSvneloba gaomoiTvleba SecdomaTa  funqciis (laplasis fun-

qcia, albaTobis integrali) saSualebiT an misi maaproqsimirebeli formuliT: 
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21 1

exp
2 22 2

Q Q
BER erfc

Q

  
    

   
 

 gcbos-is xarisxobrivi maCveneblebis gansazRvrisas yuradReba unda mivaq-

cioT Semdeg ZiriTad faqtorebs:arsebobs ZiriTadi arxis siCqaris (64 kbt/wm) im-

pulsur-kodurad modulirebuli (ikm) signalis gadacemis  SecdomaTa koefici-

entis normirebuli done 27500 km manZilze (nax.2). SecdomaTa koeficientis nor-

mireba ZiriTadi cifruli arxisaTvis saerTaSoriso kavSiris SemTxvevaSi  war-

modgenilia nax.3-ze. 

 
  nax.2 SecdomaTa koeficientis        nax.3 SecdomaTa koeficientis 
  normireba saerTaSoriso             normireba ZiriTad cifrul arxze  
  kavSiris (SeerTebis) dros           saerTaSoriso kavSiris (SeerTebebis) 
                                         dros 
 
 Tu gaviTvaliswinebT, rom cifruli gadacemis dros ZiriTad cifrul ar-

xSi Secdomebi jamdeba, SesaZlebelia miviRoT piroba Secdomis koeficientis 

dasaSvebi mniSvnelobisaTvis saxazo traqtis 1km manZilisaTvis. kerZod, magis-

traluri ubnisaTvisKSecd ma=10
-7/100000=10-11; Sidazonuri ubnisaTvis KSecd Sz=10

-

7/600=
101.67 10 ; adgilobrivi ubnisaTvis KSecd au=10

-7/100=10-9. sadac, ma(magistra-

luri), Sz(Sidazonuri), au(adgilobrivi ubani). 

 KSecd miTiTebuli safuZvlad  udevs  moTxovnebs erTeulovani regenera-

torebis mimarT: 

    K K L Secd.reg Secd reg  

 saboloo punqtebs Soris manZilis Sesabamisad saxazo traqtis sigrZeze 

SesaZlebelia ganTavsdes ramodenime regeneraciuli punqti. Secdomebi, romle-

bic warmoiSveba cifruli saxazo traqtis TiToeul regeneratorSi SeZleba Cav-

TvaloT damoukidebel SemTxveviT sidideebad.amis gamo SecdomaTa albaToba sa-

xazo trqtSi n regeneratoris arsebobisas izrdeba n–jer, anu mTliani saxazo 

traqtisaTvis damaboloebel sadgurebs Soris Secdomis koeficienti: 

    K n K Secd.reg.saerTo Secd.reg.1  

 aqedan gamomdinare Tu mocemulia KSecd.reg.saerTo  erT regeneraciul ubanze 

unda uzrunvelvyoT 

    /K K nSecd.reg.1 Secd.reg.saerTo  

 e.i. rac metia saxazo traqtis gaswvriv ganTavsebul regeneratorebis rao-

denoba, miT meti moTxovna waeyeneba gcbos SecdomaTa koeficientis mimarT.  ro-

gorc wesi, SecdomaTa koeficienti mTeli saxazo traqtisaTvis moicema proeq-

tirebis pirobiT. 
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MEASUREMENT PRINCIPLES OF BIT ERROR RATE (BER) IN DIGITAL FIBER-OPTIC TRANSMIS-

SION SYSTEMS (DFOTS). 

Rostiashvili N., Chkhaidze M., Svanidze R. 

Georgian technical University 

Summary 

The article presents the approaches for the assessment of the Bit Error Rate (BER) in digital communication 

systems. There are criteria for determining the quality of the digital tract, measurement modes. The conditions and 

norms to determinate BER in Digital Fiber-Optic Transmission Systems (DFOTS). 

 

 

 

 

SecdomaTa albaTobis gazomvis principebi gadacemis cifrul 

boWkovan-optikur sistemebSi (gcbos) 

 
rostiaSvili n., CxaiZe m., svaniZe r. 

saqarTvelos teqnikuri universiteti 
 

 naSromSi ITU-T-s rekomendaciebze dayrdnobiT moyvanilia SecdomaTa albaTobis 
BER (Bit Error Rate) gazomvis principebi gadacemis cifruli boWkovan-optikur sistemebSi 
(gcbos). dasmulia sakiTxi gcbos-is erTi modelis Camoyalibebis Sesaxeb, romlis meSve-
obiTac SesaZlebeli iqneba mocemuli sistemis farglebSi movaxdinoT SecdomaTa alba-
Tobis optimizacia gcbos-is sxvadsxva funqcionaluri maxasiaTeblebis cvlilebisas.  
 
 naSromSi /1/ miTiTebulia, rom SecdomaTa koeficienti (BER - Bit Error Rate) 

Seucvlelia gcbos-is xarisxoბrivi maCveneblebis Sefasebisas. kerZod, boWkovan 

optikuri arxebis,  cifruli sistemebisa da aparaturis (magaliTad regenerato-

rebis) gamocdisas  misi  daproeqtebis, montaJis da remontis etapebis dros, 

rodesac aparatura eqspluataciaSi Sesuli ar aris. magram, mas gaaCnia erTi 

nakli. es  maCvenebeli praqtikulad SeuZlebelia gamoyenebul iqnas magaliTad, 

IP telefoniis cifruli arxis Sefasebisas. cifrulkavSiris arxSi (traqtSi) se-

ansis SefasebisaTvis logikuria gamoviyenoT gadacemis SecdomaTa fardobiTi  

ricxvi drois fiqsirebul SualdeSi - wamSi an bitebis jgufis gadacemis peri-

odSi, romelsac ewodeba bloki. swored es maCveneblebi udevs safuZvlad ITU-T-

s or sabazo rekomendacias G.821 da G.826. G.821 rekomendaciaSi cifruli Seer-

Tebis Secdomis parametrebis saxiT arCeulia Semdegi: 

 1. wamebis raodenoba SecdomebiT (Errored Second, ES), romelTac miekuTvneba 

TiToeuli wami, romelSic aRmoCenili (aRricxuli) iqneba Tundac  erTi Secdo-

ma, rogorc gansazRvrebidan gamomdinareobs, aseTi  midgomis dros erTeulova-

ni Secdoma da SecdomaTa paketi erTmaneTisagan ar gansxvavdebian.  

2. wamebis raodenoba mravalricxovani SecdomebiT (Severely Errored Second, SES), sa-

dac SES niSnavs wams SecdomaTa koeficientiT ≥ 10-3. vinaidan orive parametri ES 

da SES damokidebuli arian gazomvis t droze, cifruli SeerTebis  praqtikuli 

SefasebisaTvis iReben maT fardobiT mniSvnelobas. 
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 unda aRiniSnos, rom SecdomaTa Sefasebis ori farTozolovani momsaxu-

rebebis sul ufro farTod gavrcelebis pirobebSi G.821 rekomendaciis gamoyene-

bis CarCoebi TandaTan viwrovdeba. mcdelobebi gamoyenebul iqnas farTozolo-

vani cifruli traqtebis  gasazomad warumatebeli aRmoCnda. garda amisa, xaris-

xis gansazRvra G.821-is mixedviT efuZneba bitur SecdomaTa albaTobis Sefase-

bas, xolo es Secdomebi Tavis mxriv SeiZleba gansazRvrul iqnas mxolod maSin, 

rodesac namdvilad cnobilia gasazomi cifruli mimdevroba (am principis mi-

xedviT, rodesac gvaqvs satesto signalebi (saxazo kodebi) BER-is gazomva xde-

ba kavSiris sitemis gamorTul mdgomareobaSi yofnisas) amis gamo testireba 

G.821-is mixedviT SesaZlebelia mxolod cifruli sistemis eqspluataciidan ga-

moyvanis (SeCerebis) SemTxvevaSi. 

 mTlianad gcbos-Si erT-erTi mniSvnelovani (Tu ara umTavresi) aris saxa-

zo traqtis xarisxi. gcbos-is mimarT maRali moTxovnilebebis SesrulebisaTvis 

informaciis xarisxianad mitanis mizniT saxazo traqti SeiZleba darezervirdes 

mTlianad (reJimi 1+1-erTi samuSao, erTi sarezervo) an nawilobriv (1:n - erTi 

sarezervo da n muSa n=(1,2,...,14)). muSa da saerzervo traqtebi proeqtirdeba xar-

sxis mocemuli maCveneblis mixedviT, romelTa Soris ZiriTadia SecdomaTa koe-

ficienti, anu gcbos-is daproeqtebisas teqnikur davalebaSi Tavidanve Cadebu-

lia SecdomaTa koeficientis misaRwevi mniSvneloba. 

 amrigad, specialistebi saWiroebdnen axal rekomendaciebs, sadac gaTva-

liswinebuli iqneboda kavSiris  cifruli  sistemis  realiebi, maT Soris cif-

rul SeerTebebSi SDH sistemebSi da ATM sistemebSi. am mxriv yvela am moTxov-

nebs akmayofilebs G.826 rekomendacia „saerTaSoriso cifruli SeerTebebis Sec-

domaTa parametrebis da normebi pirveladze maRal siCqareze“. manuzrunvelyo 

cifruli SeerTebebis SecdomaTa testirebis sami mTavari amocana-testireba: 

normaluri eqspluataciis dros;normaluri eqspluataciis dros; 1544 kbt/wm, 

2048 kbt/wm da ufro maRal siCqareebze;qselebSi SDH da ATM teqnologiebis ga-

moyenebiT. 

 pirveli amocana gadawyvetil iqna bitebze Secdomebis  testirebidan 

blokebis mixedviT SedomaTa testirebaze gadasvliT. Bloki warmoadgens Sec-

domiTi bitebisagan Semdgari jgufisagan, romlebic miekuTvnebian sakvlev cif-

rul traqts. TiToeuli biti miekuTvneba gansazRvrul bloks. blokebis kon-

troli sruldeba gadacemis sistemaSi CaSenebuli specialuri mowyobilobebis  

saxiT, romelTa gamoyeneba garantias iZleva aRmoCnil  iqnas  Secdomebi aranak-

leb 90% saimedobiT. Secdomebi cifruli kavSiris dros kavSiris  dayovnebis 

gareSe SesaZlebelia aRmoCenil iqnas mravali xerxiT. SezRudva upirveles yov-

lisa mdgomareobs maT kerZo xasiaTsa da arasakmaris sizusteSi. amasaTan erTad, 

SecdomaTa aRmoCenis meTodebis  mimarT mniSvnelovani moTxovnaa universalu-

roba, ekonomiurobada sizuste. universaluroba niSnavs meTodis gamoyenebis Se-

saZleblobas nebismieri cifruli signalis mimarT, ekonomiuroba - damatebiTi 

gamtarunarianobis  efeqturi gamoyeneba, mTavari moTxovna bunebrivia aris  ma-

Rali sizuste. 

 amdenad, BER - warmoadgens erTgvar „popularul“ maCvenebels /2/. is uCve-

nebs gadacemis mocemuli garemos xarisxs da misi gazomva advilia BER - teste-

ris saSualebiT.amis gamo, es maCvenebeli farTod gamoiyeneba Tanamgzavruli 
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kavSiris arxis (Tka), radiosareleo kaavSiris arxis (rska),  boWkovan-optikuri 

kavSiris arxis (boka) xarisxis Sesafaseblad. magaliTisaTvis, rska-Tvis 
610BER   faqtiurad warmoadgens arxis finqcionaluri muSaobis unarianobis 

sazoms. kavSirgabmulobis qselis Tanamgzavruli kavSiris arxis normalu-

ria 710BER  ; aseve, saabonento arxisaTvis (ukanaskneli mili) 710BER  ; xolo 

boka-Tvis 1010BER  . amave dros, rodesac boka-Tvis 9 1510 10BER    . magram, ro-

desac mTliani kavSiris sistema Sedgeba ramodenime monakveTisagan (segmentisa-

gan): kavSirgabmulobis simetriuli/koaqsialuri arxi (ks/kk)-Tka-rska-boka-sa, 

aseTi kavSiris sistema uzrunvelyofs TiTqmis imave moTxovnebs kavSiris xaris-

xis mimarT, rasac uzruvelyofs kavSiris Tanamgzavruli arxi 710BER   Sevada-

roT boa-is SecdomaTa albaTobas 9 1510 10BER    . aqedan gamodinare, saerTaSo-

riso SeerTebebisa da mravalsegmentiani  arxebisaTvis kavSiris xarisxis maCve-

neblad BER ar gamodgeba. cxadia, kavSiris calkeuli, damoukidebeli arxebi-

saTvis BER-is mniSvnelobis gansazRvras didi mniSvneloba aqvs. 

 aqedan gamomdinare, BER-is mniSvnelobis dasadgenad gcbos-is mTliani Se-

fasebisaTvis aucilebelia gamoviyenoT misi modelireba. rogorc cnobilia, 

gcbos warmoadgens modelirebis rTul sistemas /3/.   did interess warmoadgens 

modelis Seqmna, romlis drosac SesaZlebeli iqneba iseTi sakiTxebis gadawyve-

ta, rogoricaa: BER-is optimaluri mniSvnelobis dadgena - zvaviseburi APD (Ava-

lanche Photodiode) fotomimRebis optimaluri mgrZnobiarobis, droiT jiterze, op-

tikuri kabelis dispersiaze, simboloTaSoris damaxinjebaze damokidebulebis 

mimarT   da sxva. 

 
literatura: 
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ASSESSMENT OF BIT ERROR RATE (BER) IN DIGITAL FIBER-OPTIC  

TRANSMISSION SYSTEMS (DFOTS) 

Rostiashvili N., Chkhaidze M., Svanidze R.  

Georgian Technical University 

Summary 

The article presents measurement principles of Bit Error Rate (BER) in digital fiber-optic transmission systems 

which are based on standards ITU-T. Raised the question for the formation one model of Digital Fiber-Optic Tran-

smission Systems (DFOTS), through which it will be possible to optimize the BER within the system in terms of 

changes in various functional characteristics.                                                                                                              
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energetikuli resursebis eqsport-importi saqarTveloSi 

 
ComaxiZe* d., cxakaia** q. 

*saqarTvelos teqnikuri universiteti 
**akaki wereTlis saxelmwifo universiteti 

 
ganxilulia bolo periodis saqarTvelos energetikuli kavSirebi. Camoyalibebu-

lia energoresursebis eqsport-importis roli energetikis ganviTarebaSi. naCvenebia, 
rom saqarTvelos energetikuli balansi Rrmad deficituria. qveyanas garedan Semoaqvs 
moxmarebuli navTobproduqtebisa da bunebrivi gazis TiTqmis mTliani raodenoba. 
Eqsportis TvalsazrisiT wamyvani adgili uWiravs eleqtroenergias. 2010 wels aRiniSna 
misi rekorduli maCvenebeli – 1,5 mlrd kvt.sT. saxezea importuli energoresursebis 
(navTobproduqtebi, bunebrivi gazi) zrdis tendencia. navTobproduqtebSi maRali xved-
riTi woniTaa warmodgenili dizeli, saavtomobilo benzini da mazuTi. importis Semci-
rebis mizniT yuradReba gamaxvilebulia adgilobrivi resursebis aTvisebis gafarToe-
bis aucileblobaze. 
E  

energetikuli resursebis eqsport-importis mniSvnelovani roli ekuTvnis 

qveynis saimedo energouzrunvelyofaSi. eleqtroenergetikaSi amas ganapirobebs 

minimum Semdegi oTxi faqtori: 

1. danaxarjebis ekonomia eleqtroenergiis warmoebaSi. eleqtroenergiis eq-

sport-importi eleqtrosadgurebs saSualebas aZlevs imuSaon saaTobrivi 

datvirTviT da yovelwliuri  moTxovniT im varaudiT, rom gamoiyenon eleq-

troenergiis wyaroebis naklebadZviradRirebuli kombinaciebi. Eleqtroener-

giis eqsport-importi SesaZleblobas iZleva energosistemam Seamciros dana-

xarjebi eleqtroenergiis gamomuSavebaze nebismieri 12-Tviani periodis gan-

mavlobaSi. danaxarjebis ekonomia, saboloo jamSi, gamovlindeba yfro da-

bal fasebSi myidvelisaTvis an did kapitalur dabandebaTa SemcirebaSi, ro-

melic saWiro iqneboda sistemis gaumjobesebisaTvis. Yvela SemTxvevaSi myid-

veli unda iyos momgebian situaciaSi. 

2. makroekonomikuri upiratesobani. eleqtroenergiis warmoebaSi ufro mcire 

danaxarjebi mimwodebels saSualebas aZlevs eleqtroenergia myidvels mia-

wodos nakleb fasebSi. Yfro dabali fasebi eleqtroenergiaze ki xels 

uwyobs regionis ekonomikur ganviTarebas. qveynebi, romlebsac upiratesoba 

aqvT eleqtroenergiis warmoebaSi, eleqtroenergiis eqsports awarmoeben im 

qveynebSi, romlebsac aqvT upiratesobani ekonomikis sxva sferoebSi. aseTi 

saerTaSoriso vaWroba xels uwyobs ekonomikur ganviTarebas, im SemTxvevaSi 

Tu importuli da eqsportuli fasebi ar regulirdeba saxelmwifos mier xe-

lovnuri gziT. 

3. energetikuli seqtoris reformis SesaZlebloba. konkurentunariani eleq-

troenergiis bazris Seqmna ufro advilia did qveyanaSi. rac ufro metia 

eleqtroenergiis mwarmoebeli sadgurebis raodenoba, miT metia sargebloba 

momxmareblisaTvis, sadac energetikuli resursebi kontroldeba monopoliu-

ri Zalauflebis mqone firmis mier. 

4. evrokavSiris Sida bazarSi monawileobis SesaZlebloba. Eqsport-importis  

ganviTareba, rogorc wesi, aCqarebs energetikuli seqtoris reformas; Sede-

gad qveyana SeZlebs eleqtroenergiis import-eqsports evrokavSiris terito-

riaze, xolo sistemis operatorebi imuSaveben evropuli gadacemebis siste-

mis operatorebis wesebiT da semoRebuli iqneba urTierTqmedebis xelsayre-
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li principebi. 

gaerTianebul energetikul sistemebs Soris arsebobs vaWrobis sami SesaZ-

lo forma: 

1. importi, eqsporti da tranziti qveynebs Soris. am situaciaSi qveyanas SeuZ-

lia eleqtroenergiis importireba aramezobeli qveynidan.  ramdenadac didia 

teritoria, SesaZloa importuli da eqsportuli transaqciebis raodenobac 

imdenad didi iyos. eleqtroenergiis nakadebis xelSesawyobad saWiroa erTi 

didi sinqronuli gaerTianebuli sistemis Seqmna. 

2. import-eqsportuli operaciebi mezobel qveynebs Soris. es transaqciebi SeiZ-

leba ganxorcieldes mezobeli qveynebis energosistemaTa Soris. 

3. sinqronuli gaerTianeba eqsport-importuli savaWro urTierTobebis gareSe. 

mezobeli energetikuli sistemebis maRali  Zabvis gadacemis qselebis gaer-

Tianebebi xels uryobs sixSirisa da Zabvis stabilizacias da amcirebs uSua-

lod rezervebisa da gaerTianebuli energosistemebis sabrunavi rezervebis 

Rirebulebas. 

energetikuli resursebis eqsport-importis ganxorcieleba mWidrod ukav-

Sirdeba energetikuli balansis mdgomareobas. balansi Tu deficituria, cxadia, 

qveyana iZulebulia energoresursebi garedan Semoitanos da, piriqiT, resurse-

bis siWarbis pirobebSi, mas SeuZlia maTi eqsporti ganaxorcielos. 

 saqarTvelos energetikuli balansi tradiciulad deficituria. qveyana 

Tavis moTxovnilebas energoresursebze sakuTari  warmoebiT ikmayofilebs mxo-

lod 30-35 procentiT, xolo danarCeni garedan Semoaqvs. pirvel rigSi, es aris 

moxmarebuli navTobproduqtebisa da bunebrivi gazis TiTqmis mTeli raodenoba. 

es xdeba maSin, roca qveynis teritoriaze arsebobs energoresursebis TiTqmis 

yvela saxe. saqarTvelo gansakuTrebiT mdidaria hidroenergoresursebiT da 

energiis alternatiuli wyaroebiT. 

saqarTvelosTvis energetikuli balansis problema gansakuTrebiT aqtua-

luri gaxda saxelmwifoebrivi damoukideblobis wlebSi. cnobilia, rom saqar-

Tvelos ekonomikis energiis importze xargZliv orientacias arcerT sabWour 

periodSi ar hqonia energiis ukmarisobasTan dakavSirebuli sameurneo da socia-

luri problemebi. vinaidan vertikalurad marTvadi da energotevadi sawarmoebe-

bis ZiriTadi nawili energoresursebiT maragdeboda vertikaluri marTvis arxe-

biT da fondebiT. amitom saqarTvelos mTavrobas faqtiurad ar ekisreboda pa-

suxismgebloba am sawarmoTa mocdenebisaTvis. gansakuTrebiT negatiuri roli 

iTamaSa gegmiuri ekonomikis yvela periodSi arsebulma iafi energiis mentali-

tetma. saqarTvelo ar iyo dainteresebuli adgilobrivi mopovebis energiaSem-

cveli moZiebiT da ganviTarebiT, rac aSkarad aisaxa gardamaval periodSi qvey-

nis energouzrunvelyofaze. 

bolo wlebSic saqarTvelos energetikuli balansi kvlav deficituria. 

Semcirda energetikuli resursebis saerTo moxmarebaSi adgilobrivi warmoebis 

wili. Sesabamisad gaizarda importis moculoba. Tumca sakuTari warmoebis hid-

roenergiis da altarnatiuli resursebis mopovebis mateba saxezea. balansis de-

ficiturobaSi Tavisi roli iTamaSa energoresursebis araracionalurma gamoye-

nebam. amas adasturebs Cveni qveynis mSp-is energotevadobis SedarebiT maRali 

done sxva qveynebTan SedarebiT. SedarebiT stabiluria saqarTvelos eleqtro-

balansi. Tumca, aTi wlis win (2005 w.) igi deficituri iyo. qveyanaSi eleqtroe-
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nergiis warmoeba am periodSi ufro swrafad gaizarda, vidre moxmareba. Aman 

qveyanas saSualeba misca gaezrda eqsporti 5,4 jer da gaenaxevrebina importis 

moculoba. 

momavalSi energetikuli balansis gaumjobesebas, pirvel rigSi, gamoiw-

vevs adgilobrivi resursebis aTvisebis gazrda; agreTve moxmarebis sferoSi mo-

winave teqnologiebis farTod danergva, produqciis energotevadobis Semcire-

bis mizniT. yovelive es Sesabamis cvlilebebs gamoiwvevs energiaSemcvelebis eq-

sport-importSi. 

qvemoT motanil cxrilSi mocemulia 2010-2015 wlebis konkretuli raode-

nobrivi maCveneblebi eqsport-importis Sesaxeb energoresursebis  calkeuli sa-

xeebis mixedviT. 
cxrili. energetikuli resursebis esqport-importi saqarTveloSi. 

 
dasaxeleba 

2010 w. 2015 w. 
eqsporti importi eqsporti importi 

qvanaxSiri, tona 151,2 17859,7 1743,8 109608,2 
nedli navTobi, tona 56803,9 6448,6 240405,3 127100,8 
navTobi da navTobproduqte-
bi, tona 

3596,8 936594,9 12547,5 1231356,9 

maT Soris     
saavtomobilo benzini, tona 491,9 435891,2 612,5 441161,7 

navTi, tona 0,3 64296,9 0,5 64628,8 
dizeli, tona - 415263,7 631,8 595058,1 
mazuTi, tona 2808,5 4475,2 10443,8 106568,8 

sapoxi da sxva zeTebi, tona 296,0 14581,6 658,9 19938,9 
sxva, tona 0,1 2086,3 200,0 4000,6 
bunebrivi gazi, mlrd kub. m - 1,094 - 2,39 
eleqtroenergia, mln kvt.sT 1524,2 222,0 659,9 699,2 

 

cxrilis monacemebi gviCvenebs, rom importiT Semotanil energoresursebSi 

mTavari adgili (“lomis wili”) uWiravs bunebriv gazsa da navTobproduqtebs, 

romlebsac zrdis tendencia aqvs. kerZod, bolo xuTi wlis ganmavlobaSi buneb-

rivi gazis moculoba 2,2 jer, xolo navTobproduqtebis raodenoba 31,5%-iT gai-

zarda. navTobproduqtebSi maRali xverdiwoniT gamoirCeva dizeli (48,3%, 2015 

w.), saavtomobilo benzini (35,8%), agreTve mazuTi (8,6%). aRniSnul periodSi di-

zelis raodenoba 43,3%-iT, saavtomobilo benzinis raodenoba – 1,2%-iT, xolo 

mazuTisa – yvelaze ufro metad – 23,8-jer gaizarda. mniSvnelovani raodenobiT 

Semoaqvs qveyanas iseTi navTobproduqtebi rogoricaa: reaqtiuli sawvavi (navTi), 

sapoxi da sxva zeTebi. amasTan maTi Semotanac wlebis ganmavlobaSi zrdis ten-

denciis xasiatdeba. rac Seexeba eleqtroenergias, misi importic sakvlev peri-

odSi 3,1 jer gaizarda da 2015 wels 699,2 mln kvt.sT Seadgina. importiT Semoi-

taneba agreTve qvanaxSiri da nedli navTobi. pirveli 2010-2015 wlebSi 6,1-jer, 

xolo meore – 19,7-jer gaizarda. nedli navTobis aRniSnul raodenobaSi Sedis 

Cveni teritoriis gavliT gatarebuli navTobic. igi Sedis eqsportis raodenoba-

Sic (reeqsporti). saqarTvelo ki am wlebSi navTobis mxolod 40-50 aTasi tonis 

farglebSi moipovebda. 

 energetikuli resursebis saeqsporto produqciaSi wamyvani adgili eleq-

troenergias uWiravs. Eleqtroenergiis eqsportma saqarTvelos istoriaSi re-

kordul maCvenebels 2010 wels miaRwia (1524,2 mln kvt.sT). Tumca 2015 wlisTvis 

es raodenoba 699,2 mln kvt.sT-mde, anu 2,2-jer Semcirda. danarCen energetikul 
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resursebs Cvens saeqsporto potencialSi mokrZalebuli poziciebi uWiravT. es 

aris qvanaxSiri, nedli navTobi, navTobproduqtebi. 

 energetikis ganviTarebis ZiriTadi mimarTulebebis mixedviT, romelic 

2015 wels saqarTvelos parlamentma daamtkica, gaTvaliswinebulia ganaxlebadi 

energetikuli resursebis upiratesi gamoyeneba. igi karg safuZvels iZleva Cveni 

hidroenergoresursebis Semdgomi aTvisebis gasazrdelad. axla ki es maCvenebe-

li dabalia. sakmaria iTqvas, rom 2015 wlis mdgomareobiT, ekonomikurad mizan-

Sewonili am resursebis mxolod mesamedia aTvisebuli. am mimarTulebiT ukve 

warmatebiT xorcieldeba hidroenergopotencialis gamoyenebis gaumjobesebis 

farTomasStabiani programa. damtkicebuli samTavrobo gegmis mixedviT,  saqar-

Tvelos hidroeleqtrosadgurebSi aTi wlis Semdeg (2016 w.) eleqtroenergiis 

warmoeba 28,2 mlrd kvt.sT-s miaRwevs, romelic mTlianad daakmayofilebs qvey-

nis moTxovnilebas; xolo 9,1 mlrd kvt.sT SesaZlebelia  eqsportze iqnas gata-

nili. 
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EXPORT AND IMPORT OF ENERGY RESOURCES IN GEORGIA 

Chomakhidze D.*, Tskhakaia K.** 

*Georgian Technical University, **Akaki Tsereteli State University 

Summary 

 The paper dwells on recent energy linkages of Georgia. There is formulated the role of export and import of 

energy resources in energy development. There is also shown that the energy balance of Georgia has a deep deficit. 

The country imports from overseas almost all the consumed oil products and natural gas. In terms of exports, electri-

city has the leading role. Its record figure – 1,5 billion kW, was fixed in 2010. Apparently, there is the growing trend 

in in the imported energy resources (oil products, natural gas). A large share in oil products is represented by diesel, 

motor gasoline and fuel oil. For the purpose of import compression, the emphasis is laced on the necessity of the de-

velopment of local resources.  
 

 

 

 

logistikuri sistemebi da maTi danergvis  

mdgomareoba energetikaSi 

 
lomsaZe-kuWava m. 

saqarTvelos teqnikuri universiteti 
 

naSromSi ganxilulia energetikul sawarmoSi aqtivebisa da fulad nakadebis mar-
Tvis optimizaciis sakiTxebi. debitorul davalianebasa da aqtivebTan dakavSirebiT sa-
warmos miznebidan gamomdinare, SemuSavebulia strategiuli Semosavlis modeli. es me-
Todi saSualebas iZleva ganisazRvros  ganxorcielebadi sistemuri cvlilebebis gav-
lena  Semosavlis da Semosavlianobis aqtivebis maCveneblebze. strategiuli Semosavlis 
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http://www.gnerc.org/
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modeli gviCvenebs, rogor moqmedebs erT-erTi maCveneblis cvlileba sawarmos finansur 
Sedegebze. aRniSnuli modeli aseve gamosadegia logistikaze, aqtivebis Semosavliano-
bis finansur maCveneblebze da sakuTari kapitalis xarjebis cvlilebis gavlenis Sefa-
sebisTvis. 

 
dResdReobiT bazarze warmatebuli moRvaweobisTvis sawarmos, upirveles 

yovlisa, sWirdeba aqtivebisa da fuladi nakadebis kompetenturi marTva. arse-

bobs  am amocanis ganxorcielebis yvelaze gavrcelebuli ori strategia. pirve-

li strategia orientirebulia debitoruli davalianebis Semcirebaze, meore - 

aqtivebisTvis investiciebis Semcirebaze. am ori strategiis mizania fuladi na-

kadis gaumjobeseba da sawarmos aqtivebze investiciebis moculobis Semcireba, 

im daSvebiT, rom Semosavlebi da xarjebi rCeba konstanturi. Tumca unda gves-

modes, rom gayidvis pirobebis nebismieri cvlileba gamoiwvevs cvlilebebs sa-

warmos fasebis komponentis marketingul miqsSi.  

magaliTad, Tu energetikuli sawarmoSi dadgenilia aqtivebis optimaluri 

moculoba, romelic klientebis maRal doneze momsaxurebis saSualebas iZleva 

minimaluri logistikuri danaxarjebiT, maSin nebismieri cvlileba danazogis 

moculobaSi gamoiwvevs logistikaze xarjebis zrdas.  

debitorul davalianebasa da aqtivebTan dakavSirebiT sawarmos miznebidan 

gamomdinare, kargi iqneba ganxilul iqnas strategiuli Semosavlis modeli. es 

meTodi saSualebas mogvcems ganvsazRvroT ganxorcielebadi sistemuri cvli-

lebebis gavlena  Semosavlis da Semosavlianobis aqtivebis maCveneblebze.  

zogadad aRniSnuli modeli gviCvenebs, rom Semosavlianoba sawarmos saku-

Tar kapitalze gaangariSebiT  warmoadgens funqcias sami kontrolirebadi faq-

torisa: sufTa mogebis, aqtivebis brunvisa da finansuri berketis. aqedan gamom-

dinare, strategiuli Semosavlis modeli gviCvenebs, rogor moqmedebs erT-erTi 

maCveneblis cvlileba sawarmos finansur Sedegebze. aRniSnuli modeli aseve 

gamosadegia logistikaze, aqtivebis Semosavlianobis finansur maCveneblebze da 

sakuTari kapitalis xarjebis cvlilebis gavlenis SefasebisTvis. 

logistikaze xarjebis Semcirebis SesaZlo gzebis gansazRvrisTvis, pirvel 

rigSi, saWiroa Catardes logistikis samsaxuris efeqturobis Sefaseba. logis-

tikaze danaxarjebi SeiZleba did wil ikavebdes danaxarjebSi realizaciaze. 

magram unda gvesmodes, rom logistikis maRali done ganamtkicebs urTierTo-

bebs sawarmosa da mis momxmareblebs Soris, xels uwyobs axali klientebis mo-

zidvas da, rogorc Sedegi, iwvevs gayidvebis moculobisa da Semosavlis zrdas. 

amitom sawarmos logistikuri sistemis muSaobis efeqturobis Sefasebisas ar 

unda SegvaSinos misma xarjianobam. saWiroa guldasmiT movifiqroT, sawarmos 

mTavari strategiidan gamomdinare, maCveneblebis srulfasovani rigi, romelic 

Seafasebs sawarmoSi logistikis mdgomareobas. 

meTodi Balanced Scorecard (BSC) saSualebas iZleva ganisazRvros sawarmos 

logistikuri  strategia rigi operatiuli miznebis saxiT, romlebic ganapiro-

bebs mis qcevas bazarze da finansur keTildReobas. aRniSnuli meTodi gansaz-

Rvravs efeqturobis mTavari maCveneblebis nakrebs (ing. key performance indicators, 

KPI), romlebic Seafasebs biznes-procesebis efeqturobas da miznebis miRwevisa 

da sawarmos, misi qveganyofilebebisa da TiToeuli TanamSromlis  muSaobis xa-

risxs (sergeevi v.i., 2008). TanamSromelTa motivaciis sistemis gamoyeneba xels 
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uwyobs maT dainteresebas kompaniis dasaxuli miznebis miRwevaSi.  

meTodi Balanced Scorecard moicavs eqvs etaps: 

1. logistikuri strategiis miznebis Camoyalibeba; 

2. logistikis efeqturobis ZiriTadi maCveneblebis gansazRvra da mizne-

bis ganawileba am maCveneblebis Sesabamisad; 

3. maCveneblebis (KPI) gaangariSebis meTodebis gansazRvra; 

4. logistikis miznebis miRwevisa da amocanebis gadawyvetis programis Se-

muSaveba; 

5. aRricxvisa da kontrolis informaciuli sistemis Seqmna, angariSgebis 

formebis damuSaveba; 

6. KPI nakrebis Secvla gare garemos moqmedebis Sesabamisad. 

pirveli etapi ganisazRvreba bazarze sawarmos qcevis ZiriTadi 

strategiidan gamomdinare. meore etapi efuZneba maCveneblebis nakrebis 

gansazRvras, romlebic TanxmobaSia sawarmos korporatiul strategias-

Tan.  

maCveneblebis nakrebis gansazRvrisTvis saWiroa Catardes sawarmos 

biznesis efeqturobaze logistikuri sistemis  gavlenis SesaZlo berke-

tebis analizi. zogad SemTxvevaSi „logistikis berketSi“ igulisxmeba mi-

si unari aamaRlos biznesis rentabeluroba. 

logistikis efeqturobis yvelaze gavrcelebul maCveneblebs miekuT-

vneba: 

1. logistikuri ciklebis xangrZlivoba; 

2. logistikis saSualebiT klientebis dakmayofilebis zoma; 

3. saerTo logistikuri xarjebi; 

4. sawarmos logistikur sistemaSi investiciebis gamoyeneba; 

5. damokidebuleba warmadobasa da logistikuri sistemisa da personalis 

resursdabrunebadobas Soris; 

6. strategiuli Semosavlis modeli. 

logistikuri gadawyvetilebebis efeqturobis ZiriTadi sazomebi da 

KPI maCveneblebis nakrebi moyvanilia cxrilSi 1. 

cxrili 1. 

efeqturobis ZiriTadi sazomebi da KPI maCveneblebi 

sazomebi maCveneblebis nakrebi (KPI) 

logistikuri ciklebis 

xangrZlivoba 

dro: 

• SekveTis Sesrulebis; 

• SekveTis Semadgeneli ciklebis xangrZlivobis; 

• momxmareblisTvis SekveTis miwodebis; 

• momxmareblis mier SekveTebis damuSavebis; 

• SekveTis momzadebisa da kompleqtaciis; 

• maragebis Sevsebis; 

• sawarmoo-teqnologiuri ciklis; 

• produqciis Sesyidvis ciklis; 

• angariSgebis momzadebis ciklis. 
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sazomebi maCveneblebis nakrebi (KPI) 

logistikur infras-

truqturaSi investicie-

bis gamoyeneba 

• sainvesticio dabruneba ZiriTad fondebSi;  

• investiciebi informaciul sistemaSi; 

• investiciebi sasawyobo infrastruqturaSi; 

• investiciebi teqnologiur danadgarebze; 

• investiciebi satransporto saSualebebze; 

• aqtivebis brunvis raodenoba da siCqare; 

• aqtivebis saSualo done. 

momxmareblebisTvis 

logistikuri servisis 

xarisxi 

• aqtivebis xelmisawvdomoba; 

• informaciuli da sakomunikacio saimedooba; 

• saqonlis mibrunebaTa raodenoba; maragis arqona, 

tarifebis gazrda; 

• momxmarebelTa saCivrebis arseboba; 

• SekveTis daTqmul vadaSi Sesrulebis uzrunvel-

yofa; 

• SekveTis srulad dakmayofileba; 

• SekveTis parametrebis Sesrulebis sizuste. 

saerTo da operatiuli 

logistikuri danaxar-

jebi 

xarjebi: 

• Sida da gare transportirebaze; 

• tvirTis gadazidvisa da sasawyobe; 

• sawarmos logistikuri xelSewyobis; 

• SekveTebis damuSavebis; 

• maragebis marTvis; 

• zarali arasakmao xarisxis logistikuri servi-

sis gamo (gayidvebis danakargebi, saqonlis mobru-

neba da a.S.) 

logistikuri infras-

truqturisa da  perso-

nalis warmadoba (re-

sursdabrunebadoba) 

• tvirTebis gagzavnis raodenoba sawyobis; simZlav-

risa da satransporto saSualebebis tvirTteva-

dobis  erTeulze; 

• distribuciis xarjebi gayidvebis moculobis er-

Teulze; 

• damuSavebuli SekveTebis raodenoba drois erTe-

ulSi; 

• Tanafardoba saerTo logistikuri danaxarjebisa 

warmoebuli produqciis erTeulze; 

• Tanafardoba operatiuli logistikuri danaxar-

jebisa sainvesticio kapitalis erTeulze; 

• „Sesavali-gasavali“ tipis urTierTobebi produq-

ciis gamoSvebis dinamikisa da sabuTebis marTvis-

Tvis. 

 

Semdegi etapi moicavs logistikuri biznes-procesebis efeqturobis Sefase-

bas SerCeuli parametrebis sruli nakrebis mixedviT. Semdgom saWiroa Catardes 

monacemTa monitoringi, maTi gazomva da Sefaseba. es saSualebas mogvcems gamo-

vavlinoT, Tu romeli logistikuri biznes-procesi unda gaumjobesdes, aseve 

resursebis saWiro ganawileba, romelic uzrunvelyofs firmis logistikuri 

strategiis realizacias. 

meoTxe etapi orientirebulia sawarmos mTavar mizanze. magaliTisTvis Se-

iZleba gamogvadges sawarmos klientebze orientirebuloba. aseTi politikis ga-
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tarebisTvis sawarmos SeuZlia SeimuSavos bonusebis sistema personalisTvis. 

mexuTe etapi orientirebulia logistikis dabalansebuli maCveneblebis ga-

angariSebis informaciuli mxardaWeris uzrunvelyofaze. dReisaTvis SemuSave-

bulia angariSgebis formebi, romelTa saSualebiTac SesaZlebelia standarte-

bis kontroli da logistikis efeqturobis maCveneblebis faqtiuri mniSvnelobe-

bisTvis Tvalis devna. Cveulebriv aseTi angariSgebebi warmodgenilia Microsoft 

Excel-is cxrilis saxiT, romelSic xdeba KPI maCveneblebis faqtiuri mniSvnelo-

bebis Sedareba standartulTan. 

bolo etapi Seicavs SemuSavebuli KPI logistikis gamoyenebis rCevebs. dro-

Ta ganmavlobaSi KPI-is nakrebi da misi gaangariSebis meTodebi SeiZleba Seicva-

los gare da Sida pirobebis Sesabamisad. SemdgomSi logistikis muSaobis efeq-

turobis ufro Rrma analizisTvis SeiZleba Catardes benCmarkingi (Benchmarking - 

SefardebiTi analizi etalonuri maCveneblebis safuZvelze). BSC meTodSi mniS-

vnelovan amocanas warmoadgens informaciis miwodeba kompaniis logistikuri 

strategiisa da KPI-is gamoyenebis Sesaxeb  logistikis samsaxuris TiToeuli 

TanamSromlisTvis.   

BSC logistikis gamoyenebis Sedegad unda miRweul iqnas Semdegi miznebi: 

1. stabiluri Semosavlis miReba; 

2. sawarmos kapitalizaciis zrda; 

3. klientebis kmayofilebis amaRleba; 

4. logistikuri sistemis yvela etapis warmadobis zrda; 

5. logistikis mgrZnobeloba masTan dakavSirebuli gare da Sida cvlile-

bebis mimarT. 

sawarmoSi logistikis efeqturi funqcionirebisTvis SeiZleba Seiqmnas ga-

nawilebis logistikis modeli damuSavebuli Balanced Scorecard modelis safuZ-

velze, romlis mTavari mizania momxmareblisTvis saqonlisa da momsaxurebis 

miwodeba minimaluri danaxarjebiT. 

ganawilebis logistikis modelis Seqmnis mizania: 

• sawarmos moqmedi saqonelbrunvis sistemis Seqmna, romelic uzrunvelyofs 

warmoebuli produqciis fizikur svlas momxmareblisken da efeqturi logis-

tikuri momsaxurebis sistemis formirebas sawarmos saerTo logistikuri sis-

temis CarCoebSi; 

• optimaluri balansis miRweva xarjebsa (resursebsa) da momxmarebelTa momsa-

xurebis xarisxis dones Soris.  

sawarmos ganawilebis logistikis modelis Seqmnis mTavari amocanaa saqon-

lis nakadebis marTva da logistikuri infrastruqturis Camoyalibeba produq-

ciis drouli miwodebis uzrunvelsayofad, misi xarisxis SenarCunebisTvis. 
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LOGISTICS SYSTEMS AND THE STATUS OF THEIR IMPLEMENTATION IN ENERGY SECTOR 

Lomsadze-Kuchava M. 

Georgian Technical University 

Summary 

The paper deals with the energy company's assets and cash flow management optimization. Developed a stra-

tegic model of income receivables and related assets. This method allows to determine a feasible system changes af-

fect income and profitability indicators of the assets. Strategic Income model shows how the rate of change is one of 

the company's financial results. The model is also suitable for logistics, assets, profitability and financial performan-

ce of their capital costs in the impact assessment. 

 

 

 

 

saqarTvelos gazbaloniani avtoparkis situaciuri analizi 

 
ananiaSvili g. 

saqarTvelos teqnikuri universiteti 
 

mocemuli kvlevis mizania saqarTvelos gazbaloniani avtoparkis Sesaxeb sawyisi 
monacemebis mopoveba, zogadi analizi da agreTve, usafrTxoebis kuTxiT zogadi mdgoma-
reobis Sefaseba. 

 
cnobilia, rom saqarTvelos avtoparki yovelwliurad ganuxrelad matu-

lobs. gaurkveveli rCeba, saqarTveloSi registrirebuli avtomanqanebis ra rao-

denoba iyenebs sawvavad daWirxnul bunebriv gazs. samwuxaroa, magram faqtia, 

rom saqarTveloSi yovel wels xdeba ubeduri SemTxvevebi (Tumca oficialuri 

statistika ucnobia), romlebic dakavSirebulia gazis balonis araswor montaJ-

sa da eqspluataciasTan; Sesabamisad, am sakiTxze muSaoba dauyovnebliv unda 

daiwyos. 

mocemuli kvlevis meTodebi moicavs Semdegs: 

(1) samagide kvleva: arsebuli kvlevebis, publikaciebisa da sakanonmdeblo 

dokumentebis analizi da informaciis werilobiTi saxiT gamoTxovna Se-

sabamisi uwyebebidan/organizaciebidan.  

(2) eqspertTa gamokiTxva individualuri interviuebis meSveobiT. Catarda 6 

interviu Semdeg eqspertebTan: Tbilisis meriis satransporto samsaxuris 

warmomadgeneli, saqarTvelos teqnikuri universitetis 2 profesori, av-

togazgasamarTi sadguris menejeri da 2 Camsxmeli operatori. 

(3) erT-erTi avtogazgasamarTi sadguris momxmarebelTagan SemTxveviT SerCe-

uli 105 avtomanqanis gba-s vizualuri daTvaliereba erTi dRis ganmavlo-

baSi 2016 wlis martSi; vizualurad daTvalierda balonis mdgomareoba 

da damagrebis xarisxi. 

kvlevis SezRudvebi da eTikuri aspeqtebi. kvlevis ZiriTadi SezRudvebi 

Semdegi iyo: (1) samagide kvlevisTvis saWiro informacia (gansakuTrebiT, kvleve-

bisa da saTanado uwyebebidan mowodebuli informaciis saxiT) Zalian mwiri iyo; 

(2) eqspertTa gamokiTxva da avtomanqanebis SemTxveviT SerCeuli raodenobis vi-

zualuri daTvaliereba ar iZleva miRebuli Sedegebis mTeli saqarTvelos mas-

StabiT gavrcobis SesaZleblobas; (3) vinaidan vizualuri daTvaliereba avto-
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gazgasamarT sadgurze Semosuli momxmareblebis manqanebze moxda, SeuZlebeli 

iyo manqanebis detaluri daTvaliereba da inspeqtireba droiTi SezRudvebidan 

gamomdinare. 

kvlevis farglebSi miRebul mTel informaciasTan mimarTebiT daculia 

konfidencialobis principi. 

kvlevis Sedegebi: 

bunebriv gazze momuSave avtomanqanebis globaluri sainformacio bazis _ 

NGV Global-is mixedviT, 2015 wlis noembris monacemebiT, saqarTvelos gazbaloni-

ani avtoparki moicavs 80600 erTeul avtomanqanas [1] da saqarTvelos aggs-ebis 

qseli _ 100 erTeul sadgurs. es monacemebi ar icvleba 2010 wlidan [2].   

