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eleqtromomaragebis sistemis datvirTvebis 
fizikuri modelis damuSaveba 

 
WunaSvili b., qobalia m. petrosiani a., Samfriani n. 

saqarTvelos teqnikuri universiteti 
 

eleqtromomaragebis sistemebis  saimedoobis amaRlebisa da energetikuli maCveneb-
labis gaumjobesebis erT–erT umTavres pirobas eleqtroteqnologiuri danadgarebSi 
mimdinare eleqtrodinamikuri procesebis Rrma mecnieruli Seswavla warmoadgens. am 
mizniT, damuSavebulia eleqtromomaragebis sistemis datvirTvebis fizikuri modeli, 
romelic uzrunvelyofs eleqtromomaragebis sistemebSi mimdinare eleqtrodinamikuri 
procesebis imitacias: eleqtroteqnologiuri danadfgarebisa da kompleqsebis mier 
eleqtromomaragebis qselidan moTxovnili aqtiuri da reaqtiuli datvirTvebis teqno-
logiuri procesis mixedviT Secvlas, datvirTvis asimetriuli reJimebis warmoqmnas da 
datvirTvis denis formis damaxinjebas, mkveTrad cvalebadi (biZguri) datvirTvebis Seq-
mnas. modeli saSualebas iZleva ganisazRvros sakompensacio reaqtiuli simZlavris maq-
simaluri mniSvneloba da regulirebis grafiki, datvirTvis asimetriuli reJimebis pa-
rametrebi (pirdapiri, uku da nulovani mimdevribis denebis amplitudebi), datvirTvis 
denis formis damaxinjebis Sedegad qselSi warrmoqmnili Zabvis maRali sixSiris harmo-
nikebisa da Zabvis cimcimis („flikeris“) movlenis parametrebi. 

 
Sesavali. samecniero-teqnikuri progresis kvaldakval, axali teqnologie-

bis damuSavebisa da maT safuZvelze Seqmnili Tanamedrove eleqtroteqnologiu-

ri danadgarebisa da kompleqsebis danergvis Sedegad mniSvnelovnad gaizarda 

eleqtromomaragebis qselisadmi wayenebuli moTxovnebi mowodebuli eleqtro-

momaragebis saimedoobisa da eleqtroenergiis xrisxis mimarT [1]. Tavis mxriv, 

Tanamedrove teqnologiuri danadgarebis muSaobis reJimebi mniSvnelovan gavle-

nas axdens, rogorc eleqtromomaragebis qselis elementebze, agreTve qselSi 

CarTuli eleqtromimRebis muSaobis reJimebsa da teqnikur-ekonomikur maCveneb-

lebze [2].  

zemoaRniSnulidan gamomdinare, eleqtroteqnologiuri danadgarebSi mimdi-

nare eleqtrodinamikuri procesebis Rrma mecnieruli Seswavla, eleqtroenergi-

is xarisxis maCveneblabis kontroli da monitoringi  eleqtromomaragebis sis-

temebis  saimedoobis amaRlebisa da energetikuli maCveneblabis gaumjobesebis 

erT–erT umTavres pirobas warmoadgens. 

samuSaos mizani. eleqtromomaragebis sistemis datvirTvebis fizikuri mo-

delis damuSaveba, romelic uzrunvelyofs eleqtromomaragebis sistemebSi 

eleqtroteqnologiuri danadgarebisa da kompleqsebis muSaobis reJimebis Sede-

gad gamowveul procesebis imitirebas eleqtroenergiis xarisxis maCveneblebisa 

da eleqtroenergiis aRricxvis xelsawyoebis gamokvlevisaTvis. 

stendis aRweriloba 

sdendi Sedgeba marTvis sistemisa  da sami ujredisagan:  

1) asinqronuli Zravas ujredi;   

2) aqtiuro datvirTvis ujredi;  

3) reaqtiuli (induqtiuri) datvirTvis ujredi; 

4) eleqtrorkaluri datvirTvis ujredi. 
yoveli ujredi, damoukidebeli avtomatueri amomrTvelisa da magnituri 

gamSvis (kontaqtoris) kompleqtis saSualebiT mierTebulia samfaza, 380/220 

volt Zabvis Semkreb saltesTan (nax.1). stendis qselTan misaerTeblad gaTva-

liswinebulia Semomyvani ujredi, romelic aRWurvilia avtomaturi amomrTveli-
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Ta (Q1) da datvirTvis denis sakontrolo denis transformatorebis ori kom-

pleqtiT. erTi kompleqti (TI1, TI2, TI3) gaTvaliswinebulia vizualuri dakvirve-

bis mzomi xelsawyoebisaTvis (A1, A2, A3), xolo meore (TI4, TI5, TI6) gankuTvnilia 

eleqtroenergiis xarisxis gazomvisa da aRricxvis xelsawyos mიsaerTeblad. 