 Sinagan saqmeTa saministros sainformacio-analitikuri departamentis sa-

informacio centris mier oficialur saitze gamoqveynebuli kvlevis Tanaxmad 

[3], mxolod msubuqi, satvirTo da samgzavro avtomanqanebis raodenoba 2010-dan 

2014 wlamde 264 aTasi erTeuliT gaizarda, rac TiTqmis 38%-iT metia 2010 wlis 

monacemebTan SedarebiT. amave kvlevis Tanaxmad, 2014 wlis monacemebiT, importi-

rebuli avtomanqanebis saerTo raodenobis 6,3% sawvavad bunebriv airs iyenebs. 

amave kvlevis Tanaxmad, avtosatransporto saSualebebis ganawilebisas mflo-

belTa registraciis adgilis mixedviT, Tbilisze modis saqarTvelos avtopar-

kis 36,6%, rac 353100 erTeuls udris. aqedan gamomdinare, SesaZlebelia, vivarau-

doT, rom mxolod TbilisSi 98868 erTeuli avtomanqana (28%) 2014 wlis mdgoma-

reobiT sawvavad bunebriv gazs iyenebda, amasTan erTad TbilisSi Catarebuli 

gamokiTxvis mixedviT, bunebriv gazs saavtomobilo sawvavad 28% iyenebs (ACT, 

02.2014) [4]. saqarTvelos regionebSi gba-is mqone avtomanqanebTan dakavSirebuli 

mdgomareoba, samwuxarod, cnobili ar aris. amas emateba, agreTve, is faqti, rom 

gba-s montaJis servisebi saqarTvelos mTel teritoriaze arsebobs, garda amisa, 

zogierT aggs-ze Semavali avtomanqanebis raodenoba 2-jer metia, vidre benzinga-

samarT sadgurze, Tbilisis imave raionsa da drois monakveTSi. 

informaciis gamoTxovnis werilis sapasuxod saqarTvelos Sinagan saqme-

Ta saministrom moiwera [5], rom “... avtosatransporto saSualebis registracii-

sas erTian eleqtronul monacemTa bazaSi sawvavis tipis dafiqsireba garkveul 

etapze iyo SeuZlebeli, xolo Semdgom – arasavaldebulo, ris gamoc aRniSnu-

li informacia arasrulyofilia. Sesabamisad, dReis mdgomareobiT, ararekomen-

debulia informaciis damuSaveba saqarTveloSi arsebuli airbloniani avtomo-

bilebis (maT Soris municipaluri avtomobilebi) raodenobis Sesaxeb”. 

ssip saqarTvelos teqnikuri da samSeneblo zedamxedvelobis saagentom 

informaciis gamoTxovnis Sesaxeb werilze pasuxad 2016 wlis 4 marts moiwera, 

rom “... dRevandeli mdgomareobiT qveynis teritoriaze moqmedebs daaxloebiT 

150 erTeuli gazsavsebi sadguri. werilSi aRniSnul sxva sakiTxebze pasuxi ar 

warmoadgens saagentos kompetencias” [6]. NGV Global-is 2015 wlis noembris mona-

cemebiT, saqarTvelos teritoriaze aris 100 sadguri da mSeneblobis stadiaSia 

25 erTeuli aggs, rac ufro metad Seesaabameba realobas da miuTiTebs saqar-

Tvelos avtoparkis gazze gadawyobisa da aggs-is qselis gafarToebis maRal 

tempebze. 

eqspertTa azriT, gba-s mqone avtomanqanebis didi umravlesoba ar Seesaba-

meba saqarTvelos teqnikuri regmalentis moTxovnebs. gba-s montaJisa da eq-

spluataciis Sesaxeb saqarTvelos teqnikuri reglamentis moTxovnebi, Tavis 
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mxriv, ar Seesabameba sazRvargareT aprobirebul Tanamedrove normebs.  

avtomanqanebis daTvalierebis dros, ricxobrivi informaciis garda xde-

boda TiToeuli avtomanqanis daTvalierebuli gazis balonis Sefaseba xilul 

zedapirze Jangis warmonaqmnebsa da meqanikuri dazianebebis arsebobis mixedviT 

komentarebis saxiT. nagulisxmevia Jangisa da uxeSi moqceviT miyenebuli Rrma 

nakawris zogadi warmonaqmnebi. Semdgom komentarebi Sefasda skalaze. 0.5 qula 

mieniWa iseT komentarebs, rogoric aris, magaliTad, “mcire Jangi da cveTa ba-

lonsa da caluRebze” da 1.0 quliT aRiniSna iseTi komentarebi, rogoric aris, 

magaliTad, “erTi caluRi mTlianad moSvebuli iyo” an “balonis kedlebze  

Zlieri koroziis kvali aRiniSneboda” . qvemoT mocemul suraTze gamosaxuli 

balonis vizualuri mdgomareoba Sefasda 1.0 quliT. 0.0 quliT Sefasda vi-

zualuri defeqtebis armqone gazis baloni, romelzec damcleli sarqvelia da-

montaJebuli. aggs-is xelZRvanelobasTan SeTanxmebis mixedviT, ar unda momxda-

riyo momxmareblis Sewuxeba; amitomac ver moxerxda balonis vargisianobis va-

dis Semowmeba da avtomanqanebis gba-s teqdaTvalierebis mowmobis naxvac, Tumca 

Camsxmeli operatorebis TqmiT, gasamarTi manqanebis daaxloebiT 60-70%-s ar ga-

aCnia teqnikuri daTvalierebis mowmoba. dReisaTvis, saqarTvelos arcerT aggs-

ze ar iTxoven avtomanqanis gamarTvisTvis teqnikuri daTvalierebis mowmobis 

wardgenas. dakvirvebis Sedegad gairkva, rom 105-dan 78 manqanaSi damontaJebuli 

iyo I tipis (sruliad foladis) baloni; 26 SemTxvevaSi aRiricxa II tipis balo-

ni da erT avtomanqanaSi IV tipis baloni iyo damontaJebuli. maTgan sami avto-

manqana qarxnuli gba-iT iyo; aseve, damcleli sarqveli damontaJebuli iyo mxo-

lod 3 manqanaSi. TiTqmis yvela SemTxvevaSi caluRisTvis gamoyenebuli iyo Txe-

li, arakoroziamedegi masala. caluRebis saerTo raodenobisa da balonebis sa-

erTo raodenobis Tanafardoba Seesabameba 1.98-s, rac imas niSnavs, rom saSua-

lod 100 manqanaSi balonis damagrebisTvis gamoyenebulia 184 caluRi, im piro-

biT, rom 13 SemTxvevaSi erT manqanaSi erT balonze meti iyo damontaJebuli. 9 

SemTxvevaSi manqanis sabargulSi vertikalurad erTmeneTze dadebuli 2 balo-

nis damagrebisTvis mxolod 2 caluRi iyo gamoyenebuli. gazis balonis zogadi 

mdgomareobis Sefasebis mixedviT, daTvalierebul 105 manqanas mieniWa saSualo 

qula 0.46, rac imas niSnavs, rom daTvalierebuli avtomanqanebis gazis balone-

bis zogadi mdgomareoba vizualuri SefasebiT Zalian sayuradReboa. sazRvarga-

reT moqmedi da saqarTveloSi arsebuli teqnikuri normebis mixedviT, daTvali-

erebuli 105 manqanidan, mxolod 3 manqanis gamarTva moxdeboda.  

daskvna da rekomendaciebi: 

amrigad, mocemuli analizi cxadyofs rom saqarTveloSi avtomanqanis saw-

vavad bunebrivi gazis gamoyenebasTan dakavSirebiT mravalricxovani normatiu-

li da praqtikuli saxis problema arsebobs. ar aris formirebuli samarTleb-

rivi berketi, romelic xels Seuwyobs arsebuli mdgomareobis Secvlas. unda 

Seicvalos sazogadoebis damokidebulebac swori eqspluataciis saWiroebis Se-

saxeb. arsebuli mdgomareobis swori Sefaseba da kritikuli midgoma aucilebe-

li kriteriumia warmoqmnili problemis gadaWrisTvis. 

kvlevis safuZvelze, arsebuli mdgomareobis gaumjobesebisTvis mniSvne-

lovania Semdegi rekomendaciebis gaTvaliswineba: 

 gba-s usafrTxo montaJisa da eqspluataciis problemis gadaWrisTvis auci-

lebel pirobas warmoadgens makontrolebeli organos arseboba. 
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 sainformacio wyaroebis saSualebiT avtomflobelebis agitacia aravalidu-

ri gba-is safrTxis Sesaxeb cnobadobis amaRlebisTvis.  

 cvlilebis sawyis etapze didi mniSvneloba eqneboda sawvavis gayidvebis ad-

gilze gba-is inspeqtirebas; unda Seiqmnas aRricxvis monacemTa erTiani baza, 

romelSic Setanili iqneba informacia TiToeuli avtomanqanisa da masze da-

montaJebuli gba-is Sesaxeb. monacemTa aseTi bazis saSualebiT advilad mo-

saxerxebelia balonis vargisianobis vadis kontroli;  

 mniSvnelovani iqneba aggs-ebis mqone kompaniebisTvis mkacri pirobebis wayene-

ba maT mier aggs-ebze usafrTxoebis dacvis kuTxiT. igive Seexeba montaJis 

servisebs.  

 saqarTvelos teqnikur reglamentSi detalurad da amomwuravad unda iyos 

gawerili, ra masalebi unda iyos gamoyenebuli gazbaloniani aRWurvilobis 

damontaJebis dros.  

 saWiroa aggs-ze gazis kondensatis Segrovebis specialuri samsaxuris Seqmna, 

romelic uzrunvelyofs aggs-ebs pirveli Senaxvis WurWliT da Semdgom re-

gularulad moaxdens dagrovebuli kondensatis gatanas.   

 aucilebelia statikuri eleqtroobis dagrovebas daeTmos yuradReba. 

 saqarTvelosTvis friad sasargeblo iqneboda msoflioSi transportis meTa-

nizaciaSi wamyvani qveynebis gamocdilebis gadmoReba. magaliTad, gazis dar-

gSi argentinis maregulirebeli erovnuli saagentos (ENARGAS) teqnikuri 

direqtiva “samagri nakeTobebi dawnexili bunebrivi gazis rezervuarebis-

Tvis”-is (NAG-E 401) Tanaxmad, balonis grZivi ganlagebis mimarTulebiT sa-

magri nakeToba unda uZlebdes datvirTvas, romelic savse balonis wonas 20-

jer aRemateba, nebismieri sxva mimarTulebiT ki unda uZlebdes datvirTvas, 

romelic savse balonis wonas 8-jer aRemateba. es mniSvnelovani detalia 

gazbaloniani mowyobilobis usafrTxo eqspluataciisTvis, radgan mocemu-

lia standartuli sidide, romelsac unda pasuxobdes konstruqciis simtki-

ce. SedarebisTvis, saqarTvelos mTavrobis 2014 wlis 15 ianvris #80 dadgeni-

lebis, IVTavis, me-12 muxlis Tanaxmad [7], “airbaloni avtosatransporto sa-

Sualebaze damagrebuli unda ise, rom uzrunvelyofili iyos misi uZravi 

mdgomareoba”.  sainteresoa, rom igive ENARGAS teqnikuri direqtivis Tanax-

mad gba-s montaJis dros gamoyenebuli samagri, rkinaSemcveli masala gadis 

koroziamedegeobis, e.w. mariliani nislis gamocdas ASTM B 117 [8]-is mixedviT. 

masalis nimuSi Tavsdeba natriumis qloridis 5% koncentraciis nislian ka-

meraSi 48 saaTis ganmavlobaSi. im SemTxvevaSi, roca gamocdis Semdeg sacdel 

nimuSze koroziuli laqebi ar warmoiqmneba, gamocda gavlilad iTvleba [9]. 

 aucilebelia arsebuli maregullirebeli kanonis Secvla. 
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Summary 

The goal of the present study is to gather and provide general analysis of the initial data on CNG vehicles, as 

well as to assess the general situation in terms of safety. 

 

 

 

 

 

ДИАЛЕКТИКА, ДИХОТОМИЯ И МЕХАНИЗМЫ ГОСУДАРСТВЕННОГО 

УПРАВЛЕНИЯ ТРАНСФОРМАЦИЕЙ СИСТЕМЫ БЕЗОПАСНОСТИ УКРАИНЫ  

 
Помаза-Пономаренко А. Л. 

Национальный университет гражданской защиты Украины 
 

В статье проанализировано государственное управление системой безопасности Украины в 

контексте модернизации, а также дихотомическое деление такой системы. Доказано диалектическое 

единство трансформации ее элементов – социальной и экономической (энергетической )безопасности. 

Определены новационные методы государственного управления электроэнергетическим сектором. 

 

Постановка проблемы. Экономическая безопасность имеет наибольшее влияние на 

существующий порядок вещей и национальную безопасность. Вопросы безопасности, а именно: 

социальной и экономической (энергетической), являются актуальными для Украины и одними из 

первостепенных в решении. Свидетельством этого выступает «пакет реформ», утвержденный 

Президентом Украины П. Порошенко в 2015 г. Согласно этому пакету в Украине к 2020 г. должны 

быть внедрены европейские стандарты жизни. Движение вперед может осуществляться в 4 

направлениях («развитие», «безопасность», «гордость» и «ответственность»). 

Как известно, дихотомия предусматривает последовательное деление чего-то целого на 

части. Понятие безопасности в научных работах трактуется по-разному. На наш взгляд, ее следует 

рассматривать с позиции системности и дихотомичности, т. е. деления на социальную и 

экономическую. Оба этих вида безопасности находятся в тесной взаимосвязи и допускают 

формирование своеобразной инфраструктуры в виде баланса государственного и рыночного 

регулирования, сферы правопорядка (противодействия политико-общественным угрозам, 

монополизму, коррупции и т. д.). Поэтому необходимо постоянно мониторить состояние развития 

этих сфер и включить их в систему обеспечения безопасности страны и ее регионов. Процесс 

http://www.enargas.gov.ar/Gnc/Normativa/Html/Normas_Ing.php
http://www.worldstainless.org/Files/issf/non-image-files/PDF/ISSF_The_salt_spray_test_and_its_use_in_ranking_stainless_steels.pdf
http://www.worldstainless.org/Files/issf/non-image-files/PDF/ISSF_The_salt_spray_test_and_its_use_in_ranking_stainless_steels.pdf
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обеспечения такой безопасности предусматривает устойчивое сбалансированное развитие 

экономики, ее диверсификацию на структурно-инновационной основе, что позволяет проводить 

независимую экономическую политику регионов и достигать глобальных стратегических целей 

страны в целях динамичного и постоянного повышения качества жизни населения.  

Диалектика – учение об общей связи явлений и их развитии, противоречиях бытия и 

мышления, переходе количественных изменений в качественные, перерывах в поступательности и 

т.д. В этой характеристике выделяют два главных принципа диалектики – общая связь и развитие. 

В связи с этим представляется возможным исследовать с помощью принципов диалектики 

влияние модернизации одной системы безопасности на другую, а именно: социальной и 

экономической (энергетической), а также роль и механизмы государства в этом процессе.  

Основу механизмов государственного управления составляют методы влияния. В 

энергетике Украины методы государственного управления развивались одновременно со 

структурными изменениями и развитием рыночных отношений. Условно методы 

государственного управления можно разделить на командно-административные, правовые и 

регуляторные. Каждый из этих методов использовался на определенном этапе внедрения 

рыночных отношений в энергетике и создании оптового рынка, в частности электроэнергии. Так, 

фактически все структурные изменения в отрасли, выделение субъектов в отдельные предприятия 

по видам деятельности (производство электроэнергии, ее передача магистральными сетями, 

распределение и снабжение) происходили при помощи использования административно-

командных методов Министерством энергетики и угольной промышленности. В 1997 г. было 

создано государственное предприятие «Энергорынок», которое выступает единым оптовым 

покупателем и продавцом электроэнергии. С его появлением связано начало процесса 

постепенного перехода от административно-командных методов управления к правовым и 

регуляторным. Учитывая требования времени и общественности можем утверждать, что все 

большего значения приобретает новационные и «безопасные» методы влияния в исследуемой 

сфере, например, легитимации, крауд-маркетинга и т. д. В этой связи особенную актуальность 

имеет научное изучение вопросов применения таких методов.  

Изложение основного материала. Правовые и регуляторные методы управления 

взаимосвязаны, так как базируются на разработке и внедрении правовых актов, которые 

обусловливают деятельность не только субъектов, работающих в ОРЭ, но и таких органов 

государственного управления. Как правило, в законодательстве не указывается название органов 

исполнительной власти (регуляторов и координаторов развития той или иной сферы 

жизнедеятельности) из-за различных организационных изменений и частую смену названия 

министерств и ведомств (например, ст. 8 и 27 Закона Украины «Об электроэнергетике»). Это 

приводит к коллизиям, так как не дает возможности четко определить орган государственного 

управления, на которого идет ссылка в законе и который может быть ответственен за реализацию 

функций государства. 

Фактически формирование и реализация государственной политики в энергетическом 

комплексе Украины – функция одного центрального органа исполнительной власти 

(Минэнергоугля), деятельность которого направляется и координируется Кабинетом Министров 

Украины. Поэтому, на наш взгляд, при применении правовых методов для определения органов 

государственного управления необходимо четко указывать их название, количество и не 

распределять функции, принадлежащие одному существующему субъекту, который осуществляет 

государственное управление в электроэнергетическом комплексе (Минэнергоугля) между 

несколькими, которые не возможно идентифицировать. Это особенно важно для субъектов, 

работающих на оптовом рынке электроэнергии (ОРЭ), т. к. это обеспечивает прозрачность и 

эффективность власти. 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 206 

Уход от административно-командных методов управления, изменение форм собственности, 

структурная перестройка, и в связи с этим уменьшение влияния и рычагов управления со стороны 

Минэнергоугля, как центрального органа исполнительной власти, субъектов 

электроэнергетического комплекса, привело к созданию органа, который в первую очередь будет 

управлять действиями субъектов на оптовом рынке электрической энергии при купле-продаже 

ими электроэнергии, а также при передачи, распределении и поставке ее потребителям. Таким 

коллегиальным органом с 2014 г. является Национальная комиссия, осуществляющая 

государственное регулирование в сферах энергетики и коммунальных услуг (НКГРЭКУ). 

Значительная нормативно-правовая база, которая разработана и утверждена НКГРЭКУ, 

сделала возможным развитие рыночных отношений на ОРЭ и переход к полно масштабному 

рынку двусторонних договоров, рынку на сутки вперед и балансирующему рынку, 

соответствующему третьему пакету Энергетического Сообщества через реализацию Закона «Об 

основах функционирования рынка электрической энергии Украины» [1]. Основную роль во 

внедрении данного Закона будут иметь регуляторные методы госуправления, которые должны 

обеспечить в условиях существующего экономического кризиса, решение проблемы долгов, 

отделение видов деятельности по передаче и поставке электрической энергии, отделения 

системного оператора от оператора передачи магистральными сетями т. п. Также необходимо 

обеспечить эффективную работу государственных компаний и других субъектов, которые будут, 

во-первых, работать на рынке электрической энергии, а во-вторых, будут участниками Фонда 

урегулирования стоимостного дисбаланса по безубыточности их работы. В условиях развитого 

рынка электрической энергии административно-командные методы управления можно применить 

фактически только по отношению к государственным компаниям (например, НЭК «Укрэнерго») в 

части выделения системного оператора и корпоратизации предприятия, которое будет 

осуществлять передачу электрической энергии магистральными и межгосударственными сетями. 

Государственное управление акционированных и приватизированных компаний при 

переходе к новой модели рынка возможно только при внедрении регуляторных методов 

управления. Однако оно нуждается в обновлении нормативно-правовой базы регулирования 

субъектов, которые будут работать по новой модели рынка электрической энергии, а также 

устранения негативных факторов, в частности перекрестного субсидирование одних потребителей 

за счет других. Для решения этой проблемы в 2015 г. НКГРЭКУ было принято решение о 

постепенном доведении тарифов на потребление электрической энергии, отпускаемой населению, 

до экономически обоснованного уровня, что должно позволить при введении полномасштабного 

рынка электроэнергии отменить перекрестное субсидирование при ее купле-продаже.  

Отдельно необходимо отметить, что сегодня НКГРЭКУ регулирует не только 

взаимоотношения, связанные с производством, передачей и поставкой электроэнергии, как это 

было определено при проведении структурной перестройки в 90-х годах в электроэнергетике, а 

также осуществляет государственное регулирование деятельности субъектов хозяйствования на 

смежных рынках, в сферах теплоснабжения, централизованного водоснабжения и водоотведения, 

на рынках газа (природного и газа иного происхождения), нефти и нефтепродуктов, а также по 

переработке и захоронению бытовых отходов. В соответствии с Положением о Национальной 

комиссии, осуществляющей государственное регулирование в сфере энергетики и коммунальных 

услуг, (утверждено Указом Президента Украины от 10.09.2014 г. № 715/2014) основными 

задачами деятельности НКГРЭКУ, кроме регулирования естественных монополий и деятельности 

на смежных рынках, является сбалансирование интересов субъектов хозяйствования, 

потребителей и государства. Последнее выдается возможным осуществлять с помощью 

легитимации, например, решений относительно тарифов за потребление различных видов энергии. 

Легитимация является тем инструментом, который позволяет определить следующее: 
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насколько общество вовлечено в процессы формирования государственной политики и может 

контролировать ее реализацию, а также финансово обеспеченно. С уверенностью можем 

утверждать, что для Украины характерен феномен легитимации (признания обществом) решений 

государства, однако он проявляется фрагментарно из-за неразвитости отечественного 

гражданского общества и иногда непрозрачности деятельности органов власти по разработке и 

утверждению тарифов за потребление энергии. Очевидным также является проявление феномена 

взаимосвязи системы экономической и социальной безопасности. Так, низкие доходы населения 

не позволяют оплачивать потребление энергии, что может способствовать общественно-

политической дестабилизации в том или ином регионе и стране в целом.  

Выводы. Таким образом, при разработке и реализации комплекса мероприятий, 

направленных на улучшение обеспечения системы безопасности необходимо учитывать состояние 

и динамику изменения существующей экономической, социальной, политической и 

демографической ситуации не только в стране, но и за ее пределами; доступность необходимых 

ресурсов (прежде всего, финансов и современных технологий) и др.  

Соответственно, в энергетическом комплексе применения методов государственного 

управления должно быть направлено на следующее: 1) обеспечение развития и внедрение 

рыночных отношений; 2) повышение прозрачности и эффективности работы субъектов, 

работающих на рынке электрической энергии и смежных рынках национального хозяйства 

страны; 3) обеспечение экономического и социального развития и безопасности страны в целом и 

ее регионов в частности. Вместе с тем, отечественное законодательство требует доработки по 

направлению закрепления понятия «система безопасности», оно должно составлять основу 

осуществления государственной социально-экономической политики Украины. При этом важно, 

чтобы система безопасности определялась с помощью логики и эмпирических исследований. 
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Проанализированы состояние швейной промышленности в условиях изменения  внешней и внутренней 

среды предприятий, рассмотрены общие и специфические      факторы и признаки возникновения кризисных 

ситуаций на предприятия швейной промышленности, рассмотрены условия достижения 

конкурентоспособности на предприятиях швейной промышленности на основе прогнозирования развития 

рынка товаров швейной промышленности, проанализированы меры государственной поддержки развития 

швейной промышленности Азербайджанской Республики и рассмотреть вопросы государственного 

регулирования предприятий швейной промышленности.    

 
Конкурентные отношения являются неотъемлемой частью рыночной экономики. 

Конкуренция - это возможность удовлетворения совокупных требований рынка к продукции, при 

соперничестве нескольких организаций, действующих в одном и том же секторе рынка и 

имеющих пересекающие сферы интересов. Для современного рынка текстильной 

промышленности свойственно нарастание конкуренции, обострение ее форм и методов. 

В этой связи под конкурентоспособностью можно понимать реальную и потенциальную 

возможность противостоять своим конкурентам, удерживать но возможности свою долю рынка. 

Конкурентоспособность должна предполагать наличие индивидуального набора конкурентных 

преимуществ, определяющих ее ключевые факторы успеха, обеспечивая ее стабильность и 

долгосрочную финансовую устойчивость. 

Стабильность предприятия в рыночной среде вызывает необходимость разработки 

инновационной стратегии и последующую ее реализацию. Это позволяет предприятию успешно 

конкурировать на рынке с улучшенной или вновь созданной продукцией. Успешное 

функционирование предприятия определенное время на рынке позволяет ему заниматься поиском 

или разработкой новых продуктов или технологий, создавая определенную базу для адаптации 

инновации к данным производственным условиям, организации его производства и дальнейшего 

продвижения на рынок. 

По нашему мнению, конкурентные преимущества являются предпосылкой успеха и могут 

возникнуть у предприятия в виде осязаемых (материальные активы) ресурсов и неосязаемых 

(нематериальные активы), которыми владеет предприятие и, которые помогают ему побеждать в 

конкурентной борьбе. 

Конкурентные преимущества можно определить как высокую компетентность предприятия в 

какой-либо области, которая дает наилучшие возможности преодолевать силы конкуренции, 

привлекать потребителей и сохранять их приверженность товарам фирмы [1]. Средствами защиты 

конкурентных преимуществ могут быть: 

— монополия (например, в сфере коммунальных услуг);  

— патенты, лицензии и ноу-хау, приглашения на работу его носителей;  

— доступ к источникам сырья.  

В течение десятилетий и даже столетий экономисты обсуждают вопрос о том, что такое 

эффективная конкуренция. В экономической теории конкуренция довольно долго трактовалась 

как наиболее эффективное средство распределения ресурсов. Однако с усложнением рыночных 

структур современной экономики классическая модель конкуренции становится слишком 

абстрактной и далекой от многообразия реальных рынков. В результате появилась более 

практичная трактовка конкуренции - не как результата, а как процесса, в соответствии с которой 

конкуренция может быть эффективной, даже если некоторые черты «классической» модели 

отсутствуют. Так, согласно Уильяму Шепарду, «конкуренция представляет собой сложное 

явление, принимающее разнообразные формы. Конкуренции присущи разнообразные аспекты, но, 

конечно, ее главная функция очевидна. Эффективная конкуренция заставляет рыночную систему 

хорощо работать» .  

 В трактовку эффективной конкуренции важный вклад внес Дж. Кларк . 
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В 1940 г. он использовал термин «работающая конкуренция» для объяснения олигопольного 

рынка, на котором общий результат взаимодействия фирм оказывается сходным с чисто 

конкурентным рынком. Разработка Дж. Мейсоном  структурной концепции позволила 

использовать ее в качестве логически стройной методической основы для анализа конкуренции на 

конкретных отраслевых рынках. В соответствии с данной концепцией структура рынка 

обусловливает определенное поведение фирм - агентов рынка. В свою очередь поведение фирм в 

значительной степени определяет экономическую результативность отрасли. Позже, в 1958 г., 

Сосник С. выдвинул ряд более детальных критериев работающей конкуренции. Для оценки рынка 

им были предложены двадцать пять критериев структуры, поведения и результативности. Однако, 

хотя эти критерии сами по себе обоснованы и непротиворечивы, они не позволяют дать ответ на 

вопросы практического характера (в первую очередь каким образом измерять и взвешивать разные 

показатели), так что вряд ли могут быть использованы для исследования конкретных отраслей 

экономики. 

Баумоль У., Панцар Дж. и Виллиг Р. подошли к исследованию проблемы с точки зрения 

соревновательного рынка . Согласно их оценке, эффективное конкурентное поведение участников 

рынка может быть обеспечено при условии свободы входа на рынок. Возможности появления 

новых конкурентов (в отрасли) зависят от так называемых барьеров входа в отрасль. Барьеры 

входа в отрасль — это препятствия, которые необходимо преодолеть для организации бизнеса и 

успешной конкуренции. В экономической литературе выделяются пять общепризнанных видов 

барьеров входа: 

1) абсолютное преимущество в издержках (себестоимости продукции);  

2) эффект масштаба, фокусирование (концентрация);  

3) уровень капитальных затрат, необходимых для эффективного входа на рынок (стратегия 

первопроходца);  

4) дифференциация товара — значительные расходы на рекламу и упаковку;  

5) стратегическое поведение фирм, действующих на рынке, с целью предотвращения входа 

потенциальных конкурентов.  

Салоп С. определил стратегические барьеры как «намеренно созданные для сокращения 

вероятности входа». В отличие от стратегических барьеров Он охарактеризовал первые четыре 

структурных барьера как «невинные», поскольку они ненамеренно создаются как побочный 

эффект стремления фирм к максимизации прибыли. 

В качестве важных критериев эффективной конкуренции многими авторами отмечается 

разнообразие потребительского выбора и стабильность цен в долгосрочной периоде. 

Главным критерием остаются барьеры входа как наиболее важный фактор, определяющий 

уровень конкуренции в отрасли. 

Рассмотрим особенности конкуренции в переходной экономике. Возникает вопрос, можно 

ли применить стандартный анализ рынка к переходной экономике, где рыночные отнощения еще 

недостаточно развиты, отсутствуют многие необходимые элементы инфраструктуры рынка и 

сохранились некоторые отношения, свойственные командной экономике. На нащ взгляд, несмотря 

на существенные отличия в структуре и функционировании рынка и поведении фирм, общие 

подходы к анализу и определению эффективно кон-курентного рынка применимы и к переходной 

экономике. При этом, однако, понятие барьеров входа как важнейшего критерия эффективного 

рынка требует более щирокого толкования. Специфические формы поведения российских фирм 

также требуют особой классификации и анализа. 

Определенные шаги в направлении развития методологии изучения рынка в в Азербайджане 

были предприняты Государственным антимонопольным комитетом Республики, который 

выработал ряд рекомендаций по оценке структур рынка и определению его границ . Исследование 
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барьеров входа и потерь от монопольного влияния в ряде отраслей экономики в Азербайджане 

были сделаны Самедзаде З.А.. [2]. Вертикальные ограничения и проблемы асимметричной 

информации на рынках в Азербайджане анализировались Алыевом И.Г.. [1]. Целый ряд 

исследований, в основном по результатам социологических опросов, посвящен анализу поведения 

фирм и адаптации их к рыночным условиям. Однако эти исследования носят разрозненный 

характер. Работа по исследованию российских рынков требует продолжения. 

На  наш  взгляд,  можно  выделить  несколько  видов  конкурентного 

поведения фирм в переходной экономике. 

1. Традиционные формы конкуренции, присущие развитой рыночной экономике:  

    — ценовая конкуренция;  

— неценовая конкуренция (дифференциация товара, реклама, упаковка; активные методы 

стимулирования сбыта; послепродажный сервис).  

2. Специфические формы поиска ренты, унаследованные от командной экономики:  

         — ожидание поддержки государства, федеральных и местных властей;  

— борьба за получение, с помощью льгот, благоприятных экономических условий (дешевых 

кредитов, лицензий и т.д.);  

— невыполнение обязательств перед государством (неуплата налогов, обязательных 

платежей) в надежде на их списание.  

3. Особые формы конкуренции, связанные с неразвитостью рыночных институтов и 

кризисной экономической средой переходного периода:  

— задолженности по зарплате и другие неплатежи;  

— бартерные и прочие виды не денежных расчетов;  

— производство незарегистрированной продукции (теневой сектор);  

— уход от налогообложения;  

— лоббирование;  

— использование незарегистрированной рабочей силы.  

Два последних вида нередко выступают также формами стратегического поведения, 

направленного на получение конкурентных преимуществ и осложняющих доступ на рынок других 

фирм, т.е. стратегическими барьерами входа. Наличие таких специфических барьеров входа 

является важной чертой российского рынка. 

Наряду с особыми барьерами входа, обусловленными стратегическим поведением фирм, в 

азербайджанский экономике появились особые виды барьеров,не всегда четко оформленных, но 

оказывающие, тем не менее, существенное влияние на развитие рынка: 

1. Административные занреты на вывоз или ввоз товаров в регион. Хотя официально такие 

барьеры запрещены, существует бесчисленное множество 

примеров нарушения закона, 

2.  Личные  связи  между  частным  бизнесом  и  местными  властями, 

коррумпированность  властных  структур, приводящие  к  установлению 

благоприятных условий для отдельных предприятий, что создает существенные барьеры входа на 

рынок для фирм, не обладающих подобными возможностями. 

3. Так называемые технические барьеры, навязываемые властными структурами, в 

частности излишне строгие санитарно-гигиенические нормы, бюрократическая процедура 

лицензирования, усложненный механизм регистрации фирм и т.д. Они также могут трактоваться 

как барьеры входа, унаследованные от командной экономики. Хотя подобные ограничения 

распространены и в рыночной экономике, они принимают гораздо более жесткие и 

нерациональные формы в переходной экономике, так что в результате вся бюрократическая 

система нрепятствует нормальному осуществлению бизнеса, например функционированию, 
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мелких предприятий. Эта проблема имеет большое значение для продовольственного рынка 

Азербайджане. Рассмотренные барьеры создаются органами власти различных уровней и могут 

быть, обусловлены стремлением решить социально-экономические проблемы собственного 

региона за счет нарушения конкурентных норм. 

4. Барьеры криминального характера (рэкет, поборы и т.д.) представляют серьезную угрозу 

не только добросовестной конкуренции, но и экономическому развитию в целом. 

Наконец, специфической чертой переходной азербайджанский экономики, которую также 

можно рассматривать как барьер для входа новых фирм, является отсутствие развитых институтов 

инфраструктуры рынка, создающих в развитых странах необходимую среду для эффективной 

конкуренции. К ним относится информационная система, системы стандартизации и оценки 

качества продукции, кредитно-финансовые институты, товарные биржи, В стадии формирования 

находится нормативно-правовая основа  преднринимательства, а существующие правовые 

нормы зачастую не являются законом для субъектов азербайджанского рынка. Отсутствие или 

слабое развитие этих институтов в азербайджанского экономике замедляет осуществление 

деловых операций, что ведет к росту издержек и существенно снижает эффективность 

конкурентных усилий участников рынка. 

В Азербайджане фирмы с развитым рыночным менталитетом вынуждены практиковать' 

формы поведения, отличные от цивилизованных конкурентных норм. 

Наличие специфических барьеров входа на рынок в совокупности с малоразвитой 

инфраструктурой рынка объясняет низкую эффективность функционирования российских 

товарных рынков даже в отраслях с низко 

концентрированной структурой. 

Следовательно, можно считать верным утверждение о том, что становление мониторинга и 

регулярные публикации рейтинговых оценок в СМИ и специальных изданиях облегчат не только 

изменение формы собственности предприятия, но и улучшат инфраструктуру рынка за счет 

качественного улучшения информационной составляющей. 
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THE COMPETITIVENESS OF CLOTHING INDUSTRY ENTERPRISES IN THE REPUBLIC OF 

AZERBAIJAN  

Kh. F. Mamedova, F.A. Mamedov  

Azerbaijan Technological University  

Summary 

The paper dwells on the development of the set of theoretical, methodological and practical 

recommendations on increasing the competitiveness and development of industrial enterprises of clothing industry 

with account for Azerbaijani present-day conditions. 

 There have been analyzed the status of clothing industry in the conditions of changes in the internal and 

external environment of the enterprises, and the general and specific factors and signs of crisis situations at clothing 

industry enterprises, as well as there have been studied government support measures for the development of 

clothing industry of the Republic of Azerbaijan, and considered the issues of state regulation of clothing industry 

enterprises.  
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saqarTvelos eleqtroenergetikuli bazris modelis cvlilebis 

aucilebloba 

 
sulakaZe l. 

ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 
energo seqtori qveynis ekonomikis prioritetul mimarTulebas warmoadgens.sa-

qarTvelos mier evropasTan asocirebis xelSekrulebiT gaTvaliswinebuli valdebule-
bebis aReba moicavs sxvadasxva sferoSi, m.S. energetikis seqtorSi mniSvnelovani cvli-
lebebis gatarebas da maT evropul sakanonmdeblo bazasTan harmonizacias. amitomac 
eleqtroenergetikuli seqtori mravali gamowvevis winaSe dgas da vinaidan dRes arse-
bulma bazris modelma Tavi amowura, cvlilebebis aucilebloba gardauvali gaxda.  

saqarTvelos eleqtroenergetikul bazarze jansaRi konkurentuli garemos da 
arakoncentrirebuli bazris Camosayalibeblad, aucilebelia erTad gaizardos eleq-
troenergiis mwarmoebeli energokompaniebis raodenoba da warmoebis moculoba im do-
nemde, rom bazarze romelime kompaniis dominireba srulad gamoiricxos.eleqtroenergi-
is bazris konkurentul modelze gadasvlisaTvis mzadyofnis analizma aCvena, rom sa-
qarTveloSi maRalkoncentrirebuli bazaria, masSi dominirebulia eleqtroenergiis Zi-
riTadi mwarmoebeli. bazris modelis SecvlisTvis arsebuli problemebis dasareguli-
rebladSemoTavazebulia eleqtroenergiis bazris konkurentul modelze gadasvlis 
normebi, kerZod: 
• kanonis farglebSi gaiweros dargis restruqturizaciis vadebi da pirobebi; 
• dadgindes iseTi normativebi, romlebic gaadvileben bazarze SeRwevas da alternati-

uli eleqtroenergiis mimwodeblebis damkvidrebas; 
• sasurvelia Seiqmnas damoukidebeli operatori da dainergos konkurencia sacalo ba-

zarze. 
winamdebare naSromi warmoadgens im gansaxorcielebeli cvlilebebis dasabuTe-

bis, bazris modelis cvlilebis aucileblobis da konkurentul bazrad gardaqmnis eta-
pebis Camoyalibebis erTobliobas, romelic aucilebelia nakisri valdebulebebis Se-
sasruleblad. 
 

dRes saqarTvelos eleqtroenergetikuli seqtori mravali gamowvevisa da 

saintereso movlenis winaSe dgas. qveyanaSi arsebulma eleqtroenergetikulma 

bazris modelma (ganviTarebis xangZlivi periodi), romelic 2006 wels iyo Semu-

Savebuli Tavi amowura. swored amitom mimdinareobs aqtiuri muSaoba bazris 

modelis srulyofisaken.  

saqarTvelos eleqtroenergetikuli bazris kvlevisas naTlad ikveTeba is 

problemebi da sakiTxebi, rac xels uSlis bazris ganviTarebas. magaliTad, moq-

medi kanonmdeblobis Sesabamisad, ganawilebis licenziati yidis eleqtroener-

gias sacalo momxmareblebze. amasTan, is flobs mniSvnelovan aqtivebs eleq-

troenergiis generaciaSi, rac ewinaaRmdegeba evropuli kanonmdeblobis moTxov-

nebs, kerZod, ganawilebis sistemis operatoris saqmianoba gamijnuli unda iyos 

miwodebisa da warmoebis saqmianobisgan. aucilebelia moxdes kompaniebis samar-

Tlebrivi da qonebrivi gamijvna. 

saqarTveloSi dRes arsebuli eleqtroenergetikul bazris models axasia-

Tebs rigi dadebiTi da uaryofiTi mxareebi. 

dadebiT mxareebs SesaZloa mivakuTvnoT: saxelSekrulebo SeTanxmebebis 

Sesrulebis uzrunvelyofa, energo sawarmoebis privatizacia kerZo investicie-

bis mosazidad, axali investiciebis mozidvis winapirobis Seqmna, misaRebi uku-

gebis norma, xolo negatiur mxareebad SesaZloa CaiTvalos: 

• bazris gaxsnis arasakmarisi motivacia; 

• miwodebis saqmianobaSi monopoliuri situacia; 
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• sacalo momxmareblis ufleba, SeiZinos eleqtruli energia pirdapiri xel-

SekrulebiT mcire eleqtrosadgurebidan ar iqna realizebuli (dafiqsirda 

mxolod ramodenime SemTxveva); 

• am process aferxebs aseve miwodebis saqmianobis da ganawilebis saqmianobis 

gaumijnaoba; 

• ganawilebis licenziati borotad iyenebs sacalo bazarze Tavis monopoliur 

mdgomareobas (erTi mxriv, bunebriv monopolias ganawilebaSi da meore mxriv, 

xelovnuri monopolia miwodebaSi); 

• mniSvnelovani problemaa saqmianobis dayofis arasakmarisi siRrme, kerZod ga-

nawilebis saqmianobisa da eleqtroenergiis warmoebis saqmianobis mxolod an-

gariSgebiT dayofa, warmoSobs interesTa konfliqts, erTi mxriv, qseluri 

momsaxurebis saqmianobasa da aRniSnuli qseliT sakuTari produqciis reali-

zaciis da am qselSi mesame pirebis daSvebis kuTxiT; 

• sabiTumo bazarze arasakmarisad konkurentuli garemo da eleqtroenergiiT 

vaWrobis Tanamedrove meqanizmebis da Sesabamisi struqturebis  ararseboba; 

• damxmare momsaxurebis da eleqtroenergiis miwodebis xarisxis maCveneblebis 

regulirebis arasakmarisi sakanonmdeblo safuZvlebi. 

Tanamedrove msoflioSi eleqtroenergia aucilebeli komponentia, rogorc 

sawarmoebis, ise mosaxleobis arsebobisTvis. mosaxleoba mtkivneulad aRiqvams 

tarifis yovelgvar cvlilebas. swored amitom unda SemuSavdes dargSi arsebu-

li mdgomareobis Sesabamisi midgomebi da meTodebi, raTa gaTvaliswinebuli iq-

nes mwarmoeblisa da momxmareblis interesebi. im evropulma qveynebma, romleb-

mac evrokomisiis mesame direqtiviT gaTvaliswinebuli moTxovnebi Seasrules, 

aRniSnaven rom sawyis etapze kompaniebs saoperacio danaxarjebi gaezardaT. mag-

ram grZlevadian periodSi Seiqmneba konkurentuli garemo, romlis saSualebi-

Tac kompaniebi Seecdebian Seamciron xarjebi da ufro metad efeqtianebi gax-

dnen.  

mizanSewonilad mimaCnia bazris axali modelis SeqmnisTvis gaTvaliswine-

buli iqnes Semdegi ZiriTadi kriteriumebi: 

• mosaxleobis interesebidan gamomdinare, uzrunvelyofili iqnes sayofacxov-

rebo momxmareblebisaTvis xelmisawvdomi regulirebadi tarifebi; 

• uzrunvelyofili iqnes samomxmareblo bazris permanentuli gaxsna da genera-

cia–miwodebis segmentSi konkurenciis ganviTareba; 

• racionalurad da efeqtianad iqnas gamoyenebuli qveynis energoresursebi; 

• sakanonmdeblo baza da eleqtroenergiiT vaWrobis meqanizmebi harmonizebul 

iqnas evroparlamentis da evrokomisiis mesame energetikul paketTan da mezo-

beli qveynebis kanonmdeblobasTan, ramac xeli unda Seuwyos saqarTveloSi 

sufTa energiis regionaluri platformis Camoyalibebas da evropis erTian 

energetikul bazarSi integracias. 

 naSromSi aRwerili sirTuleebis gadasalaxad da energetikis seqtorSi 

asocirebis xelSekrulebis warmatebiT gansaxorcieleblad, saqarTvelos „evro-

pis energetikul gaerTianebaSi“ gawevrianeba evrokavSirisa da saqarTvelos sa-

erTo interesis sferos unda warmoadgendes. damatebiTi investiciebis ganxor-

cielebis gareSe dargis ganviTareba da „evropis energetikul gaerTianebaSi“ 

gawevrianeba TiTqmis warmoudgenelia. mTavrobam unda SeimuSaos gaerTianebaSi 

gawevrianebis Tanmimdevruli gegma, raTa moxdes wevrobis Sedegad gamowveuli 
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socialuri sirTuleebis minimumamde dayvana. 

imisTvis, rom saqarTvelom miaRwios energo usafrTxoebas, aucilebelia 

moxdes generaciisa da miwodebis, gadacemisa da distribuciis procesSi CarTu-

li kompaniebis gamijvna. 
 

 literatura:  
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troenergiis (simZlavris) bazris wesebi“; 
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GEORGIAN ELECTRICITY MARKET MODEL CHANGES NECESSITY 

Sulakadze L. 

Ivane Javakhishvili Tbilisi State University 

Summary 

The energy sector is the most priority in the economic field. The associated agreement’s (between Georgia 

and Europe)obligationscontain to do important changes in different spheres, between them energy sector and must 

be harmonized with European legal bases. Therefore, nowadays electricity sector has many challenges, based on 

market model is not in good condition and changes are imminent. 

For formation competitive and non-concentrated electricitymarket in Georgia, we must increase together number of 

the supplier companies and production capacity, thatnone of the companieswill not be dominant on the market. The 

process of analysis (to modifythe electricity market model in competitive market model) showed us that the market 

is high concentrated and the main manufacturer is dominantin Georgia. To solve the problems of modifying the mar-

ket model in competitive market, I offer some norms, for example: 

• To write deadlines and conditions ofenergy sector’s restructuration in the law; 

• Must be developedthe norms to be easier entering on the market and appearing analternative electricity suppliers; 

• Desirable to develop an independent operator and implement competition on theretail market. 

This thesis tries to convince us necessity of the changes, the market model changing and the steps of the 

competitive market implementation, which is necessary to perform our obligations. 

 

 

 

 

 

 

 

 

 

 

 

http://www.energy.gov.ge/
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saqarTvelos eleqtroenergetikul seqtorSi ganxorcielebuli 

investiciebis saWiroeba 

 
sulakaZe l. 

ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 

qveynis ekonomikis ganviTarebis umniSvnelovanes faqtors da mamoZravebel saSua-
lebas warmoadgens investiciebis mozidva. saxelmwifos saimedo da mdgradi energouz-
runvelyofa Tanamedroveobis erT-erTi yvelaze aqtualuri problemaa. 

saxelmwifos erT-erTi prioritetuli mimarTuleba aris saqarTveloSi arsebuli 
uxvi hidroresursebis aTviseba. energetikul seqtorSi gatarebuli grZelvadiani poli-
tikis erT-erT mizans, axali eleqtrosadgurebis mSeneblobisTvis investiciebis mozid-
va warmoadgens. srulyofili satarifo meTodologiis SemuSaveba, miwodebis saimedoo-
bis uzrunvelyofa da am gziT energetikis seqtorSi mdgradi sainvesticio garemos Ca-
moyalibebis xelSewyoba, investiciebis mozidvisa da seqtoris ganviTarebis winapirobaa. 

TemaSi ganxilulia seqtorSi ganxorcielebuli privatizebisa da investiciebis 
saWiroeba,rac gamowveuli iyo danakargebis moculobiT da eleqtroenergiis gazrdili 
moxmarebiT, masTan dakavSirebuli gamowvevebi da riskebi, aseve sainvesticio SesaZleb-
lobebi.Catarebuli analizi dagvexmareba eleqtroenergetikuli seqtoris mimzidveli 
da saimedo sainvesticio garemos CamoyalibebaSi.  

 
dRes aSkaraa saqarTvelos ekonomikaSi ucxouri investiciebis gamoyenebis 

aqtualuroba. erovnuli warmoebis konkurentunarianobis amaRlebis, msoflio 

bazarze ndobis mopovebis, saerTaSoriso safinanso gacvlaSi monawileobis in-

teresebi, ucxouri investiciebis mozidvisaTvis pirobebis Seqmnis aucileblo-

bas ganapirobebs. 

„eleqtroenergetikisa da bunebrivi gazis Sesaxeb“ saqarTvelos kanonis 

erT-erT mniSvnelovan mizans warmoadgens adgilobrivi da ucxouri investicie-

bis mozidvis xelSewyoba eleqtroenergetikis dargis reabilitaciisa da ganvi-

Tarebis mizniT.swored dargis ganviTarebisTvis 1993-1994 wlebSi ganxorcielda 

e.w. mcire privatizacia, romelsac 1998 wlidan mohyva  farTomasStabiani priva-

tizaciis procesi:ss „Telasi“, Tbilsresis me-9 da me-10 energoblokebi,,,xrami-1“ 

da ,,xrami-2“, Sps ,,varcixe-2005“, ss ,,saqarTvelos gaerTianebuli sadistribucio 

energokompania“ da Sps ,,aWaris energokompaniis“ aqtivebi, generaciis 6 obieqti 

(ss ,,energo-pro jorjia“), ,,Jinvalhesi“ wyalmomaragebis kompaniebTan erTad,ss 

,,kaxeTis energodistribucia“. 

saqarTveloSi privatizaciis ZiriTad mizans Seadgens sistemis aRdgena, mi-

si Semdgomi srulyofa da saimedo da ekologiurad sufTa energomomarageba um-

ciresi danaxarjebiT. privatizebiT SesaZlebelia seqtoris muSaobis maCveneble-

bis gaumjobeseba.  

qveyanam energetikaSi privatizaciis mxardamWeri politika gaatara, kerZod: 

xeli Seuwyo qveyanaSi investiciebis Semodinebas; komerciuli operaciebis 

srulyofas, gadasaxadebis amoRebis gaumjobesebas; mmarTvelobiTi teqnologie-

bis danergvas. 

seqtorSi privatizaciis ganxorcielebis saWiroeba ganapiroba eleqtroe-

nergiis moxmarebis zrdam, romelsac adgilobrivi warmoeba ver akmayofilebda 

(bazari ver axdens qveynis SigniT arsebuli moTxovnis srul dafarvas, Sesaba-

misad saWiro xdeba importis ganxorcieleba. zafxulis TveebSi uxvi hidrore-

sursebis gamo warmoebis gazrdis Sesabamisad, xdeba eleqtroenergiis eqsporti 

mezobel qveynebSi) da danakargebis arsebulma moculobam.  
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bazris operatoris mier 2015 wlisTvis Sesyiduli sabalanso eleqtroener-

giis struqturas Tu vnaxavT. sakmaod didia masSi importis da Tboeleqtrosad-

gurebis (warmoebisTvis ZiriTadi nedleuli aris importirebuli bunebrivi ai-

ri, romelic SesaZloa ganxilul iqnes, rogorc importirebuli – Zviri eleq-

troenergia) wili, amitom aucilebelia warmoebis obieqtebis mSenebloba, reabi-

litacia da zogadad investireba, raTa miRweul iqnes energo damoukidebloba. 
 

diagrama #1. bazris operatoris mier Sesyiduli  

sabalanso eleqtroenergiis struqtura 

 
 

imis gaTvaliswinebiT, rom saqarTvelos energetikisa da wyalmomaragebis 

maregulirebeli erovnuli komisiis mier damtkicebuli meTodologiebis safuZ-

velze dadgenili tarifebi iTvaliswinebs eleqtroenergiis warmoebis, gadace-

mis, dispetCerizaciis da ganawilebis licenziatebis mier ganxorcielebul 

an/da gansaxorcielebel investiciebze amonagebisa da cveTa/amortizaciis go-

nivrul da samarTlian dones, komisia gansakuTrebuli yuradRebiT axorcielebs 

investiciebis monitorings. 

mimdinare periodisaTvis eleqtroenergetikuli seqtori ZiriTadad saWiro-

ebs investiciebs eleqtroenergiis gadamcemi da gamanawilebeli qselebis saime-

doobis, usafrTxoebis da eleqtroenergiis saTanado xarisxis maCveneblebis ga-

umjobesebis mimarTulebiT, romelic SeiZleba miRweuli iqnas eleqtroenerge-

tikuli seqtoris TiToeuli licenziatis mier ganxorcielebuli mizanmimarTu-

li investiciis Sedegad.  

eleqtroenergetikul seqtorSi eleqtroenergiis warmoebis, gadacemis, dis-

petCerizaciisa da ganawilebis licenziatebis mier 2014 wels faqtobrivad gan-

xorcielebulma investiciam jamSi Seadgina 158 966 764 lari, xolo 2015 wels - 

125 983 641 lari (diagrama #2), romelTa dafinansebis ZiriTadi wyaro iyo sesxi. 

amasTan, 2013-2015 wlebSi eqspluataciaSi Sevida 10 hidroeleqtrosadguri, ro-

melTa jamuri simZlare – 157 mgvt-s Seadgens, xolo mTliani sainvesticio Ri-

rebuleba – 264.4 mln. aSS dolars. 

dReisaTvis saqarTvelos energetikis seqtorSi investiciebis mozidvis da 

qveynis energopotencialis maqsimaluri gamoyenebis mizniT potenცiuri investo-

rebisaTvis SeTavazebulia mTeli rigi SeRavaTebi, kerZod: axalaSenebuli hese-

bisaTvis ar xdeba tarifis dadgena, investorebi Tavad irCeven fass da bazars; 

mTavroba investors sTavazobs garantirebul Sesyidvas zamTris periodSi; axal 

hesebs eniWebaT TurqeT-saqarTvelos 500 kv xaziT sargeblobis prioriteti da 
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a.S. garda amisa 46 hesi gadavida kerZo mflobelobaSi. sagrZnoblad gamartivda 

energetikis seqtorSi nebarTvebisa da licenziebis mopovebis procesi. gauqmda 

13 mgvt-mde dadgmuli simZlavris hesebisaTvis warmoebis licenzia. 
 

diagrama #2. investiciebis maCveneblebi eleqtroenergetikul seqtorSi 2014-2015 wlebSi 

 
 

dReis mdgomareobiT saqarTvelos energo seqtorSi sakmaod mniSvnelovani 

mizezebi arsebobs investiciebis gansaxorcieleblad, kerZod eqspertuli gaT-

vlebiT, qveyanas gaaCnia ekonomikurad xelsayreli didi hidro potenciali; na-

wilobriv daregulirebulia; privatizebulia ganawilebis kompaniebi da rac 

mTavaria sakuTari saqmianobiT mogebas iReben; gamartivebulia formaluri pro-

cedurebi energetikis seqtorSi da arsebobs saxelwifos mxardaWera energo seq-

toris gaZlierebisadmi. 

  
gamoyenebuli literatura:  

1. saqarTelos kanoni „sainvesticio saqmianobis xelSewyobisa da garantiebis Sesaxeb“, 4.03.2015; 
2. saqarTvelos parlamentis #3758 dadgenileba „saqarTvelos energetikis dargSi sa-

xelmwifopolitikis ZiriTadi mimarTulebebis“ Taobaze, 24.06.2015; 
3. ComaxiZe d., saqarTvelos energetikuli usafrTxoeba, Tb., 2003; 
4. ComaxiZe d., Sesavali energomenejmentSi, Tb., 2011; 
5. saqarTvelos energetikisa da wyalmomaragebis maregulirebeli erovnuli komisiis wliuri an-

gariSebi, 1999-2015 wlebis dinamikaSi; 
6. www.energy.gov.ge 
7. www.gnerc.org 
8. www.esco.ge 

 
GEORGIAN ELECTRICITY SECTOR THE NEED OF REALIZED INVESTMENTS 

Sulakadze L. 

Ivane Javakhishvili Tbilisi State University 

Summary 

To attract the investments is the most important factor and driving opportunity for economic. Reliable and 

sustainable energy supply is one of the state's most pressingissue. 

One of the priorities of the state of Georgia is to usethe abundant hydro resources. One of the goals of long-

term policy in the energy sector is attracting investment for construction of new power plants. Work out the comple-

te tariff methodology, ensuring the reliability of supply and formatting the sustainable investment climate in the co-

untry, they are prerequisite of attracting foreign investments and the development of the energy sector. 

The privatization of the sector and the need for investment are discussed in the theme, which was caused by 

the volume of losses and increased electricity consumption, related challenges and risks, also investment opportuni-

ties. The analysis of the energy sector will help us to develop a reliable and attractive investment environment. 

http://www.energy.gov.ge/
http://www.gnerc.org/
http://www.esco.ge/
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ganaxlebadi energetikis sferoSi evrokavSiris direqtivebTan 

saqarTvelos kanonmdeblobis harmonizaciis aspeqtebi  

 
zivzivaZe a. 

akaki wereTlis saxelmwifo universiteti 

 
ganaxlebadi energetikis upiratesi ganviTareba mTel msoflioSi udavo WeSmarite-

badaa aRiarebuli. saqarTvelo ganaxlebadi energiis wyaroebiT mdidari qveyanaa. arse-
bobs hidroenergoresursebis, qarisa da mzis  energiis didi potenciali. maTi aTviseba 
da racionalurad gamoyeneba sagrZnoblad gaaumjobesebs qveynis saTbob_energetikul 
balanss. 

 
ganaxlebadi energiis wyaroebis gamoyenebis strategiuli miznebia: 

– meoradi Tboenergiis gamoyenebis Semcireba; 

– Tboenergokompleqsis ekologiuri usafrTxoeba; 

– decentralizebuli moxmarebis Semcireba; 

– Semotanili saTbobis xarjebis Semcireba. 

ganaxlebadi energetikis ganviTarebis aucilebloba misi Semdegi roliT 

ganisazRvreba: 

– decentralizirebuli energomomaragebis zonebSi mosaxleobisa da mrewvelo-

bis mdgradi Tbo da eleqtromomarageba, gansakuTrebiT, maRalmTian raioneb-

Si; 

– centralizebuli energomomaragebis zonebSi im mosaxleobisa da mrewvelobis 

energomomaragebis minimaluri donis uzrunvelyofa, romlebic energiis mwvave 

deficits ganicdian. 

– avariuli situaciebisa da SezRudvebisagan mosalodneli zaralis Semcireba; 

– mZime ekologiuri garemos mqone qalaqebSi, dasaxlebul punqtebsa da masobri-

vi dasvenebis adgilebSi energetikuli danadgarebis mavne gamonafrqvevebis 

Semcireba. 

am resursebis amouwuraoba da ekologiuri sisufTave maTi intensiuri ga-

moyenebis aucileblobas gansazRvravs. ganaxlebadi energiis wyaroebisadmi in-

teresi gacilebiT gaizarda tradiciuli sawvavis gaZvirebisa da ganaxlebadi 

energiis mowyobilobebis gaiafebis fonze. 

saqarTvelos parlamentma 2015 wlis 24 ivniss daamtkica `saqarTvelos 

energetikis dargSi saxelmwifo politikis ZiriTadi mimarTulebebi~. igi moi-

cavs qveynis energetikis prioritetebs da dargis ganviTarebis strategiul mi-

marTulebebs. masSi miTiTebulia, rom dokumenti dargis maregulirebeli samar-

Tlebrivi bazis daxvewis safuZveli gaxdeba. 

ganaxlebadi energetikuli resursebis aTvisebis nawilSi naTqvamia, rom 

klimatis cvlilebis problemis gadaWrisa da qveynis sufTa energiiT uzrun-

velyofisaTvis mniSvnelovania ganaxlebadi energetikuli resursebis aTviseba. 

saqarTvelo mdidaria hidroresursebiT. mas aqvs qaris, mzis, biomasisa da geo-

Termuli wylebis energiis potencialic, rac saSualebas iZleva, Seiqmnas dama-

tebiTi simZlavreebi adgilobrivi da ucxouri investiciebis ganxorcielebiT. 

amisaTvis aucilebelia sainvesticio garemos gaumjobeseba stabiluri, gamWvir-

vale da aradiskriminaciuli samarTlebrivi bazis SeqmniT, mezobeli qveynebis 

energetikul bazrebTan mWidro da stabiluri savaWro urTierTobebis gaRrmave-
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biT, saTanado sasistemo da sistemaTSorisi infrastruqturis ganviTarebiT, Se-

sabamisi samecniero_kvleviTi samuSaoebis ganxorcielebiT. es uzrunvelyofs 

importirebul energoSemcvelebze damokidebulebis Semcirebas da qveynis ener-

getikuli usafrTxoebis gaumjobesebas. 

miuxedavad imisa, rom saqarTvelo mdidaria ganaxlebadi energoresursebiT, 

garda hidroenergoresursebisa, maTi aTviseba axla TiTqmis ar xdeba. amaSi, Cve-

ni azriT, didi roli ekuTvnis im faqts, rom am sferoSi ar arsebobs saTanado 

kanonmdebloba. 

cnobilia, rom Cveni qveyana mierTebulia evropasTan asocirebis xelSekru-

lebiT, romelic ukve amoqmedda 2014 wlis 27 ivniss saqarTvelosa da evrokav-

Sirs Soris xelmowerili asocirebis Sesaxeb SeTanxmebiT, saqarTvelo kisru-

lobs valdebulebas, rom eleqtroenergetikul seqtorSi arsebul kanonmdeblo-

bas SesabamisobaSi moiyvans evrokavSirisa da energetikuli Tanamegobrobis re-

gulaciebisa da direqtivebis moTxovnebTan. aqedan gamomdinare, cxadia, evrokav-

SirTan politikuri da ekonomikuri urTierTobebis gaRmavebisTvis mniSvnelova-

nia saqarTvelos kanonmdeblobis evrokavSiris kanonmdeblobasTan etapobrivi 

daaxloeba. es xels Seuwobs konkurentuli, gamWvirvale da efeqtiani sainvesti-

cio garemos Seqmnas, saqarTvelos da evrokavSiris wevr qveynebs Soris energe-

tikuli resursebiT vaWrobis ganviTarebas, ekonomikurad da ekologiurad ga-

marTlebuli gziT ganaxlebadi energetikuli resursebis aTvisebas da energoe-

feqtianobaze orientirebuli RonisZiebebis ganxorcielebas. 

saqarTvelos eleqtroenergetikul seqtorSi amJamad moqmedi mTavari saka-

nonmdeblo aqtia `eleqtroenergetikisa da bunebrivi gazis Sesaxeb~ saqarTve-

los kanoni. kanonis mizania xeli Seuwyos hidroenergetikuli, sxva ganaxlebadi 

alternatiuli da bunebrivi gazis adgilobrivi resursebis upirates gamoyene-

bas, agreTve dargSi efeqtianobis gazrdas. meore mxriv, kanonis amocanaa warmo-

ebis efeqtianobis gazrdis mizniT uzrunvelyos energetikuli resursebis mopo-

vebis gafarToeba, ganaxlebadi (alternatiuli) energiis wyaroebis upiratesi 

aTviseba, energoefeqtiani RonisZiebebis xelSewyoba. 

samwuxarod, jer-jerobiT ganaxlebadi energetikis sferoSi, agreTve ener-

goefeqtianobis mimarTulebiT saqarTvelos sakanonmdeblo baza Zalze susti 

da araefeqturia. ar arsebobs kanoni arc ganaxlebadi energetikis Sesaxeb da 

arc energoefeqtianobis Sesaxeb. Sesabamisad, ver xdeba am aqtualuri probleme-

bis gadawyveta da, rac mTavaria, safrTxe eqmneba evrokavSirTan saqarTvelos 

asocirebis xelSekrulebiT nakisri valdebulebebis Sesrulebas.  

maSasadame, saqarTveloSi am mimarTulebiT mniSvnelovani reformebia gasa-

tarebeli. aseve gasaTvaliwinebelia, rom sazogadoebaSi jer kidev dabalia 

cnobierebis done rogorc ganaxlebadi, ise energoefeqtianobis kuTxiT, ar ar-

sebobs rogorc ganaxlebadi energiis, ise energoefeqtianobis xelisSemwyobi er-

Tiani xedva da strategia, rogoricaa energoefeqtianobis erovnuli samoqmedo 

gegma da ganaxlebadi energiis erovnuli samoqmedo gegma. meore mxriv, saWiro 

da aucileblia, rom moxdes qveynis ganaxlebadi energiis resursebis rogorc 

teqnikuri, ise ekonomikuri potencialis Sefaseba da Seswavla, raTa ufro efeq-

tianad da mdgradi ganviTarebis principebis safuZvelze moxdes maTi aTviseba. 

aseve mniSvnelovania rogorc zogadad energostatistikis, ise ganaxlebadi ener-

giisa da energoefeqtianobis Sesaxeb detaluri statistikis warmoeba, rac aso-
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cirebis SeTanxmebis erT_erTi moTxovnacaa. 

am mimarTulebiT evrokavSirs gasul wlebSi miRebuli aqvs Sesabamisi di-

reqtivebi, kerZod, ganaxlebadi energiisa da energoefeqtianobis sferoSi sayu-

radReboa evrokavSiris Semdegi direqtivebi: 

 2009 wlis 23 aprils evroparlamentisa da evrosabWos 2009/28/EC  direqtiva ga-

naxlebadi energiis wyaroebidan energiis gamoyenebis xelSewyobis Sesaxeb; 

 2006 wlis 5 aprilis 2006/32/ EC direqtiva energiis saboloo moxmarebis efeq-

tianobisa da energomomsaxurebis Sesaxeb; 

 2012 wlis 25 oqtombers evroparlamentisa da evrosabWos 2012/27/EU direqtiva 

energoefeqtianobis Sesaxeb. 

aRniSnuli direqtivebi sxva energetikul direqtivebTan erTad saqarTve-

los mier unda Sesruldes energetikuli Tanamegobrobis xelSekrulebis far-

glebSi SeTanxmebul vadebSi. im SemTxvevaSi, Tu saqarTvelos mierTeba energe-

tikuli Tanamegobrobis xelSekrulebasTan ar moxdeba asocirebis SeTanxmebis 

ZalaSi Sesvlidan ori wlis ganmvalobaSi, 2016 wlamde, asocirebis sabWos wa-

redgineba  winadadeba axali vadis Sesaxeb asocirebis SeTanxmebis ZalaSi Ses-

vlidan araugvianes sami wlis ganmavlobaSi, 2017 wlamde. 

zemonaTqvami imaze miuTiTebs, rom saqarTveloSi arsebuli eleqtronerge-

tikuli resursebis efeqtianad gamoyenebis, eleqtroenergetikuli usafrTxoebis 

gazrdisa da mdgradobis amaRlebis, aseve qveyanaSi eleqtroenergiaze moTxov-

nis srulad dakmayofilebis mizniT, qveynis eleqtroenergetikuli seqtoris sa-

momavlo ganviTarebis erT_erT prioritetad rCeba ganaxlebadi energiis resur-

sebis aTvisebis politika da, Sesabamisad, arsebuli sakanonmdeblo bazis ganax-

leba da daaxloeba evrokavSiris energetikul direqtivebTan. 

rogorc arsebuli masalebidan Cans, saqarTveloSi mniSvnelovani RonisZie-

bebi xorcieldeba evrokavSiridan asocirebis xelSekrulebiT nakisri  valde-

bulebebis Sesasruleblad. am mxriv sagulisxmo faqtia saqarTvelos parlamen-

tis mier miRebuli zemonaTqvami dadgenileba, kerZod,  

qveyanaSi ganaxlebadi energiisa d a energoefeqtianobis dargis mxardamWer 

erT_erT mniSvnelovan maregulirebel kanonmdebare aqts warmoadgens saqarTve-

los parlamentis mier 2015 wlis 24 ivniss damtkicebuli dadgenileba `saqar-

Tvelos energetikis dargSi saxelmwifo politikis ZiriTadi mimarTulebebis 

Sesaxeb~. am politikis mTavari mimarTulebebia: 

 saqarTvelos ganaxlebadi energetikuli resursebis aTviseba. es ki uzrunvel-

yofs importirebul energoSemcvelebze damokidebulebis Semcirebas da qvey-

nis energetikuli usafrTxoebis gaumjobesebas; 

 saqarTvelos sufTa energiis warmoebis da am energiis vaWrobis regionaluri 

centris Seqmna, kerZod, saqarTveloSi arsebuli hidroresursebi da sxva ga-

naxlebadi resursebi, Sesabamisi infrastutura da xelsayreli sainvesticio 

garemo saSualebas iZleva, qveyana sufTa energiis warmoebis da am energiiT 

vaWrobis regionaluri centrad iqces. 

 energoefeqtianobisadmi erTiani midgomis SemuSaveba da ganxorcieleba. aRniS-

nuli mimarTuleba gulixmobs energiis warmoebis, gadacemis, ganawilebisa da 

moxmarebis swor marTvas, maT Soris energoefeqtianobis programebis ganxor-

cielebas, rac mniSvnelovan rols Seasrulebs qveyanaSi energiis moxmarebis 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 221 

optimizaciaSi. 

Cveni azriT, am mimarTulebiT mizanSewonilia Semdegi ZiriTadi RonisZiebe-

bis ganxorcieleba: 

1. mosaxleobis sainformacio uzrunvelyofa; 

2. mosaxleobis energetikuli ganaTlebis donis amaRleba (treningebi), samoqala-

qo monitoringi; 

3. garemoze zemoqmedebis Sefaseba; 

4. adgilobrivi kadrebis gadamzadeba da dasaqmeba; 

5. saqarTveloSi arsebuli ganaxlebadi energoresursebis popularizacia saer-

TaSoriso bazarze; 

6. energiis ganaxlebadi wyaroebis sacdel_sawarmoo centris Seqmna. 

ekologiuri mdgomareobis gaumjobesebisa da organuli sawvavis momavali 

TaobebisaTvis dazogvis mizniT aucilebelia `ganaxlebadi energiebis wyaroebis 

Sesaxeb~, agreTve `energoefeqtianobis Sesaxeb~ kanonebis miReba da amoqmedeba 

da, rac mTavaria, evrokavSiridan  asocirebis xelSekrulebiT nakisri valdebu-

lebebis Sesruleba miTiTebul vadebSi. 
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THE ASPECT OF HARMONIZING GEORGIAN LEGISLATION WITH THE EU DIRECTIVES IN RE-

NEWABLE ENERGY SECTOR 

Zivzivadze A.     

Akaki Tsereteli State University 

Summary 

 The priority development of renewable energy sector is acclaimed throughout the world as absolute truth. 

Georgia is country rich in renewable energy sources. There is a great potential of hydro-, wind and solar power reso-

urces. Their development and rational use will significantly improve the country’s fuel and energy balance.     

 

 

 

energoefeqturoba - qveynis ekonomikis safuZveli 

 
JorJoliani c., gordaZe e. 

akaki wereTlis saxelmwifo universiteti 
 
Tanamedrove da gonivruli energetikuli politika qveynis ekonomikuri ganviTare-

bis aucilebeli winapirobaa. dRes dedamiwaze energiis meTodebis sakmaod farTo SesaZ-
leblobebi arsebobs, romelTa Soris mniSvnelovani energiis alternatiuli wyaroebis 
Zieba da arsebuli tradiciuli resursebis racionaluri gamoyeneba.  

 

adamianis mier bunebrivi resursebis intensiurma gamoyenebam aucilebeli 

gaxada garemos dacvisadmi axali midgoma - bunebrivi resursebis racionaluri 

gamoyeneba. adamiani bunebidan arasodes iRebda imden resurss, ramdensac dRes, 

http://www.gnerc.org/
http://www.mfa.gov.ge/
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ramac bunebrivi resursebis gamofitvisa da ekosistemebis Secvlis realuri 

safrTxe daayena. dRes erT sul mosaxleze energiis moxmareba msoflioSi saSu-

alod 2 t. pirobiT sawvavs Seadgens weliwadSi. ganviTarebul industriul qvey-

nebSi es maCvenebeli kidev ufro maRalia (mag. geraniaSi 6 t; iaponiaSi - 4 t; 

aSS-Si 12 t. da a.S.) ganviTarebul qveynebSi ki igi bevrad naklebia (0,3-1,0 t). ise-

Ti mniSvnelovani energetikuli resursi rogoricaa navTobi da bunebrivi gazia 

maTi xvedriTi wili msoflio energetikaSi dReisaTvis 80% - ze mets Seadgens. 

mkvlevarTa SefasebiT navTobis resursebis msoflio potenciauri maragi 250-400 

mlrd. tonaa, daZebnili maragi ki 100 mlrd. tona. didia msoflio okeanis sare-

surso potecniali. Selfis farglebSi arsebul nivTobis savaraudo maragi 3 

trilion t-ze metia. misi wili navTobis msoflio mopovebaSi 25-30%-ia. dRes ar-

sebuli maragi araTanabradaa gadanawilebuli msoflios maSstabiT. navTobis 

ZiriTadi nawili 84% Tavmoyrilia iranis, erayis, venesuelis, quveiTis, saudis 

arabeTis, kataris, indoneziis, arabeTis emiratebis, alJiris, nigeriis, libiis, 

ekvadorisa da sxva qveynebis teritoriaze.  

navTobis moxmareba 1973 wlidan dawyebuli bevrad ufro metia vdire wina 

periodebSi, Tu es tempi ZalaSi darCa, maSin energetikuli krizisi axlo momav-

lis gardauvali perspqetivaa. Tumca imedis momcemia navTobis didi rezervebi 

bevr regionSi, amasTan arsebobs jer kidev xelSeuxebeli resursebi, romelic 

momavlis resursia.  

saqarTvelos bunebriv resursebs qveynis ekonomikSai mniSvnelvoani adgili 

uWiravs. qveynis mineralur-sanedleulo baza moicavs saTbob-energetikul ned-

leuls Savi, feradi, iSviaTi da Zvirfasi liTonebis samTo-qimiuri nedleulis, 

samSenebloba inetciuli masalebis, sasmeli da sxva sabadoebis sanedleulo ba-

zas. (cxrili 1) 

saqarTvelos teritoriis sxvadasxva kuTxeSi istoriulad navTobis mrava-

li bunebrivi sabado arsebobs. navTobis pirveli saZiebeli WaburRili gaburRu-

lia 1867 w. (prusieli valter simensis mier). dRemde gamovlenilia navTobis 15 

da bunebrivi gazis 2 sabado, romelTa Soris aRsaniSnavia Waladidis, sufsis, 

samgoris, sacxenos, norios, rusTavis, TeleTis, mirzaanis, patara Siraqis da 

sxv. mopovebuli navTobis 90%-ze meti modis samgori-patarZeulis da TeleTis 

sabadoze. misi prognozuli resursebi 580 mln t. Seadgens.  

dedoflis wyaroSi agebuli navTobgamosaxdeli qarxnis warmadoba 2000t-ze 

meti iyo. 1828 w. italia-belgiis samTo mrewvelTa sazogadoebam mirzaanSi 540 m 

WaburRilidan navTobis Sadrevani miiRo.  

saqarTveloSi 1974 w-mde mopovebuli iyo 1,5 mln t. naTobi; 1974 w-dan 2002 

wlamde 26 mln t-ze meti. 1986-1991 wlebSi navTobis saSualo wliuri mopoveba 

180 aTas t. aRemateboda. 1992 wlidan respublikaSi igi Semcirda 100 aTas tonam-

de. 1994-1995 wlebSi ki 67-75 aTas tonamde navTobis mrewvelobas didi ziani mia-

yena misma masobrivma datacebam respublikis saSinao areulobis dros. navTobis 

mopovebam saqarTveloSi zenitis 1980 w. (3,2 mln t.) miaRwia. Semdgom periodSi 

igi mkveTrad daeca. amJamad misi raodenoba 13 mln t. yvela sabados mixedviT 

(cxr. 1) 

qarTuli navTobi maRalxarisxovania, naklebi raodenobiT Seicavs gogirds 

(riTac garemos nakleb gamabinZurebels warmoadgens. bolo aTi wlis win ucxo-

uri investirebis monawileobiT Catarebulma samuSaoebma Seqmna garantia, moma-
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valSi saqarTveloSi navTobis mopovebis sagrZnoblad gazrdis SesaZleblobe-

bis Sesaxeb. saqarTvelo dRes navoTbze moTxovnilebas ZiriTada azerbaijanuli 

da Sua aziuri naTobiT ikmayofilebs. 

cxrili #1.  

saqarTvelos mineraluri resursebi/saTbobenergetikuli nedleuli 

sasargeblo 

wiaRiseuli 

zomis erTe-

uli 

damuSavebuli sabado  

raodenoba maragi raodenoba maragi 

navTobi mln t. 13 - 13 - 

qvanaxSiri mln t 2 400 12 745 

mura qvanax-

Siri 

mln t. - - 2 76 

torfi mln t. 7 48 35 64 

 

bunebrivi gazi saTbob-energetikul resursTa Soris mniSvnelovania. mas 

rigi upiratesoba aqvT naTobsa da qvanaxSirTan SedarebiT. iafi da advilia mi-

si transportireba, iwvis TiTqmis unarCenod, ris gamoc ekologiurad sufTaa. 

saqarTveloSi dRemde 0,3 mlrd. m3 bunebrivi gazia mopovebuli. moTxovna 

TiTqmis mTlianad importirebuli gaziT Semoifargleba.  

navTobisa da gaziT momaragebis TvalsazrisiT mniSvnelovania Sahdeniz-

Tbilis-erzrumis sruli amoqmedeba da misi saqarTvelos teritoriaze gatareba, 

romelic 1 mlrd V3-ze meti gazisa da navTobis gatarebasa da fasis garkveul 

SeRavaTsac gulisxmobs.   

mniSvnelovani energetikuli resursia hidroresursebi. saqarTvelo gansa-

kuTrebiT dasavleT saqarTvelo am resursiT mdidaria. aq 1 sul mosaxleze we-

liwadSi 19 aTasi m3 wyali modis. aRmosavleT saqarTveloSi 5 aTasi V3. saqar-

TveloSi 26060 mdinarea, dReisaTvis saqarTvelos hidroresurebis mxolod 12% 

gamoyenebuli, rasac am resursis srulyofili auTviseblobiT da mdinareTs Ca-

monadenis sezonurad araTanabari ganawilebiT aris gamowveuli, risi daregu-

lirebac misi gamoyenebis potencialis gazrdas ganapirobebs. aseve perspeqtiu-

li mimarTulebaa mcire hesebis mSeneblobac. Tumca ekologiuri TvalsazrisiT 

aq zogierT sirTuleebsac aqvs adgili, romlis gaTvaliswinebis udidesi mniS-

vneloba aqvs am resursis moxmarebisaTvis. saqarTveloSi mcire hidroenergeti-

kis ganviTareba dReisaTvis drouli da mniSvnelovania. dRes eqsploataciaSia 

40-mde mcire hesi, romelTac simZlavre daaxloebiT 90 mg3-ia. mcire hesebis wili 

energosistemaSi momuSave eleqtrosadgurebis simZlavreSi 1,9%-ia xolo eleq-

troenergiis gamomuSavebaSi 3,2%-s Seadgens.  

saqarTveloSi qaris energia daaxloebiT 1012 kvsT/w Seadgens romlidan Se-

iZleba 3 mlrd kvt sT/w eleqtroenerigis miReba. qaris energiis miRebis SesaZ-

lebloba rogorc aRmosavleT, ise dasavleT saqarTveloSi aris SesaZlebeli. 

dRes am mimarTulebiT rigi samuSaoebia dawyebuli. 

energetikuri resursebidan mniSvnelovania qvanaxSiris moxmareba. Tumca mi-

si wili saerTo energetikul balansSi ramdenadme mcirdeba (maragis amowurvis, 

misi SedarebiT dabali energoSemcvelobas da garemoze ekologiuri Tvalsaz-

risiT uaryofiTi zemoqmedebisa gamo). 

qvanaxSiris saerTo maragi dRes Sefasebulia 14800 mlrd t. dRes qvanrax-

Siris 10 udidesi mompovebeli qveyanaa CineTi, aSS, indoeTi, avstralia, ruseTi, 
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samxreT afrika, poloneTi, germania, yaxazeTi, ukraina. dRes ganviTarebad qvey-

nebSi mrewvelobis swrafi ganviTareba am resursis gamoyenebiT xdeba, rac did 

ekologiur problemas uqmnis kacobriobas. 

saqarTveloSi adglobriv energetikul resursTa Soris mniSvnelovania 

qvanaxSiri, romlis savaraudo maragi 745 mln tonaa. amJamad eqsploataciaSia 

ori sabado tyibuli-Saorisa da tyvarCelis. tyibul-Saoris sabadoze modis re-

sursis 90%, Tumca tyvarCelis sabado ufro maRali xarisxisaa.  

momavlis energiad, romelic ekologiuradac sufTaa ganixileba atomuri 

energia. cnobilia, rom 1g - 238 gaxleCis Sedegad iZleva TiTqmis 3 mln jer met 

energias vidre 1 gr antraciti dawvisas, Tumca usafrTxoebis TvalsazrisiT 

mis gamoyenebas aqvs rigi problemebi. kidev ufro met SesaZleblobebs am mxriv 

iZleva TermobirTvuli sinTezis procesebi. 

faqtobrivad saqaTrveloSi ar gvaqvs birTvuli resursebis maragi da misi 

gamoyenebis tradicia, magram mimdinareobs intensiuri kvleva-Zieba alternatiu-

li resursebis aTvisebisaTvis, kerZod, Termul wylebis, mzis da qaris energiis 

gamosayeneblad.  

dRes ixveweba geoTermuli energiis gamoyeneba, TandaTan izideba misi gamo-

yenebis masStabebic. saqarTveloSi geoTermuli wylebi cnobilia uZvelesi dro-

idan da saukuneebis manZilze maTi gamoyeneba xdeboda abanoebis da samkurnalo 

balneologiur dawesebulebebSi. saqarTveloSi geoTermuli resursebis maragi 

Seadgenda 220-260 mln m3 weliwadSi. geoTermuli wylebidan aRsaniSnavia Tbili-

sis, zugdidis, caiSis, samtrediis, vanis da sxv. wylebi romlebzec gamoiyeneba 

balneologiuri, komunaluri da sasoflo sameurneo TvalsazrisiT.  

biogazi - organuli narCenebis anaerobuli gadamuSavebis Sedegad warmoiS-

veba. mas iyeneben sawvavad. igi efeqturia mecxoveleobis fermebsa da saojaxo 

meurneobebSi. mas specialur meTantenkebSi Rebuloben. dRes 400-ze meti bioga-

zis mimRebi danadgari moqmedebs. biogazs dRes saqarTvelos mecxoveleobis zo-

gierT regionSic warmatebiT iyeneben.  

mzis energia dRes energiis amouwuravi wyaroa. energia uzarmazaria da 

mTeli msoflios eleqtrosadgurebis mier gamomuSavebul energias aTasjer aRe-

mateba. helioTermul danadgarebSi xdeba mzis energiis Tboenergiad gardaqmna. 

es sistemebi sayoTacxovrebo meurneobebSi wylis gaTbobisaTvis gamoiyeneba av-

straliaSi, saberZneTSi, Sua aRmosavleTis qveynebSi. saqarTveloSi mzis batare-

iebi eqsperimentis saxiT dadgmuli iqna rogorc aRmosavleT, ise dasavleT sa-

qarTvelosa da zoigerT mTian regionSi. ramac dadebiTi Sedegebi gamoiRo. 

sabolood unda aRiniSnos, rom tradiciuli energoresursebis nakli dRes 

maTi maragis TandaTanobiT amowurva da garemoze negatiuri zemoqmedebaa, ami-

tom energiis alternatiuli da ganaxlebadi wyaroebis gamoyeneba momavalSi 

ekonomikis safuZveli unda gaxdes. dRes energiis dazogvis strategias ara mar-

to ekonomikuri aramed didi ekologiuri mniSvnelobac aqvs. industriul qvey-

nebSi energiis dazogva axali teqnologiebis danergviT weliwadSi 17%- 40%-s 

Seadgens. progresuli energopolitika pasuxobs ekonomikuri ganviTarebis Tana-

medrove moTxovnebs da amave dros xels uwyobs garemos normuri ekologiuri 

mdgomareobis Senarunebas. dRes klimatis globaluri cvlilebebi mWidro kav-

SirSia im teqnologiur procesebTan, romlebic CO2-is emisiis ZiriTad wyaros 

warmoadgenen (satransporto saSualebebTan erTad). amitom aRniSnuli proble-
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mis Serbilebis mimarTulebiT mniSvnelovania saTbob-energetikuli resursebis 

racionaluri gamoyeneba, maRalefeqturi teqnologiebis danergva, energodamzo-

gavi RonisZiebebis praqtikuli ganxorcieleba, energiis alternatiuli wyaroe-

bis saxalxo meurneobis mniSvnelovan dargebSi CarTva da maTi moqmedebis prin-

cipebis srulyofili marTva.  

 

gamoyenebuli literatura 
1. c. JorJoliani. e. gordaZe bunebis dacva da bunebrivi resursebis racionaluri ga-

moyeneba (saxelmZRvanelo), quTaisi, 2010 
2. i. miqaZe navTobi da gazi: kavkasia; Tbilisi, 2002 
3. c. JorJoliani; e. gordaZe - energoefeqturoba - Tanamedroveobis globaluri prob-

lema. saerTaSoriso samecniero konferncia; quTaisi, 2015 
4. ardia m. margvelani g - msoflios bunebrivi resursebi; Tb., 1998 w.   

 

ENERGY EFFICIENCY – THE COUNTRY’S ECONOMIC FOUNDATION 

Zhorzholiani Ts. Gordadze E. 

Akaki Tsereteli State University 

Summary 

Because of using of traditional natural resources, humanity has faced danger of reduce their supplies. Nowa-

days, there are pretty great opportunities to get energy, among which it’s important alternative sources of energy ex-

traction and their inclusion in the manufacturing process, while existing traditional resources rational use is the ne-

cessary condition for their maintenance.  
 

 

 

 

qaris energiis gamoyenebis perspeqtivebi saqarTveloSi 

 
SalamberiZe T.  

ssip q. quTaisis 21-e sajaro skola 
 
SeiZleba dabejiTebiT iTqvas, rom kacobriobis ganviTarebis istoria energetikis 

istoriacaa. adamianma sul mcire periodSi moaxerxa milionobiT wlis ganmavlobaSi 
dagrovili maragebis mniSvnelovnad Semcireba da gaiCina bevri Tanamdevi problema. Au-
cilebelia, kacobrioba TandaTanobiT daubrundes energiis iseT wyaroebs, romelTa re-
sursi ganaxlebadia. misi potenciali mniSvnelovnad aRemateba sazogadoebis moTxovni-
lebas energiaze da rac mTavaria, ar abinZurebs garemos.  

saqarTveloSi qaris sruli Teoriuli energopotenciali Seadgens 1300 mlrd. 
kvtsT-s, maSin, rodesac saqarTvelos mdinareebis sruli Teoriuli energopotenciali 
135 mlrd. kvtsT-ia. aRsaniSnavia, rom qaris energiis ZiriTadi wili modis zamTris im 
Tveebze, rodesac hidroeleqtrosadgurebi ganicdian wylis resursebis deficits da 
cxadia, qaris energiis gamoyeneba namdvilad did upiratesobebs iZleva mTlianad gare-
mosa da sazogadoebisaTvis.  

 
saqarTvelSi navTobproduqtebis arasakmarisma raodenobam gamoiwvia eko-

logiuri krizisi, rac gamoixata momxmareblis mier importirebuli saqonlis 

moxmarebaSi, xolo ekologiurma problemebma rogorc mTel msoflioSi, aseve 

saqarTveloSi katastrofulad gazarda onkologiuri, infeqciuri da respira-

toruli  daavadebebis sixSire.  

სaSualo qarTuli ojaxi (4suli) zamTris sezonze enეrgomatareblebze 

komunaluri gadasaxadebis saerTo Tanxis 55.2%-s xarjavs, rac daaxloebiT 80 

lars Seadgens. amasTan, savaraudoa, rom es ricxvebi kidev ufro gaizrdeba. 
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ukanaskneli 5 wlis ganmavlobaSi energomoxmareba saqarTveloSi 20%-iT gaizar-

da da amJamad arsebuli monacemebiT, is saSualowliurad erT adamianze 

1069kvt/sT-is tolia. 

dedamiwaze Cven vcxovrobT 200 000 welia da am xnis ganmavlobaSi bevri 

ramis Secvla movaswariT. bolo 50 weliwadSi SevZeliT da TiTqmis mTlianad 

gavanadgureT mTeli ekologiuri balansi. imisaTvis, rom kacobriobis ganviTa-

rebas safrTxe ar daemuqros, aucileblad gvWirdeba moviZioT ganaxlebadi an 

amouwuravi energiis wyaroebi. magram maSinac ki, Tu aRmovaCenT naxSiris an bu-

nebrivi gazis 100 an Tundac 1000 wlis marags, ras moimoqmedeben adamianebi Sem-

degi 250000 weli an mas Semdeg, rac es resursebi gamoileva? problemis gadaW-

ris erT-erTi gza qaris energiis popularizaciisa da misi  ganviTarebis gziT 

ekonomikuri da ekologiuri problemebis metnawilad aRmofxvraa.  

vfiqrob, am miznebisaTvis mniSvnelovania qaris energiis gamoyeneba, rome-

lic: 

 amouwuraviა _ qaris energia dedamiwaze iarsebebs manam, sanam      iarsebebs 

mze; 

 janmrTelobisaTvis usafrTxoa; 

 ar azianebs niadags _ gamosadegia mecxoveleobis da biomeurneobis ganviTare-

bis teritoriebzec ki, ar iwvevs landSaftis mniSvnelovan saxecvlilebebs; 

 ar aqvs gamonabolqvi da ar saWiroebs wyals da sawvavs; 

 SeiZleba misi gamoyeneba, rogorc xmeleTze, ise zRvaze. 

 qmnis iaf energias da samuSao adgilebs _ evrokavSiris mier Catarebuli 

kvlevis Tanaxmad, 30%-iT met samuSao adgils qmnis, vidre Tboeleqtrosadgu-

ri da 60%-iT mets, vidre atomuri eleqtrosadguri; 

 montaJi da demontaJi ar moiTxovs did droiT an finansur xarjebs; 

 zrdis eqsportiT miRebul Semosavlebs; 

 aqvs dadebiTi garegani efeqti garkveuli dargebisTvis; 

 stabiluri fasi _ wiaRiseuli sawvavis da atomuri el. energiis fasi gamudme-

biT icvleba, maSin, roca qaris energiis saSualebiT gamomuSavebuli el. ener-

giis fasi fiqsirebulia. 

 zrdis energousafrTxoebas da amcirebs importze damokidebulebas _ es saki-

Txi saqarTvelosTvis aqtualuri gansakuTrebiT 2005 wels gaxda, roca ru-

seTma saqarTvelo energoblokadaSi moaqcia. marTalia, dResdReobiT saqar-

Tvelom moaxdina mowodebis diversifikacia, magram es problema jer kidev ga-

dauWrelia da amis gamo Cvens qveyanas rig upiratesobebze uxdeba uaris Tqma.  

qaris energiis ganviTarebaze mniSvnelovan gavlenas axdens iseTi faqtori, 

rogoricaa socio-kulturuli garemo, raSic moiazreba sazogadoebis cnobiere-

ba da damokidebuleba am dargisadmi. aucilebelia sazogadoebam dainaxos maTi 

saWiroeba da moiTxovos maTi danergva. dResdReobiT sazogadoebis pasuxismgeb-

loba da interesi garemos dacvis sakiTxebisadmi izrdeba, amitom ganviTarebul 

msoflioSi meti yuradRebiT ekidebian ganaxlebadi energiis wyaroebs. am faqtis 

erT-erTi dasturi 15 ivnisi – qaris energiis saerTaSoriso dRea, romelic uam-

ravi saintereso RonisZiebiT aRiniSneba. Tumca, samwuxarod, dRes saqarTveloSi 

ganaxlebad, kerZod ki qaris energiis gamoyenebaze cnobierebis done dabalia.  

eleqtroenergiis Rirebuleba alternatiuli energiis wyaroebis mixedviT 
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saqarTveloSi arsebobs araswori stereotipi, rom hidroresursebis qonis 

gamo ar gvWirdeba qaris energiis gamoyeneba. am Sexedulebis arseboba erT-erTi 

mizezia imisa, Tu ratom ar gvqonia aqamde  qaris energiis gamoyenebis preceden-

ti. hidro da qaris resursebi erTmaneTis Semavseblebi arian, Tumca, samwuxa-

rod, aseTi damokidebuleba CvenTan jer ver Camoyalibda. 

am damokidebulebis erT–erT mizezad informaciis nakleboba unda miviCni-

oT. marTlac, dResdReobiT saqarTveloSi ar arsebobs dargisTvis mniSvnelova-

ni teqnikuri da saswavlo–samecniero baza. Sesabamisi ganaTlebis misaRebi  wya-

roebi mwiria da dargebs Sorisaa mimofantuli. dawesebulebebi, saidanac SeiZ-

leba ganaxlebad energiebze informaciis miReba Semdegia: 

 sruli saSualo ganaTlebis skolebi, Tumca es informacia moicavs mxolod 

fizikis me–9 klasis saxelmZRvanelos erT gakveTils. 

 saqarTvelos teqnikuri universitetis energetikisa da telekomunikaciis fa-

kulteti - aqac ar arsebobs konkretuli mimarTuleba qaris energiaze. uni-

versitets aqvs sakuTari teqnikuri baza – „analitxelsawyo“, Tumca ver axer-

xeben qaris turbinis studentebisTvis muSa mdgomareobaSi demonstrirebas da 

am procesis specifikis gacnobas. miuxedavad imisa, rom saqarTvelos teqnikur 

universitets UUSAIDD–ma 25000 dolaris Rirebulebis 10kilovat saaTiani qari 

turbina usaxsovra da goris raionis sofel skraSi misi damontaJebac moxer-

xda, igi qselSi ver CairTo radgan „energo–pro jorjias“ ar uRirda qaris 

turbinidan miRebuli eleqtroenergiis Sesyidva. faqtobrivad, studentebs 

kerZo kompaniis interesebis gamo ar miecaT saSualeba TavianT dargSi daspe-

cializebis. 

 arasamTavrobo organizaciebi, romlebic informaciis gamavrceleblis rols 

asruleben. erTerTi aseTi organizaciaa „energoefeqturobis centri“.  

teqnikurad realizebadi qaris energiis potenciali saqarTveloSi weli-

wadSi 5 mlrd kvt/sT-s Seadgens. SedarebisTvis, saqarTvelos mTliani moxmareba 

weliwadSi 8,5 mlrdkvt/sTs Seadgens. aris ramdenime yvelaze perspeqtiuli ad-

gili, sadac mZlavri qaris eleqtrosadguris mSenebloba aris SesaZlebeli. ma-

galiTad, lixis qedze, suramTan 500-600 megavatiani sadguri SeiZleba aSendes. 

didi potenciali aqvs saqarTvelos Savi zRvis sanapiros. rac Seexeba qaris 

energiis siZvires hidroeleqrosadgurebiT miRebul energiasTan SedarebiT, ga-
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saTvaliswinebelia, rom samagierod importirebul energiasa da nebismieri Tbo-

eleqtrosadguris saSualebiT miRebul energiaze gacilebiT iafi jdeba. 

 qaris energetikuli potencialis mixedviT, saqarTvelos teritoria dayo-

filia maRal, saSualo da dabal siCqarian zonebad, sadac qaris siCqare weli-

wadSi 2,5 m/wm-dan 9,0 m/wm-mde meryeobs, samuSao drois xangrZlivoba ki, weli-

wadSi 4000-5000 saaTs Seadgens.  saqarTveloSi Catarebuli kvlevebis Sedegad ga-

movlenilia qaris efeqturi eleqtrosadgurebis perspeqtiuli mSeneblobis ram-

denime moedani, maT Sorisaa foTi, Woroxi, quTaisi, samgori, rusTavi. 

saqarTvelos aqvs resursi, gaxdes energodamoukidebeli qveyana da qaris 

energiis gamoyeneba namdvilad did upiratesobebs iZleva ara marto konkretu-

li qveynisaTvis, aramed  mTlianad garemosa da sazogadoebisaTvis. 

 
gamoyenebuli literatura: 

1. Renewable Energy – POWER FOR A SUSTAINABLE FUTURE ,  edited by Godfrey Boyle, OXFORD Univer-

sity Press, 2004 
2. gelovani d . zedginiZe a. saqarTvelos qaris energetikuli atlasi. Tbilisi: 2004w. 
3. qelbaqiani g.  Wind Energy Prospects for Georgia - The Importance of the Monthly Trend of the Potential 

Wind Generation. Tbilisi, 2011w. 
 

veb-resursebi: 
1. www.menr.gov.ge 

2. www.parliament.ge 

3. www.generatorsolutionsas.com 

4. www.bioenergy.ge 

5. www.informsoc.org 

6. www.telosnet.com 

7. www.windpower.org 

 

PROSPECTS OF USING WIND ENERGY IN GEORGIA 

Shalamberidze T. 

LEPL Kutaisi Public School  N21 

Summary 

It can be said with confidence that history of mankind and the development of civilization is also the his-

tory of Energetics.   In a very short period of time a man managed to reduce a considerable number of reserves sto-

red for millions of years and caused many problems. In such cases the life itself dictates to every man the necessity 

of some radical changes. Mankind needs gradually to return to renewable energy resources that are correspondingly 

non exhaustive. It is equally important, that they don’t pollute the environment. In comparison with the traditional 

energy facilities harmful impacts of wind energy on the environment are very minimal.  

According to all the above mentioned the usage of wind energy really gives great advantages not only to a 

specific country but also to the whole environment and society.  

 

 

 

 

eleqtroenergiis usadeno gadacemis problemebi da perspeqtivebi 

 
TevdoraZe s. 

akaki wereTlis saxelmwifo univesriteti  
 
eleqtroenergiis usadeno gadacema aris Tanamedrove mecnierebis winaSe erT-erTi 

prioritetuli  gamowveva, radgan is SesaZleblobas mogvcems miviRoT sakmaod didi 
energia dedamiwis orbitaze arsebuli mzis eleqtrosadgurebidan, didi Tanxa davzo-
goT dengamtar ZviradRirebul masalebze da miviRoT ufro komfortuli da mobiluri 
eletromowyobilobebi.  am mimarTulebiT muSaoba mimdinareobs bevri meTodiT, magram  

http://www.menr.gov.ge/
http://www.parliament.ge/
http://www.generatorsolutionsas.com/
http://www.bioenergy.ge/
http://www.informsoc.org/
http://www.telosnet.com/
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yvela am meTods gaaCnia Tavisi sirTule da SezRudva, romlis gadaWra perspeqtvaSi mo-
iTxovs did Zalisxmevas. es meTodebi da maTvis damaxasiaTebeli sirTuleebi ganxilu-
lia statiaSi. 

 
dengamtari elementebis gamoyenebis gareSe eleqtrul qselSi eleqtroener-

giis gadacemis xerxi dResdReobiT fizikaSi progresis erTerTi umTavresi sim-

boloa. Tu informaciis ukontaqto gadacemis amocana ZiriTadad gadawyvetilia, 

samrewvelo masStabebiT eleqtroenergiis  gadacema jerjerobiT momavlis saq-

mea. eleqtruli sadenebis gareSe, perspeqtivaSi, SesaZlebeli iqneboda dedamiwa-

ze kosmosidan mzis ekologiurad sufTa energiis miwodeba da eleqtrogadace-

mis xazebze daxarjuli ZviradRirebuli feradi liTonebis milionobiT tonis 

ekonomia. ra Tqma unda, SesaZlebeli iqneboda mobiluli telefonebis da, akumu-

latorebze momuSave, sxva eleqtroteqnikis damuxtva mavTulebis da kabelebis 

gareSe. 

2011 wlamde warmatebiT Catarda aTeuli kilovati eleqtroenergiis mikro-

talRur diapazonSi gadacemis cdebi, daaxloebiT 20%-ni mqk-iT goldstonSi 

(kalifornia. aSS) 1975 wels da grand basinSi (kunZuli reniuni) 1997 wels.  

aseTi gadacema efuZneba induqciur (mcire manZilebze da SedarebiT mcire 

simZlavriT), rezonansul da mimarTul eleqtromagnitur (SedarebiT didi manZi-

lebisaTvis da simZlavreebisaTvis) principebs. 

gadacemis teqnologia SesaZlebelia sxvadasxva meTodiT: 

ultrabgeriTi meTodi- gadamcemi asxivebs ultrabgeras, mimRebi ki gardaq-

mnis mas eleqtroenergiad. pirvelad warmodgenili iyo 2011 wels, gadamcemuli 

simZlavre iyo 8 volti, xolo gadacemis manZili - 7-10 metri (aucilebelia pir-

dapiri xilvadoba gadamcemsa da mimRebs Soris). gamoyenebuli ultrabgeruli 

sixSireebis mavne zemoqmedeba adamianis janmrTelobaze da sacdel cxovelebze 

gamovlenili ar iyo. 

eleqtromagnituri induqciis meTodi - gulisxmobs axlo eleqtromagnituri 

velis gamoyenebas talRis erTi meeqvsedis manZilze. eleqtrodinamikuri induq-

ciis wyalobiT pirvelad gragnilSi gavlisas cvladi eleqtruli deni qmnis 

cvlad magnitur vels, romelic zemoqmedebs meorad gragnilze, masSi denis 

warmoSobiT. maRali efeqturobis misaRwevad urTierTmoqmedeba unda iyos sakma-

od mWidro. rac ufro pirveladi gragnili daSorebulia meores, miT naklebi-

magnituri velis nawili  aRwevs meore gragnils. SedarebiT mcire manZilebzec 

induqciuri kavSiri xdeba araefeqturi, ikargebagadasacemi energiis udides na-

wili. 

eleqruli transformatori warmoadgens umartives mowyobilobas energiis 

usadeno gadacemisaTvis. pirveladi da meoradi gragnilebi masSi uSualod da-

kavSirebuli ara. am SemTxvevaSi moqmedebs urTierTinduqciis procesi. rezonan-

sis gamoyeneba garkveul wilad zrdis gadacemis siSores. rezonansuri induqci-

isas gadamcemi da mimRebi dayenebulia erT sixSireze. rezonansi gamoyenebulia 

rogorc gadamcem konturSi, aseve mimRebis modulSi maqsimaluri efeqturobis 

uzrunvelsayofad.  

am meTodis ZiriTad gamoyenebad SeiZleba CaiTvalos portatuli mowyobi-

lobebis akumulatoruli elementebis damuxtva (portetuli kompiuterebi, mobi-

luri kavSirgabmulobis mowyobilobebi, samedicino implantantebi da eleqtro-
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mobilebi). 

eleqtrostatikuri induqciis meTodi an tevaduri kavSiri warmoadgens 

eleqroenergiis gavlas dieleqtrikSi. praqtikaSi es aris eleqtruli velis 

gradienti an diferenciuli tevadoba or am met izolirebul klemas, firfitas, 

eleqrods an gamtaris zedapirze amaRlebul kvanZs Soris. eleqtruli veli 

warmoiqmneba maRali sixSiris maRali potencialis mqone cvladi deniT firfi-

tebis damuxtvis xarjze. or eleqtrodsa da mimRem mowyobilobas Soris teva-

doba warmoqmnis potencialTa sxvaobas. 

eleqtrostatikuri induqciiT gadacemuli eleqtroenergia SeiZleba iyos 

gamoyenebuli usadeno naTurebSi. 1893 wels CikagoSi kolumbis saerTaSoriso 

gamofenaze nikola teslam moaxdina usadeno luminescenturi lampebiT ganaTe-

bis demonstrireba. 

`lampis distanciuri kvebisaTvis eleqtrodinamikur induqciaze imedis dam-

yarebis magivrad, oTaxisa an darbazis ganaTebis idealuri meTodi iqneboda ise-

Ti pirobebis Seqmna, romlis drosac SesaZlebelia sanaTi mowyobilobis gada-

tana da ganTavseba nebismier adgilas, da is iq imuSavebda sadenebSi CarTvis ga-

reSe. me es SevZeli, oTaxSi maRali sixSiris mZlavri cvladi eleqtruli velis 

SeqmniT. am miznisaTvis me davamagre izolirebuli liTonis firfita Werze da 

SevaerTe is induqciuri koWis erT klemaze. meore klema damiwebuli iyo. sxva 

SemTxvevaSi me SevaerTe ori firfita induqciuri koWis sxvadasxva boloebs ma-

Ti zomebis zusti SerCeviT. airganmuxtavi lampa SeiZleba moTavsTes oTaxis ne-

bismier wertilSi liTonis firfitebs Soris, maTgan garkveuli daSorebiTac 

ki, da uwyveTad gaanaTebs~  

 
nax.2 teslas transformatoris sqema 

 

mikrotalRuri gamosxivebis meTodi- eleqtroenergiis gadacema SeiZleba uf-

ro mimarTuli gavxadoT eleqtromagnituri gamosxivebis talRis mikrotalRur 

diapazonamde. mikrotalRuri energiis eleqtroenergiad ukugardaqmnisaTvis Se-

iZleba gamoyenebuli iqnes reqtenna, romlis energiis gardaqmnis efeqturoba 

aRemateba 95%-s. es meTodi SemoTavazebulia energiis gadasacemad orbitaluri 

mzis eleqtrosadgurebidan dedamiwaze da mzis sistemis gareT mimavali kosmo-

suri xomaldebis energokvebisaTvis. 

energetikuli mikrotalRuri sxivis Seqmnis sirTules warmoadgens is, rom 

difraqciis gamo saWiroa didi zomis diafragma. NASA-s gaTvlebiT gadamcemi 

antenis diametri unda iyos 1 km-ze meti, xolo mimRebi reqtenis - 10 km.  

lazeruli meTodi -Tu eleqtromagnituri gamosxivebis talRis sigrZe uax-

lovdeba speqtris xilul nawils (10 km-dan 10 km-mde), energiis gadacema SeiZle-

ba misi lazeris sxivad gardaqmniT, romelic mimarTuli iqneba mimRebis fotoe-
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lementze. am SemTxvevaSi energiis gadacema SesaZlebelia did manZilebze, mag-

ram am xerxsac gaaCnia bevri nakli, kerZod ddabali mqk (40-50%), danakargebi at-

mosferoSi, mimRebsa da gadamcems Soris pirdapiri xilvadobis aucilebloba 

da a.S. 

eleqtrogamtaroba - erTgamtariani eleqtruli sistema SWER (Single Wire 

with Earth Return) efuZvneba dedamiwis denze da erT izolirebul gamtarze. ava-

riul situaciebSi mudmivi denis maRalvoltiani xazebi SeiZleba imuSavon 

SWER reJimSi. maRalsixSireani cvladi denis gadasacemad izolirebuli sade-

nis atmosferul ukukavSirze cvlileba gaxda usadeno gadacemis erT-erTi me-

Todi. amis garda ikvlevdnen eleqtroenergiis usadeno gadacemis SesaZleblo-

bas mxolod miwis gavliT.  

eleqroenergiis usadeno gadacemam SesaZlebelia daexmaros kacobriobas 

ekologiuri, ekonomikuri da energetikuli problemebis gadawyvetaSi. globalu-

ri usadeno sistemis Seqmnis Semdeg SesaZlebeli gaxdeba ara marto tradiciu-

li energiis wyaroebidan miRebuli eleqtroenergiis swrafi miwodeba nebismier 

adgilas, aramed eleqtroenergiis gadacema suborbitaluri eleqtrosadgurebi-

dan, sadac gamoyenebuli iqneba mzis energia. perspeqtivaSi es gadaWris energo-

deficits dedamiwaze da miscems saSualebas kosmosuri xomaldebis energomoma-

rageba moxdes uSualod kosmosSi.  

iafi da sando usadeno eleqtrogadacemis problemis gadaWra aris erT-erTi 

prioritetuli mimarTuleba Tanamedrove fizikaSi. 

 

gamoyenebuli literatura: 
1. Alexander Trivaylo, PhD. «Microwave Powered UAVs and Drones: Historical Examples And Next 

Steps.»7.05.2105. www.linkedin.com 

2. Nikola Tesla. «Wireless Transmission of Elektric Energy.», «The Electrical World and Engineer»5.03.1904 

3. Алексей Паевский. «Беспроводная Энергия И Космос», http://galspace.spb.ru/orbita 

4. Шамиль Гареев.«Электричество будет передаваться без проводов», Великая Эпоха 12.06.2007 

5. Д.В.Борыгин,М.К.Вшивцев. «История и перспективы развития беспроводной передачи энергии». 

 
CHALLENGES AND PROSPECTS OF WIRELESS POWER TRANSMISSION 

S. Tevdoradze 

Akaki Tsereteli State University 

Summary 

Wireless power transmission is one of the priority challenges facing the modern science, since it will allow us 

for getting a lot of energy from solar power plants existing on Earth orbit, savinglarge amounts of money for the ex-

pensive current-carrying materials and obtaining the more comfortable and mobile electrical appliances. Work in 

that regard is being carried out by using many methods, but all these methods are characterized some difficulties and 

constraints, and overcoming them in the future will require great effort. The paper describes these methods and diffi-

culties characteristic of them.  
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samrewvelo seqtorSi naxSirorJangis (CO2) emisiebis  

Semcirebis organizaciuli da teqnologiuri RonisZiebebi   
 

arabiZe x., javSanaSvili n., jiSkariani T. 
saqarTvelos teqnikuri universiteti 

 
klimatis cvlileba anu globaluri daTboba, romlis gamomwvevi ZiriTadi 

mizezi atmosferoSi naxSirorJangis, CO2-is, arnaxuli raodenobiT dagrovebaa 
dRevandeli msoflio sazogadoebis gansakuTrebul SeSfoTebas iwvevs.  organu-
li saTbobis (navTobi, naxSiri, bunebrivi airi) wvis Sedegad msoflioSi yovel-
wliurad 6 gigatonamde naxSirorJangi gamoiyofa, romlis naxevarze meti  at-
mosferoSi ileqeba. bolo 50 wlis ganmavlobaSi CO2-is,  koncentracia atmosfe-
roSi yovelwliurad 1.7 memilionedi nawiliT (ppm) izrdeba da msoflio ekono-
mikis ganviTarebis tempebis Semcirebis SemTxvevaSic ki (igulisxmeba ekonomikis 
ganviTarebis tempebi, romelic ar unda aRematebodes 2%-s weliwadSi),  2050 
wlisTvis, 500 ppm-s gadaaWarbebs (yovel erT milion litr atmosferul haerSi 
iqneba 500 litri CO2). samwuxarod, msoflio ekonomikis ganviTarebis tempebis 
Semcireba, miuxedavad imisa, rom Seamcirebs organuli saTbobis moxmarebis 
temps, ver SeaCerebs atmosferoSi CO2-is, koncentraciis zrdas. amis miRweva Se-
saZlebelia mxolod im SemTxvevaSi, Tu momavali 10-20 wlis ganmavlobaSi CO2-is, 
yovelwliuri emisia 3-jer naklebi iqneba 1990 wlis emisiasTan SedarebiT. 

 

naxSirorJangis (CO2) emisiis SezRudva atmosferoSi da klimatis cvli-

lebis siCqaris Semcireba uSualod aris dakavSirebuli samrewvelo, sa-

yofacxovrebo, samSeneblo, satransporto Dda sxva seqtorebSi saTbob-

energetikuli resursebis racionalurad gamoyenebasTan, maRalefeqturi 

teqnologiebis danergvasa  da energodamzogi RonisZiebebis praqtikuli 

realizebasTan. 

msoflio masStabiT, moxmarebuli energiis TiTqmis mesamedi da naxSi-

rorJangis (CO2) emisiis TiTqmis 36% samrewvelo seqtorze modis. amitom, 

atmosferoze mavne nivTierebebis gavlenis Semcirebis mizniT aucilebe-

lia samrewvelo obieqtebze organizaciuli da teqnologiuri RonisZiebe-

bis erToblivi gatareba da mudmivi monitoringis sistemis Seqmna atmos-

feros sisufTavis xarisxze da mavne gamonabolqvebze (nax.1).   

zogadad es niSnavs: teqnologiuri danadgarebisa da mowyobilobebis 

modernizacias moxmarebuli energetikuli resursebis dazogvis mizniT, 

mudmiv kontrols teqnologiuri reJimebis dacvaze, teqnologiuri pro-

cesebis srulyofas da unarCeno an mcirenarCeniani teqnologiebis daner-

gvas, gamoyenebuli resursebis xarisxis amaRlebas, nedleulis kompleq-

sur gamoyenebas da im resursebis gamoyenebis SezRudvas, romlebic uSua-

lod ukavSirdeba garemos gaWuWyianebas, axali aparaturis Seqmnas gamo-

nabolqvebis Tavidan acilebis  an dasaSvebi normebis donemde maTi Sez-

Rudvis mizniT, moxmarebuli saTbobis xarisxisa da maTi wvis reJimebis 

gaumjobesebas,  gamonabolqvi gazebis gawmendas da gamoSvebuli produq-

ciis xarisxis amaRlebas. 
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atmosferoSi mavne nivTierebebis gavrcelebis xarisxis Semcirebis Ro-

nisZiebebs aseve miekuTvneba gamonabolqvebis neitralizacia, konservacia, 

damarxva da utilizacia. 
 

სამრეწველო ობიექტებიდან ატმოსფეროში მავნე გამონაბოლქვების 

შემცირების ღონისძიებები 

ტექნოლოგიური ღონისძიებები 

ახალი გამწმენდი სისტემების 

შექმნა 

ტექნოლოგიური პროცესების 

სრულყოფა და უნარჩენო 

ტექნოლოგიების დანერგვა 

ეკოლოგიურად სუფთა 

პროდუქციის წარმოება 

ორგანიზაციული  ღონისძიებების 

ავტომატური კონტროლის სისტემის 

დანერგვა  ნედლეულზე, მუშაობის 

რეჟიმებზე და სხვ 

საინფორმაციო კამპანიები და შესაბამისი 

ტრენინგები პერსონალის  ცნობიერების  

ამაღლების მიზნით. 

 

მუდმივი მონიტორინგის სისტემის შექმნა მავნე 

გამონაბოლქვებზე და გარემოზე 
 

nax. 1. atmosferoSi mavne gamonabolqvebis Semcirebis  zogadi  

RonisZiebebis struqtura 

 

rac Seexeba mudmivi monitoringis srulyofili sistemis Seqmnas, is iZ-

leva ara marto  sruli imformaciis miRebis saSualebas samrewvelo 

obieqtis adgilmdebareobis ekologiuri viTarebis prognozuli gamok-

vlevebisaTvis, aramed uzrunvelyofs atmosferuli haeris sisufTavis 

kriteriumebis dadgenas  organizaciuli da teqnologiuri RonisZiebebis 

mizandasaxuli da efeqturi ganxorcielebis  bazaze. 

saqarTveloSi energoefeqturi teqnologiebis gamoyenebisa da energiis 

dazogvis  arsebuli potencialis Sefaseba pirvelad Catarda 1997-1999 

wlebSi saqarTvelos eleqtroenergetikis seqtoris optimaluri ganviTa-

rebis proeqtis farglebSi. Sefasebebi moicavda efeqturi teqnologiebis 

standartul paketebs cal-calke mrewvelobisa da sayofacxovrebo seq-

torebisaTvis.  

mrewvelobis seqtorisaTvis es iyo cvladsiCqariani eleqtruli amZra-

vebis gamoyeneba, transformatorebis simZlavreebisa da muSaobis reJime-

bis optimizacia, SekumSuli haeris miwodebis qselis decentralizacia 
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da mcire zomis kompresorebis dayeneba maRali simZlavris dautvirTavi 

kompresorebis nacvlad, reaqtiuli simZlavris kompensatorebisa da Zra-

vebis gadatvirTvisagan dacvis mowyobilobebis gamoyeneba, energoresur-

sebis eleqtronuli xarjsazomi sistemebis, energodamzogi ganaTebisa da 

eleqtrogeneraciis ekonomiuri decentralizebuli sistemebis gamoyeneba 

da sxva. Sefasebebma aCvena, rom aRniSnuli sistemebis etapobrivi daner-

gviT mrewvelobis seqtorSi SesaZlebeli iqneboda yovelwliurad dazo-

giliyo minimum 200 mln. kvt*sT eleqtroenergia. Sesabamisad, SeiZleboda 

yovelwliurad 200 000 000 x 0.104/1000 = 20 800 toniT  Semcirebuliyo nax-

SirorJangis emisiac (0.104 kg CO2/kvt*sT aris erT kvt.sT energiaze mosu-

li CO2-is raodenoba kg-Si). 

 

literetura 
1. m.gudiaSvili, g.arabiZe, T.jiSkariani. energomenejmentis principebi.  saxel-

mZRvanelo. sagamomcemlo saxli `teqnikuri universiteti“. 2011 w. q.Tbilisi. 
156 gv; 

2. m.gudiaSvili, g.arabiZe, o.kiRuraZe, i.lomiZe, T.jiSkariani.  energoauditi sam-
rewvelo seqtorSi. damxmare saxelmZRvanelo. sagamomcemlo saxli `teqnikuri 
universiteti“. 2011 w. q.Tbilisi. 276 gv; 

3. m.gudiaSvili, T.miqiaSvili, g.arabiZe, o.kiRuraZe, T.jiSkariani. Sesavali ener-
gomenejmentSi. monografia. USAID, energetikis seqtoris SesaZleblobebis gaum-
jobesebis proeqti  (ECI). 2011 w. q.Tbilisi. 184 gv; 

 
ORGANIZATIONAL AND TECHNOLOGICAL MEASURES FOR REDUCING CARBON DIO-

XIDE (CO2) EMISSIONS IN THE INDUSTRIAL SECTOR 

Kh. Arabidze, N. Javshanashvili, T. Kishkariani 

Georgian Technical University 

Summary 

Climate Change or Global Warming is  generally caused by the accumulation of  CO2 in the atmosphere is  

the reason of global concern. Limitation of carbon dioxide (CO2) emissions in order to  mitigate climate 

change  is concerned to  rational use of energy recourses,utilization of hight efficient technologies and im-

plementation of energy saving measures  in the industry, residential, transport, construction  sector and 

etc. One-third of total energy consumption and share of CO2 emissions by the industrial sector  is about 

36% of over  the world. The article discusses combination of the  measures for reduction of hurmful exha-

ust gases generated by the industrial facilities. 
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birTvuli energetikis masalebi da madneulis koncentrati – 

kompleqsuri teqnologiebis potenciali 

 
bereJiani m., metreveli i., bereJiani a.* 

saqarTvelos maRali teqnologiebis erovnuli centri, saqarTvelos teqnikuri 
universiteti  

 
ganxilulia birTvuli energetikis izotopuri masalebis saqarTveloSi 

moqmedi warmoebisa  da madneulis spilenZis koncentratis gadamuSavebis SesaZ-
lo urTierTqmedebis perspeqtiva, calkeuli warmoebebis teqnologiuri da eko-
logiuri barierebi gadaiqceva urTierTxelsayreli kavSirebis wyarod da 
mTlianobaSi gvaZlevs praqtikulad unarCeno kompleqsur teqnologias.  
 

saqarTvelos ukavia msoflioSi wamyvani pozicia maRalteqnologiuri 

produqciis - msubuqi elementebis stabiluri izotopebis warmoebaSi, rom-

lebic farTod gamoiyenebian medicinaSi, birTvul energetikaSi, mikroeleq-

tronikaSi, qimiur da biologiur kvlevebSi [1,2]. es SeiZleba xumrobas waa-

gavs - guram doCanaSvilis cnobil moTxrobaSi gaJRerebuli iumoristuli 

frazis: „duSeTis floti uZlieresia msoflioSi“ msgavsad, magram  realo-

baa. 

TbilisSi arsebuli yofili stabiluri izotopebis samecniero 

kvleviTi instituti (igive sawarmo П/Я А3521) warmoadgenda sabWoTa kavSi-

ris saSualo manqanaTmSeneblobis saministros wamyvan organizacias mo-

cemuli mimarTulebiT. im dros bevrisTvis cnobili ar iyo, rom am sami-

nistros uwyinari saxelis ukan imaleboda ssrk-s birTuli SeiaraRebisa 

da energetikis mmarTveli uwyeba. saqarTvelos mier damoukideblobis mo-

povebis Semdeg organizaciam SeinarCuna specifika, amJamad mas ewodeba sa-

qarTvelos maRali teqnologiebis erovnuli centri. amJamad mis bazaze 

Seqmnili kompaniebis mier iwarmoeba Semdegi izotopuri produqcia: 

 Jangbadi-18, gamdidrebiT 99+%, miRweulia 99.9+% (bunebrivi Semcvelobaa  

0,204%). 

 Jangbadi-17 (warmoadgens maRalgamdidrebuli produqtis sawarmoo mas-

StabiT erTaderT mwarmoebels msoflioSi), gamdidrebiT 90+%, miRweu-

lia 95+% (bunebrivi Semcvelobaa 0.037%). 

 azoti-15 (praqtikulad erTaderTi mwarmoebeli msoflioSi), gamdidre-

biT 99+%, miiRweva 99.9+% (bunebrivi Semcvelobaa – 0.365%). 

 bori-10 (erTaderTi mwarmoebeli postsabWoTa sivrceSi), gamdidrebiT  

98+% (bunebrivi Semcveloba 19.8%). 

 bori-11 (msoflio warmoebis naxevarze meti), gamdidrebiT 99.9+%, miiR-

weva  99.99% (bunebrivi Semcvelobaa 80.2%). 

 naxSirbadi-13, amJamad mimdinareobs warmoebis proeqtis damuSaveba  

99+% izotopuri gamdidrebis (bunebrivi Semcvelobaa 1.07%). 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 238 

gansakuTrebuli mniSvneloba medicinaSi, qimiur (metad - bioqimiur) 

kvlevebSi eniWebaT Jangbadis, azotis, naxSirbadis izotopebs, magram ze-

moT CamoTvlili izotopebi mniSvnelovania birTvul energetikisTvis – 

rogorc arsebuli, aseve perspeqtiuli an Soreuli momavlis.    
10B izotopi xasiaTdeba neitronebis STanTqmis didi kveTiT (3820 barni) 

da ZiriTadad gamoiyeneba birTvul energetikaSi gaxleCis reaqciis mare-

gulirebeli da neitronuli gamosxivebisgan damcveli nakeTobebis dasam-

zadeblad. 11B izotopi ZiriTadad gamoiyeneba naxevargamtaruli nakeTobe-

bis dasamzadeblad - malegirebeli minarevis saxiT. garda amisa, igi ga-

moiyeneba “neitron-gamWvirvale” specialuri mtkice masalebis dasamza-

deblad.  
15N azotis izotopi amJamad gamoiyeneba qimiur-bioqimiur-biologi-

ur kvlevebSi niSandebuli naerTebis saxiT. bazris moTxovna mTlianad 

kmayofildeba warmoebis arsebuli simZlavreebiT. magram perspeqtivaSi 

ikveTeba moTxovnis mniSvnelovani zrda birTvul energetikaSi: momavlis 

birTvuli sawvavis optimalur saxeobad miiCneva uranis, Toriumis, plu-

toniumis azotnaerTebis (nitriduli) saxiT gamoyeneba [3,4]. amisTvis saWi-

roa 15N izotopis gamoyeneba, vinaidan misi atombirTvi xasiaTdeba neit-

ronebis STanTqmis mcire kveTiT  (2×10-5 barni), rac 100 000-jer naklebia 
14N izotopis birTvis kveTze.  

stabiluri izotopebis gancalkevebis teqnologia damyarebulia izo-

topuri mimocvlis procesebze macalkevebel svetebSi daRmaval siTxis da 

aRmaval airad fazebs Soris [2]. gamoiyeneba dabaltemperaturuli reqtifi-

kacia, agreTve qimiuri mimocvlis meTodi Txevad da airad fazebs Soris. am 

procesebisTvis aucilebelia fazebis sruli Seqcevis uzrunvelyofa svete-

bis boloebSi (izotopuri komponentebis srul gadasvla fazebs Soris). 

azot-15 izotopis warmoebisaTvis qimiuri gacvlis meTodiT sistemaSi - 

azotis oqsidi/azotmJava Seqcevis procesisaTvis gamoiyeneba gogirdovani 

anhidridi (gogirdis dioqsidi SO2). am dros azotmJavas wyalxsnarisa da 

gogirdovani anhidridis Semxvedri nakadebis urTierTqmedebis Sedegad 

miiReba azotis Jangeulebi da gogirdmJava. igive xerxi gamoiyeneba azo-

tis oqsidis generaciisTvis Jangbadisa da azotis izotopebis erTdrou-

li dacalkevebis teqnologiaSi dabaltemperaturuli reqtifikaciis me-

TodiT. saWiro xdeba gogirdis dioqsidis SeZena (importi), romelic war-

moadgens transportirebisTvis saSiS nivTierebas, amasTan misi xarisxi 

xSirad aradamakmayofilebelia.  dRemde aqtualuri rCeba gogirdis dioq-

sidis adgilze warmoebis amocana. damuSavebuli iqna koncefcia mis misa-

Rebad sulfiduri madnebis gadamuSavebis dros gamoyofili airebidan [5]. 

rogorc cnobilia, amJamad madneulis samTo kombinatSi xorcielde-
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ba spilenZis Semcveli sulfiduri madnis flotaciuri gamdidreba. mopo-

vebuli koncentrati miaxloebiTi SemadgenlobiT: Cu- 17%, Fe-33%, S- 25-35% 

saqarTveloSi ar gadamuSavdeba, aramed mTlianad igzavneba eqsportze. 

Tavis droze ganixileboda spilenZis koncentratis metalurgiuli gada-

muSavebis simZlavris Seqmna [6]. 

 feradi liTonebis metalurgiuli sawarmoebi awydebian seriozul 

ekologiur barierebs. pirometalurgiuli meTodebi xasiaTdebian gogir-

dovani  anhidridis gamonabolqviT, amasTan, Tu koncentratis gamowvis 

stadiaze gamoyofili koncentrirebuli airebi gamoiyeneba gogirdmJavis 

misaRebad, Semdgom stadiebze (Steinze dnoba, konversia) miiReba airebi 

SO2-is dabali koncentraciiT_ 1.5%-mde [7]. gamonabolqvi airebis gogirdis 

orJangisagan gawmenda warmoadgens erT-erT useriozules problemas qi-

miur teqnologiasa da metalurgiaSi. damuSavebulia qemosorbciuli xer-

xebis mTeli rigi,  erT-erT maRalefeqtur meTodad iTvleba gogirdis 

orJangis STanTqmis amiakuri aracikluri xerxi. am dros STamnTqmelad 

gamoiyeneba amiakis wyali da miiReba amoniumis bisulfiti. martivia amo-

niumis sulfitis sulfatad gardaqmna gogirdmJavas damatebis gziT. am 

dros miiReba praqtikulad sufTa SO2, xolo amoniumis sulfati (NH4)2SO4 

gamoiyeneba sasuqad [8]. amiakuri xerxis realizacias amartivebs rusTavSi 

arsebuli qimiuri sawarmo “azoti”, romelic awarmoebs amiakur wyals. 

 sawarmoo monacemebiT, qimiuri mimocvlis meTodiT 1 kg 15N miReba 

moiTxovs 50 tonamde SO2-s. gogirdmJava miiReba daxloebiT 50%-iani wyal-

xsnaris saxiT, romelic Seicavs daaxloebiT 5% SO2-s. aseTi mJavis uti-

lizacia da realizacia gaZnelebulia, maSin, roca misi gamoyeneba SesaZ-

lebelia  SO2-is misaRebad amoniumis sulfitidan. amasTan gogirdovani 

anhidridis miReba SesaZlebelia uSualod azot-15 izotopis sawarmoSi, 

am dros gamoiricxeba agresiuli da saSiSi nivTierebebis – SekumSuli 

/gaTxevadebuli SO2-isa  da SO2-is Semcveli ganzavebuli gogirdmJavis Sem-

xvedri gadazidvebi, aramed moxdeba gacilebiT usafrTxo amoniumis sul-

fitis transportireba. 

naxazze warmodgenilia spilenZis koncentratis kompleqsuri gada-

muSavebisa da izotop azot-15 miRebis teqnologiuri procesebis materia-

luri nakadebis sqema. xdeba feradi metalurgiisaTvis damaxasiaTebeli, 

garemosaTvis saSiSi gogirdovani  anhidridis daWera efeqturi amiakuri 

xerxiT, miRebuli sufTa gogirdovani anhidridi gamoiyeneba azot-15 izo-

topis warmoebisTvis, sabolood ki miiReba sasuqi – amoniumis sulfati, 

amasTan xdeba warmoebis meoradi mJavebisa da azotis Jangeulebis utili-

zacia. gaTvaliswinebulia soflis meurneobisaTvis saWiro produqtis - 

Sabiamnis miReba izotopis warmoebis meoradi mJavebis gamoyenebiT [9], 

romlis drosac realizebulia unarCeno, energetikulad xelsayreli 
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cikli,  nedleulad SesaZloa gamoyenebuli iqnas spilenZis metalurgiis 

sxvadasxva narCenebi, agreTve “Savi” spilenZi, xolo nedleulSi arsebu-

li Zvirfasi liTonebi praqtikulad udanakargod koncentrirdeba darCe-

nil SlamSi. 

 

 
sqemaze datanili raodenobrivi monacemebi gaangariSebulia 10 kg 

15N-s warmoebaze gadaTvliT (dacalkevebis dabaltemperaturuli reqtifi-

kaciis meTodis dros SO2-is xarji 10-20-jer naklebia da uzrunvelyofs 

sul cota 100 kg 15N-s warmoebas). mosalodnelia, rom azot-15 izotopis 

msxvilmasStaburi warmoeba moiTxovs rusTavis qimiur sawarmosTan uSua-

lo teritoriul Serwymas. am SemTxvevaSi azotis Jangeulebis nakadi mie-

wodeba qimiuri sawarmos Sesabamis ubans. zemoTaRwerili midgomebis 

realizaciis SemTxvevaSi miiReba Sedegi, rodesac calkeuli warmoebebis 

teqnologiuri da ekologiuri barierebi gadaiqceva urTierxelsayreli 

kavSirebis wyarod da mTlianobaSi gvaZlevs praqtikulad unarCeno sa-

warmoo kompleqss.  
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MATERIALS OF NUCLEAR POWER AND MADNEULI COPPER ORE  - THE POTENTIAL OF INTEG-

RATED TECHNOLOGIES 

Berezhiani M., Metreveli Y., Berejiani A. 

Summary 

Prospect of possible cooperation actions between existing  in Georgia nuclear power isotope materials pro-

duction and processing of copper ore concentrate is considered, where technological and ecological barriers of  se-

parate productions turn into sources of mutually beneficial relations аnd in general, it gives practically non-waste 

complex technology. 

 

 

 

 

 

 

mSeneblobaSi energo da resursdamzogi teqnologiebi msubuqi, 

Txelkedliani foladis konstruqciebis gamoyenebiT 

 

yifiani p., გერაძე პ., mindaZe s., დოგრაშვილი მ. 
akaki wereTlis saxelmwifo universiteti 

 
naSromSi ganxilulia mSeneblobaSi Txelkedliani foladis konstruqciebis gamo-

yeneba, rac ara marto Senoba-nagebobebis swrafad agebis saSualebas, aramed energiisa 
da resusrsebis damzog teqnologias warmoadgens. 

 
samSeneblo dargi swrafad ganviTarebad dargs warmoadgens. jer kidev 

arc Tu ise didi xnis win Senobebs agebdnen qvis, aguris da sxva samSeneblo ma-

salebisagan. amJamad didi popularobiT sargeblobs nagebobebi, romelTa ageba 

bevrad ufro swrafad xdeba msubuqi, magram saimedo masalis - foladis gamoye-

nebis Sedegad. 

am masalisgan igeba sagamofeno pavilionebi, savaWro kompleqsebi, sportu-

li nagebobebi, sasawyobo saTavsoebi, samrewvelo konstruqciebi da Senobebi, 

xidebi, estakadebi da sxva. 

liTonis konstruqciebi universalurebia, gamoirCevian simtkiciT. amave 

dros, msubuqi da, Sesabamisad, swrafadagebadia, rasac did mniSvnelobas aniWe-

ben samSeneblo kompaniebi. 
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amJamad nagebobaTa swrafad agebis yvelaze efeqtur teqnologias warmoad-

gens karkasuli sistemebis gamoyeneba, romlebic msubuqi Txelkedliani fola-

dis konstruqciebidan mzaddeba. 

magram unda aRiniSnos, rom aRniSnuli foladis konstruqciebis iseTma 

mniSvnelovanma Tvisebam, rogoricaa simsubuqe, SeiZleba mniSvnelovnad imoqme-

dos konstruqciis mzid unarze [1]. amitom msubuqi Txelkedliani foladis kon-

struqciebi mSeneblobaSi danergvamde unda iqnas gulmodgined Semowmebuli da 

gaanalizebuli maTi mzidi unaris gansazRvris TvalsazrisiT. gansakuTrebiT 

aqtualuria es iseTi Cauketavi Txelkedliani profilebisaTvis, rogorebicaa 

ortesebri, zetmagvari, kuTxovana da, gansakuTrebiT, Sveleris profilebi. 

miuxedavad imisa, rom aseTi konstruqciebi farTodaa gavrcelebuli, dRei-

saTvis arsebobs mniSvnelovani naklovanebebi im normatiul da meTodur bazeb-

Si, romlebic gamoiyeneba msubuqi Txelkedliani foladis konstruqciebis gaan-

gariSebisaTvis. 

bolo wlebSi, Senobebis rekonstruqciis problemasTan dakavSirebiT, aqti-

urad daiwyo mansarduli sarTulebis mSeneblobis ganviTareba, maT Soris q.qu-

TaisSic (nax.1). 

msubuq foladis konstruqciebs, maTi konstruqciuli Taviseburebebis ga-

mo, SeuZliaT gadawyviton Zvel SenobaTa rekonstruqciis mTavari problema – 

uzrunvelyon mzidi kedlebis mrRvevi datvirTvebis Semcireba. garda amisa, xan-

grZlivdeba arsebuli Senobebis muSaobis vada. 

aRvniSnavT ra, rom karkasuli saxli yvelaze racionaluri sacxovrebelia, 

amave dros msubuqi Txelkedliani foladis konstruqciebis sxvadasxva saxesxva-

obebi SeiZleba gamoyenebuli iqnas energoefeqturi, komfortuli da arc Tu ise 

ZviradRirebuli individualuri saxlebis mSeneblobisas. 

 

 
nax.1. Semosavlebis samsaxuris Senoba mansarduli sarTuliT q.quTaisSi. 

xSirad mansardis mowyobisa Tu sxva sarekonstruqcio samuSaoebis Sesru-
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lebisas SesaZlebelia calkeuli konstruqciebis uSualod samSeneblo moedan-

ze awyoba, rac gamoricxavs mZime samSeneblo teqnikis gamoyenebas da sawvavis 

ekonomiis saSualebas iZleva. msubuqi Txelkedliani samSeneblo foladis kon-

struqciebisaTvis amwyob-saSemduReblo samuSaoebis Sesrulebisas energodamzo-

gi SeduRebis teqnologiebis gamoyeneba saSualebas iZleva mniSvnelovnad Sem-

cirdes energiis danaxarjebi didi sisqis sortamentis gamoyenebis SemTxvevas-

Tan SedarebiT. 

amJamad samSeneblo dargSi cnobilia msubuqi Txelkedliani foladis kon-

struqciebis SeerTebis saxeebis sakmaod didi raodenoba: SewebviT, TviTsaxrax-

ni xraxnebiT, moqlonebiT da WanWikebiT, aseve aRniSnuli SeerTebebis kombinire-

biT [2]. unda aRiniSnos, rom Cveni azriTGgarda amisa aseT SeerTebebTan erTad 

warmatebiT SeiZleba SeduRebis gamoyeneba. zogierTi mecnierebi Tvlian, rom 

aseTi SeerTebebi principSi dauSvebelia, radgan umravles SemTxvevebSi liTo-

nis profilebis sisqe ar aRemateba 2,5-3 mm-s, rac mniSvnelovnad zrdis kon-

struqciebis gamWoli “Cadnobis” risks. xSirad SeduRebis gamoyeneba arasasurve-

lia foladis zedapirze moTuTiebuli Txeli fenis arsebobis gamo. 

sxva mkvlevarTa azriT ki [3], aseTi konstruqciebis SeduReba dasaSvebia 

da es faqti dasturdeba mravalricxovani gamokvlevebiT. 

Cvenc vTvliT, rom Txeli furclovani liTonis aseTi SeerTebebis miRebi-

saTvis arsebobs Sesabamisi teqnika da teqnologia. miTumetes, rom 2 mm-ze meti 

sisqeebisaTvis (bolo dros aqtiurad gamoiyeneba 4 mm sisqis profilebi) saSem-

duReblo mowyobilobis swori SerCevisas SeiZleba optimaluri teqnologiis 

damuSaveba, Sesabamisi kvlevebisa da eqsperimentebis Catarebis Semdeg. 

naxevrad avtomaturi SeduReba damcav airebSi saSualebas iZleva, kon-

struqciebi SeduRdes nebismier sivrcul mdgomareobaSi. amasTan, 0,8 mm diamet-

ris mavTulis gamoyeneba uzrunvelyofs SenaduRi nakerebis karg formirebas 

gamWoli “Cadnobis” gareSe. garda amisa, mniSvnelovnad mcirdeba eleqtroenergi-

is xarji zomieri SeduRebis reJimis parametrebis gamo. 

vTvliT, rom xarisxiani udefeqto SenaduRi konstruqciis misaRebad da 

usafrTxo eqspluataciisaTvis unda iqnas damuSavebuli SeduRebis optimaluri 

teqnologia. 
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ENERGY- AND RESOURCE-SAVING TECHNOLOGIES IN CONSTRUCTION WITH THE USE OF 

THIN-WALLED LIGHT STEEL STRUCTURES 

Kipiani P., Geradze P., Mindadze S., Dograshvili M. 

Akaki Tsereteli State University 

Summary 

The paper discusses the use of thin-walled steel structures in construction, which are not only a means of quick 

erection of buildings and structures, but also are the energy- and resource-saving technology. 

 

 

eleqtroteqnikur mrewvelobaSi gamoyenebuli masalebis mimoxilva 
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naSromSi gakeTebulia eleqtroteqnikur mrewvelobaSi   gamoyenebuli masalebis mimoxilva.  
  
     Eeleqtroteqnikur mrewvelobaSi gamoyenebuli masalebi mniSvnelovnad gan-

sazRvraven eleqtruli manqanebis teqnikur maCveneblebs. maRalxarisxiani fola-

dis gamoyeneba saSualebas gvaZlevs arsebiTad SevamciroT manqanebis wona da 

gabaritebi da gavzardoT maTi margi qmedebis koeficienti. saizolacio masale-

bis da laqebis Tvisebebi zRudaven dasaSveb eleqromagnitur datvirTvebs. sai-

zolacio masalebis sisqe da Tbomedegoba gansazRvraven eleqtruli manqanebis 

gamoyenebis xarisxs. Cveulebriv izolacia saSualod ikavebs saizolacio Raris 

saerTo moculobis 30 %-s, romelSic Cadebulia gragnilis gamtarebi. izolaci-

is sisqis Semcireba saSualebas gvaZlevs gavzardoT gamtarebis moculoba Rar-

Si da Sesabamisad, gavzardoT manqanis simZlavre misi gabaritebis SenarCunebiT. 

saizolacio masalebis gazrdili Tbomedegoba agreTve saSualebas gvaZlevs 

gavzardoT manqanis datvirTva.Eeleqtruli manqanebis teqnikuri maCveneblebi da 

maTi saimedooba mniSvnelovnad aris damokidebuli ara marto swor konstruq-

ciaze da gaangariSebaze, aramed magnituri da saizolacio masalebis, maTi Tvi-

sebebis da xarisxis swor arCevaze da agreTve sakonstruqcio elementebis masa-

lebze, romlebic uzrunvelyofen saWiro meqanikur simtkices. 

eleqtroteqnikur mrewvelobaSi gamoyenebuli masalebi iyofian sam jgufad 

[1, 2]: sakonstruqcio, aqtiuri da eleqtrosaizolacio masalebi. 

sakonstruqcio da aqtiuri masalebi. sakonstruqcio masalebidan amzadeben 

manqanis nawilebs, romlebic ganicdian meqanikur datvirTvas. Eeleqtroteqnikur 

mrewvelobaSi gamoiyenebian ZiriTadad igive sakonstruqcio masalebi, rac zo-

gad manqanaTmSeneblobaSi. maT miekuTvnebian foladi, Tuji, feradi liTonebi 

da plastmasebi. 

aqtiuri masalebi emsaxurebian manqanis magnituri nakadis da eleqtruli 

denis gatarebas da iyofian dengamtar da magnitogamtar masalebad. ZiriTad 

dengamtar masalad bolo dromde gamoiyeneboda spilenZi. Bbolo wlebSi gamta-

ri masalis rangSi daiwyes ufro iafi da farTod gavrcelebuli aluminis ga-

moyeneba. Mmisi upiratesoba aris dabali xvedriTi wona, ufro maRali gamtareb-

loba wonis erTeulze, meqanikuri damuSavebis siadvile da kargi antikoroziu-

li Tvisebebi. Aaluminis naklovaneba aris maRali xvedriTi eleqtruli winaaR-

mdegoba da cudi SeduRebadoba. maRali xvedriTi eleqtruli winaaRmdegobis 

Sedegad aluminis gragnilebian eleqtrul manqanebs aqvT didi gabaritebi. eleq-

tromanqanaTmSeneblobaSi farTod gamoiyenebian spilenZis sxvadasxva Senadnobe-

bi, magaliTad, TiTberi, fosforiani brinjao da a.S. 

dengamtar elementebs aseve miekuTvneba musebi, romelTa daxmarebiT xorci-

eldeba denis moxsna mbrunavi gragnilebidan kontaqturi rgolebis an koleqto-

ris meSveobiT. musebs Cveulebriv amzadeben grafitis, naxSiris an spilenZis fu-

Zeze. 

ZiriTad magnitogamtar masalad iTvleba furcvlovani legirebuli eleq-

troteqnikuri foladi, romelic Seicavs 2-dan 5 %-mde kaJbads. kaJbadi amcirebs 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 245 

danakargebs histerezisze. Ffoladis xvedriTi eleqtruli winaaRmdegobis gaz-

rdis Sedegad mcirdeba danakargebi grigalur denebze. foladi xdeba mdgradi 

daJangvisa da daZvelebisadmi, magram xdeba ufro myife. bolo wlebSi farTod 

gamoiyeneba civad naglini teqsturirebuli foladi, ufro maRali magnituri 

TvisebebiT glinvis mimarTulebiT. Mmagnitogamtaris gulana mzaddeba natvifri 

foladis furclebisagan akrebili paketis saxiT. Ffoladis furclis sisqe 

aris 0,5 mm-dan 0,15 mm-mde. mudmivi magnituri nakadis gasatareblad farTod ga-

moiyeneba foladis sxmulebi da Tuji. 

Eeleqtrosaizolacio masalebi. Eeleqtrosaizolacio masalebi gamoiyene-

bian manqanis dengamtari nawilebis eleqtruli izolaciisaTvis.Mmanqanis sagrag-

nile gamtarebis izolacia mniSvnelovnad gansazRvravs mis teqnikur-ekonomikur 

maCveneblebs da eqsploataciis xarisxs. izolaciis sisqeze arsebiTad aris da-

mokidebuli manqanis wona da gabaritebi. eleqtroteqnikur mrewvelobaSi gamoye-

nebuli masalebi unda flobdnen maRal eleqtrul simtkices, unda iyvnen Tbo, 

ten da qimiurad mdgradebi. izolacias agreTve unda hqondes maRali xvedriT 

winaaRmdegoba da mcire dieleqtrikuli danakargebi. myar dieleqtrikul masa-

lebs moeTxovebaT sakmao meqanikuri simtkice. 

 xurvalmedegobis mixedviT myari eleqtrosaizolacio masalebi iyofian 

Svid klasad. yvelaze farTo gavrceleba bolo dromde hqonda A klass, romel-

sac miekuTvnebian gaJRenTili qaRaldi, muyao, xe, bambeulis da Salis qsovile-

bi da lentebi. Mmasalebi iJRinTebian eleqtruli simtkicis da Tbogamtarobis 

gazrdis mizniT, agreTve higroskopulobis Semcirebis mizniT. gamJRenT masale-

bad gamoiyeneba satransformatoro zeTi, zeTovani laqebi da bitumebi. Aam kla-

sis masalebis dasaSvebi temperatura Seadgens 105 0C-s. gaJRenTvis gareSe es ma-

salebi miekuTvnebian У klass, maTi dasaSvebi temperatura aris 90 0C. Bbolo 

wlebSi farTod iyeneben sinTeTikur saizolacio masalebs, romlebsac aqvT 

mcire sisqe da maRali eleqtruli da meqanikuri maCveneblebi. 

lavsanis tipis sinTeTikuri organuli firebi, plastmasebi organuli Se-

mavsebliT da fenovani firfitebi miekuTvnebian E klasis eleqtrosaizolacio 

masalebs, romelTa gaxurebis dasaSvebi temperatura aris 120 0C. 

 B klasis masalebs miekuTvnebian qarsisagan, azbestisagan da minis boWko-

sagan damzadebuli nakeTobebi, romlebic Sekruli da gaJRenTili arian maRali 

xurvalmedegobis organuli laqebiT da fisebiT. Aam klass miekuTvnebian agreT-

ve plastmasebi araorganuli SemavsebliT da maRalxarisxiani masalebi, rogo-

ricaa mikalenta da mikafoli, romlebic damzadebuli arian erTmaneTTan Sewe-

bebuli da Semdeg qaRaldze dawebebuli qarsis firfitebisagan. isini kargad ak-

mayofileben saizolacio masalebisadmi wayenebul moTxovnebs, magram Sedare-

biT Zviria. zRvruli dasaSvebi temperatura B klasis masalebisaTvis aris 130 
0C. 

bolo dros farTo gavrcelebas poulobs Termoplastikebis tipis sinTe-

Tikuri izolacia, romelic  damzadebulia qarsis fuZeze Termoaqtiuri polie-

Ter-stirolis kompaundis gamoyenebiT. Termoplastikis eleqtrosaizolacio da 

meqanikuri Tvisebebi ufro maRalia, vidre mikalentis, magram mas aqvs damzade-

bis ufro rTuli teqnologia. 

qarsis, azbestis da minis boWkos nakeTobebi sinTeTikuri gaJRenTili Sed-
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genilobebis fuZeze miekuTvnebian F klasis eleqtrosaizolacio masalebs, maTi 

gaxurebis dasaSvebi temperaturaa 155 0C. igive masalebi gamoyenebuli kaJorga-

nul SemakavSireblebTan da gamJRenT nivTierebebTan erTad miekuTvnebian H 

klass, romlis gaxurebis dasaSvebi temperaturaa 180 0C. kaJorganuli izolacia 

aris gansakuTrebiT perspeqtiuli, Tumca is dResdReobiT SedarebiT Zviria. 

C klass miekuTvnebian qarsis, minis, minaboWkos, faifuris da sxva araorga-

nuli masalebis nakeTobebi organuli SemakavSirebeli nivTirebebis Serevis ga-

reSe. Aam klasis masalebisaTvis dasaSvebi temperatura ar aris SemosazRvruli. 
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AN OVERVIEW OF MATERIALS USED IN ELECTRO-TECHNICAL INDUSTRY 

Zivzivadze B. 

Akaki Tsereteli State University 

Summary 

The paper dwells on an overview of materials used in electro-technical industry. 

 
 

 

 

 

tyibulis qvanaxSiris farTod gamoyenebis perspeqtivebi 

 
qevxiSvili n., jiSkariani T., javSanaSvili n. 

saqarTvelos teqnikuri universiteti 
 

globalur problemebs Soris erT-erTi mowinave adgili ukavia bunebrivi resur-
sebis maragebis amowurvadobas. aRniSnuli sakiTxis mosagvareblad msoflios wamyvani 
specialistebi da firmebi aqtiurad muSaoben, ris Sedegadac iqmneba energo damzogi 
teqnologiebi. aRsaniSnavia, rom energiis dazogvasTan erTad aseve Zalian mniSvnelova-
nia iseTi teqnologiebis Seqmna, romlebic arsebuli tradiciuli resursebis moxmare-
bis efeqtianobas gazrdian. 

 
     samuSaos mizania maRaltemperaturuli mduRare Sris teqnologiiT momuSa-

ve wvis kamerebis ASeqmna, romelSic gamoyenebuli iqneba adgilobrivi wvril-

fraqciuli qvanaxSirebi. amJamad energetikaSi analogiuri dabalkaloriuli 

wvrilfraqciuli sawvavis gamoyenebis SesaZleblobiT dainteresebulia bevri 

qveyana, maT Soris ruseTic, romelic navTobisa da gazis didi eqsportioria. 

mizezi aseTi dainteresebisa ganpirobebulia imiT, rom mTels msoflioSi msgav-

si wiaRiseuli sawvavis maragebi, maRalkaloriul saTbobebTan SedarebiT gaci-

lebiT metia. 

      saqarTveloSi, sadac arsebobs tyibul-Saoris qvanaxSiris 300 mln. tona 

maragi (licenzia mopovebaze), misi sxvadasxva sferoSi gamoyeneba gansakuTrebiT 

aqtualuria, radgan qveyana ZiriTadad moixmars importirebul sawvavs, rac mZi-

me tvirTad awveba ekonomikas. amJamad, am sawvavis erTaderTi momxmarebelia hai-

delbergis cementis mwarmoebeli sami qarxana, sadac gamoyenebulia qvanaxSire-

bis wvis tradiciuli teqnologia _ qvanaxSiris dafqva mtvris saxiT da misi 
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gafrqveva. aRniSnuli tradiciuli teqnologia moiTxovs qvanaxSiris rTul da 

Zvirad Rirebul gadamuSavebas. amdenad, misi gamoyeneba garda mZlavri energeti-

kuli blokebisa sxvagan SeuZlebelia. tyibulis da sxva analogiuri saTbobis 

gamoyeneba gadamuSavebis gareSe gamoyeneba SeiZleba mxolod mduRare SreSi 

wvis teqnologiiT. 

      mduRare SreSi mimdinare gazodinamikuri procesebis kvleva jer kidev ga-

suli saukunis 20-iani wlebidan daiwyo da gansakuTrebuli intensivobiT 40-ian 

wlebSi gagrZelda, magram 60-iani wlebis dasawyisSi praqtikulad yvela kvleva 

Sewyda. amis mTavari mizezi iyo wvis kameraSi widis warmoqmna, romelic ar iZ-

leoda procesis gagrZelebis saSualebas. Sedegad, zogierTi mkvlevari mivida 

im daskvnamde, rom SeuZlebelia maRaltemperaturuli mduRare Sris teqnologi-

iT myari sawvavis dawva (am teqnologiis gamoyenebis mcdeloba iyo 2011-2014 

wlebSi tyibulis TboeleqtrosadgurSi).  

    SemdgomSi, ufro detalurma gamokvlevam aCvena, rom 800-900 0C temperatu-

rul diapazonSi (dabaltemperaturuli mduRare Sris teqnologia) SesaZlebe-

lia wvis procesis ganxorcieleba Tu sawvavis koncentracia kameraSi inertul 

masasTan (qviSasTan) erTad iqneba maqsimum 5-6%. amJamad, swored es dabaltempe-

raturuli wvis teqnologia gamoiyeneba tyibulis TboeleqtrosadgurSi. 

    am teqnologiis naklia is, rom: 

 kuTri simZlavre wvis kameraSi ar aRemateba 1÷2 mgvt/m2, maSin rodesac ma-

Raltemperaturul reJimSi wvis dros miiRweva    15-20 mgvt/m2. 

 rTulia dabaltemperaturuli reJimis marTva da stabiluri muSaoba, ris ga-

moc praqtikulad SeuZlebelia misi gamoyeneba farTo momxmareblisTvis pa-

tara simZlavreebze.  

  dReisaTvis SeiZleba iTqvas, rom Catarebuli kvleviTi samuSaoebiT (saqar-

Tvelos samecniero fondis dafinansebiT) miRweul iqna wvis kameris iseTi kon-

struqciuli gadawyveta Sesabamisi gazodinamikuri marTviT, romelic am teqno-

logiis gamoyenebis saSualebas iZleva nebismieri mcire da didi simZlavreebis 

momxmareblebisTvis, maT Soris TboeleqtrosadgurebisTvis [1,2,3]. 

   rac Seexeba, Sedegebis komercializaciis perspeqtivas,   tyibulis da misi 

msgavsi qvanaxSirebis fasi mTel msoflioSi, mniSvnelovnad iafia sxva saTbob-

Tan SedarebiT. magaliTisaTvis, bunebrivi airi saqarTveloSi Rirs 800÷980 la-

ri/1000 m3, maSin rodesac eqvivalenturi Tbounarianobis tyibulis sawvavi Rirs 

350 lari/2 tona. 

    tyibulis wvrilfraqciuli sawvavis samrewvelo da komunalur seqtorSi 

(samrewvelo sawarmoebi, regionis skolebi; municipaluri Senobebi; saTburebi 

da a.S.) gamoyenebis SemTxvevaSi: 

 momxmarebels energomoxmarebaze danaxarjebi Seumcirdeba   2-2,5-jer, Sesaba-

misad Semcirdeba qveyanaSi ZviradRirebuli importirebuli sawvavis moxmare-

ba;  

 gafarTovdeba tyibul-Saoris sabadoze qvanaxSiris mopoveba; 

 Semcirdeba xe-tyis gamoyeneba regionis skolebSi mainc. 

    am tipis danadgarebis warmoebas ar sWirdeba sastarto investicia, maT So-

ris saxelmwifo biujetidan. damamzadebeli qarxana TviTon uzrunvelyofs baz-

ris moTxovnebis dakmayofilebas. 
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THE PEOSPECTS FOR WIDE APPLICATION OF TKIBULI COAL  

Kevkhishvili N., Jishkariani T., Javshanashvili N. 

Georgian Technical University 

Summary 

    Among the global problems one of the most important issue is depletion of the traditional natural resources reser-

ve. The leading experts and companies of the world are working on to create new energy saving technologies in or-

der to solve global problems. Note that parallel to energy saving it is very important to create resources efficient tec-

hnologies as well. The article discusses benefits from the high temperature burning chambers creation in order to 

utilize fine fraction coal burning technology. 

 

 

 

 

 

cilindruli zedapirebis gamowelvis procesis  

energoefeqtianobis Sesaxeb 

  
saxanberiZe n. 

akaki wereTlis saxelmwifo universiteti 
 

         damuSavebis sizustis da energoefeqtianobis gazrdis mizniT sawelavis kbilebis  
diametraluri koreqciis da temperaturuli velis gansazRvrisaTvis moyvanilia sawyisi 
da sasazRvro pirobebi erTdroulad momuSave kbilebiT Wrisas momdevno kbilisaTvis 
aRdgenili drekadi deformaciebis da Wris zedapiris plastikuri deformaciis Semdeg 
gamtkicebis gaTvaliswinebiT. 
    sawelavis TiToeuli kbilisaTvis miRebulia radialuri mimarTulebiT wnevis saan-
gariSo formulebi yoveli momdevno kbilisaTvis wina kbiliT Wris procesTan dakavSir-
buli  Sedegebis  gaTvaliswinebiT.  
 
         Tanamedrove warmoebis aqtualur amocanad gvevlineba iseTi efeqtiani sa-

warmoo procesebis danergva da gamoyeneba, romlebic uzrunvelyofen damuSave-

bis maRal xarisxs moTxovnili warmadobis da TviTRirebulebis uzrunvelyo-

fiT. naxvretebis Wris efeqtiani sawarmoo procesebidan erT-erTs miekuTvneba 

gamowelva. gamowelva gamoiyeneba sxvadasxva formis zedapirebis dasamuSaveb-

lad. sawelavebis gavrcelebuli saxesxvaobebidan yvelaze xSirad gamoiyenebian 

profiluri sqemiT momuSave cilindruli zedapirebis dasamuSavebeli mrgvali 

sawelavebi.  sawelavis mWreli nawili Sedgeba mWreli da makalibrebeli kbile-

bisagan. gamowelvaze namatis moxsnis ZiriTad samuSaos asrulebs iaraRis mWre-

li nawili, sawelavis makalibrebeli kbilebi uzrunvelyofen dasamuSavebeli 

zedapiris moTxovnil sizustes da sisufTaves [1]. 

     Wris procesSi, sawelavis mWreli kbilebi da dasamuSavebeli namzadi Wris 

RerZuli (Pb ) da radialuri (Pa) Zalebis zemoqmedebiT ganicdian  drekad defor-

maciebs rogorc RerZuli, aseve radialuri mimarTulebebiT. amasTan, diametra-

luri zomebis sizusteze mniSvnelovan zegavlenas axdenen maTi radialuri de-

formaciebi. sawelavis kbilis mWreli wibos radialuri deformaciisas misi 
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faqtiuri diametri  mcirdeba sawyis diametrTan SedarebiT drekad radialuri 

deformaciis sididiT. amas emateba dasamuSavebeli naxvretis drekad radialuri 

deformaciiT gamowveuli cdomilebac, amitom damuSavebis sizustis gasazrde-

lad, sawelavis damzadebisas aucilebelia misi kbilis mWreli wibos diametra-

luri zomis koreqcia, Wris procesSi warmoqmnili iaraRisa da namzadis drekad 

radialuri deformaciebis sididiT.  

     Wris procesis energoZalovan parametrebze mniSvnelovan zegavlenas axdens 

mWreli iaraRis cveTa. cveTaze moqmedi faqtorebidan mniSvnelovania Wris tem-

peratura, romelic ar unda aRematebodes saiaraRo masalis wiTelmedegobas. 

amitom sxvadasxva masalebis damuSavebisas, temperaturis mixedviT sawelavis 

kbilis masalis muSaobisunarianobis prognozirebisaTvis aucilebelia sawela-

vis mWrel nawilze temperaturuli velis ganawilebis kanonzomierebis codna.  

     zemoTqmulidan gamomdinare, Wris procesSi sawelavis mWreli kbilebi ga-

nicdian Zalovan da temperaturul zemoqmedebas. rac uaryofiT zegavlenas ax-

dens iaraRis simtkiceze, damuSavebis sizusteze da procesis energoefeqtiano-

baze. amitom sawelavis muSa da makalibrebeli kbilebis diametraluri koreqci-

isa da temperaturuli velis gansazRvra  mniSvnelovania mWreli iaraRis sim-

tkicis da damuSavebis sizustis gazrdis, aseve   WraSi monawile kbilebis rao-

denobis da Sesabamisad samanqano dros SemcirebiT procesis energoefeqtiano-

bis gazrdis TvalsazrisiT.  

     zemoT dasmuli amocanis gadasawyvetad saWiroa ganxilul iqnas mWreli ia-

raRis daZabul-deformirebuli mdgomareoba. 

     samuSaoSi [2] ganxilulia konturuli iaraRis daZabul- deformirebuli 

mdgomareoba namzadis erTi kbiliT damuSavebisas. miRebulia Zabvisa da defor-

maciis tenzoris komponentebis formulebi Termodrekadobis damokidebulebe-

biT: 
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           gamoyvanilia diferencialuri gantolebebi gadaadgilebaTa komponentebis 

U da W-s mimarT: 
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             maTi integrirebisaTvis  konturuli iaraRis zedapirebze, mocemuli Zalo-

vani faqtorebis zogadi SemTxvevisaTvis da cxadi geometriuli Tanafardobebis 

safuZvelze  moyvanilia sawyisi da sasazRvro pirobebi.  

     mrgvali sawelavebiT naxvretebis damuSavebisas, Wris procesSi erTdrou-



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 250 

lad monawileobs sawelavis 2-3 kbili (nax.1), rac arTulebs sasazRvro pirobe-

bis Camoyalibebas. es damokidebulia namzadis dasamuSavebeli zedapiris meqani-

kuri maCveneblebis cvlilebasTan, e.i. pirveli kbilis mier namatis moxsnisas 

plastikuri deformaciis Sedegad zedapiris gamtkicebis warmoqmnasTan.  

     avRniSnoT, mWreli iaraRis drekadobis moduli da puasonis koeficienti 

Sesabamisad   da ,  xolo namzadisaTvis -  da .   mWreli iaraRis da nam-

zadis xazovani gafarToebis koeficienti    da .    mWreli kbilis gavlisas 

kbilis mWreli wibos gadaadgileba radialuri mimarTulebiT uaryofiTia (-U) 

da temperaturis cvlilebis gaTvaliswinebiT SeiZleba viangariSoT  damokide-

bulebiT [3]: 

  ,                                                (1) 

   sadac kontaqtis zedapirze radialuri mimarTulebiT wnevis sididea. 

 

 

  

 

 

               

             

 

 

 
nax.1. mrgvali sawelaviT naxvretis gamowelvis sqema: 

                         1-sawelavi; 2-namzadi; 3-burbuSela 

 

    namzadis Siga diametris iaraRTan kontaqtis zonaSi wertilebis gadaadgi-

leba dadebiTia  da SesaZlebelia viangariSoT formuliT [3]: 

  ,                                          (2) 

    sadac dasamuSavebeli namzadis gare diametria; D-dasamuSavebeli dia-

metri. 

    sawelavis pirveli kbilis mier mosaWreli fenis sidide . Sesaba-

misad,  kontaqtis zedapirze wneva temperaturuli cvlilebis gaTvaliswinebiT 

 

 

  .             (3) 

    formula (3) SesaZlebelia gamoyenebuli iqnas sawelavis erTdroulad momu-

Save kbilebidan TiToeulisaTvis  koreqtirebis gaTvaliswinebiT, anu drekadi 

deformaciis aRdgeniT wina kbilis gavlis Semdeg. 

    aRdgenili drekadi deformaciis sidide iangariSeba formuliT: 

                                                                
 , 

    sadac    Zabvebis sixSirea. 
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                           .            (4)   

        pirveli kbiliT muSaobisas Zabvebis sixSire tolia namzadis masalis dena-

dobis zRvaris    da namatis moWrisas    kontaqtis zedapirze mxebi Zabvebi 

ki Zvraze denadobis zRvaris  .  Sesabamisad  (4) formulidan gveqneba: 

     .             (5) 

       (5) formulidan Cans, rom kontaqtis zedapirze daZabuli mdgomareoba 

zRvrul mdgomareobaSi axlosaa hidrostatikurTan, amitom, gantvirTvis Semdeg 

kontaqtis zedapirebze   aRdgenili drekadi deformaciebi ganisazRvreba for-

muliT: 

  ,              (6) 

      Sesabamisad, radialuri gadaadgileba Siga zedapirze tolia 

                                                .                (7) 

      es gadaadgileba unda iyos gaTvaliswinebuli sasazRvro pirobebSi meore 

kbilis gaangariSebisas, kerZod (2) formulis marcxena nawilSi unda Sevides   

da kontaqturi wnevis angariSisaTvis vRebulobT pirobas  . (1) da (7) 

formulebis gaTvaliswinebiT meore kbilisaTvis kontaqtis zedapirze vsaz-

RvravT radialur   Zabvebs.  

    (4) formuliT sargeblobisas unda gaviTvaliswinoT Wris dros masalis 

plastikuri deformaciiT gamowveuli gamtkiceba, rac SesaZlebelia martivad 

ganvaxorcieloT mocemul temperaturaze gaWimvis diagramis gamoyenebiT. 

    Wris procesSi sawelavis daZabul-deformirebuli mdgomareobis Sesaswav-

lad sasazRvro pirobebs aqvs saxe: 
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  amrigad:  

1. Termodrekadobis organzomilebiani arastacionaluri diferencialuri gan-

tolebebi sawyisi da sasazRvro pirobebiT warmoadgens Caketil sistemas Ter-

modrekadi amocanisaTvis, romelic aRwers sawelavis mWreli kbilebis daZabul-

deformirebul mdgomareobas, romlis amoxsna xorcieldeba sasrul sxvaobaTa 

meTodiT. 

2. warmodgenili meTodikis praqtikaSi gamoyeneba saSualebas iZleva cnobili 

Wris Zalebis, sawelavis kbilebis geometriis, Wris reJimebis da aseve dasamuSa-

vebeli da saiaraRo masalebis fizikur-meqanikuri Tvisebebis SemTxvevaSi gani-

sazRvros sawelavis kbilebis Sesasrulebeli zomebi konkretuli zomuri damu-

Savebisas da saiaraRo masalis gamoyenebis sfero Wris temperaturis mixedviT. 

3. sawelavis muSa da makalibrebeli kbilebis diametraluri koreqciisa da tem-

peraturuli velis gansazRvra  mniSvnelovania mWreli iaraRis simtkicis da 

damuSavebis sizustis gazrdis, aseve   WraSi monawile kbilebis raodenobis da 

Sesabamisad samanqano dros SemcirebiT procesis energoefeqtianobis gazrdis 

TvalsazrisiT.  
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ON ENERGY EFFICIENCY OF STRETCHING PROCESS OF CYLINDRICAL SURFACES    

Sakhanberidze N. 

Akaki Tsereteli State University 

Summary 

         For the purpose of increasing processing accuracy and energy efficiency for calculation of diametric adjus-

tments and temperature fields of broach cutting teeth, the paper formulates the boundary conditions at cutting with 

simultaneously working teeth, by taking into account the restored elastic deformations for the next tooth and transi-

ent surface hardening after plastic deformation.             

          For each broach tooth, there have been obtained the formulas for calculation of the pressure value in radial di-

rections taking into consideration the cutting process pre-history for each tooth of a broach.      

 

  
 

 

wylis  eleqtrodializiT deionizacis procesis intensifikacia 

 

ruxaZe S., tolmaCevi l. , afridoniZe m., SoTaZe a.  

akaki wereTlis saxelmwifo universiteti, daxuruli saaqcio sazogadoeba “JSC 

Membrane Technologies”, litva, baTumis sazRvao akademia 
 

statiaSi gadmocemulia mciredmineralizebuli wylis membranebis gamoyenebiT eleq-
trodializis orsafexuriani deionizaciis procesis Sedegebi. deionizaciis pirvel safe-

xurze  gamtknarebis seqciebi Sevsebuli iyo anioncvadi  granulebiT, xolo koncentrirebis 
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seqciebi kaTioncvladiT. eleqtrodializatoris meore safexuris gamtknarebis seqciebSi 

moTavsebuli iyo kaTioncvladi badeebi da anioncvladebis granulebi. Tanmimdevruli deio-

nizaciis Sedegad miRebuli iqna wyali kuTri eleqtrowinaRobiT 3 momism. 

 

 bunebrivi wylis eleqtrodializiT demineralizaciis procesis aqilevsis 

qusls warmoadgens mciredxsnadi eleqtrolitebis naleqebis warmoqmna, romlebic 

gamoileqeba upiratesad anioncvladi membranis zedapirze koncentrirebis seqciis 

xsnarebSi. am movlenis cnobil mizezs warmoadgens hidroqsilis ionebis upiratesi 

generacia anioncvladi membranebisa da xsnaris fazaTaSoris sazRvarze, aq denis 

zRvruli difuziuri simkvrivis gazrdis gamo, vidre kaTioncvlad membranasa da 

xsnars Soris. amasTan dakavsirebiT xsnarSi koncentrirebis seqciaSi xvdeba sidi-

diT meti hidroqsilis ionebis nakadi, rac iwvevs seqciaSi xsnaris pH amaRlebas da 

kalciumisa da magniumis karbonatebisa da hidroqsidebis xsnadobis gadaWarbebas.  

 cdiloben es sirTuleebi gadalaxon mudmivi eleqtruli denis dinebis mimar-

Tulebis SecvliT, rasac mivyavarT deionizaciis da koncentrirebis seqciebis fun-

qciebis inversiasTan. eleqtrodebis muxtebis Secvlis dros koncentrirebis seqci-

ebi periodulad gardaiqmneba gamtknarebis seqciebad, romlebSiac SesaZlebelia 

mciredxsnadi eleqtrolitebis gaxsna [1,2]. reversuli eleqtrodializis warmar-

TvisaTvis aucilebelia anodic da kaTodic damzadebuli iyos masalisagan, rome-

lic ar ixneba mudmivi eleqtruli denis gavlis dros. 

 ufro xSirad wylis deionizaciis win xdeba misgan kalciumis da magniumis  ka-

Tionebis ioncvladi gamoReba kaTioncvladebis Semdgomi qimiuri regeneraciiT nat-

riumis qloridis xsnariT. radganac kalciumisa da magniumis kaTionebi kaTion-

cvladebiT sorbirdeba ufro Zlierad, vidre natriumis ionebi, amas mivyavarT Camdi-

nare wylebSi reagentebis masis zrdamde wylidan gamoRebuli kaTionebis masasTan 

SedarebiT. 

 winamdebare samuSaos mizans warmoadgens ioncvladebis granulebis getero-

poliarul sazRvrebze wyalbadis ionebis generaciis movlenis gamoyeneba bunebrivi 

mciredmineralizirebuli wylis eleqtrodializis dros naleqwarmoqmnis aRmo-

safxvrelad. 

 eqsperimentebi Catarebuli iqna eleqtrodializis laboratoriul danadgar-

ze, romlis saerTo  sqema naCvenebia nax.1. aparatis anodi 

damzadebulia platinisagan, kaTodi uJangavi foladisa-

gan. eleqtrodebsSoris are dayofili iyo Svid seqciad 

monacvleobiT moTavsebuli heterogenuli anioncvladi 

MA-41 da kaTionvladi MK-40 membranebiT. eleqtrodia-

lizatoris seqciebi, romlebic muSaobs pirvel safe-

xurze Sevsebuli iyo ioncvladi kompoziciebiT (2/3 ani-

ocvladiT da polieTileniT) damzadebul badeSi moTav-

sebuli granulirebuli anioncvladebiT AB-17. koncen-

trirebis seqciaSi moTavsebuli iyo kaTioncvladis gra-

nulebi da kaTioncvladi bade. 
nax.1 eleqtrodializatori wylis gamtknarebisTvis. 

A-anioncvladi,  K- kaTioncvladi membranebi. 1-7 - seqciebis 

nomrebi 
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aparatis TiToeul seqcias hqonda zomebi 120 x 1 x 0.1 sm3. meore safexuris eleq-

trodializatorSi gamtknarebis seqciebi Sevsebuli iyo kaTioncvladi badeebiT, 

romelTa budeebSic moTavsebuli iyo anioncvladis AB-17 granulebi. seqciebSi 

wylis miwodebis siCqare iyo 2 sm|wm. 

   mudmivi denis wredSi aparati CarTuli iyo kvebis wyaroTi HY3005C. gamtkna-

rebis seqciidan gamomdinare wyalSi vzomavdiT kuTr eleqtrowinaaRmdegobas da pH 

ionmzomiT. 

 ganvixiloT pirveli safexuris deionizaciis seqciaSi, xsnarSi denis gavla, 

romelSiac membranebsSoris are Sevsebulia anioncvladis granulebiT (nax. 2a). gan-

sakuTrebuli mniSvneloba aqvs kaTioncvladi membranis da anioncvladis granule-

bis heteropolarul kontaqts. misi kapilaruli RreCo msgavsia bipoliaruli mem-

branis Siga sazRvris, romelic aris wyalbadis da hidroqsilis ionebis generato-

ri. hidrqsilis ionebi migrirdebian anodisken da Sedian reaqciaSi anioncvladebis 

granulebiT sorbirebul hidrokarbonatebis ionebTan.  

                                                                                  (1) 

am reaqciis warmarTvas mivyavarT hidroqsilis ionebis bmasTan, romelic hidrokar-

bonats gardaqmnis karbonatad. gansakuTrebiT mniSvnelovania wyalbadis ionebis ge-

neracia, romlebic migrirdebian koncentrirebis seqciaSi, sadac eleqtrodializis 

Cveulebriv pirobebSi gamoileqebian.  

koncentrirebis seqciis kaTiocvladis granulebiT Sevsebis dros (nax.2.b) wyalba-

dis ionebi masSi xvdebian kaTioncvladi membranis gavliT da Semdgom migrirdebian 

ekvipolaruli kontaqtis gavliT anioncvladi membranis sazRvarTan, sadac didia 

naleqis warmoqmnis albaToba. 

 
 

 

 

 

 

 

 

 

 

 

nax.2  gamtknarebisa da koncentrirebis seqciebSi mimdinare procesebis sqemebi. 

A- anioncvladebi granulebis formiT an membranebi, K- kaTioncvladi membra-

na 

B-  

wyalbadis ionebsa da karbonatis ionebs Soris reaqciiT kaTioncvladi granu-

lebis da anioncvladi membranis heteropolaruli kontaqtis areSi warmoiqmneba 

mcireddisocirebadi naxSirmJava, rac mkveTrad aqveiTebs naleqis warmomqmneli 

karbonatis ionebis koncentracias. 

2   (2) 

ioncvladis granula mudmivi denis velSi bevrad msgavsia ioncvladi membra-

nis. mis ekvatorebze xdeba koncentraciis gradientebis warmoqmna, magram orienta-

ciis sxva da sxva mxares niSnebis gansxvaveba polaruli kuTxis polusebTan miaxlo-
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eba iwvevs gradientis ganulebas. xsnaris granulasTan sazRvarTan aRiZvreba 

zRvruli difuziuri deni, ise rogorc membranisa da xsnaris sazRvarTan. xolo misi 

granulebis zedapiris fazebsSoris sazRvarTan xdeba wylis Seuqcevadi disocia-

cia, romelic xdba wyalbadis ionebis damatebiTi wyaro. (nax.2.) 

nax.3 gviCvenebs, rom seqciebis aseTi Sevsebis dros xerxdeba koncentrirebis 

seqciaSi xsnari miviRoT pH iseTi mniSvnelobiT, romlis drosac ar xdeba mcired-

xsnadi eleqtrolitebis xsnadobis gazrda. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

denis simkvrivis Semdgomi zrdis dros anioncvladi membranis mimReb mxareze 

koncentrirebis seqciaSi xdeboda naleqis warmoqmna. SeiZleba gavakeToT daskvna, 

rom deionizaciis pirvel safexurze SeiZleba kalciumisa da magniumis  winaswari  

mocilebis gareSe miviRoT wyali distilatTan  axlo xarisxis, magram energodana-

xarjebi eleqtrodializis dros gacilebiT mcirea, vidre distiliaciis dros, 

radganac eleqtrodializis dros scildeba wylis ionuri minarevebi, xolo disti-

liaciis dros xdeba ZiriTadi nivTierebis gamoxda. 

deionizaciis meore safexurze eqsperimentebi Catarebuli iyo deionizirebu-

li wylis gamoyenebiT. deionizacia mimdinareobda eleqtrodializatorSi (nax.1). eq-

sperimentebis pirveli seria Catarebul iqna gamtknarebis seqciis ioncvladi badiT 

Sevsebisas, romelsiac gadaxlartuli iyo kaTioncvladi da anioncvladi kompozi-

tebisgan damzadebuli firebi. ioncvladi badeebis gamoyenebiT deionizaciis Sede-

gebi naCvenebia nax.5 (mrudi 2). denis simkvrivis dros 0,25 mla|sm2 mirebuli iqna kut-

rieleqtrowinaRoba 2 megaomi·sm meti. gamtknarebis seqciebis kationcvladi badee-

biT Sevsebis dros, romelTa RreCoebSi moTavsebuli iyo anioncvladis AB-17 granu-

lebi (nax.5 , mrudi 1) ukve denis simkvrivis dros 0,1 mla/sm2 mirebuli iqna deminari-

lizebuli wyali 3 megaomi·sm eleqtrowinaRobiT. 

nax.3. eleqtrodializis dros, membraneb-
sSoris sivrcis, granulirebuli kaTion-
cvladebiT Sevsebisas koncentrirebis 
seqciis  gamosasvlelSi xsnaris рН sidi-
dis denis simkvriveze damokidebuleba 

nax.4. pirvel safexurze gamtknarebuli 

wylis kuTri eleqtrowinaRobis denis sim-

kvriveze damokidebuleba 
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nax.5. deionizirebuli wylis kuTri eleqtrowinaRobis 

denis simkvriveze damokidebuleba eleqtrodializis 

dros deionizaciis seqciebis kaTioncvladi badeebiT 

da anioncvladebis granulebiT (1) da Sereuli kaTion-

cvladi da anioncvladi badeebiT (2) 

 

 

 

 

 

 

 

 

mTlianad deionizirebuli wylis miRebis aucileblobis SemTxvevaSi mesame 

safexurze gamoyenebuli unda iqnas eleqtrodializi gamtknarebis seqciebSi 

Sereul fenebad granulirebuli kaTioncvladebis da anioncvladebis gamo-

yenebiT. 
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WATER DEIONIZATION ELECTRODIALYSIS PROCESS INTENSIFICATION 

Rukhadze Sh., Tolmachev L., Apridonidze M., Shotadze A. 

Summary 

The article presents the results of the two-stage deionization of little mineralized water by electrodialysis 

with ion-exchange membranes. Dilution sections were filled with anion-exchange grains while concentration secti-

ons were filled with cation-exchange grains in the first stage of deionization. In the second stage of desalination pro-

cess cation-exchange nets with anion-exchange grains were put between the membranes of dilution sections. Pure 

water with specific electrical resistance about 3 MΩ·cm was produced as a result of the two-stage deionization pro-

cess.  

 

 

 

 

zRvis wylidan kaliumis sasuqis miReba  eleqtrodializis axali 

teqnologiuri meTodiT 

              
konceliZe l., gociriZe r., konceliZe z., mxeiZe n. 

SoTa rusTavelis saxelmwifo universitetis agraruli da membranuli 
teqnologiebis samecniero-kvleviTi instituti 

    
naSromSi naCvenebia, rom eleqtrodializis procesiT eleqtrodebze denisa da Zab-

vis miwodebis regulirebiT zRvis wylis koncentrirebisas,  SesaZlebelia koncentrat-
Si kaliumis ionis raodenobis gazrda, rac mniSvnelovnad aRemateba zRvis wyalSi arse-
buli kaliumis ionis raodenobas. 
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    zRvis wylidan kaliumis koncentrirebis amocana gamowveulia kaliumis sa-

suqebis mzardi moTxovnilebis gamo, ramac dasaxa axali intensiuri teqnologi-

uri procesebis SemuSavebisa da danergvis perspeqtiva.   

“ionmimocvliT procesebSi izoTermuli gajerebulobis” aRmoCenam saSuale-

ba misca maT SeemuSavebinaT axali teqnologia zRvis wylidan kaliumis sasuqis 

miRebisa adgilobrivi bunebrivi sorbentebiT – ceolitebiT [2]. Pprocesi dafuZ-

nebulia ceolitebis maRali seleqtiurobiT, kerZod, sxvadasxva  klinoptilo-

litis naersaxeobaze da zRvis wylis komponentebis sorbciis damokidebuleba 

temperaturaze.     

    warmodgenili samuSaos mizans, kaliumis sasuqebis miRebis efeqtis gaZlie-

rebis mizniT, warmoadgenda zRvis wyalSi arsebuli marilebis winaswari kon-

centrireba eleqtrodializis meTodiT. samuSaos Catarebis dros miviReT sain-

tereso Sedegebi, kerZod, sxvadasxva teqnologiuri reJimebis, aparatis kon-

struqciisa da sxvadasxva muSaobis pirobebSi miviReT sxvadasxva elementebis 

koncentrirebis sxvadasxva xarisxi. Kkvlevis miznidan gamomdinare, SerCeuli iq-

na eleqtrodializis aparatis muSaobis iseTi optimaluri parametrebi, rode-

sac kaliumis koncentrirebis maCvenebeli Warbobda sxva ionebis koncentrirebis 

maCveneblebs. 

    zRvis wylis koncentrirebis eqsperiments vatarebdiT modelur eleqtrodi-

alizur danadgarze, romlis hidravlikuri sqema mocemulia naxazze 1. 

     modeluri eleqtrodializis danadgaris muSa paketi Sedgeba 30 dializa-

tisa da 30 koncentrirebis kamerisagan, paralelur-mimdevrobiTi sqemiT da Sed-

geba 7 seqciisagan. 

    Kkoncentrirebis yoveli ciklis Catarebis Semdgom eleqtrodializis muSa 

kamerebSi vaxdendiT eleqtrodebze polarobisa da  hidravlikuri nakadis mi-

marTulebis Secvlas, eleqtrodebsa da membranebze naleqebis gamoleqvis Tavi-

dan acilebis mizniT.  

     optimaluri parametrebis SerCevis Semdgom CavatareT zRvis wylis koncen-

trirebis 10 cikli. zRvis wyalSi arsebuli marilebisKkoncentrirebis maCveneb-

lebs vsazRvravdiT, rogorc analizuri meTodiT, aseve alur speqtrometrze. 

miRebuli Sedegebis damuSavebis Semdgom SevadgineT cxrilebi da avageT naxaze-

bi, romlebic srulad asaxaven miRebul Sedegebs. 

  statiaSi mocemulia zogierTi ciklis mniSvnelovani maxasiaTeblebi. 

      Ggafikebze aRniSnuli monacemebis mixedviT Tu vimsjelebT SeiZleba av-

RniSnoT, rom kaliumis ionis koncentrirebis koeficienti β= Ckonc/ Csaw.   
Seadgens: 

  P  pirvel ciklSi  - kaliumisaTvis β= 4,35, natriumisaTvis  - β=2,59; 

    Pmeore  ciklSi  - kaliumisaTvis β= 4,4 natriumisaTvis  - β=2,87; 

     mesame  ciklSi  - kaliumisaTvis β=3,48, natriumisaTvis  - β=2,6.   

     zRvis wylis koncentrirebis aTive ciklis Catarebis dros koncentrirebis 

maCvenebeli β= Ckonc/ Csaw kaliumis ionisadmi iyo 3,8 – 4,4 –is farglebSi, xolo 

natriumis ionis mimarT 1,87 – 2,87 anu kaliumis ionis koncentrirebis maCvenebe-

li 2-jer aRemateba natriumis ionis koncentrirebis maCvenebels. 

   mesame magaliTSi naCvenebia, rom sulfat ionis koncentrirebis koeficienti 

tolia 1,9 –is.  
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                                                                             nax. 1 

                    cikli # 1 (20.09.2007w).    zRvis wylis koncentrireba.   

                  

Kkoncent. 
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zRvis 
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вода 
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                           cikli 2. (25.09.2007w)  zRvis wylis koncentrireba  .  

 

               
M 

mocemul naxazze mocemulia damatebiTi analizi sulfatze. Mmisi Cveneba 

aRniSnul grafikze ganpirobebuli iyo am ciklis dros sulfatis miRebuli 

arakanonzomieri maCveneblis gamo.  
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                            cikli 7 ( 08.10.07). zRvis wylis koncentrireba 

                             
 

mocemul modelur danadgarze xvedriTi warmadoba(μ)  toli iyo 4,9 l/m2 

saaTSi koncentratisadmi.koncentrirebis procesze energo xarji Seadgen-

da W= 5,4 vats/litr koncentratze. 

amrigad, eleqtrodializis meTodiT SesaZlebeli gaxda zRvis wyalSi gag-

vezarda kaliumis ioni 4-jer, rac xels Seuwyobs zRvis wylidan kaliumis sasu-

qebis miRebis process bunebriv ceolitze – klinoptilolitze sorbciiT, or-

temperaturuli ionmimocvliTi meTodiT.  
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CONCENTRATION OF POTASSIUM FROM SEA WATER BY METHOD OF ELECTRODIALYSIS . 

L. Kontselidze,   R. Gotsiridze, Z. Kontselidze, N. Mcheidze 

Batumi  Scientific- research Institute of membrane technology 

Shota Rustaveli State University 

Summary 

In article the results of researches of a degree concentration of various elements which are taking place in sea 

water, in particular –potassium, are submitted. The work is of interest in connection with development of new tec-

hnological process of reception potassium  fertilizers from sea water. For intensification of effect and productivity of 

a new method it is offered to use preliminary concentration of sea water by a method of electrodialysis.  

 Is shown, that it is possible to receive preliminary concentration of potassium  in concentrate in 4 times in 

relation to initial sea water.                                                                                                    
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Aaerodinamikuri ZalebiT datvirTuli absoluturad moqnili Reroebis 
wonasworobis gantolebebi 

B 
baZgaraZe a.  

Aakaki wereTlis saxelmwifo universiteti  
 

Zafis meqanikis praqtikulad da Teoriulad mniSvnelovani amocanebi dakavSirebulia 
Zafize moqmed gare aerodinamikur ZalebTan, romelTa zust maTematikur aRweraze mniS-
vnelovnad aris  damokidebuli gaangariSebis sizuste. Aam statiaSi miRebulia nakadSi 
moTavsebul Reroze moqmedi aerodinamikuri Zalebis maTematikuri gamosaxuleba da Ca-
werilia Sesabamisi wonasworobis gantolebebi, rogorc zogad, aseve kerZo SemTxvevaSi 

 
1. Reros wonasworobis gantolebebi zogadi saxiT 

winamdebare naSromSi miRebulia  absoluturad moqnili Reroebis wonaswo-

robis gantolebebi im SemTxvevaSi, roca sxeuli ganicdis aerodinamikur zemoq-

medebas. kerZod, masze moqmedebs stacionaluri nakadi. A 

absoluturad moqnili ewodeba Reros, romlis sixiste Runvaze ugulebel-

yofilia da ZiriTad rols TamaSobs RerZuli daWimulobis Zalebi.  aseT sxeu-

lebs miekuTneba eleqtrogadamcemi xazebi, bagirebi, siTxis gadasatumbad gamo-

yenebuli Slangebi, lenturi radiatorebi da sxva. aseT sxeulebs xSirad Zafs 

uwodeben. Mmravali praqtikuli amocana moiTxovs iseTi PReroebis gaangariSe-

bas, romlebic imyofebian aero dinamikuri Zalebis zemoqmedebis qveS. Tu ganvi-

xilavT Zafis elements, romelzedac modebulia Sesabamisi Zalebi (nax.1) da Cav-

werT wonasworobis gantolebebs, gardaqmnebis Semdeg miviRebT Zafis wonaswo-

robis diferencialur gantolebebs veqtoruli saxiT  

       ,                                 (1)  

sadac   –Reros daWimulobaa,  s – rkaluri koordinatia, xolo  – RerZu-

li xazis mxebis gaswvrivmimarTuli erteulovani veqtoria. Tu gaviTvaliswinebT 

Reros deformacias gveqneba    sadac ds0 elementis sawyisi sigrZea, 

xolo    ganisazRvreba Reros masalis fizikuri maxasiaTeblebiT.  

kerZod, drekadi Zalis SemTxvevaSi am 

damokidebulebas aqvs saxe:    

               

Tu (1) gantolebas davageg- milebT 

dekartes marTkuTxa koordinatTa siste-

maSi miviRebT wonasworobis Semdeg gan-

tolebebs:    

 (2)  

miRebuli gantolebaTa sistema ar 

warmoadgens Caketil sistemas, radgan 

masSi ucnobebis ricxvi aRemateba ganto-

lebebis ricxvs, amitom unda daematos erTi gantoleba, romelsac uwyvetobis 

gantolebas uwodeben  

                 . 

 

 
 

 

 

O 
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Tu Zafi Rero moTavsebulia simZimis ZalTa velSi da, garda amisa, masze moq-

medebs Seyursuli Zalebi  (    da   ubanze ganawilebuli   intensi-

vobis datvirTva, wonasworobis gantolebebi ase Caiwereba:  

            (3) 

sadac  - dirakis funqciaa, xolo  – xevisaidis funqcia.    

2. Reroze moqmedi aerodinamikuri Zalebi.  

   Reros wonasworuli mdgomareoba arsebiTad aris damokidebuli imaze, 

Tu ra gare Zalebi moqmedeben masze. Amitom procesis zusti aRwerisaTvis arse-

biTi mniSvneloba aqvs gare zemoqmedebis zust maTematikur aRweras.  

ganvixiloT SemTxveva, roca Reroze moqmedeben aerodinamikuri Zalebi 

da simZimis Zala.  am Zalebis zust maTematikur aRweras arsebiTi mniSvnelo-

ba aqvs procesebis didi sizustiT aRwerisaTvis. aerodinamikuri Zala SeiZleba 

warmovadginoT ori veqtoris jamis saxiT:  

                     ,                    (4) 

sadac   RerZuli wiris marTobulad mimarTuli  aero dinamikuri Zalis 

mdgenelis intensivobaa, xolo  - RerZuli wiris mxebis gaswvriv mimarTuli 

mxebi Zalebis intensivoba  

nax.2 –ze naCvenebia Reros elementi, romelic moTavsebulia nakadSi. roca 

kuTxe RerZula xazis mxebsa da siCqaris mimarTulebas Soris  nebismieria ga-

nawilebuli aerodinamikuri Zala ar Zevs  sibrtyeSi. sruli aerodinami-

kuri Zala davSaloT or mdgenelad   da , romlebic, Sesabamisad RerZula 

xazis mimarT siCqaris normaluri da mxebi mdgenelebis kvadratebis proporciu-

lia.   

               (5) 

  . 

sadac    - mxebi da norma-

luri aerodinamikuri Zalebis koe-

ficientebia,   - garemos simkvrivea, 

 - Reros ganivi kveTis maxasiaTebe-

li sididea (wriuli kveTis SemTxve-

vaSi kveTis diametria). xolo  -na-

kadis siCqaris Zelis RerZula xazis 

mxebTan Sedgenili kuTxea. Nnakadis 

siCqaris veqtori nebismieri mimar-

Tulebis SemTxvevaSi ase SeiZleba 

CavweroT :  

 

         

               (6) 

 

 
 

 

O 
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sadac  - kuTxea  RerZsa da  sibrtyeze siCqaris gegmils Soris ku-

Txe, xolo  -kuTxe siCqaresa da  sibrtyes Soris.kuTxe  ganisazrvreba 

tolobidan:  

     .                                (7)            

veqtori   unda akmayofilebdes pirobebs:  

                            (8)   

Tu am tolobebs davagegmilebT Sesabamis RerZebze da movaxdenT gardaq-

mnebs, miviRebT aerodinamikuri Zalebis Sesabamis RerZebze gegmilebis Semdeg 

gamosaxulebebs:  

 

        ; 

                     

(9) aerodinamikuri Zalebi icvlian mimarTulebas imis mixedviT Tu rogo-

ria kuTxe , amitom Semogvaqvs mamravli  Tu (9) gamosaxulebebs 

gadaviyvanT uganzomilebo sidideebSi da CavsvamT (2)-Si sabolood miviRebT 

stacionalur nakadSi moTavsebuli absoluturad moqnili Reros wonasworobis 

gantolebebs: 

 

 

 

 

kerZo SemTxvevaSi, roca nakadis mimarTuleba horizintaluri sibrtyis parale-

luria, miRebul gantolebebSi unda davuSvaT, rom .  

 
Lliteratura:  

1. Светлиский  В. А. – механика абсолютно гибких стержней.  Москва. Изд. МАИ, 2001, 425с.  

2. Вадзгарадзе. А. Г. – Определение форм равновесия и натяжения в шланге находящемсия в потоке 
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EQUILIBRIUM EQUATIONS COMPLETELY FLEXIBLE ROD, UNDER THE ACTION OF AEROD-

YNAMIC FORCES 

Badzgaradze A.G. 

Akaki Tsereteli State University 

Summary 

Many practical and theoretical problems connected with the forces acting on the rods with a side of aerodyna-

mic forces. The exact mathematical description of these forces is important in calculating the rods. The paper obtai-

ned the analytical expression for the aero dynamical forces. And also is the equation of equilibrium of the rod, with 

the seat in the flow 
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satransporto saSualebebis uZrav dabrkolebaze Sejaxebis 

gamokvleva sxvadasxva maTematikuri modelebiT 

 
mardaleiSvili n.  

akaki wereTlis saxelmwifo universiteti 
 

       naSromi eZRvneba uZrav dabrkolebaze satransporto saSualebebis dajaxebis meqanizmis gamokvlevas sxvadas-

xva maTematikuri modelebis ganxilviT. Ggamokvleulia rogorc pirdapiri (SubliT) dajaxeba, aseve iribi, anu garkve-

uli kuTxiT dajaxeba. Aavtomobili ganxilulia, aseve, rogorc or-masuri modeli. Aam modelis ganxilvisas gamokvleu-

lia mxolod pirdapiri (SubliT) dajaxeba. 

 
      [1] naSromSi ganxilulia satransporto saSualebis dajaxeba  uZrav dabrkolebasTan. Aavtomobili ganvi-

xilulia, rogorc garkveuli masis marTkuTxa paralelepipedis modeli. Ddajaxebis procesi dayofilia or fazad. 

pirdapiri (SubliT) Ddajaxebisas pirvel fazaSi miRebulia diferncialuri gantoleba: 

                                .02  xhcxxM                      (1) 

  (1)  meore rigis arawrfivi diferencialuri gantolebis integreba SesaZlebelia mocemuli sawyisi pirobebiT:

  

roca 0t , maSin 0,0 vxx   ,                      

sadac 0v   avtomobilis siCqarea dartymis momentSi. 

   Ggarda am SemTxvevisa ganxilulia avtomobilis uZrav dabrkolebasTan arapirdapiri (raRac kuTxiT) da-

jaxeba.  Aavtomobili isev ganvixileba, rogorc M M masis marTkuTxa paralelepipedis modeli. vTqvaT, 

dartyma xdeba   kuTxiT, anu ganixileba xist sibrtyesTan L sigrZis M masis marTkuTxa paralelepipedis 

formis mqone sxeulis dartyma   kuTxiT, sadac    Aaris kuTxe xist sibrtyesa da marTkuTxa paralelepi-

pedis  waxnags Soris.   maSasadame, dartymis diferencialur gantolebas aqvs saxe: 

         M 0
2 2

2






tg

x
xM s .                              (2) 

sadac  s   - masalis denadobis zRvaria. Aam meTodiT dajaxebis gamokvlevisas gamoyenebulia [2] naS-

romSi miRebuli Sedegebi. 

    xSir  SemTxvevaSi mosaxerxebelia avtomobilis warmodgena or-masuri an sam-masuri modelebis sa-

SualebiT. jer ganvixiloT avtomobilis or-masuri modeli (nax.1). 

        avtomobilis uZrav dabrkolebaze dajaxebis meqanizmis gamokvlevisas, rogorc wesi, ganixileba 

moZraobis ori faza [1]. jer ganvixiloT pirveli faza, rodesac avtomobili ejaxeba uZrav dabrkolebas da myi-

sierad Cerdeba (anu ar vixilavT ukusvliT moZraobas). 

      am SemTxvevaSი  meqanikuri sistemis (avtomobilis) moZraobis diferencialur gantolebaTa sistemas 

eqneba saxe: 

 









,0)(

,0

21222222

1122111111

Fzzczzm

Fzzczczzm








 

   Ees sistema umjobesia ase gadavweroT: 

           








,0

,0)(

212222222

1221211111

Fzczczzm

Fzczcczzm








                     (3) 

sadac 
1c  da 

2c  zambarebis sixistis koeficientebia, 
1  da 

2  blanti xaxunis koeficientebia, oTxive koefi-

cienti CaTvlilia mudmivad, 
1F  da 

2F  xaxunis Zalebia. Ees Zalebic mudmivebia. 

 

  
1m  

1C  
1  

1z  
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Nnax.1. 

 

   (3) gantoleba samarTliania mxolod dartymis pirvel fazaSi.    avtomobilis myisieri gaCerebis  
1tt       

momentSi  )()()(0)( 121 tztztztz  . avtomobilis Tavdapirveli sigrZe aRvniSnoT L .  vTqvaT, 

dartymis Semdeg misi sigrZe gaxda  , e.i. misi   sigrZe Seicvala )( 1tz  sididiT.   Ees sidide warmo-

adgens narCen deformacias  da misi gamoTvla SesaZlebelia formuliT  L .  

   (3) diferencialur gantolebaTa sistemis analizi CavataroT maTematikuri paketis  Mathcad-is gamoyene-

biT. amisaTvis cnobili unda iyos 
1c , 

2c ,
1  da 

2   koeficientebi da sawyisi monacemebi (dajaxebis mo-

mentSi cnobili unda iyos 
1z , 

2z ,
1z , 

2z   sidideebi). Uunda aRiniSnos, rom 
1c , 

2c ,
1  da 

2   koeficien-

tebi ganisazRvreba eqsperimentiidan. kvlevebisaTvis maTi monacemebi aRebulia [3] naSromidan. Aam 

naSromSi moyvanilia am koeficientebis mniSvnelobebi Jigulis sxvadsxva markis avtomobilebis uZrav 

dabrkolebaze (20 tonis masis betonze) dajaxebebis gamokvlevis Sedegebis safuZvelze. 

Mmocemul naxazze naCvenebia siCqaris cvlilebis grafikebi. [1] naSromSi miRebuli iyo, rom siC-

qare myisierad nuli xdeba (moZraobis pirveli fazis dasasruli) t=0.048wm drois momentisaTvis. TiTqmis 

analogiuri Sedegi miviReT ganxiluli  modelis SemTxvevaSi: t≈0.045wm.  
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nax.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nnax.3 

    deformaciebis gan-

sazRvra ukve SesaZlebelia [1] naSromSi ganxiluli meTodebiT. 

    dajaxebis meore fazaSi (uZravi dabrolebidan daSorebis procesi, igulisxmeba, rom deformaciis Sedegad 

Tvlebi ar iblokeba da SesaZlebelia avtomobilis ukusvliTi moZraoba) winaaRmdegobis Zalebi icvlis ni-

Sans. Aamave dros icvleba 
1c , 

2c ,
1  da 

2   koeficientebis mniSvelobebi da isini mniSvnelovnad gan-

sxvavdebian pirvel fazaSi aRebuli mniSvnelobebisagan. radgan diferencialur gantolebaTa struqtura  ar ic-

vleba, amitom misi gamokvleva xorcieldeba (3) sistemis gamokvlevis analogiurad. 
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INVESTIGATION OF VEHICLES CRASH WITH A SOLID OBSTACLE BY USING DIFFERENT  

MATHEMATICAL MODELS 
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Akaki Tsereteli State University 

Summary 

 The paper dwells on the investigation of the mechanism of vehicles crash with a solid obstacle by conside-

ring different mathematical models. There have been investigated both direct (head-on) crash and indirect crash, i.e. 

crash at a certain angle. The vehicle is also considered as a dual-mass model. When considering this model, there is 

investigated only the direct (head-on) crash.  

 
                       
              
 

sasilose masis polieTilenis tomrebSi Camwnexi mowyobiloba 

 

samadalaSvili a., lomiZe a., modebaZe t. 
akaki wereTlis saxelmwifo universiteti 

 
sasilose masalis polieTilenis tomrebSi Camwnexi mowyobilobis traqtorze ag-

regatirebiT SesaZlebeli xdeba Sesanaxi tranSeebisa da koSkurebis magivrad tomrebis 
Sesanaxad gamoyenebuli iqnas sxvadasxva tipis iafadRirebul sardafebi da sxva gadaxu-
ruli Senoba-nagebobebi. 

 
saqonlis sakvebis amRebi manqanaTa sistema iTvaliswinebs sasi-lose kul-

turebisa da mwvane balaxeulis silosad aRebis ama Tu im industriul teqno-

logias. 

sakvebis damzadebis industriuli teqnologia - es aris teqnologiuri, sa-

inJinro da organizaciuli RonisZiebaTa erToblioba, romelic uzrunvelyofs 

muSaobis saWiro ritms, kompleqsuri meqanizaciisa da avtomatizaciis procese-

bis maRal dones. 

arsebobs teqnologiis Semdegi saxeebi: sasilose kulturebisa da balaxeu-

lis sasilosed da mwvane sakvebad aRebis teqnologia da manqanaTa teqnologiu-

ri kompleqsebi. arsebuli teqnologiebis sqemebi naCvenebia nax. 1 da nax. 2-ze. 

 
nax. 1. sasilose kulturebisa da balaxeulis sasilosed amRebi manqanaTa  

teqnologiuri kompleqsi da teqnologia. 

 

teqnologiis SerCevisas mxedvelobaSi Rebuloben meqanizaciis dones, mo-

wyobilobebis Rirebulebas, SromiT danaxarjebs, fermerul (glexur) meurneo-

bebSi mwvane masis mosavals, Sesanaxi sacavebis arse-bobas da, agreTve, klima-

tur pirobebs. sakvebdamamzadebeli teqnikis raodenobas gansazRvraven manqanis 

mwarmoeblobis, asaRebi farTisa da samuSaos Catarebis optimaluri agroteqni-

kuri vadebis mixedviT. 

silosis damzadebisas masis 72...75% tenianobisas saWiroa misi daqucmaceba 20...40 mm 

sigrZis nawilebad, 76...80% - 50...70 mm, 80...85% - 100...120 mm.  
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nax. 2. senaJad mwvane balaxeulis amRebi manqanaTa teqnologiuri  

kompleqsi da teqnologia 

 

naxazebze (1-2) naCvenebi teqnologiuri kompleqsebi da teqno-logiebi gu-

lisxmobs ZviradRirebuli silosis Sesanax tranSeebisa da koSkebis mowyobas, 

aseve Sesabamis ZviradRirebul teqnikas (satransporto saSualebebi, buldoze-

ri), rac SeuZlebels xdis fermeris (fermerebis) mier maT gamoyenebas, radganac 

igi ver pasuxobs Tanamedrove moTxovnebs - vawarmooT produqcia saWiro raode-

nobiT da naklebi fuladi danaxarjebiT. amitom saWiroa, rom SemuSavdes marti-

vi da iafadRirebuli silosis sazamTrod Senaxvis teqnologia da teqnologiu-

ri kompleqsebi naklebi fuladi danaxarjebiT (nax. 3). 

 
nax. 3. sasilose masis polieTilenis tomrebSi Cawnexvis teqnologiuri  

sqema stacionaluri mowyobilobis gamoyenebisas. 

 
rogorc nax. 3-dan Cans naSromiT warmodgenili teqnologia gacilebiT 

martivi da iafadRirebuli teqnoligiaa nax. 1-ze da nax. 2-ze warmodgenil teq-
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nologiebTan SedarebiT, radganac ar aris saWiro ZviradRirebuli silosis Se-

sanaxi tranSeebisa da koSkebis mSenebloba, aseve buldozeris SeZena. garda ami-

sa fermerTa (glexur) meurneobebSi ar aris iseTi didi farTobebi, rom saWiro 

iyos mowyobilobis agregatireba traqtorze. farTobebi mcirekonturiania da 

sasilose masala xSirad ar aris im raodenobis, rom aucilebeli iyos aseTi 

ZviradRirebuli teqnikis (traqtori, buldozeri, satransporto saSualebebi) 

SeZena, rac fermerebs dauzogavs rogorc fulad danaxarjebs, aseve samuSao 

dros. fermerebisaTvis ufro momgebiani iqneba stacionalur danadgarTan silo-

sis mozidva da adgilze, sawyobebTan Cawnexa tomrebSi. 

mowyobiloba SeiZleba agregatirdes traqtorebze an gamoyenebul iqnas 

rogorc stacionaluri danadgari. 

traqtorze agregatirebis SemTxvevaSi mowyobilobiT SeiZleba Sesruldes 

mindvris zedapiridan silosis amRebi manqaniT Rvarulebad dayrili sasilose 

masa da moZraobis procesSi CatvirTos tomaraSi. aseve xexilis baRebSi, parkeb-

Si da quCebSi Camocvenili xis xmeli foTlebis miwis zedapiridan akreba da 

tomaraSi Cawnexva. stacionalurad gamoyenebis SemTxvevaSi misi aZvra SeiZleba 

moxdes eleqtro Zravidan reduqtoris saSualebiT da Seasrulos ara marto mo-

ziduli sasilose masis tomrebSi cawnexa, aramed silosis da bzis (daqucmace-

buli), xmeli foTlebis da sxva danamatebis akreba da tomaraSi Cawnexa. mowyo-

bilobas emsaxureba erTi muSa. 

 
nax. 4. sasilose masis polieTilenis tomrebSi Camwnexi               

stacionaluri danadgaris sqema. 
1-silosis masis mimRebi; 2-dguSi; 3-polieTilenis tomara; 4-saxsneli saTavsi; 5-ci-

lindruli zambara; 6-sabrjjen-samuxruWe TefSi; 7-damWerebi; 8-saketela; 9-xrutuna Tama-

sa; 10-tomris Ziri; 11-saxsneli saTavsis Ziri; 12-saxsneli saTavsosCamketi kvanZi; 13-xvimi-

ri; 14-cocxi (TiTebi); 15-transportiori; 16-Sneki. 

nax. 4-ze naCvenebi konstruqciiT SeiZleba Sesruldes ori mniSvnelovani 
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samuSao. traqtorze agregatirebisas, jer erTi - mindorSi Rvarulebad dawyo-

bili sasilose masis, aseve xexilis baRebis, parkebis, quCebis dasufTaveba Ca-

mocvenili xis xmeli foTlebisagan, aseve naklebi SromiTi da fuladi danaxar-

jebiT. akrebili xmeli foTlebis gadamuSavebiT da misi Semdgomi dafqviT miRe-

buli fqvili SeiZleba gamoyenebuli iqnas saqonlis kombinirebuli sakvebis da-

namatad, rogorc erT-erTi Semadgeneli komponenti da meore - polieTilenis 

tomrebSi silosis masis Senaxva sazamTrod saqonlis sakvebad specialuri Zvi-

radRirebuli silos sacavebis gareSe. 

moTibuli mwvane balaxisa da sasilose kulturebis silosad polieTile-

nis tomrebSi Camwnexi mowyobiloba (nax. 4, a) Sedgeba silosis mimRebisagan 1 

masSi moTavsebuli dguSiT 2, mimRebze wamocmuli tomrisagan 3, saxsneli saTav-

sisagan 4, romelSic Cadgmulia zambara 5  da sabrjen-samuxruWe TefSisagan 6, 

romelic damWerebiT 7 dakavSirebulia saketelasTan 8, es ukanaskneli modebaSi 

imyofeba xrutuna TamasasTan 9. foTlis miwodebisaTvis mimRebze 1 gaTvaliswi-

nebulia xvimiri 13. 

sasilose masis akreba da tomaraSi Cawnexa stacionalur mdgoma-reobaSi 

xorcieldeba Semdegnairad: sasilose masa silosis mimRebis 1 xvimirs 13 miewo-

deba cocxis 14, transportioris 15 da Snekiss 16 saSualebiT da Semdgom dgu-

Sis 2 meSveobiT tomaraSi 3 (nax 4, b). amasTan sasilose masis cocxze da tran-

sportiorze miwodebas axdens erTi muSa, xolo Sevsebuli tomris moxsnas da 

axliT Secvlas meore. 

dguSis 2 winsvliTi moZraobisas dawnexili silosis masa awveba tomris 1 

Zirs 10, es ukanaskneli ki sabjen-samuxruWe TefSas 6 da tomara, masSi Cawnexi-

li silosiT, zambaris 5 SekumSvis gamo, daiwyebs saxsnel saTavsSi 4 Zirisaken 

11 gadaadgilebas da Sevsebas. am dros saketela 8 TefSasTan 6 erTad gadaad-

gildeba xrutuna Tamasaze 9. sabrjen-samuxruWe TefSas 6 bolomde gadaadgile-

biT xdeba tomris mTlianad Sevseba silosiT. 

Sevsebuli tomris moxsna da misi carieliT Secvla xorcieldeba saxsneli 

saTavsis 4 ganTavisuflebiT Camketi kvanZis 12 saSualebiT. 

tomris Sevsebis xarisxis kontroli, misi moxsna piris germetulad mokvra 

da axliT Secvla xorcieldeba operatoris mier. amasTan tomaraSi foTlis 

cawnexis xarisxi damokidebulia zambaris 5 sixisteze da xrutuna-Tamasas 9 

bijze. 

sasilose masis tomaraSi Camwnexi mowyobiloba uzrunvelyofs tomaraSi 

sasilose masis Tanabar ganawilebas, gamoricxavs celofnis tomris dazianebas, 

zrdis Sromis nayofierebas. mowyobilobis cocxis pirmodebis siganea 90 sm. 

mwarmoebloba erT cvlaSi tolia 1,45 ha (traqtorTan agregatirebis SemTxveva-

Si). 

publikacia ganxorcielda samecniero proeqtis AR/40/9-250/14  biujetidan. 
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ENSILAGE PRESSING DEVICE IN POLYETHYLENE BAGS 
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Samadalashvili A., Lomidze A., Modebadze T. 

Akaki Tsereteli State University 

Summary 

 By aggregation of the ensilage pressing device in polyethylene bags to the tractor, the storage clamps and 

towers for storage of bags can be replacedby various cheap cellars and other coating premises.  

 
  

 

 

eleqtrowiduri gadadnobisas sxmulis formirebis pirobebi 

 
kakauriZe a., zivzivaZe l., cqifuriSvili T., SalamberiZe m. 

akaki wereTlis saxelmwifo universiteti 
 

statiaSi Camoyalibebulia liTonebis eleqtrowiduri gadadnobisas kristalizator-
Si sxmulis maRali xarisxis zedapiris formirebis pirobebi. sxmulis zedapiris xarisxi da-
mokidebulia widis qerqis Siga zedapirze, SenarCunebuli Txevadi widis profilze, misi sis-
qis stabilurobaze. naCvenebia, rom Cvens mier SemoTavazebuli originaluri aradnobadeleq-
trodebian kristalizatorSi Siga kedlis maxloblobaSi widaSi gamavali denis simkvrive 
da Sesabamisad gamoyofili siTbos intensivoba gazrdilia da amiT gaumjobesebulia sxmu-
lis zedapiris formirebis xarisxi, sarkiseburi zedapiris mqone sxmulis miReba. 

 
gadamdnari liToni, wveTebis saxiT gaivlis widis abazanas, grovdeba krista-

lizatoris qveda nawilSi da warmoqmnis eleqtrowidur sxmuls. kristalizatoris 

kedlidan gagrilebis sistemis mier siTbos arTmevis Sedegad Txevadi liTonis nawi-

lobrivi kristalizacia xdeba, xolo misi zeda nawili mudmivad Txevad mdgomareo-

baSia da warmoqmnis e. w. liTonis abazanas. liTonis abazana Semofarglulia qvevi-

dan da gverdebidan gamyarebuli liToniT, xolo zemodan, Txevadi widis abazaniT. 

liTonuri abazanis moculoba icvleba da igi damokidebulia eleqtrowiduri ga-

dadnobis procesis reJimze da gamagrilebeli zedapiris mdebareobaze. 

eleqtrowiduri gadadnobis optimalur pirobebSi liTonur abazanas aqvs ci-

lindruli forma, romelic zemodan amozneqilia. (nax.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
liTonuri abazanis cilindrul nawilSi myof Txevad liTonsa da widis qerqs 

6 

1 

2 

3 4 

5 

A 

 
 
 

nax.1. liTonuri abazanis cilindruli zonis  
kristalizatoris kedelTan kontaqtis sqema 

1. widis qerqi; 2. Txevadi widis fena; 3. sahaero RreCo;  
4. gamyarebuli sxmuli; 5. Txevadi liToni; 6. Txevadi wida. 
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Soris mudmivad imyofeba Txevadi widis Sre (2), rac ganpirobebulia imiT, rom widis 

qerqis zedapiris temperaturasa da liTonis dnobis temperaturas Soris sxvaoba 

1000C-ze metia. widis Sris (2) sisqe  damokidebulia widis da liTonis simkvriveTa 

sxvaobaze, liTonis boZis simaRleze da liTonsa da widas Soris adgeziis sidideze.  

Txevadi fenis sisqe miaxloebiT SeiZleba gamoiTvalos formuliT. [1] 

 

sadac -widasa da liTons Soris adgeziaa,  ; 

h-widis da liTonis cilindris simaRle; 

-Tavisufali vardnis aCqarebaa. 

gamoTvlebi moyvanili formuliT aCveneben, rom widis Txevadi fenis sisqe wida-

sa da liTonis gamyofi donidan 20, 30 da 40 mm-ze Sesabamisad daaxloebiT tolia 1mm, 

0,66 mm, 0,5 mm. 

Tu miviRebT, rom Txevadi fenis (2) Tbogamtaroba tolia widis qerqis (1) Tbogam-

tarobis, maSin Tburi nakadisaTvis 1·106 kkal/m2.sT, rac damaxasiaTebelia eleqtrowi-

duri gadadnobis procesisaTvis, Txevadi widis 0,5 mm sisqeze temperaturuli vardna 

Seadgens 200-2500C, rac sruliad sakmarisia imisaTvis, rom am zonaSi Sewydes gamdna-

ri liTonis kristalizaciis procesi. 

gamdnari widisa da liTonis gamyofi zedapiridan daSorebasTan erTad  Txeva-

di fenis (2) temperatura mcirdeba da  iwyeba gamdnari liTonis kristalizacia (nax. 

1, wertili A). pirvelad warmoiqmneba qerqi, Semdeg ki iwyeba liTonis eleqtrowidu-

ri gadadnobis sxmulis zedapiruli fenis warmoqmna. e. i. eleqtrowiduri gadadno-

bis procesSi sxmuli formirdeba qerqis Siga zedapirze Txevadi widis fenaze (2).  

amis gamo sxmulis zedapiris xarisxi damokidebulia widis qerqis Siga zedapiris 

profilze, misi sisqis stabilurobaze, aseve qerqis unarze winaaRamdegoba gauwios 

mis msxvrevas sxvadasxva Zalebis moqmedebisas. 

aRniSnul faqtorebze dadebiTad moqmedebs kristalizatoris kedlis gagri-

lebis dabali intensiuroba, aseve kristalizatoris kedlis maxloblobaSi gamoyo-

fili siTbos intensiobis gazrda, gagrilebis pirobebis ucvlelobis SemTxvevaSi. 

es ukanaskneli gazrdilia Cvens mier SemoTavazebuli originaluri kristalizato-

ris da gadadnobis sqemis mixedviT liTonebis eleqtrowiduri gadadnobisas. 

nax.2-ze warmodgenilia aradnobadeleqtrodebiani kristalizatoris Txevad 

widaSi eleqtruli velis ganawilebis suraTi, romelic damaxasiaTebelia eleqtro-

widuri gadadnobis SemTxvevisaTvis, roca eleqtruli energiis kvebis wyarodan da-

debiTi da uaryofiTi potenciali miewodeba Sesabamisad qveda da zeda aradnobad 

eleqtrodebs. eleqtruli velis ganawilebis warmodgenili suraTi miRebulia eq-

sperimentulad eleqtrowiduri gadadnobis fizikuri modelis saSualebiT.[2]  

modelSi potencialebi simetruladaa ganawilebuli kristalizatoris Rer-

Zis, agreTve kristalizatoris zeda da qveda nawilSi. 

cxrilidan  da nax.2-dan Cans, rom kristalizatoris Siga kedlis maxlobloba-

Si potenciali gacilebiT maRalia e. i. maRalia kristalizatoris Siga kedelTan 

widaSi gamavali deni da Sesabamisad gamoyofili joulis siTbo. am ukanasknelis ga-

mo SemoTavazebul originalur aradnobadeleqtrodebian kristalizatorSi miRe-

buli liTonis eleqtrowiduri gadadnobis sxmulis zedapiri sarkiseburia.  



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 273 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cxrili. potencialis ganawileba kristalizatorSi, roca deni miyvanilia  

modelis marcxena zeda da qveda aradnobad eleqtrodebTan. 

# ujris mdebareoba 

kristalizatoris 

simaRleze Sua xazi-

dan, mm 

ujris mdebareoba kristalizatoris Ziris gaswvriv 

da maTSi potencialis mniSvnelobebi 

(volti) 

SeniSvna 

3 4 5 6 7 7 6 5 4 3 2 1 

1 4 3,5 2,0 0,1 0 0 0 0 0 0 0 0 0 
kr

is
t
al

iz
at
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-
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2 3 3,4 3,0 2,4 2,0 1,14 1,14 0,7 0,7 0 0 0 0 

3 2 2,5 2,0 2,0 1,8 1,2 1,2 0,8 0,6 0,5 0,2 0 0 

4 1 2,4 2,0 2,0 1,4 1,0 1,0 0,8 0,5 0,3 0,2 0,1 0 

5 1 2,4 2,0 2,0 1,4 1,0 1,0 0,8 0,5 0,3 0,2 0,1 0 

6 2 2,5 2,1 2,0 1,8 1,7 1,2 0,8 0,6 0,5 0,1 0 0 

7 3 3,4 2,6 2,6 2,0 1,2 1,2 0,7 0,6 0 0 0 0 

8 4 3,5 0,3 0,3 0 0 0 0 0 0 0 0 0 

 
amrigad, liTonebis eleqtrowiduri gadadnobis SemoTavazebul originalur 

kristalizatorSi Siga kedlis maxloblobaSi Txevad widaSi gamavali denis sim-

kvrive da Sesabamisad gamoyofili siTbos intensioba gazrdilia da amiT gaumjobe-

sebu lia sxmulis zedapiri formirebis xarisxi. 
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nax. 2. eqvipotencialebis da denis xazebis mdebareoba, roca deni miyvanilia 

modelze marcxena zeda da qveda eleqtrodebTan erTdroulad. 
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MOULDING FORMATION CONDITIONS IN ELECTROSLAG REMELTING PROCESS  

Kakauridze A., Zivzivadze L., Tskipurishvili T., Shalamberidze M. 

Akaki Tsereteli State University 

Summary 

The paper describes the conditions of moulding surface formation during the electroslagremelting process. 

There is shown that intensity of heat released near the inside wall is maximal, and this improves the quality 

of moulding surface formation conditions.  
 

 

 

 

boWkos gamosamuSavebeli minebis nedleulis sinTezi 

 
bakuraZe e., zivzivaZe b., vadaWkoria z., bakuraZe k., abesaZe n. 

akaki wereTlis saxelmwifo universiteti 
 

     naSromSi ganxilulia axali saxis da Tvisebebis boWkos formirebisaTvis sawrmoo 
teqnologiuri narCenebisagan saxvadasxva sinTeziT minebis gamomuSaveba da maTi Tvise-
bebis kvleva. 

 
     safeiqro kompoziciuri masalebis warmoebaSi yvelaze didi xvedriTi wili 

modis minis boWkoze, romelic kvlav rCeba lideris rolSi [1-3]. minis boWkos 

da misgan damzadebul kompozitTa Tvisebebi ZiriTadad ganisazRvreba minis Se-

madgenlobiT. saWiroa iseTi nedleulis da recepturis Zieba, romlebic minas 

da misgan warmoebul boWkos mianiWebs Termomedegobas da qimiur mdgrado-

bas.Cvens mier  axali saxis minis boWkos formirebisaTvisSerCeuli iqna adgi-

lobrivi metalurgiuli da qimiuri qarxnebis sawarmoo teqnologiuri naCrene-

bi, kerZod, zestafonis feroSenadnobTa qarxnis (zfq) da quTaisis liTofonis 

qarxnis (qlq) sawarmoo narCenebi. 

     boWkos maformirebeli minebis misaRebad momzadebuli iqna sxvadasxva Se-

madgenlobis nazavebi, romlebic Sedgebian Semdegi komponentebisagan: komponen-

ti 1 - zfq narCenebi,  komponenti 2 - qlq narCenebi, komponenti 3 - kvarcis qviSa. 

qvemoT mocemulia sxvadasxva Semadgenlobis  nazavebis receptura: 

 Kkomponenti №1, % Kkomponenti №2, % Kkomponenti №3, % 

nazavi № 1 50 5 45 

nazavi № 2 40 20 40 

nazavi № 3 30 20 50 

nazavi № 4 20 15 65 

nazavi № 5 22 11 67 

nazavi № 6 24,4 22 53,6 

nazavi № 7 25 20 55 

 

     erTerT ZiriTad Tvisebas, romelic gansazRvravs nazavis  vargisianobas 

boWkos gamomuSavebisaTvis warmoadgens maTi dnobis saboloo temperatura. na-
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zavis dnobadoba aris mniSvnelovani faqtori, romelic gansazRvravs homogenu-

ri nadnobis miRebis SesaZleblobas. 

     dnobis saboloo temperatura Seesabameba gadnobili nazavis mTlian  dine-

bas. am SemTxvevaSi  gamodinebuli wveTis zedapiri unda iyos mbzinvare, gluvi, 

xilvadi kristaluri da airis SenaerTebis     (CanarTebis) gareSe. 

     nazavi, romelic gamoiyeneba boWkos warmoebisaTvis  dnobadobis mixedviT 

pirobiTad SeiZleba dayofili iqnas or jgufad:  dnobis saboloo temperatura  

14500C-mde; dnobis saboloo temperatura 1450 0C-ze meti.  uwyveti boWkos warmoe-

bis dros ZiriTadad gamoiyeneba sinjebi, romelTa   dnobis temperatura ar 

aRemateba 14500C.  

     gamosakvlevi nazavis  dnobis temperaturis gansazRvrisaTvis naxevrad 

mSrali meTodiT vaxdenT nimuSebis dawnexvas. nimuSebs, romelTa zomebia  si-

maRle 5 mm, diametri 3 mm, vaTavsebT RumelSi. Rumelis gacxeleba xdeba siCqa-

riT 5 0C/wuTSi. 14500C  temperaturaze 0,5 saaTis ganmavlobaSi dayovnebiT nazavi 

№1 sinjs aqvs airis buStulakebi da  gaudnobeli CanarTebi. 

     nimuSi sinjidan   №2,  dayovnebis imave pirobebisas,  aris ufro erTgvaro-

vani, SeiniSneba airis  calkeuli   buStulakebi da  erTi gaudnobeli CanarTis 

nawilaki. dnobadobis  gansazRvris Sedegebi warmodgenilia nax.1-ze. 

    
    lRobili  № 1 nazavidan               lRobili № 2 nazavidan 

nax.1. lRobilebi №1 da №2  nazavidan 14500C temperaturaze 0,5 saaTis  

dayovnebis Semdeg 

 

     minis misaRebad nedleulis masa woniT 300 gr moTavsebuli iqna qimiurad 

inertul 500 ml moculobis  korundis tigelSi. tigeli ganvaTavseT vertika-

lur milisebr RumelSi. maqsimalurma samuSao temperaturam Seadgina 15000C. 

10000C  temperaturamde gacxelebis siCqare Seadgenda 7–80C/wuTSi, xolo 15000C-

mde ki 2–50C/wuTSi. 

     gacxelebis miTiTebuli temperaturuli reJimi gvaZlevs saSualebas ar 

moxdes lRobilis swrafi aqafeba, romelic SesaZlebelia  degazaciis etapze  

salRobSi myofi airis da qimiurad Sekruli wylis gamoyofis xarjze. 

qvemoT mocemulia  salRobis dnobisa da minis miRebis pirobebi. 

     nazavi №1. 10500C temperaturaze iwyeba Secxobis procesi da SeimCneva  na-

zavis moculobis zrda  degazaciis procesebis xarjze, romelic Zlierdeba  

1150–12000C temperaturis intervalSi. 12000C   temperaturaze nazavs vayovnebT 1 

saaTis ganmavlobaSi airis gamoyofis Semcirebamde da tigelSi mis dawevamde. 

airis zomieri gamoyofa dafiqsirebuli iqna 14500C temperaturamde. miRebuli 



 

 

 

IV saerTaSoriso samecniero konferencia 

IV INTERNATIONAL   SCIENTIFIC  CONFERENCE 

 276 

lRobilis wyalSi gadasxma  SeuZlebeli iyo, vinaidan is iyo Zalze blanti. Se-

sabamisad, tigelidan  maSebis daxmarebiT lRobili  nawil-nawil movaTavseT 

civ wyalSi. tigeli agreTve movaTavseT wyalSi (0–10C). miRebuli minis daTvali-

erebam  mikroskopis daxmarebiT gviCvena,  rom   erTgvarovnoba  sruliad ar  

arsebobs. 

     Nazavi №2. 11000C  temperaturaze  daiwyo airis  zomieri gamoyofa mocu-

lobis matebis gareSe, romelic iyo dafiqsirebuli 14000C temperaturaze. aRniS-

nul temperaturaze  xdeba airis intensiuri gamoyofa moculobis mniSvnelovan 

zrdasTan erTad da romelic Semdeg TandaTan mcirdeba, magram ar wydeba 14500C-

ze. 14800C temperaturis miRwevisas  sami saaTis dayovnebis Semdeg  lRobilis 

raodenoba tigelSi iwyebs klebas. Wiqa amoRebuli iqna Rumelidan da Semdeg 

moTavsebuli iqna civ wyalSi. am procesis dros  aRmoCnda, rom  №2 nazavis 

lRobilma masalam amoWama korundis tigeli da gadmoiRvara RumelSi. pirvel 

etapze Catarda lRobilis Secxoba 800–10000C temperaturaze mufelis RumelSi 

1,5 saaTis ganmavlobaSi. 

     nazavi №3. zomieri gawonasworebuli airis gamoyofa iwyeba 11000C   tempe-

raturaze. 14000C temperaturis miRwevisas aRiniSneba nazavis moculobis zrda, 

romelic maqsimums aRwevs 14200C-ze. aRniSnul temperaturaze xdeba nazavis 

lRobilis dayovneba 2 saaTis ganmavlobaSi airis gamoyofis procesis srul 

damTavrebamde. 14500C temperaturaze aRiniSneba lRobilis zedapirze  erTeuli 

buStulebi. saboloo 14500C temperaturaze vaxdenT lRobilis dayovnebas 3 saa-

Tis ganmavlobaSi. lRobilis  wyalSi  gadasxma  ar iyo SesaZlebeli, vinaidan 

is iyo Zalze blanti, amitom, civ (0–10C) wyalSi moTavsebuli iqna tigeli. sru-

li gagrilebis Semdeg mina amotexili iqna tigelidan, davaqucmaceT da mikros-

kopis saSualebiT 750*–2500* gadidebiT Seswavlili iqna misi homogenuroba. Se-

degebi warmodgenilia nax.2-ze. 

   
erTgvarovani mina                 araerTgvarovani mina 

    
gaulRobeli mina 

nax.2. №3 nazavidan  sxvadasxva saxis miRebuli minebi  

nazavi №4. 10600C temperaturaze iwyeba nazavis  Secxoba, romelsac Tan ax-

lavs airis zomieri gamoyofa. temperaturis Semdgomi mateba iwvevs nazavis mo-
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culobis matebas airis gamoyofis gaZlierebis xarjze. 13750C temperaturaze Se-

iniSneba lRobilis daweva da airis gamoyofis Semcireba. saboloo 14500C tempe-

raturaze xdeboda  lRobilis dayovneba 3 saaTis ganmavlobaSi. 

 

 
nax.3.  №4 nazavidan miRebuli mina 

 

     gamagrebuli lRobilis  zedapiri warmoadgens didi raodenobiT gaudnobe-

li nawilakebisagan Semdgar xorklian masas. Semdgomi gamokvlevebisaTvis  Ser-

Ceuli iqna mina  CanarTebis gareSe. 

     nazavi №5. 1190–12500C temperaturaze zedapirze SeimCneoda   airis  uxvi ga-

moyofa. 13000C temperaturaze lRobilis zedapiri  araTanabaria,  xorkliania 

da ar gaaCnia minisaTvis damaxasiaTebeli brwyinvaleba. nazavis 3 saaTiani 14500C 

tamperaturaze dayovnebis Semdeg homogenuri lRobili ar  iyo miRebuli da Se-

sabamisad, moxda Semdgomi dayovneba 2,5 saaTis ganmavlobaSi 15000C temperatura-

ze. miRebuli mina gamotexili iqna tigelidan. vizualurad SemCneuli iqna misi 

Sreebad daSla. zeda nawilSi SemCneuli iqna moTeTro–wiTuri feris CanarTebis 

Sejgufeba. mikroskopis qveS Catarebulma  gamokvlevebma  gviCvena, rom aRniS-

nul CanarTebs ar gauvliaT minis warmoqmnis stadia. maTi dnobis temperatura 

15000C-ze metia. 

     dadasturda, rom aRniSnul  nazavs srulad ar gaaCnia boWkos warmoqmnis 

Tvisebebi. boWkos xeliT gawelvisas aRmoCnda, rom is mTlianad Sedgeba krista-

luri CanarTebisagan. 

     nazavi №6. nazavs valRobT korundis tigelSi. 11000C  temperaturaze xdeba 

nazavis komponentebis Secxoba, Semdeg ki 12000C   temperaturaze adgili hqonda 

gadnobili nazavis nawilis aqafebas moculobis gazrdasTan erTad, rac  aR-

mofxvrili  iqna meqanikuri moreviT.  airis zomieri gamoyofa xdeboda 14500C 

temperaturamde. periodulad lRobilis nawils viRebdiT erTgvarovnobis da-

sadgenad. vinaidan Sedegi iyo aradamakmayofilebeli,  gadawyvetili iqna dayov-

nebis drois gazrda. Sedegad, lRobilis dayovnebis drom Seadgina 15 saaTi 

14500C  temperaturaze, xolo 15000C temperaturaze ki 9 saaTi. 

     miRebuli minis gamokvlevam mikroskopis qveS  gviCvena, rom lRobilis 9 

saaTianma dayovnebam  15000C temperaturaze ar mogvca saSualeba migveRo homoge-

nuri lRobili. miRebuli minis mikrostruqtura Seicavs Zalze did raodenobas 

airisa  da gaudnobel CanarTebs.   
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    №6 nazaviani boWkos miReba SeuZlebelia, vinaidan lRobili kristaldeba 

filierSi. 

     nazavi №7. aRniSnuli lRobili  warmodgenili iqna ruxi  feris Secxobi-

li masis saxiT. 13300C temperaturaze zedapirze SeimCneva nawilobrivi  dnoba da 

airis gamoyofa. temperaturis awevam 15000C-mde  da dayovnebam 0,5 saaTis ganmav-

lobaSi ar gamoiwvia nazavis  dnoba.   nazavis moculobis 90%  darCa sawyis 

mdgomareobaSi da Semdgomi minis warmoqmna aris SeuZlebeli. 

     mikroskopiulma  kvlevebma gviCvena, rom yvela  nimuSs gaaCnia  mniSvnelo-

vani raodenobis airisa da gaulRobeli CanarTebi. SedarebiT erTgvarovania  

№3 da №4 nazavebidan miRebuli minebi. 

       amrigad, boWkos warmomqmneli minis gamosamuSavebeli nedleulad Sevir-

CieT mdidari Sedgenilobis zestafonis feroSenadnobTa qarxnis da quTaisis 

liTofonis qarxnis  sawarmoo teqnologiuri narCenebi da makoreqtirebeli 

komponenti. sxvadasxva Semadgenlobis nazavebidan yvelaze erTgvarovania №3 da 

№4 nazavebidan miRebuli minebi. Semdgom etapze am nazavebidan gamomuSavebuli 

iqneba axali saxisa da Tvisebebis boWkoebi. 
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SYNTHESIS OF RAW MATERIALS FOR FIBER-FORMING GLASSES 

Bakuradze E,, Zivzivadze B., Vadachkoria Z., Bakuradze K., Abesadze N. 

Akaki Tsereteli State University 

Summary 

 The paper dwells on producing the glasses from industrial-technological waste for forming a novel fiber by 

using various syntheses, as well as on studying their properties.  

 

 

 

avtomobilis arafataluri  Sigasalonuri tramvisას  
mZRolis dazianebebis analizi 

 
CogovaZe j., CogovaZe l.  

akaki wereTlis saxelmwifo universiteti 
 
Catarda analizi mZRolis mier yvelaze xSirad miRebuli dazianebebis xasiaTsa da lo-

kalizaciaze avtomobilis Siga salonis arafataluri tramvirebis dros, rogorc marcxena-
saWian aseve marjvenasaWiani avtomobilebis sxvadasxva saxis Sejaxebis dros. dadginda, rom 
centraluri frontaluri Sejaxebisas mZRolis ZiriTadi dazianebebis lokalizaciis adgi-
lia sxeulis  wina nawili, marcxena frontaluri Sejaxebisas - sxeulis  wina da marcxena na-
wili, xolo marjvena frontaluri Sejaxebisas mZRolis ZiriTadi dazianebebis lokaliza-
ciis adgilia sxeulis  wina da marjvena  nawili;   

 

saerTaSoriso organizacia World Health Organization-is monacemebiT, yovelwli-

urad msoflioSi avtosagzao SemTxvevebis Sedegad 1.2 milioni adamiani iRupeba, xo-
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lo 50 milioni iRebs sxvadasxva simZimis travmebs.  

  saqarTveloSi sagzao-satransporto SemTxvevebisa da saavtomobilo travma-

tizmis mniSvnelovani zrda (nax.1) uSualodaa dakavSirebuli rogorc obieqtur mi-

zezebTan: kerZod Semotanili avtomobilebis raodenobis zrda,  saavtomobilo gze-

bis cudi mdgomareoba, da a.S. aseve subieqturTan- mZRolebis momzadebis arasakmari-

si done, gauaresebulia gzebze  moZraobis disciplina,  araswori manevrireba, siCqa-

ris gadaWarbeba, nasvam mdgomareobaSi avtomobilis marTva, aseve, qveiTebis braleu-

lobiT gamowveuli SemTxvevebi da sxva. amasTan mniSvnelovnad gaizarda msubuqi av-

tomobilebis moZraobis siCqare. avariulobis gamomwvevi mizezebis gamokvleva ar 

warmoadgens sasamarTlo medicinis prirogativas, amasTan is mniSvnelovan gavlenas 

axdens sasamarTlo-samedicino eqspertizis Catarebis Taviseburebaze. 

saqarTveloSi 100 000 registrirebul avtomanqanaze avariebis ricxvis klebis 

tendencis miuxedavad avtosagzao SemTxvevaTa absoluturi maCvenebeli mainc ima-

tebs da Sesabamisad izrdeba daSavebulTa ricxvic.  

saerTaSoriso organizacia OECD-is (ekonomikuri TanamSromlobisa da ganviTa-

rebis organizacia) 2013 wlis monacemebis mixedviT, 1 milion mosaxleze avtosagzao 

SemTxvevebis Sedegad gardacvlilTa raodenobiT (118 gardacvlili) saqarTvelos 

evropaSi erT-erTi yvelaze cudi statistika aqvs.  

aRsaniSnavia, rom pasiuri usafrTxoebis elementebis gaumjobesebis gamo 10-

12 wliswinandeli avtomobilis salonis konstruqcia mniSvnelovnad gansxvavdeba 

Tanamedrovesagan. ramac mniSvnelovnad Secvala salonis Siga elementebiT gamowve-

uli tramvebis xasiaTi. saeqsperto praqtikaSi praqtikulad ar gvxvdeba dazianebebi, 

romlebic aqamde iTvleboda klasikuri. Seicvala sxeulis dazianebis xasiaTi. gaC-

nda axali morfologiuri niSanTvisebebi. saeqsperto komisiis muSaobaSi warmoiSva 

gansazRvruli sirTule,  kerZod, rodesac xdeba pirovnebis dadgenis sakiTxi, Tu 

vin imyofeboda saWesTan sagzao-satransporto SemTxvevis momentSi, gansakuTrebiT 

TviTmxilvelis ar arsebobisa anda ramodenime dazaralebuli piris dros. 
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saeqsperto poziciidan gamomdinare gansakuTrebiT rTulia avtomobilis Siga 

salonis elementebiT tramvebisas dazaralebulis (mZRoli, wina savarZelis mgzav-

ri) ganlagebis adgilis sakiTxis gadawyveta.  

mravali naSromi, romelSic ganxilulia mZRolis dazianebebis xarisxi avto-

mobilis Siga saloniT tramvirebis dros exeba mxolod fatalur Siga salonur 

tramvebs (1, 2, 3) 

kvlevis mizans warmoadgens mZRolis Siga salonis elementebiT gamowveuli 

arafataluri tramvis xasiaTisa da lokalizaciis gansazRvra  rogorc marjvenasa-

Wiani aseve marcxenasaWiani avtomobilebis sagzao-satransporto SemTxvevebis 

dros.  

kvlevis dros Seswavlili iqna ramodenime sagzao-satransporto SemTxveva, 

romlebSic dazianebebi miiRo  mZRolebma. kvlevebi Catarda rogorc marcxenasaWian 

aseve marjvenasaWian avtomobilebze Sejaxebis tipis gaTvaliswinebiT. 

Sejaxebis tipis mixedviT yvelaze xSirad aRiniSneba frontaluri (71,5%) Seja-

xeba.  avtomobilis centraluri frontaluri Sejaxebisas aRiZvreba avtomobilis 

wina centraluri nawilis   deformacia (nax.2.a), xolo mZRoli da mgzavrebi inerci-

is ZaliT ZiriTadad gadaadgildebian mxilod uknidan win.  

frontaluri marcxena Sejaxebisas xdeba avtomobilis wina marcxena nawilis 

deformacia (nax.2, b), xolo mZRoli da mgzavrebi inerciis ZaliT ZiriTadad gada-

adgildebian uknidan win da marjvnidan marcxniv, 

marjvena frontaluri Sejaxebisas xdeba avtomobilis wina marjvena nawilis 

deformacia (nax.2, g), romlis drosac mZRoli da mgzavrebi inerciis ZaliT Ziri-

Tadad gadaadgildebian uknidan win da  marcxnidan marjvniv. avtomobilis salonSi    

dartymis mxares mjdom adamianebze modis yvelaze  meti dazianebebi. 

  
a.                                                             b.                                                 g. 

nax.2.avtomobilis frontaluri centraluri (a), marcxena (b) da marjvena (g) dajaxebebi 

 

sagzao-satransporto SemTxvevebis Semdeg, saWiroebis mixedviT, yvela daza-

ralebulebs CautardaT gamokvleva da mkurnaloba stacionarSi an polikninიkaSi. 

sasamarTlo-samedicino eqspertiziT tramvis meqanizmisa da miyenebis xandazmulo-

bis dadgena xdeba samedicino dokumentebis safuZvelze, romlებSic  xSirad da-

zianebebi aRwerilia Zalian zedapirulad, zusti lokalizaciis, raodenobebis, 

formis, zomebisa da morfologiuri Tvisebebis miTiTebis gareSe.  
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tramvis saxis mixedviT daJeJili Wrilobebi aReniSnaT: Tavis Tmian nawilSi; 

marcxena yuris niJarasTan; nikapze. Calurjebebi da sisxlCaqcevebi- Tavis Tmian na-

wilSi, saxeze da safeTqelis midamoebSi. Tvalis budes, Sublis, saxis ConCxis da 

qveda ybis Zvlebis  gatexva; Tavis tvinis daSaveba.  mZRolebs Tavis dazianeba aReniS-

na frontaluri, gverdiTi marcxena, TanxvedriTi dajaxebisas da uZrav dabrkoleba-

ze Sejaxebisas. dazianebebs praqtikulad yovelTvis hqonda marcxena mxares loka-

lizacia.  

marjvenasaWiani avtomobilis frontaluri Sejaxebis mxolod or SemTxvevaSi 

aReniSna saxeze  daJeJili Wrilobebi, Calurjebebi da sisxlCaqcevebi marjvena mxa-

res lokalizaciiT. 

gulmkerdis kanis safarze  Calurjebebi da sisxlCaqcevebi aReniSna: wina, wina-

marcxena da marjvena gverdiTi frontaluri Sejaxebisas; marjvena gverdiTi Seja-

xebisas. neknebis erTmxrivi da ormxrivi motexiloba aReniSna iSviaTad. gulmkerdis, 

laviwis da beWis motexiloba ar dafiqsirebula Sejaxebis arcerT SemTxvevaSi. 

iSviaTad aRiniSna zeda kidurebis motexiloba. or SemTxvevaSi aReniSna sis-

xlCaqcevebi idayvis saxsrebis midamoebSi. oTx SemTxvevaSi marcxena mxris Zvlis mo-

texiloba, xolo marjvenasi- orjer. 

zeda kidurebTan SedarebiT  ufro xSirad SeimCneoda qveda kidurebis tramvi-

reba.  ToTxmet SemTxvevaSi qveda kidurebis tramva aReniSna marcxena saWiani avto-

mobilebis sagzao-satransporto SemTxvevis dros, xolo Svidi- marjvenasaWianis 

dros. marjvenasaWianis SemTxvevaSi aReniSna: daJeJili Wrilobebi marcxena  (2 Sem-

Txveva) da marjvena (3 SemTxveva)  muxlis saxsrebis wina zedapirze.  marjvena barZa-

yis Zvlis   SuasaZgiduli motexiloba (1 daSavebuli), orive barZayis Zvlebis SuasaZ-

giduli motexiloba (1 daSavebuli), koW-wvivis Zvlebis motexiloba-RrZoba (1 daSa-

vebuli), ukana terfis Zvlebis motexiloba (1 daSavebuli). 

sxeulis midamoebze arsebuli  dazianebebis lokalizaciis analizma aCvena, 

rom dajaxebis sxvadasxva tipis  da saWis ganlagebis miuxedavad mZRolebs ar aRe-

niSna kiseris tramvirebis arcerTi SemTxveva da praqtikulad ar dazianebula men-

jis midamoebi. 

Catarebuli kvlevebis analizma aCvena: 

-centraluri frontaluri Sejaxebisas mZRolis ZiriTadi dazianebebis loka-

lizaciis adgilia sxeulis  wina nawili;   

-marcxena frontaluri Sejaxebisas mZRolis ZiriTadi dazianebebis lokali-

zaciis adgilia sxeulis  wina da marcxena nawili;  

-marjvena frontaluri Sejaxebisas mZRolis ZiriTadi dazianebebis lokali-

zaciis adgilia sxeulis  wina da marjvena  nawili;   

 -marcxenasaWiani avtomobilis salonis SigniT miyenebuli dazianebebs aqvs 

marcxenamxariani lokalizacia; 

-marjvenasaWiani avtomobilis salonis SigniT miyenebuli dazianebebs aqvs 

`sarkiseburi” asaxva; 

-mZRolebs ar aReniSnebaT kisris, gulmkerdis beWis organoebis dazianebebi; 

iSviaTad aRiniSneboda muclisa da TeZoebis dazianebebi; 
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ANALYSIS OF INJURIES TO THE CAR DRIVER WITH A NONFATAL IN-VEHICLE TRAUMA 

Chogovadze J., Chogovadze L. 

Akaki Tsereteli State University  

Summary  
 An analysis was conducted on the pattern and localization of the most common injuries to the driver with a 

nonfatal in-vehicle trauma during the collision of both left-hand steering and right-hand steering cars with during the 

different types of collisions. It has been established that during the central frontal collision, the main injuries to the 

driver are localized at the frontal part of the body, during the left-side frontal collision – the left and right parts of 

the body, but during the right-side frontal collision the main injuries to the driver are localized at the frontal and 

right parts of the body.     

 

 

 

 

 

denTis gasroliT warmoqmnili Wvartlis 

kriminalistikuri kvleva 

 
ormocaZe n., zivzivaZe a., mesxiSvili m. 

akaki wereTlis saxelmwifo universiteti 
 

 statiaSi ganxilulia cecxlsasroli iaraRis gamoyenebasTan dakavSirebul sxva-
dasxva obieqtebze Semavali  Riobebis irgvliv da iaraRis lulis arxidan gasrolis 
WvartlSi liTonebis aRmoCena sxvadasxva meTodebis gamoyenebiT 

 
cecxlsasroli iaraRis gamoyenebasTan dakavSirebul kompleqsuri krimina-

listikuri kvlevis saqmeebSi (mkvlelobebis, TviTmkvlelobebis, sxeulis dazia-

nebebis da a. S. SemTxvevebSi) sasamarTlo qimiuri kvlevis sagans warmoadgens; 

Tofis wamali, Wvartlis dagroveba sxvadasxva obieqtebze Semavali cecxsasro-

li Riobebis irgvliv da namwvi iaraRis lulis arxidan (warmoqmnili denTis 

afeTqebisas da kafsula-amaaleblis dasartyami nawilis wvisas), aseve safanti, 

karteCi da Tofis dasateni.  

 rogorc cnobilia, axlo manZilidan boliani denTiT gasrolis erT-erTi 

niSans warmoadgens Semaval Riobis zonaSi e. w. gasrolis Wvartlis arseboba, 

xolo ubolo denTiT gasrolisas ki misi marcvlebis arseboba. gasrolis 

Wvartls denTis saxeobisagan damokidebulebiT aqvs sxvadasxvagvari Semadgen-

loba. 

   boliani denTis afeTქebiT gაrdაqmnis reaqcia, romelic mimdinareobs ia-

raRis lulis arxSi, midis Semdegi (g. kastis mixedviT) რეაქციის mixedviT: 

74KNO3+32S+16C6H2O56CO2+14CO+3CH4+2H2S+4H2+35N2+19K2CO3+ 

7K2SO 4+2K 2S + 8K2S2O3+2KCNS+(NH4)2CO3+C+S 

 boliani denTis gasrოliT warmoqmnili Wvartlis SemadgenlobaSi ZiriTa-

dad Sedis naxSiris dauwvavi nawilakebi, gvarjilis narCenebi da Tofis wamlis 
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afeTqebiT warmoqmnili myari produqtebi – kaliumis karbonati (naxSirmJava tu-

te), kaliumis sulfidi da sulfati  da rigi sxva nivTierebebi. 

naxSirbadis nawilakebis aRmosaCenad axdenen obieqtis mikroskopul kvle-

vas; amisaTvis tansacmlis qsovilidan iReben mis calkeul Zafebs, xolo sxva 

masalebs Camofxeken  ubnebs, romlebic mdebareoben savaraudo cecxlsasrol 

RiobTan. Zafebs da miRebul anafxekebs aTavseben sasagne minaze wylis wveTSi 

da ikvleven mikroskopis qveS. 

karbonat-, sulfid-, sulfat-, nitrat- ionebis da kaliumis ionis aRmosaCe-

nad axdenen afxekas clkeuli ubnebidan, romlebic mdebareoben savaraudo cecx-

lsasrol RiobTan, xolo aseTis ar arsebobisas (muq an daWuWyianebuli obieq-

tebis axlos) 10-12sm-is radiusSi, wmendis arSiis ugulvebelyofiT (1,5-2mm Sewe-

biT napiridan), radganac isini warmoiqmnebian Sori manZilidan gasrolisasac, 

da Sedgeba imave elementebisagan, risganac gasrolis Wvartli. 

Wvartli SeiZleba iyos 200-400 m-is da meti manZiliT daSorebuli, Tu gas-

rola moxda vintovkasa da Sualedur patronaze gaTvlili iaraRidan (SaSxana, 

karabini, tyviamrfqvevi) im SemTxvevebSi, roca tansacmlis fenebs Sua an tansac-

melsa kanis safarvels Soris Tu arsebobs Sualedi 0.5 – 1 sm, masTan rgolis 

formis Wvartli -1sm siganiT ara tyviis mier pirvelad gaxvretil fenaSi, ara-

med yovelTvis meore da momdevno fenebSi (i.v. vinogradovis fenomeni). 

zogjer sanadiro cecxlsasroli iaraRidan gasrolisas iyeneben ubolo 

da boliani denTis narevs. Aam SemTxvevaSi gasrolis Wvartls eqneba Sesabamisi 

Semadgenloba da saxe. 

anafxeks asxamen SeZlebisdagvarad mcire raodenobis distilirebul 

wyals, miRebul gamonawvlils filtraven da masze atareben reaqcias naxSirmJa-

va tutisa fenolftaleinTan kaliumis ionze, nitrat-, sulfid-, da sulfat- io-

nebze. 

zemoT miTiTebuli reaqciis Catarebisas maTi dadebiTi Sedegis SemTxvevaSi 

aucilebelia sakontrolo reaqciis Catareba obieqtis im ubnebze, romlebzec 

gasrolis Wvartlis moxvedra gamoricxulia. 

boliani denTis gasrolis Wvartlis reaqciis Sefaseba 

1) kaliumis karbonatze, sulfidebze, sulfatebze, nitratebze da naxSiris 

nawilakebze kvlevis dadebiTi Sedegebi miuTiTeben boliani denTis gasrolis 

Wvartlis arsebobaze. 

2) sulfidebi SeiZleba arc ki aRmoCndnen gasrolis WvartlSi, radganac  

isini male iJangebian. sulfidebis Jangvis saboloo produqts warmoadgenen 

sulfatebi. 

3) mxolod naxSiris nawilakebis aRmoCena jer kidev ar miuTiTebs gasro-

lis Wvartlis arsebobaze, radganac naxSirbadi farTodaa gavrcelebuli bune-

baSi. naxSiris nawilakebi SieZleba ganvixiloT gasrolis Wvartlis Semadgenel 

nawilad mxolod im SemTxvevaSi, roca es nawilakebi arseboben sakvlev obieq-

tze Canergili saxiT, magram xedapirze ar arian ganlagebulni. 

4) mxolod nitratebis arsesoba aseve ar miuTiTebs gasrolis Wvartlis 

arsebobaze, imis gamo, rom isinic farTod arian gavrcelebuli bunebaSi. 

5) qimiuri kvlevebis Sedegebis Sefasebas aqvs yvela reaqciis erTobliobis 

mniSvneloba. 
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ubolo denTis marcvlebis aRmoCena (romlebsac SenarCunebuli aqvT Tavisi 

forma) 

denTis narcvlebs gasrolis manZilidan da im masalis xasiaTisagan damo-

kidebulebiT, romlebzec isini xvdebian, SeuZliaT Zlierad Cainergon mizanSi 

an arsebobdnen mis zedapirze masze sustad mimagrebul mdgomareobaSi. adamia-

nis kanSi da tyavis sxvadasxva nakeTobebSi denTis  marcvlebi SeiZleba Caener-

gon ise Rrmad, rom vizualuri daTvalierebisas maTi aRmoCena xandaxan Zalze 

Znelia. 

savaraudo cecxlsasrol RiobTan mimdebare masalis ubnebSi denTis mar-

cvlebis aRmisaCenad mas gulmodgined aTvaliereben jer lupis xolo Semdeg 

binokuliaris meSveobiT. gansakuTrebuli gulmodginebaa saWiro xaoiani (bewvia-

ni nivTebis da tyavis) nawarmis daTvalierebisas; am ukanasknelSi denTis mar-

cvlebs SeuZliaT warmoqmnan Rrma nafxaWnebi, romelTa fskerzec SeiZleba isi-

ni mdebareobdnen. aRmoCenili denTis marcvlebis msgavsi moyviTalo an moTeT-

ro nawilakebis, romlebic hgvanan momrgvalebulboloebian cilindrebs, firfi-

tebs, Rars da a. S; gamowvlilaven preparatuli nemsis saSualebiT, recxaven fa-

ifuris jamSi distilirebuli wyliT masSi xsnadi SenaerTebis mosaSoreblad, 

romlebic xels uSlian Semdgom kvlevebs. garecxil nawilakebs ikvleven. 

ubolo denTis gasrolis Wvartlis aRmoCena: iaraRis lulis arxSi ubolo 

denTis afeTqebiT mimdinare gardaqmnis reaqciebi miaxloebiT (kastis mixedviT) 

Semdegi tolobebis mixedviT mimdinareobs:  

4C24H30O10(ONO2)10→30CO2+58CO+2CH4+36H2O+C2H2+2HCN+13H2+ 

+19N2+2NH4HCO3 

piroqsilinuri denTi 

3422

22223253

82123224

11292924

2302435

21487356468)(88
)(

)(

CHCONHNHHCN

HCOHCOCOONOHC
ONOOHC

ONOOHC








 

nitroglicerinuli denTi 

rogorc moyvanili reaciebidan Cans, ubolo denTis afeTqebiT mimdinare 

gardaqmnisas ar xdeba azotis oqsidebis warmoqmna, TumcaRa iaraRis lulis ar-

xSi isini araerTxel iyo aRmoCenili (a. i. kogani, t. i. barabaSi da sxva.). 

ubolo denTis Wvartli SeiZleba Seicavdes: 1) sxvadasxva zomis denTis 

damwvar marcvlebs; 2) dasartyami mowyobilobis  wvis produqtebs (tyviis, sti-

biumis da vercxliswylis naerTebs); 3) hilzis masalidan meqanikurad moSorebu-

li liTonis nawilakebs, tyviis garss da guls (spilenZi, TuTia da tyvia, xo-

lo melqioruli garsisas nikelic); 4) kafsula – amaaleblis dasartyami mowyo-

bilobis damfaravi folgis nawilakebs (kala). 

Tanamedrove ubolo denTis gasrolis Wvartli SeiZleba Seicavdes naxSi-

ris nawilakebs, magram Zalze mcire raodenobiT boliani denTis WvartlTan Se-

darebiT. 

ubolo denTis Wvartlis aRmoCena mdgomareobs  an misi ZiriTadi komponen-

tebis - liTonis damwvari marcvlebis da metalebis (rolebidanac dReisaTvis 

eqspertizis Catarebisas qimiuri meTodiT aRmoaCenen spilenZs, nikels, tyvias da 

stibiums) dadgenaSi, an  azotovani mJavas, rogorc denTis marcvlebis  narCene-

bis Semadgeneli nawilis aRoCenaSi, an, bolos, denTis marcvlebis anabeWdebis 
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miRebaSi  (maTSi Semavali nitratebis mixedviT) fotoqaRaldze. Tanamedrove sa-

xis ubolo denTis  WvartlSi naxSiris aRmoCena mizanSewonili ar aris, radgan 

naxSiri Wvartlis mudmiv Semadgenel nawils warmoadgens. 

i. s. balagini rekomendacias iZleva gasrolis WvartlSi mis mier SemoTava-

zebuli meTodikiT davadginoTY difenilaminis arseboba. 

savaraudo cecxlsasroli Riobis  SesasvlelSi ubnebze denTis damwvari 

marcvlebis aRmoCenisaTvis, wmendis arSiis gamoklebiT iReben anafxeks skalpe-

lis an sufTa kbilis jagrisiT amovarcxnis gziT. 

miTiTebuli operaciis Sedegad miRebul masalas recxaven faifuris jamSi 

distilirebuli wyliT manam, sanam ganarecxi wyali ar mogvcems lurj Seferi-

lobas difenilaminis xsnari koncentrirebul gogirdmJavaSi. garecxil masalas 

aSroben wylis abazanaze da misgan qsovilis xaos winaswari moSorebis Semdeg 

(qsovilis gamokvlevisas), romelmac SeiZleba xeli SeuSalos reaqciis Sedege-

bis dakvirvebas, umateben difenilaminis xsnars konc. gogirdmJavaSi. miTiTebul 

reaqtividan lurji Seferilobis momcem nawilakebs xsnaridan iReben prepara-

tuli nemsis meSveobiT da ikvleven iseve, rogorc Tofis wamlis marcvlebs; 

atareben cdas afeTqebaze, afeTqebis Semdeg darCenili narCenis  ikvleven iseve, 

rogorc Tofis wamlis marcvlebs; atareben cdas da reaqcias difenilaminTan 

da grisis reaqtivTan.  

gasrolis WvartlSi liTonis aRmoCena SeiZleba CavataroT Semdegi meTo-

debiT. 1) naxevradmikromeTodiT; 2) safantis meTodiT; 3) eleqtrografiuli da 

difuziurkopirebadi meTodiT. 

naxevradmikromeTodi. savaraudo mimdebare Semaval RiobTan amoWrian masa-

lis erT meoTxed nawils, daxloebiT 10sm. radiusiT, amasTan RiobTan uSualod 

myofi ubani (wmendis arSia) ar aiReba. amoWril masalas Slian wyalbadis zeJan-

gisa da gogirdmJavas meSveobiT. am mizniT sakvlev masalas asxamen daaxloebiT 

10ml. 50%-ian gogirdmJavas da acxeleben faifuris lambaqze wyalbadis zeJangis 

perioduli damatebiT manam, sanam siTxe ar Sewyvets gamuqebas gacxelebisas 10-

15 wT-is ganmavlobaSi wyalbadis zeJangis damatebis gareSe. masalis daSlis Se-

degad miRebul ufero siTxes anzaveben wylis sammagi raodenobiT, xolo Semdeg 

umateben 96 0 -ian Rvinis spirts moculobis 1/3 –is odenobiT. Tu amRvrevis an  

naleqis gamoCenis SemTxvevaSi, siTxes acentrifugireben. naleqs sacentrifugo 

sinjaraSi recxaven 1%-ian gogirmJavaTi, Semdeg spirtiT neitralur reaqciamde, 

xolo Semdeg xsnian amoniumis acetatis 30%-iani cxeli xsnaris SesaZlo mcire 

raodenobaSi. am xsnarSi aRmoaCenen tyviis ions. 

amisaTvis xsnaris wveTs aTavseben sasgne minaze da umateben qrompikis xsna-

ris wveTs. tyviis ionis arsebobisas Cndeba yviTeli naleqi. 

xsnaris meore wveTs, romelic aseve sasagne minazea moTavsebuli, umateben 

ganzavebul gogirdmJavas ramdenime wveTs. Cndeba TeTri simRvrie an tyviis sul-

fatis naleqi, romlebic ixsneba mwvave tuteebSi. 

mesame wveTs umateben gogirdwyalbadian wyals, Cndeba Savi naleqi an tyvi-

is sulfidis Savi Seferiloba. 

Nnaleqian siTxes acxeleben spirtis mosacileblad, ris Semdegac siTxes 

anzaveben imave raodenobis distilirebuli wyliT da ajereben gogirdwalba-

diT. siTxis mxolod gamuqebis SemTxvevaSi, mas aTavseben (sinjariT) cxel wyli-

an abazanaSi 4-5 wT, xolo Semdeg isev ajereben gogirdwyalbadiT. miTiTebuli 
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operaciis Sedegad, xsnarSi arsebuli stibiumisa da spilenZis sulfidebi ile-

qebian. am naleqs aSoreben cetrifugirebis gziT, Tavdapirvelad recxaven go-

girdwyalbadiani wyliT, xolo Semdeg amoniumis qloridis 1n xsnariT sustmJa-

va  reaqciebamde; Semdeg amoniumis naleqs amuSaveben 5%-iani mwvave tutis xsna-

ris mcire raodenobiT cxeli wylis abazanaze gacxelebisas - amasTan stibiumis 

sulfidi gadadis xsnarSi Tiomarilis saxiT, xolo spilenZis sulfidi rCeba 

naleqSi. mwvave tuteSi uxsnad naleqs amuSaveben cxeli azotmJaviT xvedriTi 

woniT 1,2. azotmJava xsnars aorTqleben wylian abazanaSi simSralemde; narCens 

xsnian cxeli wylis mcire raodenobaSi da miRebul xsnarSi aRmoaCenen spilen-

Zis ions. 

gogirdwyalbadiani naleqidan miRebul tute xsnars amJaveben marilmJaviT, 

warmoqmnil naleqs acileben, amuSaveben 10 wveTi marilmJavas (xvedriTi woniT 

1,19) xsnariT, wylian abazanaze gacxelebiT.  stibiumisa da kalis sulfidebi am 

dros ixsnebian, xolo dariSxani ara. marilmJavas xsnariT atareben reaqcias 

rodaminiT, iisferi meTilisa da ceziumis qloridTan erTad. 
 

Lliteratura 
1. n.ormocaZe. meToduri miTiTebani laboratoriuli samuSaoebis Sesasruleblad nivTi-

ermtkicebulebaTa qimiur eqspertizaSi. qstu 2002 
2. n. ormocaZe. meToduri miTiTebani laboratoriuli samuSaoebis Sesasruleblad niv-

TiermtkicebulebaTa qimiur eqspertizaSi ak. wereTlis saxelmwifo universiteti 2010 
3. n. ormocaZe, leqciebis kursi nivTiermtkicebulebaTa qimiuri eqspertizaSi qstu 2005 

4. m. mWedliSvili, sasamarTlo qimiuri eqspertizis safuZvlebi, 1 nawili, stu 2009  
 

FORENSIC EXAMINATION OF SOOT CAUSED BY GUNPOWDER SHOOTING  

Ormotsadze N., Zivzivadze A., Meskhishvili M. 

Akaki Tsereteli State University 

Summary 

The article discusses different methods of metal detection in the deposition of soot shot around the bullet en-

trance holes and at various sites and soot from the channel gun barrel formed during explosive transformation of 

gunpowder 

 

 

 

 

SeuRlebuli detalebis swavlebis meTodebis Taviseburebebi 

manqanaTa nawilebSi 

 
yurSubaZe c, beqiriSvili m. 

baTumis saxelmwifo sazRvao akademia 

 
ნაშრომში წარმოდგენილია შეუღლებული დეტალების, შეუღლებული ზედაპირების სხვადასხვა 

სახეები: მოძრავი და უძრავი დეტალების შეუღლება. მანქანების დეტალებს შორის ძალის გადაცემა 
ხდება შეუღლებელი ზედაპირების მეშვეობით, შეუღლება  პირობითად შეიძლება იყოს პირველადი 
კონტაქტის სახით: ფართის, ხაზის და წერტილოვანი მოდების სახით. ამ საკითხების შესწავლისას 
ვითარდება პრაქტიკული სამუშაოების შერულების უნარ-ჩვევები და საერთოდ მდიდრდება 
ტექნიკური განათლების სივრცე. 

 

     yovel saswavlo kurss da maT Soris mmT da manqanaTa nawilebsac aqvs Tavi-

seburebebi, siZneleebi, swavlebis Taviseburi meTodebi. am saswavlo kursebis 
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swavlebisas erT-erTi mniSvnelovani sakiTxia SeuRlebuli detalebis swavleba. 

am sakiTxis kargad aTvisebaSi studentebs xels uwyobs sainJinro grafikis kur-

sis kargi codna, romelic xels uwyobs sivrciTi azrovnebis ganviTarebas, aya-

libebs xedvis, Sedarebis, dakvirvebis, sinTezisa da analizis unars. 

   manqanebis detalebs Soris Zalis gadacema xdeba SeuRlebeli zedapirebis 

meSveobiT (sakontaqto farTebiT). SeuRleba  pirobiTad SeiZleba iyos pirvela-

di kontaqtis saxiT: farTis, xazis da wertilo-

vani modebis saxiT. ansxvaveveben moZrav da uZ-

rav detalebis SeuRlebas. 

  uZravi SeuRlebebi pirveladi kontaqtiT far-

Tis mixedviT (xraxnuli, ZabviTi, sogmanuri da 

SlicebiT SeerTebebi) gamoiTvleba martivi sqe-

mebiT. amavdroulad mkumSav Zabvas Rebuloben  

normaluri FF Zalis tolad,  romelic dayofi-

lia kontaqtis mTel farTobze  A: 

kummSvis=F/A [kummSvis] 

    moZravi kontaqtis dros zedapirze (srialis 

sakisrebi mimarTuli Carxebze) gaangariSeba 

xdeba xvedriTi dawnevis gaTvaliswinebiT 

P=F/A[]  

   pirveladi  kontaqtis  dros xaziTa da wer-

tiliT, simtkicis maxasiaTebeli uZravi kontaq-

tis dros gamoisaxeba 

 

sadac  da  aris saangariSo da dasaSvebi sakontaqto Zabvebi. 

  kontaqturi Zabvebi warmoiSoba, rodesac ori sxeulis kontaqtis farTi dat-

virTvis gareSe mcirea TviT am sxeulis farTze, magaliTad ori cilindris 

kontaqti (xazovani kontaqti) ori burTulis burTula da farTi (wertilovani 

kontaqti). 

     cilindrebis kumSvis dros grZivad ganlagebuli q  Zalebis,  Sedegad ma-

Ti drekadobisagan gamowveuli deformaciiT   warmoiqmneba kontaqtis farTobi 

sibrtyis saxiT siganiT 2а. am kontaqturi amocanis amoxsna gaakeTa hercma, ori 

sxeulis saerTo kontaqtis Sedegad (nax.1). 

     foladis cilindrebisaTvis formulas eqneba Semdegi saxe 

=0.418  

sadac   - kontaqtis xazze simrudis dayvanili radiusi; 

EVp=2E1E2/(E1+E2) –foladis drekadobis dayvanili moduli. 

     udidesi kontaqturi Zabvebi aRiZvreba masalis Txel zedapirul fenaSi. ami-

tom misi kontaqturi simtkicis amaRlebisaTvis sruliad sakmarisia zedapiruli 

fenis gamtkiceba. 

    kbilanuri gadacemebisaTvis am fenis sisqe Seadgens 0,2...0,3 modulis mniSvne-

lobas.  

Wiaxraxnis da Wiakbilanas SeuRlebisas standartuli reduqtorebisaTvis  dad-
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genilia centrTa Sorisi manZilis Semdegi mniSvnelobebi:     

40; 50; 63; 80; 100; 125; 140; 160; 200; 225; 280; 315; 355; 400; 450; 500  მმ; 

   paraqtikulad amis miRweva xdeba sxvadasxva meTodebiT, kerZod masalis 

Termo-qimiuri damuSavebiT.  

yoveli konkretul muSaobis pirobebSi sixisteze gaangariSeba iTvaliswinebs 

detalebis drekadi defor¬maciebis SezRud-

vas dasaSveb zRvramde. aseTi SezRudva SeiZ-

leba iyos SeuRlebuli detalebis erTob-

livi muSao¬bis dros (magaliTad, modebaSi 

myofi kbila Tvlebisa da sakisrebis muSao-

ba uaresdeba lilvis didi Cazneqis SemTxve-

vaSi), agreTve teqnologiuri pirobebi (maga-

liTad, damuSavebis sizuste da mwarmoeblo-

ba liTonsaWrel Car¬xebze umTavresad damo-

kidebulia Carxisa da dasamuSave¬beli deta-

lebis sixisteze). 

erTmaneTTan SeuRlebuli RerZakebi da 

milisebi qmnian brunviT saxsars. milisebze 

wamogebulia gorgolaWebi (nax.2.) 

miliseburi jaWvebi (nax.3.) gorgolaWiani 

jaWvebis analogiuria, magram იმ gansxvave-

biT, rom maT gorgolaWebi ar gaaCniaT. 

yovelive zemoT mocemuli sakiTxebis Ses-

wavlisas viTardeba praqtikuli samuSaoebis 

Serulebis unar-Cvevebi da saerTod mdidrde-

ba teqnikuri ganaTlebis sivrce. 

 
gamoyenebuli literatura 
1. c. yurSubaZe, m. beqiriSvili, z. SublaZe     ,,gamoyenebiTi meqanika’’- gamomcemloba- 

„universali“.  Tbilisi  2013-233 

2. М. Н. Иванов, В. А. Финогенов   „Детали машин“  - Москва ,,Высшая школа“  2005 -408 
 

PECULIARITIES OF METHODS FOR STUDYING MACHINERY MATING PARTS  

Kurshubadze Ts., Bekirishvili M. 

 Batumi State Maritime Academy 

Summary 

The paper presents different types of machinery mating parts and surfaces: relation of moving and static details. 

Force transmission in machine details is implemented by related details.  Conditionally relation may be of initial 

contact types: area, line and point models. Practical skills of relation are developed and technical education is enric-

hed as the result of studies of this issue.  
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gamosaxulebaTa damuSavebis Teoriis gamoyeneba dokumentebis 

identifikaciis amocanebSi MathCad-is sistemaSi 

 
kopaliani n., RintibiZe n., ormocaZe n., filia r., r. maisaSvili 

akaki wereTlis saxelmwifo universiteti 
 

statiaSi ganxilulia dokumentebis identifikaciis amocana MathCad-is sistemaSi 
gamosaxulebis wertilovani analizis meTodiT.. analizs aqvs maRali sizuste yoveli 
wertilis doneze (erTi piqselis). am meTodebiT SesaZlebelia maRali sizustiT amoix-
snas dokumentebis identifikaciis bevrad ufro rTuli amocanebi kriminalistikis dar-
gSi, astronomiaSi, diagnostikaSi da bevr sxvadasxva dargebSi. 

 

statiis pirvel nawilSi (1) mocemuli iyo dokumentebis gansxvavebebis mo-

Zebnis SesaZlebloba gamosaxulebaTa matricebis Sedarebis meTodiT. 

gansxvavebebis moZebnis meore varianti. radgan MathCad-Si gamosaxulebebi war-

modgenilia matricebiT, amitom gansxvavebebis mosaZebnad, ubralod ariTmetiku-

lad gamokvlod meore matricas pirveli miviRebT gansxvavebas sami wertilis 

saxiT. 
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4. http://www.lib.ru/PRAWO/BESTJUR/loer1.txt_with-big-pictures.html 
     5. Mathcad 15.0 – Help, Image Processing, Extension Pack. 

 

THE USE OF THE IMAGE THEORY IN PROBLEMS OF IDENTIFICATION OF DOCUMENTS IN A 

MATHCAD SYSTEM  

 Kopaliani N., Ghintibidze N., Ormotsadze N.,  Filia R., R. Maisashvili 
Akaki Tsereteli State University 

Summary 

By these methods the dot analysis of any monochrome image is possible. The analysis has high precision at the level 

of each point. Similarly, the analysis of color images is possible. For example: It is visible that by these methods 

perhaps high precision to solve considerably complex problems of identifications of documents in the field of crimi-

nalistics, and also to use these methods in astronomy, in diagnostics etc. 
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narCenebidan energiis aRdgenis maregulirebeli evropuli  

midgomebi da moTxovnebi 

 

bereJiani a. 
saqarTvelos garemosa da bunebrivi resursebis dacvis saministro  

 
gadmocemulia narCenebidan energiis aRdgenis Tanamedrove midgomebi, Sesabamisi evro-

direqtiva da mis Sesabamisad SemuSavebuli qarTuli kanonmdebloba, romelic miznad 
isaxavs narCenebis marTvis Tanamedrove sistemis Seqmnas da danergvas, rac aseve moicavs 
narCenebidan energiis aRdgenis sakiTxebs.  
 

msoflioSi sul ufro aqtualuri xdeba narCenebis marTvis problema. aqtua-

lur amocanas warmoadgens narCenebis gadamuSavebisa da gauvnebelyofis unarCeno, 

usafrTxo da teqno-ekonomikurad gamarTlebuli teqnologiuri xerxebis damuSave-

ba saqarTveloSi moqmedi sawarmoebisTvis Tanamedrove moTxovnaTa Sesabamisad. 

narCenebis marTvis Tanamedrove midgomad iTvleba 3R, rac warmoadgens 3 prio-

ritetuli qmedebebis aRmniSvneli sityvebis abreviaturas: Reduce, Reuse da Recycle. 

narCenebis Semcireba (Reduce) gulisxmobs naklebi narCenis warmoqmnas da aris 

calkeuli adamianebis an sazogadoebis mier warmoqmnili narCenebis Semcirebisken 

mimarTuli procesi an politika, aseve moxmarebuli energiisa da resursebis Semci-

reba. narCenebis xelaxali gamoyeneba (Reuse) gulisxmobs ukve moxmarebuli sagnebis 

meorad gamoyenebas igive an sxva daniSnulebiT, rac zogavs fuls, energias da sxva 

resursebs. magaliTebia: minis taris Cabareba, meoradi nivTebiT (tansacmliT) sar-

gebloba da sxva. 

narCenebis reciklireba (Recycle) warmoadgens aRdgeniT RonisZiebebas, riTac 

narCeni iseT produqtad, masalad an nivTierebad gardaiqmneba, romelic gankuTvni-

lia Tavdapirveli daniSnulebiT an sxva mizniT gamosayeneblad. igi moicavs orga-

nuli masalebis gadamuSavebas, magram ara energiis aRdgenas an sawvavad gamoyenebas.  

3R iniciativis realizaciis Sedegadac ki rCeba iseTi narCenebi, romlebic ar 

eqvemdebareba gadamuSavebas an xelaxla gamoyenebas. amitom narCenebis marTvis sfe-

roSi arseboben damatebiTi komponentebi: energiis aRdgena (Energy recovery) da ganTav-

seba (Disposal). erTobliobaSi iqmneba „narCenebis ierarqia“. mis mTavar amocanas war-

moadgens narCenebis marTvis sistemis Camoyalibeba, romlis mixedviTac SesaZlebe-

lia maqsimaluri praqtikuli sargeblis miReba garemosTvis minimaluri zianiT [2]. 

evropuli kanonmdeblobis mixedviT, aRdgena warmoadgens saqmianobas, 

romlis ZiriTadi Sedegia narCenebis sasargeblo miznebisTvis gamoyeneba im ma-

salebis CanacvlebiT, romlebic sxva pirobebSi raime funqciis Sesasruleblad 

iqneboda gamoyenebuli [1-2]. aRdgena moicavs reciklirebis RonisZiebebsac. re-

ciklireba moicavs organuli masalebis gadamuSavebas, magram ar moicavs ener-

giis aRdgenas da maT iseT masalebad gardaqmnas, romlebic sawvavad gamoiyeneba 

narCenebis aRdgena gansazRvrulia 2008/98 evrodireqtiviT „narCenebis Se-

saxeb“, romlis mixedviTac aRdgenis operaciebs warmoadgens - R1 – “sawvavad an 

sxvagvari gamoyeneba energiis misaRebad”. 

iseTi narCenebis aRdgena, romelTa xelaxali gamoyeneba da reciklireba 
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sirTuleebTan aris dakavSirebuli, miiRweva narCenebis insineraciiTa da Tanain-

sineraciiT, rac narCenebidan energiis aRdgenis saSualebas iZleva [3-4].  

narCenebis insineraciis sawarmo - es aris stacionaruli an mobiluri 

teqnikuri obieqti an mowyobiloba, romelic gankuTvnilia narCenebis Termuli 

damuSavebisTvis, gamoyofili wvis siTbos aRdgeniT an misi aRdgenis gareSe, 

narCenebis daJangviT (oqsidaciiT) insinirebis gziT, agreTve sxva Termuli da-

muSavebis procesiT, rogoricaa pirolizi, gazifikacia an plazmuri damuSaveba, 

Tu am procesis Sedegad miRebuli nivTierebebi insinirebulia. xolo, narCenebis 

Tanainsineraciis sawarmo warmoadgens stacionarul an mobilur teqnikuri obi-

eqts an mowyobilobas, romlis ZiriTadi daniSnulebaa energiis miReba an mate-

rialuri produqtis warmoeba, romelic narCenebs ZiriTad an damatebiT sawva-

vad iyenebs an romelSic narCenebi Termulad muSavdeba ganTavsebisaTvis, daJan-

gviT (oqsidaciiT) insinirebis gziT, agreTve sxva Termuli damuSavebis proce-

siT, rogoricaa pirolizi, gazifikacia an plazmuri damuSaveba, Tu am procesis 

Sedegad miRebuli nivTierebebi insinirebulia[1]. 

bevr qveyanaSi narCenebis Termuli damuSaveba an dawva kanoniT ikrZaleba, 

Tuki amis Sedegad ar xdeba energiis aRdgena. narCenebidan energiis aRdgenis 

erTerTi magaliTia nagavsayrelebidan gamomuSavebuli energia, romelic SeiZle-

ba gamoyenebuli iqnas dasaxlebuli punqtebis centraluri gaTbobisTvis da/an 

eleqtroenergiis misaRebad. 

saqarTveloSi SezRuduli raodenobiT arsebobs iseTi masalebis recik-

lirebis obieqtebi, rogoricaa qaRaldi, mina, plastiki da sxva. Tumca, ar xdeba 

aRdgenili raodenobebis aRricxva da Sesabamisad, monacemebi ar aris xelmisaw-

vdomi. reciklirebas mxolod kerZo kompaniebi axorcieleben da mxolod iseTi 

narCenebis reciklireba xdeba, romelTa Segrovebis da damuSavebis Rirebuleba 

(1 tonaze) axali nedleulis Rirebulebaze naklebia[3; 4]. 

qveyanaSi funqcionirebs  narCenebis gadamuSavebis  ramdenime obieqti  da 

dRemde ar arsebobs narCenidan energiis aRdgenis sawarmo.  

narCenebis marTvis Tanamedrove sistemis  Seqmnis da danergvis mizniT, SemuSav-

da narCenebis marTvis grZelvadiani (15 wliani) erovnuli strategia, romelSic 

gaTvaliswinebulia  narCenebis marTvis ZiriTadi prioritetebi da mimarTulebe-

bi, maT Soris qveyanaSi gasatarebeli narCenebis prevenciis, xelaxali gamoyene-

bis, reciklirebis (gadamuSaveba), aRdgenis da ganTavsebis RonisZiebebi.  

aseve, momzadda narCenebis marTvis erovnuli samoqmedo gegma (5 wliani), 

sadac gaTvaliswinebulia uaxloes 5 weliwadSi gansaxorcielebeli RonisZiebe-

bi, ganxorcielebis vadebi, dafinansebis wyaroebi da sxva. 

narCenebis marTvis erovnuli samoqmedo gegmiTa da strategiiT  narCene-

bis prevenciis, xelaxali gamoyenebis, reciklirebisa an/da aRdgenis mizniT gan-

sazRvrulia amocanebi, romlis mixedviTac qveyanaSi unda moxdes energiis aR-

dgena 2030 wlisTvis im narCenebidan, romelTa xelaxali gamoyeneba an recikli-

reba ar momxdara. aseve, narCenebis xelaxali gamoyenebis, reciklirebisa da 

energiis aRdgenis obieqtebis mowyoba 2025 wlisTvis. 

saqarTveloSi narCenebis aRdgenis didi potencialia. sxvadasxva saxis 

narCeni, romelic SeiZleba gamoyenebuli iqnes rogorc resursi, ganTavsebulia 

nagavsayrelebze. ar xdeba arsebuli samedicino narCenebis insineratorebidan 
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energiis aRdgena[3; 4]. 

saxifaTo da arasaxifaTo narCenebis aRdgenis mizniT saWiroa  pirdapiri sepa-

raciisa an/da daxarisxebis (sortirebis) sistemebis danergva da  insineraciis 

gziT  energiis aRdgena im narCenebidan, romelic reciklirebas ar eqvemdebare-

ba.  

energiis aRdgena unda ganxorcieldes mxolod im SemTxvevaSi, Tu arse-

bobs centraluri gaTbobis sistemebi da Sesabamisi momxmarebeli. eleqtroga-

damcemi qselic ise unda iyos mowyobili, rom uzrunvelyofili iyos energiis 

moxmareba zemoT aRwerili kombinirebuli aRdgenis SemTxvevaSi.  

narCenebis marTvis ierarqia droTa ganmavlobaSi iwvevs msoflioSi nebis-

mieri narCenebis marTvis sistemis etapobriv cvlilebas. umetes qveynebSi yvela-

ze gavrcelebuli praqtika narCenebis nagavsayrelze ganTavseba iyo. Tumca, re-

sursebis SezRudvis Sedegad amJamad narCenebi aRiqmeba Rirebul resursad. 
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EUROPEAN APPROACHES AND REGULATORY REQUIREMENTS FOR THE ENERGY  

RECOVERY FROM WASTE 

Berejiani A. 

Ministry of Environment and Natural Resources Protection of Georgia 

Summary 

Waste management international requirements and relevant European directive are considered, in particular – that 

are directed to Energy recovery from waste. 

 

 

 

 

ON THE ROLE OF PUBLIC ENGAGEMENT IN IMPLEMENTATION OF WASTE 

MANAGEMENT POLICIES IN GEORGIA ACCORDING TO AN EU ASSOCIATION 

AGREEMENT  
 

Tskhakaia K.*, Tsiskaridze D.**, Gamkrelidze E.* 

*Akaki Tsereteli State University, 

** International Business and Economic Development Waste Center  
 

By signing the Association Agreement with the European Union, Georgia has made commitments, in 

addition to other areas, to harmonize waste management sector with the EU requirements. The paper dwells on the 

results of survey, which reflects the attitude of various interested parties toward the adoption of modern waste 

management approaches in Georgia, using an example of three large cities of Georgia.     

 

An Association Agreement (AA) sets special requirements for Georgia in the field of 

environmental protection and, particularly, in the field of waste management. Waste is also seen as not 
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only environmental, but socio-economic problem, which significantly affects the quality of life of the 

population in this country. 

The law of Georgia “Waste Management Code”, which was enacted since 15 January, 2015, is 

aimed at establishing a legal framework for the implementation of such  activities, which which 

contribute to waste prevention, increased reuse of them, and processing them in environmentally safe 

manner. In subsequent years, the waste management sector of Georgia must be significantly changed. 

According to the commitments set out in the Association Agreement, the waste management system must 

be formed in the country, which must meet the EU requirements.            

The National Waste Management Strategy makes clear that Georgia seeks to become the 

country oriented towards waste prevention and recycling.     

An Association Agreement (AA) sets special requirements for Georgia in the field of 

environmental protection and, particularly, in the field of waste management. Waste is also seen as not 

only environmental, but socio-economic problem, which significantly affects the quality of life of the 

population in this country. 

Supporting sustainable development of communities is impossible without solving the issues 

related to waste management. In general, the waste management policies are aimed at forming society 

oriented towards waste recycling. Society and individuals play an important role in waste management 

process.   

The survey of different target groups was conducted in 2016 in three cities of Georgia: Tbilisi, 

Kutaisi and Batumi. The survey aimed at determining the situation existing in the process of fulfilling the 

European Union Association Agreement requirements and identifying needs of such target groups as 

municipalities, waste management municipal services, non-governmental organizations, universities, as 

well as at determining the population’s attitude to the implementation of modern waste management 

approaches.   

The survey showed that 26% of respondents are well enough aware, and 23% are well aware of 

the European Union Association Agreement requirements regarding waste management, but 38% of them 

belie that are not well enough of this.      

On the question on how compliance with the EU Association Agreement requirements regarding 

waste management sphere is carried out at the local and national levels, 13% responded that this 

compliance is carried out within timeframes, 52% of them believe that compliance is carried out partially, 

but 3% of them believe that it is carried out of timeframes.    

89% of respondents believe that the population is ready partially for putting the EU Association 

Agreement requirements regarding waste management sphere into practice (fig.1).   

Ready 

partially

88%

Not ready

4%
Do not know

4%

Not sure

4%
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                                                                       Fig.1 

As is known, on 1 April, 2016, the National Waste Management Strategy and Action Plan were 

approved by the government of Georgia. The National Waste Management Strategy envisages the waste 

separation minimum indicators. In particular, in accordance with the Waste Management National 

Strategy, the following indicators are planned to achieve by 2010: paper – 30%; glass – 20%, metal – 

70%, plastic – 30%.   

So, 28% of respondents believe that it is realistic to achieve these indicators, but 55% of them 

think that it would be difficult to achieve these indicators (fig.2).   

Quire realistic and 

achievable 

28%

Not rea listic and 

difficult to achieve 

4%

It would be 

di fficult to achieve 
these indicators 

55%

Do not know
3%

Not sure

10%

 
Fig.2 

 

According to the National Waste Management Strategy, the municipalities have to start the 

meeting the commitments of implementing the waste separation practices since 2019. In this regard, 14% 

of respondents believe that the municipalities are ready to meet these commitments, but 39% of them 

think that the municipalities have no relevant experience, and only 18% of them believe that they are not 

ready for this (fig.3).        

They are ready
14%

Not ready
18%

They have no 
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25%

 
Fig.3 

 

On the question on how extensively will the Association Agreement contribute to the 

improvement and development of waste management systems, 90% responded that it will improve 
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significantly.   

74% of respondents express their readiness to be actively involved in waste separation, but 13% 

don’t really know yet what will they do, and 13% of them are going to take part from time to time (fig.4). 

to be actively 
involved

74%

to take part 

from time to 

time.   
13%

do not know

13%

 
Fig.4 

The best convenient approaches to waste separation for respondents are as follows:   

 Separation at home conditions and placing of sorted waste in the specially-designed containers 

(68%).  

 Placing of mixed ((unsorted) waste in a general container with subsequent sorting of them in the 

sorting centers (20,7%).  

 Sorted waste delivery to a collection center with receipt of the relevant payment (14,2%).  

 Producing compost from organic waste at home conditions, and placing other waste in a general 

container (4%).  

96% of respondents believe that waste separation and recycling will contribute to the environment 

protection and sustainable development.   

The survey was carried out within the project  „Implementation of waste management policies in 

EaP countries according to the Association Agreements (Moldova, Georgia and Ukraine)“,  funded by 

the European Union. Financial support for implementation of the project was provided by National 

Endowment for Democracy Foundation. 
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TevzsavaliT gatarebuli wylis xarjis gaanagriSeba zeda biefis 

cvalebadi donis dros 

 
xeliZe g. k., SatakiSvili l. a., kikaCeiSvili n. g. 

saqarTvelos teqnikuri universiteti 
 

mdinareTa samTo ubnebze, sadac oragulisebri Tevzebia gavrcelebuli, gvxvdeba 
Rarisebri Tevzsatarebi nakadis moZraobis bunebrivTan miaxloebuli pirobebiT. ganxi-
lulia baxvi 3 hesis Tevzsavali nagebobis gamtarunarianobis gaangariSeba zeda biefis 
donis cvalebadobisas. TevzsavaliT gatarebuli wylis xarjis ganisazRvra im mosazre-
bis safuZvelze, rom gadamRobi kedeli da zRudari Txelkedliani wyalsaSvia, xolo 
maT Soris mdebare are ganixileba rogorc gamodineba naxevraddaZiruli xvretidan. 
wyalsacavSi n.S.d.-ze dabali doneebis SemTxvevaSi Tevzsavalis xvreti zeda biefis 
mxridan ganixileba, rogorc dauZiravi farTozRurbliani wyalsaSvi. 

 
Tanamedrove gamkacrebuli ekologiuri moTxovnebis gaTvaliswinebiT, di-

di yuradReba eqceva hidrokvanZebis wyalSemtbori nagebobebis qveda biefSi sa-

nitarul wyalgaSvebebs, romlis erT-erTi mizania mdinareTa ixtiofaunis dacva. 

am TvalsazrisiT sayuradReboa Tevzsatari nagebobebis muSaoba, romlebmac  sa-

qarTveloSi ukanasknel xans farTo gavrceleba hpoves.  maTi mravali saxeoba 

arsebobs, romelTa tipis arCeva iseT faqtorebzea damokidebuli, rogoricaa 

hidrokvanZis dawneva, Tevzis saxeoba da raodenoba. 

saqarTvelos mTiani reliefis pirobebSi, saderivacio tipis hidrokvanZebi 

Warbobs, romelTa SemadgenlobaSi Sedis saTave nageboba dabaldawneviani kaS-

xlis saxiT, xolo mdinareTa samTo ubnebze ZiriTadad oragulisebrTa ojaxis 

warmomadgeneli Tevzebia gavrcelebuli. aqedan gamomdinare, CvenSi xSirad 

gvxvdeba Rarisebri tipis Tevzsatarebi, romlebic aRniSnul pirobebs kargad 

esadageba, vinaidan maTSi nakadis moZraobis bunebrivTan miaxloebuli pirobebia 

Seqmnili. 

Tevzsavalis zomebi damokidebulia kaSxliT Seqmnil dawnevaze, adgil-

mdebareobis reliefze kaSxlis gasworSi, agreTve saTave nagebobis kompleqsis 

konstruqciul gadawyvetaze, xolo  efeqturi muSaoba - mis mdebareobaze wyal-

denis mimarT - gamosasvleli xvreti zeda biefis mxridan unda moewyos zeda bi-

efidan momdinare swrafad moZrav wylis WavlSi, amasTan  igi unda muSaobdes 

zeda biefis donis cvalebadobis mTel diapazonSi. qveda biefis mxridan Sesas-

vleli ewyoba bunebriv kalapotSi.  

aseT pirobebSi Tevzsavalis gamtarunarianobas gansazRvrisaTvis, magali-

Tis saxiT, ganvixiloT baxvi 3 hesis Tevzsavali nageboba. 

baxvi 3 hesis Tevzsavali nagebobis marTkuTxa Sesasvleli xvreti mowyobilia 

saTave nagebobis sadawneo zedapirze wyalsaSv kaSxalsa da gamrecx fars So-

ris. misi zomebia: sigane 0,14 m, simaRle 1,3 m. xvretis kveTis Weris niSnulia 

500,0 m (emTxveva wyalsacavSi normaluri Setborvis dones), xolo Ziris niSnu-

li - 498,7 m. sakuTriv Tevzsavali Sesrulebulia betonis daxrili marTkuTxa 

1,4 m siganis Raris saxiT, romlis kveTSic marcxena bortis mxridan mowyobilia  

1,27 m simaRlis da 1,1 m siganis gadamRobi kedeli. gadamRobi kedlis Semdeg 0,06 

m manZilze Raris marjvena bortis mxridan mdebareobs   1,27 m simaRlis da geg-

maSi 0,16 0,16 m zomebis mqone zRudari. gadamRobi kedelis da zRudaris kombina-

cia garkveuli bijiT meordeba 48,0 m-iani Tevzsavali Raris mTel sigrZeze qve-
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da biefamde. 

   TevzsavaliT gatarebuli wylis xarjis gansazRvra ganxorcielda im mosaz-

rebis safuZvelze, rom gadamRobi kedeli da zRudari warmoadgens Txelkedli-

an wyalsaSvs, xolo maT Soris mdebare are ganixileba rogorc gamodineba na-

xevraddaZiruli xvretidan, romelTa gamtarunarianoba Sesabamisad ganisazRvre-

ba damokidebulebiT [1, gv.gv. 51,60]: 

2

3

Tx.Tx.Tx.Tx. HgbmQ 2 , 

saS.r.nax.daZ.xv gHbhQ 2
 

sadac 
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
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2

2

55,01
0027,0

405,0
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H

H
mTx.  aris Txelkedliani wyalsaS-

vis xarjis koeficienti [1,gv.62]; Tx.b =1,26m (1,1m+0,16m)-Txelkedliani wyalsaSvis 

frontis sigane;  Tx.H - dawneva Txelkedlian wyalsaSvze; p=1,27 m - wyalsaSvis si-

maRle; g=9,81 271m/wm2 -Tavisufali vardnis aCqareba.  aris Sesworeba xvretis 

daZirulobaze. igi aiReba
2H

h

H

daZ.
  da 

2

1

H

H
 -is mixedviT [1,gv.52,cxr.5-3]. Cvens Sem-

TxvevaSi 866,0
27,1

1,1


H
 ; 0

27,1

0
1  , 668,0 ; 

2   - xarjis koeficien-

ti;






1

1
2

- siCqaris koeficienti, 05,0 - winaRobis koeficienti, [1,gv.49]. ma-

Sin 976,02  . 57,0
1,1

041,0





n
 - kumSvis koeficienti

 
11,0

4,1

15,0
n aris xvretis kve-

Tis farTobis fardoba xvretis win nakadis ganivkveTis farTobTan. ma-

Sin 613,0 , xolo .598,0  saS.H = 635,0
2

27,1
  m. 15,0b  m, 27,1h m - Sesabamisad 

xvretis sigane da simaRle. 

gadamRobi kedlis arseboba iwvevs Tevzsavalis Sesasvleli xvretis muSa-

obas naxevrad daZirul reJimSi: 

.Sesas.xvrtQ saS.gHbh 2
 

sadac, =0,701, vinaidan Cvens SemTxvevaSi 846,0
3,1

1,1


H
 ; 0

3,1

0
1  ,  

2   






1

1
2 , 05,0 , maSin  976,02  . 57,0

1,1

041,0





n
 - 0n  aris xvretis 

kveTis farTobis fardoba xvretis ganlagebis zedapiris farTobTan. maSin 

609,0 , xolo 594,0  saS.H = 65,0
2

30,1
  m. 14,0b m, 3,1h m - Sesabamisad xvretis 

sigane da simaRle. cxadia, rom    .Sesas.xvtrQ Tx.Q + r.nax.daZ.xvQ Sesabamisi CasmiT, 

TandaTanobiT miaxlovebiT, miviRebT: r.nax.daZ.xvQ =0,269m3/wm da Tx.Q =0, xolo 
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.Sesas.xvtrQ  0,271m3/wm. rogorc Cans, gansxvaveba 1%- s ar aRemateba. 

 amrigad, wyalsacavSi normaluri Setborvis donis SemTxvevaSi Tevzsava-

liT gatardeba 0,271 m3/wm xarji. amasTan, wylis gadadinebas gadamRob kedelze 

da zRudarze adgili ar eqneba. 

wyalsacavSi n.S.d.-ze dabali doneebis SemTxvevaSi Tevzsavalis xvreti 

zeda biefis mxridan ganixileba rogorc dauZiravi farTozRurbliani wyalsaS-

vi, romlis gamtarunarianoba gaiangariSeba formuliT: 
2/32 HgmbQ   

sadac, wyalsaSvis xarjis koeficienti miRebulia m=0,32 [2, gv.72, cxr. 2-17]. 

qvemoT mogvyavs gaangariSebis Sedegebi. 

 

baxvi 3 hesis TevzsavaliT gatarebuli wylis xarji (Q) zeda biefis 

wylis donis niSnulis ( z.b. )Sesabamisad. 

z.b. m Q m3/wm 

1 2 

499,5 0,142 

499,6 0,169 

499,7 0,198 

499,8 0,229 

499,9 0,261 

500,0 0,271 

500,1 0,285 

500,2 0,300 

500,3 0,325 

500,4 0,342 

500,5 0,365 

500,6 0,391 

500,7 0,419 

500,8 0,438 

1 2 

500,9 0,458 

501,0 0,477 

amrigad, zeda biefSi 499,5 – 499,9 m wylis doneebis pirobebSi Tevzsavalis xvre-

ti zeda biefis mxridan ganixileba, rogorc farTozRurbliani wyalsaSvi; 500,0 

-500,8m-is farglebSi - rogorc  naxevraddaZiruli  xvreti, xolo 500,9 – 501,0 m 

farglebSi - rogorc daZiruli xvreti. am ukanasknel SemTxvevaSi xvretis daw-

neva warmoadgens sxvaobas zeda biefis dones da gadamRob kedelze gadadine-

bul wylis dones Soris. 

    zeda biefSi 501,0 m wylis donis pirobebSi Tevzsavalis gadamRob kedelze 

gadadinebuli wylis fena aris 0,21m, e.i. wylis done TevzsavalSi misi bortebis 

qimis niSnuls utoldeba. radgan, zeda biefSi wylis donis niSnulis zrda ga-

moiwvevs  gadamRob kedelze gadadinebuli wylis fenis gadadinebas Tevzsava-

lis bortebze, amitom zeda biefiSi wylis donis niSnulis zrda ar iqna ganxi-

luli 501,0 m-is zemoT
. 
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аааτыа  

ппвап

ывоар

рвв 

вмиар

пдфан 

,ми

н. Рис. 1. Изменение потенциала 

платинированной платины во времени 
в растворе 0,1 М КОН при введении 

азокрасителей: ПЖ – (1), ПЗ – (2), ПГ 

– (3), ПЧ – (4). 
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1. Справочник по гидравлическим  расчётам. Под ред. П. Г. Киселева. М: Энергия, 1974. 

2. Справочнтк по гидротехнике, М., Госэнергоиздат, 1955. 

 

CALCULATION OF WATER FLOW PASSED THROUGH FISH-PASSING ON VARIABLE  

LEVEL OF HEADWATER  

Khelidze G., Shatakishvili L., Kikacheishvili N. 

Georgian Technical University 

Summary 

For low-pressure diversion dam hydroschemes, characterized for the conditions of mountainous relief of Ge-

orgia and the mountainous areas of rivers, considering the prevalence of salmonidae, the flume-type fish-passing 

structures are found mainly, which corresponds to the above conditions well, as there are conditions of flow motion 

close to the natural conditions. Calculation of flow capacity for a fish-passing structure of Bakhvi 3 hydro plant whi-

le variation of the level of upper pool has been described as an example. The fish-passing structure has been made in 

the form of inclined rectangular concrete flume, in the section of which there is a fender from the port side and a 

barrier – from starboard side under the fender. Determination of water flow passed through the fish-passing structure 

has been determined on the basis of an idea, so that the fender and the barrier are of thin-walled spillway, but the 

area between them is considered as the outflow from the semi-immersed hole. In case of lower levels than normal 

flooding level in the water storage, the ship-passing hole from the side of upper pool is considered as non-immersed 

wide-threshold spillway.  

 

 

 

 

ЭЛЕКТРОКАТАЛИТИЧЕСКАЯ ОЧИСТКА СТОЧНЫХ  ВОД ЛЕГКОЙ 

ПРОМЫШЛЕННОСТИ. 
 

Нугуева Ш.с,  Мамедов Э.а, 

Азербайджанский Технологический Университет 
 

Проанализированы варианты сочетаний электрохимических и каталитических воздействий на 

окисляемые компоненты электрокаталитических систем. Показано, что эффективность таких 

сочетаний определяется различиями в характере конечных продуктов окисления, образующихся при 

электрохимических и каталитических воздействиях, взятых в отдельности. 

 

Проблемы, связанные с обесцвечиванием высокоцветных сточных вод и деструкцией 

содержащихся в них красителей сложны и многоплановы. Как известно, обесцвечивание является 

лишь первой стадией очистки сточных вод, сопровождающееся лишь разрушением цепи 

сопряжения и не затрагивающее разрушение ароматических структур. Между тем, именно эти 

структуры определяют высокую токсичность водных растворов красителей,  тем самым низкие 

значения ПДК. 

      В проведенных нами исследованиях основное внимание было уделено вопросам 

деструктивной очистки, что потребовало применения комплекса современных физико-химических 

методов анализа, таких как спектрофотомерия, 

фотокалориметрия, ЯМР, газожидкостная хроматография, 

хроммасспектрометрия. Исследованиям были подвергнуты 

разнообразные красители, как основного, так и кислотного 

характера. Результаты, полученные с модельными растворами, 

проверялись также и на натуральных сточных водах различных 

красильных производств .[2] 

  Комплексом электрохимических методов исследований 

установлено, что для большинства красителей, в отличие от 

сахаристых веществ, формальдегида и других отмеченных 
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выше органических веществ отсутствуют адсорбционные сдвиги потенциала, свидетельствующие 

об их деструктивной адсорбции. Этот, впервые установленный факт, имеет не только 

теоретический, но и существенный практический интерес, поскольку предопределяет кинетику и 

механизм, как процесса обесцвечивания, так и глубину деструкции ароматических структур 

(рис.1). .[3,4] 

В работе было установлено, что в системах, работающих в условиях разомкнутой цепи, 

пероксид водорода, как окислитель, не затрагивает  ароматические ядра красителей. В этом плане, 

как показали исследования, деструктивное окисление красителей протекает достаточно 

интенсивно только лишь при электрохимических действиях (ЭКС-2 и ЭКС-3). В то же время в 

условиях работы ЭКС-1, гетерогенно-каталитический распад пероксида водорода вызывает 

обесцвечивание, заметно увеличивающееся в присутствии хлорид-ионов (таблица 4). 

       Таблица 4 

 Обесцвечивание водных растворов азокрасителей при гетерогенно-каталитическом распаде  

Н2О2 на Pt в КОН 

Краситель г/л 

NaCl 

0С Исходная,  

Ц0   

конечная λ,% 

 

 

ПЧ 

0 20 135 110 15 

1 20 135 84 38 

0 60 135 82 39 

1 60 150 83 46 

1 20 60 60 98 

 

 

ПГ 

0 20 135 89 34 

1 20 135 87 36 

1 60 135 46 66 

1 60 40 2,5 94 

1 20 150 83 46 

ПЗ 1 20 40 2,1 93 

ПЖ 1 60 160 110 33 

 

ПЧ,ПЗ,ПГ,

ПЖ (смесь) 

 

1 20 138 103 25 

0 60 135 58 43 

1 60 135 65 40 

1 20 70 2,6 96 

При этом было также установлено, что в отсутствии катализатора, пероксид водорода не вызывает 

обесцвечивания. .[7,5,6] 
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ELECTROCATALYTIC TREATMENT OF LIGHT INDUSTRY WASTEWATER. 

Nugueva Sh.,Mammadov E. 

Azerbaijan Technological University 

Summary 

The synthetic dyes are widely used in dyeing-trimming productions. In most of technological processes the 

dyed waters appear. 

Azo-dyes production is accompanied by appearing of large amount of highly dyed sewage. 

Therefore, the searching for methods of sewage purification, which provide high intensity of discoloration and a 

rather deep destruction of the dye itself, is of great interest. 

 

 

 

 

satransporto energetikuli danadgarSi  xmauris warmoqmna    

da   misi  gansazRvris meTodi 

 
Tofuria r., koCaZe T., barabaZe m. 

akaki wereTlis saxelmwifo universiteti 
 
naSromSi aRwerilia  satransporo Sigawvis ZravSi xmauris warmoqmnis meqanizmi, mi-

si garemoze mavne zemoqmedeba. ganxilulia Sigawvis Zravis  akustikuri balansis sxva-
daxsva saxis gantolebebi. energetikuli danadgaris  akustikuri balansi sxvadasxva mo-
difikaciiT SesaZleblobas gvaZlevs ganvsazRvroT xmauris yvelaze ufro mniSvnelova-
ni mdgeneli, mivuTiToT maTi warmoqmnis mizezebi, SeviswavloT formirebis procesi da  
davsaxoT  yvelaze racionaluri gzebi Zravis xmauris Sesamcireblad.            
 

didi raodenobis avtomobilebis koncentraciis SemTxvevaSi maTi energeti-

kuli danadgarebis mier  warmoqmoiqmneba did xmauri, rac xels uSlis adamia-

nebs Sromasa da dasvenebebSi. xmauri, upirveles yovlisa, cudad moqmedebs sat-

ransporto saSualebebis operatorebis smenis organoebze da nerviul sistema-

ze, amcirebs Sromis nayofierebas, xels uSlis sasargeblo xmovani signalebis 

aRqmas, adamianebis saubars. xmauris normebis arseboba, agreTve samuSao adgil-

ze xmauris sididis swori gansazRvra safuZvlad udevs samuSaos organizacias 

im muSebisTvis, romlebic SexebaSi imyofebian momuSave energetikuli danadga-

rebTan. Cveulebriv xdeba  manqanis gare da Siga xmauris normireba.  mniSvnelo-

vania  manqanis xmauris arsebuli sididis Semcirebis tendencia, rac iZleva 

stimuls axali ufro xarisxiani teqnikis SeqmnisaTvis.  xmauris saerTo done 

SeiZleba CaiTvalos manqanis xarisxis, warmoebis kulturis da gamoyenebuli 

teqnologiis maxasiaTeblad.  

energetikuli danadgaris  xmaurSi gulisxmoben akustikur gamosxivebas, ro-

melic muSaobis dros warmoiqmneba.  xmaurs zeomaven doniT da speqtriT. es  

xmauris maxasiaTeblebia sivrcis mocemul wertilSi. Sigawvis Zra rogorc 

akustikuri xmauris wyaro xasiaTdeba akustikuri gamosxivebis simZlavriT da 

gamosxivebis mimarTulebis diagramiT. 

cnobilia, rom bgeriTi wneva P bgeris talRaSi tolia garemoSi talRis ar-

sebobis da ararsebobis sxvaobisa. xmauris dones uwodeben bgeris wnevis da 

zRvruli mniSvnelobis (P=2·10-5 n/m2 ), fardobis ocjerad logariTms. davuSvaT, 

rom xmauris wyaro (Zravi) mdebareobs wertil O-Si (nax.1) da asxivebs xmaurs  

garemoSi, maSin Tu gamovyofT R radiusian S naxevarsferos da erTeulovan 
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farTs – A-s sferos zedapirze SeiZleba ganvsazRvroT bgeris Zala I, bgeris 

energiis is raodenoba, romelic gaivlis R radiusis marTobulad ganlagebuli 

erTeulovan A sferoSi drois erTeulSi,  

 
nax. 1. bgeris gavla erTeulovan farTSi. 

  

bgeris Zala izomeba vat/m2-Si. is proporciulia bgeris wnevisa, amitom xmau-

ris dones zogjer zomaven Zalis da zRurbluri mniSvnelobis I0=10-12 vat/m2 

fardobis aTjeradi logariTmiT. xmauris donis erTeulia decibeli e.i.  




















00

lg20lg10
P

P

I

I
L  , 

Zravis akustikuri simZlavre w gamoixateba vatebSi w = φIdS, e.i. energiis sa-

erTo raodenoba, romelsac asxivebs Zravi garemoSi bgeris saxiT da gaivlis R 

radiusiani naxevarsferos zedapirs drois erTeulSi. 

akustikuri simZlavris erTeuls warmoadgens sidide  

0

lg10
w

w
Lw  , sadac 

0w =10-12 vt. simZlavris donesa da xmauris  dones Soris arsebobs damokidebu-

leba 

Lw=L +20 lgR + 10lg Ω– 10lgΦ 

 

sadac Ω – moculobiTi kuTxea, romelSic gamosxiveba xorcieldeba (Tu ga-

viTvaliswinebT Cvens mier miRebul daSvebas maszed, rom akustikuri gamosxive-

ba xdeba naxevarsferos O centridan,maSin 10lgΩ 8; 

 Φ – gamosxivebis mimarTulebis faqtoria, romlis mniSvneloba Seesabameba 
22

sPPR fardobas, e.i. bgeriTi wnevis kvadratis fardoba R radiusiani sferos 

nebismieri wertilis gasaSualoebul wnevis mniSvnelobis kvadratTan. Cveuleb-

riv L –s nebismier wertilSi zomaven xmaurmzomis saSualebiT xelsawyos xazo-

vani sixSiris maxasiaTeblis gamoyenebiT. 

xmauris ricxviTi maxasiaTeblebis miaxloebisaTvis subieqtur aRTqmamde 

iyeneben xmaur-mzomis sixSiris maxasiaTebels „ A“- s, romelic iTvaliswinebs 

adamianis mier sxvadasvxa sixSiris bgerebis aRTqmas. am SemTxvevaSi miRebul si-

dides bgeris dones uwodeben, mis erTeulad decibelia miRebuli. akustikuri 

simZlavre gamoiTvleba formuliT 
121,0

10


 wL
w vt.  
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satransporto  energetikuli danadgarSi (Sigawvis ZravSi)  akustikuri ga-

mosxivebis pirvel mizezad muSa procesis ganxorcieleba warmoadgens, romelic 

dakavSirebulia energetikuli danadgaris cilindrSi muSa sxeulze siTbos Q1–

is miwodebasTan. imisaTvis, rom SevafasoT Sigawvis Zravis konstruqciis xaris-

xi, rac gulisxmobs Q1 Tburi energiis garkveuli nawilis gardaqmnas bgeriTi 

gamosxivebis energiad gamoyeneba energetikuli danadgaris akustikuri gamosxi-

vebis koefcienti 
1Q

w
n ak . Tu romelime energetikul danadgars,  es koeficien-

ti ufro maRali aqvs sxva danadgarebTan SedarebiT, SeiZleba CaiTvalos, rom  

misi konstruqcia nakleb srulyofilia. Tanamedrove Sigawvis Zravebi, romle-

bic satransporto saSualebebSia gamoyenebuli nominalur reJimze muSaobisas 

gamoasxiveben 23 vatis tol akustikur simZlavres. stendze momuSave Zravis ir-

gvliv sivrcis wertilebSi 1 m. manZilze Zravis zedapiridan warmoiqmneba xmau-

ri doniT 104120 db. 

energetikuli danadgaris  akustikuri balansSi xmauris warmoqmnis mizezs war-

moadgens: 

a) rxeviTi sxeulis da garemos urTierToba; 

b) energiis swrafi gamoyofa garemos sasrulo moculobaSi; 

g) nivTierebis sasruli raodenobis dayvana garemos gansazRvrul sasrulo are-

Si; 

d) nivTierebis nakadis urTierToba myar sxeulTan. 

aseTi fizikuri procesebi warmoiqmneba erTdroulad an TanmimdevrobiT mu-

Sa ciklis ganxorcielebisas energetikuli danadgarSi. amasTan yvela SemTxveva-

Si akustikuri gamosxivebis mizezs warmoadgens rxeviTi sistemis SeSfoTeba 

(wonasworobidan gamoyvana), masSi rxevebis gavrceleba da Sedegad rxeviTi ener-

giis gamosxiveba garemoSi. nax.2-ze mocemulia energetikuli danadgaris akusti-

kuri gamosxivebis warmoqmnis procesis sqema. 

 SeSvebis taqtis dros moZravi axali muxti SexebaSi modis SemSvebi arxis 

kedlebTan, SemSveb sarqvelTan da konstruqciis sxva elementebTan. SeSvebis 

taqtis dros aRiZvreba akustikuri gamosxiveba, romelsac SeSvebis xmaurs uwo-

deben. am dros gamosxirvebul akustikur simZlavres aRniSnaven wSeSv-iT.  

kumSvis, wvis da gafarToebis procesebis dros xdeba wvis kameris kedlebis 

deformacia, rasac Zravis gare kedlebis rxevasTan mivyavarT. rxeviTi energia 

bgeris saxiT gamosxivdeba garemoSi da mas aRniSnaven wdef. garda amisa, muSa 

sxeulze siTbos miwodeba cilindrSi agreTve iwvevs akustikur gamosxivebas 

romelsac wwv-iT  aRniSnaven. aseve gadamayiravebeli momenti wgad. energiiT  

warmoqmnis energetikuli danadgaris  rxevebs da bgeris saxiT nawilobriv ag-

reTve gamosxivdeba garemoSi. 

energetikuli danadgaris meqanizmebis muSaobisas warmoiqmneba dartymebi Se-

uRlebul detalebs Soris (sarqveli-unagiri), rasac mivyavarT xmauris warmoq-

mnamde wdarty simZlavriT. Zravze ganlagebuli agregatebis muSaobis dros war-

moiqmneba xmauri, simZlavriT wagr., gamomSvebis dros xdeba nivTierebis gamodi-

neba garemoSi, romelic gars ertymis gamomSveb miltuCs, aqac energiis garkveu-

li raodenoba gamoiyofa, rac gvaZlevs gamoSvebis xmauris simZlavres wgamoS. 
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nax.2. energetikuli danadgaris konstruqciis idealizaciis sqema da 

akustikuri gamosxivebis warmoqmna 

 

CamoTvlili calkeuli mdgenelebis Sejameba gvaZlevs Sigawvis Zravis  

akustikuri balansis gantolebas muSa cilkis mimdinareobis dros: 

wZr. =wSeS. +wgamoS.+ wdef. + wwv.+wamom. +wdarty.+ wagr. 

SesaZloa sxva saxesxvaobis akustikuri balansis gantolebebic. sinamdvile-

Si yvela SemTxvevaSi akustikuri gamosxiveba xorcieldeba energetikuli danad-

garis SemSvebi da gamomSvebi sistemis traqtis milyelidan da misi mTeli zeda-

piridan. cdebi gviCvenebs, rom zedapiris elementebi gamoasxiveben akustikur 

energias sxvadasxva raodenobiT. Tu zedapirze gamovyofT maxasiaTebel zonebs 

an calkeuli detalis zedapirebs (kapotis saxuravi, cilindrebis blokis saxu-

ravi, karteri) da sxva, Semdeg SevajamebT akustikur simZlavres gamosxivebli 

yvela zedapiridan, SegviZlia miviRoT energetikuli danadgaris zedapiris akus-

tikuri balansis gantoleba. 

wZr. = wSeS. + wgamoS.+ 


m

i

iw
1

 

sadac wi – Zravis i-ri elementis akustikuri gamosZivebis simZlavrea. 

          m - elemnetis raodenoba, danadgaris zedapiris elementebad dayofis ricx-

vi. 

energetikuli danadgaris  muSa procesis organizebis Taviseburebebisagan 

damokideublebiT misi 1m2 zedapiri gamoasxivebs xvedriT akustikur simZlavres 

90115 decibels. xSirad danadgaris calkeuli zedapirebis SemSvebi da gamom-

Svebi traqtis milyelebis akustikuri gamosxiveba gaigivebulia nulovani da 

pirveli rigis ubralo gamosxivebasTan (ufro maRali rigis gamosxivebebs 

ugulvelyofen maTi simciris gamo). amgvarad, arsebobs akustikuri balansis 

gantolebis mesame saxesxvaoba 





i

i

i

k

i

www
1

0 2
, 

sadac w0–nulovani rigis gamosxivebaa;  

i - nulovani rigis gamomsxiveblebis raodenobaa;  

k - pirveli rigis gamomsxiveblebis raodenobaa. 
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energetikuli danadgaris  akustikuri balansi sxvadasxva modifikaciiT Se-

saZleblobas gvaZlevs ganvsazRvroT xmauris yvelaze ufro mniSvnelovani mdge-

neli, mivuTiToT maTi warmoqmnis mizezebi, SeviswavloT formirebis procesi da  

davsaxoT  yvelaze racionaluri gzebi Zravis xmauris Sesamcireblad.            

 
literatura 

Луканин В. Н., Гудцов В. Н. и др. Снижение шума автомобиля. М., «Машиностроение». 1981. 237стр. 

 

NOISE FORMATION AND ITS DETERMINING METHODS  

IN TRANSPORT-POWER INSTALLATION    

Topuria R., Kochadze T., Barabadze M. 

Akaki Tsereteli State University 

Summary 

The paper describes the transport of the internal combustion engine noise generation mechanism, its environ-

mental impact. The paper discusses the internal combustion engine acoustic balance different types of equations. 

Turbine acoustic balance with a variety of modification enables us to determine the most important component of 

the noise, pointing their Reasons to study the formation process and plan the most efficient ways to reduce engine 

noise.       
 

 

 

                                                                        

garemosdacviTi usafrTxoebis problemebi energoresursebis 

transportirebisas  

 

beriSvili s. 
saqarTvelos teqnikuri universiteti  

 

cxadia, rom  energo milsadenebi warmoadgenen rTul konstruqciul nagebobebs, 
romlebic saWiroeben swor dagegmarebas, rogorc saproeqto agereTve samSeneblo samu-
Saoebis dros. imisaTvis, rom Tavidan aviridoT ekologiuri katastrofebi aucilebelia 
daproeqtebis etapze SemuSavdes garemoze zemoqmedebis Sefasebis dokumenti da Sesabami-
sad garemosdacviTi marTvis gegmebi. samSeneblo kompanieba mSenebobis etapze unda imoq-
medon am gegmebis moTxovnebis Sesabamisad da es Seamcirebs ekologiur riskebsac da 
katasrofebsac. Sesabamisad daculi iqneba ekologiuri usafrTxoeba milsadenebisa, ro-
melTa meSveobiTac xdeba energoproduqtebis transportireba. 

 
milsadenis usafrTxoebis ZiriTadi faqtoria masze ganTavsebuli nagebobe-

bis konstruqciis saimedoba. Catarda problemis analizi, romlis  mizani iyo 

navTobisa da gazsadenebis konstruqciebis saimedobis uzrunvelyofa. maTi eko-

logiuri usafrTxoeba. 

navTob-gazsadenebis usafrTxo eqpluataciis kriteriumi mdgomareobs maTi 

konstruqcis milebis saimedobaSi, rac gulisxmobs maT  mier dakisrebuli  

funqciebis Sesrulebas, amavdroulad SeinarCunon Tavisi saespluatacio niSan-

Tvisebebi dasaxuli drois ganmavlobaSi anu „sasicocxlo ciklis“ manZilze. 

navTobis, gazis da navTop/gaz produqtebis  transportirebisas magistra-

lur milsadenebze gansakuTrebiT mwvaved dgas ekologiuri usafrTxoebis saki-

Txebi. milsadenis mwyobridan gamosvlisas, romelic vlindeba milis kedlis 

germetiulobis darRvevaSi an milis sxva detalebis dazianebaSi raime gare ze-

moqmdebis Sedegad, rogorc wesi, zemoaRniSnulis Sedegad gardauvalia mniSvne-

lovani ekologiuri zemoqmedeba da gamousworebeli ziani, romelic miadgeba 
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garemos. 

uaxloes dromde magistraluri navTobisa da gazsadenebis saimedoobis 

praqtika ganixileboda mxolod Semdegi TvalsazrisiT, rogoria milsadenTa 

konstruqciebis normatiuli Tvisebebi da teqnologiuri maCveneblebi. amavdrou-

lad analizis maTematikuri midgoma gulisxmobs statistikur Sefasebas savara-

udo Sedegebisa. is gamoyeneba sabazro sainformacio restrospeqtiulo monacee-

bis saxiT, romelic gvawvdis informacias milsadenis konstruqciis gaumarTavi 

muSaobis Sesaxeb. 

yuradsarebia statistika dazianebis Sesaxeb, romelic mocemul momentSi 

warmoadgens milsadenebis muSaobis yvelaze saimedo Sefasebas. es ki iyo  maniS-

nebeli ukuqceviTi urTierTkavSirisa, romelic gvaZlevda warmodgenas saWiro 

saimedobis maCveneblebis Sesaxeb milsadenebis mSeneblobisaTvis  gamoyofili 

sawyisi masalebis, konstruqciebs  da ufro iSviaTad teqnologiuri gadawyveti-

lebebisa, rac TavisTavad uzunvelyofs saWiro saimedobas. am garemoebis Sede-

gad miviReT Semdegi  - gaqra dargobrivi mecniereba gazsadenebis magistralebis 

mSeneblobis Sesaxeb, rogorc meTodologiuri rezervi da gansazRvra dasaxul 

amocanaTa  wre, romelmac axsna ver hpova klasikur Teoriebsa da tradiciuli 

gaTvlebis meTodebis miuxedavad. 

principluli gamosavali Seqmnili situaciidan mdgomareobs arsebuli 

problemebisadmi sistemuri midgomis realizaciaSi, romelic dafuZnebulia kom-

pleqsur gadawyvetilebebze milsadenebis mSeneblobisa da eqspluataciis maTi 

xarisxis da saimedobis optimalurad swor marTvaSi. 

zemoT moyvanil SexedeulebaTa gaTvaliswinebiT, mniSvnelovania gamovTava-

loT da prognozi gavakeToT teqnikuri proeqtebis SesaZlo ganviTarebis rea-

lur pirobebSi milsadenebis mSeneblobisa da eqsluataciis dros winaswar gan-

sazRvuli xarisxis maCvenebelTa uzrunvelyofa, kontrolisa da gamocdis spe-

cialuri organizacia. 

navTosadenisa dagazsadenis saimedoba - es aris mTavari faqtori garemos 

dacvis mizniT misi usafrTxoebis uzrunvelyofisTvis. 

milsadenis konstruqciul saimedobaSi igulisxmeba misi Tviseba SeinarCu-

nos potenciuri SesaZlebloba dasaxuli funqciis Sesrulebisa saWiro drois 

monakveTSi. es Tviseba (SesaZlebloba) Tavis mxriv mJRavndeba milsadenis xaris-

xis ibieqturi kriteriumebis sistemiT, rac uzrunvelyofs mis normatiul Sro-

misuarianobas eqspluataciis dros arsebuli aqtiuri faqtorebis zemoqmedebiT, 

maTTan erTad aseve igulisxmeba garemoc. am TvalsazrisiT, konstruqciuli sai-

medoba, rogorc milsadenis  konstruqciis umniSvnelovanesi maxasiaTebeli  un-

da akmayofilebdes  ekologiur kriteriums, radgan mlsadenis mier mTliani 

an/da nawilobrivi Sromis unarianobis dakargva ucvlelad  gamoiwvevs uaryo-

fiT zemoqmedebas garemoze. 

amitom ekologiisa da usafrTxoebis uzrunvelyofis problemaa milsade-

nis xmarebisas unda ganixilebodes misi maCvenebelTa formirebaTa konteqstSi 

„cxovrebis ciklis“ yvela etapze. 

milsadenis ekologiuri saimedoba aris krebiTi mcneba, raTa aRvniSnoT 

urTierT Sejerebuli Tvisebebi, romlebic mocemuli obieqtis funqcionrebis 

xarisxs gansazRvravs. magistraluri milsadeni warmoadgens rTul teqnikur 

sistemas, romelSic Sedis ganaxlebuli da Semnaxveli elementebi. ekologiuri 
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saimedobis mcneba unda gaviaziroT rogorc misi Tviseba win aRudges gareSe da 

Sinagani daTvirTvebs da zemoqmedebas. es ki aris produqciis transpotirebis-

Tvis  damaxasiaTebeli procesebi Tu dairRva hermetiuloba raime mizeziT anu 

daculi ar iqna wesebi eqsluataciis, tenikuri momsaxureobis an remontis. 

magistraluri milsadenis konstruqciuiri saimedobis amaRleba xSirad 

xels uwybs misi funqcionalur usafrTxoebis amaRlebasac. magistraluri mil-

sadenis saimedobis praqtika udidesi mniSvnelobisaa da pirvel rigSi ukavSir-

deba mzard rols, romelsac asrulebs milsadeni qveynis ekonomikuri ganviTa-

rebisTvis. 

Tanamedrove magisraluri  milsadenebi xarisxobrivad Seicvala, gaizarda 

maTi energetikuli simZlavre, isini Sendeba  sxvadasxva pirobebSi niadagisa da 

klimaturi mdgomareobis mxriv, amasTanave milsadenTa mniSvnelovani  moculoba 

gadanacvlebulia arqtikul da subarqtikul zonaSi da daWaobebul teritoria-

ze. 

gaizarda milsadenebis dimetri da wneva produqciisa, romelic gadaizide-

ba milebiT: erTi mxriv izrdeba maragi kinetikuri energiis, romelic milebis 

kedlebze maRali dawolis mizezia, rac Tavis mxriv zvav saSiSroebas iwvevs. 

gamomdinare yvelaferi zemoT mocemulisa mkveTrad izrdeba avariis SemTxvevaSi 

produqciis dakargvis SesaZlebloba. 

amasTanave unda avRniSnT, rom gazis, navTobisa da navTbproduqtebis dia-

metris, aseve maTi sigrZis zrdam, maTma gavlam Znelad misaRwev  adgilebze da 

daWaobebul teritoriebze gamoiwvia is, rom mniSvnelovnad gaizarda dro vidre 

SesaZlebeli gaxddeba avariis Sedegebis aRmofxra. garda amisa, milsadenebis 

saSulao siSoris, romelmac mraval aTas kilometrs gadaaWrba ueWvelad ga-

zarda milsadenis mwyobridan gamosvlis albaToba. 

milsadenebze avariisas produqtis pirdapiri dakargvis garda SesaZloa 

aseve, rom momxmarebels arasakmarisi raodenobiT miewodos saTbobi, xolo 

grZelvadiani SeCereba muSaobisa aucieblad iwvevs did ekonomikur danakargens 

sakuTriv milsadenis sistemis miRma, Sor manZilze. saZiebo mompovebel sawarmo-

Ta aseve navT/gazis nedleulis da sawvavis momxmarebeli sawarmoebis iZulebiTi 

SeCereba bevrad  Zviri jdeba vidre transportirebisas milsadenebis avariuli 

gaCerebisas miRebuli pirdapri danakargi. amasTan dakavSirebiT unda avRniSnoT, 

rom saimedobis amaRleba iwvevs damatebiT materialur danaxarjebs, xolo sai-

medobis dabali xarisxebi iwvevs did materialur zians avariis dros da aseve 

mizezia ekologiuri katastrofisa. yvelafridan gamomdinare saWiroa optimalu-

ri gadawyvetilebis Zieba. 

magistraluri milsadenebis saimedobis  praqtika mravali sakiTxisgan 

Ssedgeba da amJamad ar aris mkafiod Camyoyalibebuli misi Teoriuli da meTo-

dologiuri asaxva. aseve ar a ris SemuSavebuli saimedobis donis Sefaseba da 

ar aris gansazRvruli konkretuli RonisZiebebi, raTa SevqmnaT maTi saWiro sa-

imedobis done. 

ar arsebobs sistematizirebuli monacemebi, raTa gaiTvalos milsadenis 

proeqtirebisas misi saimedoba, aseve prqtikaSi advilad mosaxmari aTvliTi me-

Todika, raTa SesaZlo darRvevebi winaswar ganisaazRvros milsadenis sistemis 

saimedobis Sefasebisas. 

milsadenis ekologiuri saimedobis uzrunvelyofis TvalsazrisiT misi eq-
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spluataciaSi yofnis ganmavlobaSi mniSvnelovania, rom SemuSavdes RonisZiebe-

bi, raTa uzrunvelyoT avariebis Tavidan acileba da ara maTi savalalo Sede-

gebis aRmofxvra, milsadenTa saimedobis Sefaseba Zalian mniSvnelovania misi eq-

spluataciis TviToeul etapze. aq saubaria magistralur milsadenTa teqnikur 

diagnostikaze da maTi Sromis unarianobis Sefasebaze. magistraluri milsade-

nebis konstruqciuli saimedobis gamokvlevis ZiriTad mimarTulebad SeiZleba 

CaiTvalos misi saeqspluatacio saimedbis prognozireba. saeqspluatacio saime-

dobis saWiro donis miRweva  xdeba sawyisi masalebisTvis (milebi, saizolacio 

masalebi, eleqtrodebi) xarixis donis gansazRviT, aseve gasaTvaliswinebelia 

saproeqto sakiTxebi, mSeneblobis da eqsluataciis kultura. 

magistraluri milsadenebi zemoqmedebas axdenen garemoze ara mxolod ava-

riul situaciaSi. maTi mSneblobisas aRiniSneba gruntis masivis destruqcia da 

irRveva urTulesi Tanafardoba urTierTkavSirebisa da landSafTis sxvadasxva 

komponentebs Soris.   aerokosmiuri gamokvlevebi naTlad asaxaven im adgilebs 

sadac,  milsadeni gahyavdaT,  am dros  aisaxeba yvea ekologiuri problema, rac 

arsebobs maTi daproeqtebis da mSeneblobisas etapebze. 

yovelive zemoT aRniSnulidan, cxadia, rom  energo milsadenebi warmoad-

genen rTul konstruqciul nagebobebs, romlebic saWiroeben swor dagegmarebas, 

rogorc saproeqto agereTve samSeneblo samuSaoebis dros. imisaTvis, rom Tavi-

dan aviridoT ekologiuri katastrofebi aucilebelia daproeqtebis etapze Se-

muSavdes garemoze zemoqmedebis Sefasebis dokumenti da Sesabamisad garemos-

dacviTi marTvis gegmebi. samSeneblo kompanieba mSenebobis etapze unda imoqme-

don am gegmebis moTxovnebis Sesabamisad da es Seamcirebs ekologiur riskebsac 

da katasrofebsac. Sesabamisad daculi iqneba ekologiuri usafrTxoeba milsa-

denebisa, romelTa meSveobiTac xdeba energoproduqtebis transportireba. 
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ENVIRONMENTAL SAFETY PROBLEMS WHILE TRANSPORTATION  

OF THE ENERGY RESOURCES 

Berishvili S. 

Georgian Technical University 

Summary 

It is obvious that energy structures are complicated and difficult to build structures, the construction of such 

structures require proper planning both on design and construction stages. In order to avoid environmental damages. 

It is important to develop Environmental Impact Assessment on design stage. In addition to Environmental Asses-

sments and Management Plans it is also important to develop social studies and Resettlement Action Plans. Con-

struction companies should act in accordance of these Environmental and Social Management Plans this will elimi-

nate risks, thus the environmental security of the pipelines will be protected and this will reduce risks of the acci-

dents on pipelines. 

 

 

 
 

eleqtrosadgurebis mSenebloba saqarTveloSi da misgan gamowveuli 

ekologiuri cvlilebebi 

 
gordaZe e., JorJoliani c. 

akaki wereTlis saxelmwifo universiteti 
 

saqarTveloSi eleqtrosadgurebis mSeneblobasTan erTad Seicvala ekologiuri 
pirobebi. (teritoriebis datborva, mikroklimati sSecvla, lforiS invaziuri elemente-
bi sgamoCena. wylis faunis migraciis dabrkoleba da sxva. miuxedavad hesebis mSeneblo-
biT gamowveuli cvlilebebisa saWiroa axali eleqtrosadgurebis mSenebloba. ise, rom 
minimumamde iqnas dayvanili maTgan gmowveuli ekologiuri cvlilebebi.     

 

saqarTveloSi eleqtrosadgurebis mSenebloba jer kidev mefis ruseTis pe-

riodSi daiwyo. pirveli eleqtrosadguri aigo borjomSi romanovebis mier. es 

hesi akmyaofilebda mxolod romanovebis ojaxs. hesebis mSenebloba masiurad 

daiwyo sabWoTa periodSi. rigiT meore hidroeleqtrosadguri saqarTveloSi ai-

go mdinare mtkvarze. mSenebloba ganxorcielda zemo avWalaSi da amoqmedda 

1927 wels, `zemo avWalis" hidroeleqtrosadguris saxeliT. mtkvarma dafara 

mcxeTasTna damakavSirebeli xidi. zahesis gaxsnis dResve 1927 wels safuZveli 

Caeyara mdinare rionze, quTaisTan `rionhesis" mSeneblobas. hesis muSaobisaTvis 

saWiro gaxda wyalsacavis mowyoba rionze Sua dinebaSi sofel gumaTTan. guma-

Tis wyalsacavi eqsploataciaSi Sevida 1958 wels. kaSxalis simaRle 30 metria. 

farTobi 2,4 km2 moculoba 39 milioni kubi, sigrZe 11 km. sigane 60-850 metri. 

wyalsacavi gamoiyeneba sportuli mizniTac. (akademuri niCnbosnoba, baidari, ka-

noe da sxva) mdinare rions yovelwliurad 5 milioni tona myari masala Camo-

aqvs. ris gamoc saWiro xdeba sagubaris gawmenda. miuxedavad imisa, rom kaSxals 

aqvs sakontrolo gamSvebi, Zlieri wvimebis dros xSiria soflebis datborvis 

SemTxvevebi. gumaTis wyalsacavidan rionhesisaTvis wylis misawodeblad daiwyo 

Ria arxis mSenebloba, magram mSeneblobas xeli SeuSala kartsulma mRvimeebma. 

ris gamoc proeqti Seicvala da rionhesTan dakmakavSirebeli arxi qalaqis qveS 

gvirabis saxiT gaiWra. arxi miwis zemoT amodis axalgazrdobis prospeqtis ax-

los, samxedro legionis SesasvlelTan. gaedineba axalgazrdobis prospeqtis 

http://www.dundee.ac.uk/cepmlp/gateway/?news=31284
http://www.dundee.ac.uk/cepmlp/gateway/?news=31284
http://www.ingaa.org/cms/145.aspx
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paralelurad. rionhesisaTvis saWiro Seiqna kidev erTi SedarebT patara wyal-

sacavis mSenebloba da hesTan axlos Seiqmna wyalsacavi. (rionhesis dasaxleba-

Si) wyalsacavis mowyobam gamoiwvia muxnaris tyis unikaluri muxebisa da Zel-

qvebis fesvTa sistemis datborva da sxva faqtorebTan erTad (muxis diid xara-

buza) gamoiwvia maTi xmoba. saWiro gaxa sawreti arxebis gayvana, Tumca saqmes 

amanac ver uSval da dRes masiurad xdeba am mcenareebis xmoba. gumaTis wyalsa-

cavidan rionhesadme Ria arxis gayvanis dros er-TreTi kartsul mRvimeSi aRmo-

Cenili iqna sruliad brma Tevzi - ti]piuri rtroglobionti. (sibneleSi mcxov-

rebi organizmi). rionhess mohyva mTeli rigi sxva hesebis mSenebloba: lajanur-

hesi, Saorhesi, varcixhesis da engurhesis kakadebi da sxva. aseve aSenda mravali 

patara hesebi: cxeniswyalze abaSiswyalze, okaceze da sxva. romlebic dRes ar 

funqcionireben. 

Saorhesis mSeneblobas mohyva ori wyalsacavis Seqmna (Saoris da tyibulis 

wyalsacavi). Saoris wyalsacavi Seqna raWaSi ori patar tbis xarisTvalasa da 

ZroxisTvalas tbebis xarjze. wyalsacavma romlis faroTbi 9,22 kilometria,, 

sigrZe 7,1 km, udidesi gani 2,7 km. xolo moculoba 90 milioni kuburi metri. Se-

iwira saukeTeso saZovrebi. romelsac adgilobrivi mosaxleobisTvis udidesi 

mniSvneloba hqonda, radgan raWa ZiriTadad mecxoveleobis mxarea. Saoris wyal-

sacavis Seqmnam Secvala mikroklimati moimata atmosferoSi tenianobam ramac 

xeli Seuwyo zogierTi sokos ganviTarebas da dazianeba daiwyo nikorwmindas 

taZris unikalurma CuqurTmam. 

Saorhesis mSeneblobam moiTxova meore wyalsacavis tyibulis wyalsacavis 

Seqmna., tyibulis wyalsacavi moewyo md. tyibulze, romelic miwaSi ikargeboda. 

gaaSena jebiri da miwayrilebiT Seiqmna wyalsacavi, romlis sigrZe 8,1 km-ia, si-

gane 3,2 m. siRrme 12 m. farTobi 12,1 km2. wylis moculoba 86 miloni metrkubi. 

orive wyelsacavi (Saori, tyibuli) gamoiyeneba iqTiofaunis mosamravleb-

lad sainteresoa lajanurhesi, igi sofel lajanSi Seiqmna (leCxumi). hesi aigo 

kldeSi 1960 wels gadmogdebuli cxeniswylis Canadenze. kaSxlis simRle 69 met-

ria. am hesis mniSvneloba isic aris, rom igi mTaSia da garedan ar sCans. saqar-

TveloSi yvelaze didi hidroeleqtrosadguris engurhesis kaskadis mSenebloba 

1961 wels daiwyo. romlis saproeqto simZlavre 1640 aTasi kilovatia. igi agebu-

lia mdinare engurze. wyalsacavis moculoba 1 miliardi met kubia. sigrZe 30 km. 

misma agebam garda imisa, rom datbora teritoriebi, mdinare enguris gaswvriv 

Sav zRvamde daSra arteziuli Webi da saWiro gaxda soflebis sasmeli wyliT 

momarageba. aseve aSenda galis wyalsacavi 1,19 mlioni m3 moculobis. xelovnuri 

wyalsacavebis Seqmna iwvevs mikroklimatis Secvlas, rac TavisTavad uaryofi-

Tad moqmedebs iq gavrcelebul floraze. rac Seexeba Tboeleqtrosadgurebs 

garda imisa, rom maT mier  gamomuSavebuli energia gacilebiT Zviri jdeba, Zli-

er abinZureben gamonabolqviT atmosferos. saqarTvelo Tavisi wyaluxvi mdina-

reebiT mzis didi ganaTebiT da haeris moZraobiT (qarebiT) did saSualebas iZ-

leva vawarmooT SedarebiT dabalfasiani eleqtro energia. dRes ukve daiwyo qa-

ris eleqtrosadgurebis mSenebloba saqarTveloSi. bolo wlebSi dagegmilia 

bevri axali eleqtrosadguris mSenebloa. magram xSirad mas xels uSlis mosax-

leoba. xalxs unda eleqtroenergia, magram ar undaT hesebis mSenebloba. saWi-

roa xalxTan meti muSaoba, raTa xeli ar SeuSalon hesebis mSeneblobas da 

qveynis aRmavali gziT ganviTarebas.   
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THE CONSTRUCTION OF HYDRO POWER PLANTS IN GEORGIA AND RESULTING ENVIRON-

MENTAL CHANGES  

Gordadze E., Zhorzholiani Ts.  

Akaki Tsereteli State University 

Summary 

The construction of hydro power plants in Georgia resulted in change of environmental conditions (submer-

ging territories, microclimate change, prevention of water fauna migration, etc.). Despite changes caused by the con-

struction of HPPs, it is necessary to construct new hydro power plants, by minimizing the resulted environmental 

changes.      

 

 

 

ferdobebis  eroziisgan damcavi da struqturis aRmdgeni 

geoteqstilis masalebis Seqmna meoradi  

PET(polieTilentereftalatis)  nedleulisagan  

 
baraTaSvili m., RintibiZe n., r. maisaSvili 
akaki wereTlis saxelmwifo universiteti 

 
gardamavali reliefis pirobebSi infrastruqturuli proeqtebis, sxvadasxva kaego-

riis gzebis, sarkinigzo magistralebis mSeneblobisas xSirad xdeba mTis gverdiTi 
gzis donidan zeda da qveda  ferdobebis mTlianobis gaxsna.ferdobebze eroziuli 
procesebis SeCerebisa da misi mTlianobis aRdgenis mizniT,  ZviradRirebuli jeoteq-
stilis nacvlad mignebuli iqna petboTlebismeoradigamoyenebiTaRniSnuliproblemisga-
dawyvetisSesaZleblobebi, miRebuliiqnapirveliSdegebi.  

 
gardamavali reliefis pirobebSi infrastruqturuli proeqtebis, sxvadas-

xva kaegoriis gzebis, sarkinigzo magistralebis mSeneblobisas xSirad xdeba 

mTis gverdiTi gzis donidan zeda da qveda  ferdobebis mTlianobis gaxsna. rac 

Tavis mxriv iwvevs sxvadasxva donis eroziuli movlenebis ganviTarebas ferdo-

bis  CamoSlamde. es  gavlenas axdens gzis gamyar unarianobaze.izrdeba mgzav-

rTa gadayvanisa da tvirTebis gadazidvisas mosalodneli riskebi. 

aseTt pirobebSi gzis proeqtirebisa  da mSebeblobisas aRniSnuli proce-

sebis SeCerebis mizniT, warmoebs sxvadasxva meTodebis, rkina betonis sainJinro 

nagebobebis,  gabionebis, sxvadasxva konstruqciis mqone, sinTetikuri masalebi-

sagan damzadebuli badeebis gamoyeneba. 

 saavtomobilo gzis  gverdiTa ferdobebis mTlanobis rRvevisas, mokle 

periodSi dazianebuli erozirebuli farTobebis aRdgenis mizniT, gzaze zemoq-

medebis SefasebasTan erTad mniSvnelovania sworad iqnas gaTvlili garemoze 

miyenebuli ziani da bio mravalferovnebaze warmoebuli  zemoqmedebiT  ganvi-

Tarebuli negatiuri procesebis masStabis Sefaseba misi SeCerebisa da.  

TanamedrovedamcavkonstruqciebswaeyenebaaramartofunqcionaluriSesabami-

sobismoTxovnebi, (damcavi, Semakavebeli, da damWeriTvisebebis uzrunvelyofa) 
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aramed esTeturic.   

     Msgavsi damcavi sistemebiarundaauaresebdesgaremolandSafts. 

      ferdobebis gamagrebisas mniSvnelovania gaTvaliswinebuli iqnas 

mwvane landSaftis aRdgenis SesaZleblobebi. 

am dros unda moxdes dazianebul reliefze mewyeruli movlenebis sruli 

aRmofxvra, misi mTlianobis aRdgena esteTikuri saxis gaumjobesebasTan erTad. 

ferdobebze eroziuli procesebis SeCerebisa da misi mTlianobis aRdgenis 

mizniT,  ZviradRirebuli jeoteqstilis nacvlad mignebuli iqna petboT-

lebis meoradi gamoyenebiT aRniSnuli problemis gadawyvetis SesaZleb-

lobebi, miRebuli iqna pirveli Sdegebi.  

  

 
 

Catarebuli winaswari mokvlevis mixedviT  davadgineT, rom ferdobebis 

eroziuli daSlisa da miwis CamoSlis  SesaCereblad aucilebelia ferdobebze 

(mwvane safaris mokle droSi aRdgena) marad mwvane safaris gaSeneba iseTi 

swrafad mzardi mcenareebisagan, romelTa fesvebi mokle drois ganmavlobaSi 

SeZleben mTis masivis  gaxsnil ferdobze mcocavi miwis fenis gamagrebas.  

pet boTlebis meoradi gamoyenebiT mzaddeba CamoSlili ferdobis rRvevis 

xasiaTisa da misi geometriuli parametrebis Sesabamisi originaluri bade. 

Seswavlili iqna petboTlebis meoradi gamoyenebiT originaluri, iafi, 

mTis gaxsnili ferdobebis geometriul parametrebze adaptirebuli, sxvadasxva 

konstruqciis da reliefis dacvis unaris mqone damcavi badis damzadebis  Se-

saZleblobebi.  

aRniSnuli  damcavi badis konstruqcia damokidebulia reliefis geomet-

riul zonebze da eroziis xarisxze da is iZleva geografiuli arealis Sesaba-

misi mZlavri fesvTa sistemis mqone da swrafmzardi mcenareebiT mwvane ssafa-

ris aRdgenis SesaZleblobas. 

 originaluri damcavi badis  damzadebisas ar iqna gamoyenebuli sxva damxma-

re masalebi, ris gamoc reliefze adaptirebuli bade gamodis iafi. is gamo-

irCeva kidev erTi mniSvnelovani upiratesobiT, misi awyoba warmoebs adgil-
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ze, ferdobis CamorRveuli konturis geometriuli parametrebis srulad 

gaTvaliswinebiT, ar saWiroebs specteqnikis gamoyenebas, ris gamoc mniSvne-

lovnadaa gamartivebuli misi montaJi. 

 

 
 

 originaluri badis adgilze damontaJebis Semdeg badis Siga konturSi  Car-

guli iqneba geografiuli arialis Sesabamisi swrafad mzardi masiuri fes-

vTa sistemis mqone mravalwliani  mcenareebi. rac uzrunvelyofs mwvane sa-

faris mokle droSi aRdgenas.  

es ki Tavis mxriv uzrunvelyofs Camoqceuli CamoSlili ferdobis aRdge-

nas misi gamagrebis zedapiruli struqturis aRdgenis xarjze. mimdinare kvle-

vis Sedegebis mixedviT gansazRvruli iqna ferdobis dazianebis xarisxis Sesa-

bamisad badeebis konstruqciuli Taviseburebebi, maTi adgilze momzadebisa da 

damagrebis pirobebi, Seswavlili iqna ferdobze eroziuli movlenebis Smcire-

bisa da maTi mTlianad aRmofxvris aucilebeli wina pirobebi da savaraudo va-

debi. 
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CREATING THE SLOPE EROSION-RESISTANT AND STRUCTURE-RESTORING GEOTEXTILE MA-

TERIALS FROM SECONDARY PET (POLY ETHYLENE TEREРHTALATE) RAW MATERIALS    

Baratashvili M.,   Gintibidze N. R. Maisashvili 
Akaki Tsereteli  State University 

Summary 

When building infrastructural projects, different categories of roads and railway trunk lines under conditi-

ons of transitional relief, there frequently occurs breaching of the integrity of the upper and lower slopes from the le-

vel of the mountain side road. With a view to preventing the slope erosion process and restoring its integrity, there 

have been found the opportunities for resolving the mentioned problem by secondary use of PET bottles instead of 

the expensive geotextile materials. The first results have been already received.      
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