ujredebis calkeuli elementebis marTvisa da manipulaciis saSualebiT SeiZ-

leba miviRoT eleqtromomaragebis qselebSi CarTuli yvelaze ufro gavrcele-

buli eleqtroteqnologiur danadgarebisa da kompleqsebis muSaobis principeb-

sa da reJimze dafuZnebuli tipuri datvirTvis grafikebi. 

 
asinqronuli Zravas ujredi  

ujredi moicavs or erTmaneTTan meqanikurad (quros saSualebiT lilve-

biT) dakavSirebul asinqronul manqanas (AM1, AM2). erTi madgani (AM1) gaTva-

liswinebulia Zravul reJimSi muSaobisaTvis. igi Semkreb saltesTan mierTebu-

lia avtomaturi amomrTvelisa (QAM1) da saxazo kontaqtoris (KMAM1) saSuale-

biT. amavdroulad, datvirTvis denis kontrolisaTvis igi aRWurvilia erT fa-

zaSi CarTuli denis transformator - ampermetris kompleqtiT (TIAM1, AAM1). meo-

re manqana (AM2) gaTvaliswinebulia pirvelis (AM1) datvirTvis momentis Sesaq-

mnelad da muSaobs dinamikuri damuxruebis reJimSi. Sesabamisad, AM2-is dinami-
kuri damuxruWebis deniT uzrunvelyofisaTvis gaTvaliswinebulia bogiruli 

sqemiT Sesrulebuli marTvadi mudmivi denis gammarTveli (ACDC), romelic gam-

marTveli Semkreb saltesTan mierTebulia avtomaturi amomrTvelisa (QAM2) da 

kontaqtoris (KMAM2) saSualebiT. dinamikuri damuxruWebis denis kontrolisaT-

vis gammarTvelis cvladi denis wredSi CarTulia denis transformator-amper-

metris (TIAM2, AAM2) kompleqti. samuxruWe denis regulireba xorcieldeba mar-

Tvis pultze ganTavsebuli RAM2 rezistoris saSualebiT. 

aqtiuri datvirTvis ujredi. 

ujredi moicavs samfaza oTxsafexurovan aqtiur winaRobaTa bataresa (RB) 

da manipulirebis blokebs (MB). ujredi gamanawilebel farTan mierTebulia  QR 

avtomaturi amomrTvelisa da KMR kontaqtoris saSualebiT. agreTve, simetriu-

li reJimis datvirTvis denis kontrolisaTvis gaTvaliswinebulia erT fazaSi 

CarTuli denis transformator-ampermetris kompleqti (TIR-AR), xolo asimetriu-

li reJimisaTvis neitralis wredSi CarTuli kompleqti (TIN-AN).  
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aqtiuri winaRobaTa batareiis TviTeuli safexuris seqciis samive fazaSi 

CarTuli winaRobebi erTnairia (R1=R2=R3, R4=R5=R6, R7=R8=R9, R10=R11=R12), xo-
lo seqciebis winaRobebi gansxvavebulia da pirveli seqciis winaRobis jeradia 

(R4=2R1, R7=3R1, R10=4R1), raTa ganxorcieldes jamuri datvirTvis 10%-iani cvli-

leba. yoveli safexuris kompleqti aRWurvilia damoukidebeli kontaqtoriT 

(KMR1, KMR2, KMR3, KMR4) da maTi CarTva - gamorTva xorcieldeba, rogorc xeliT 

(studentis mier) stendis marTvis pultze gamotanili tumblerebis (TR1, TR2, 

TR3, TR4) saSualebiT, aseve avtomaturad - programirebadi rele ZelioLogic-dan, 
konkretuli eleqtroteqnologiuri danadgaris (kompleqsis) tipiuri grafikis 

safuZvelze Sedgenili programis mixedviT. Sesabamisad, stendis marTvis siste-

maSi gaTvaliswinebulia reJimis gadamrTveli tumbleri (TZ), romelic ganTavse-

bulis marTvis pultze.  

aqtiuri winaRobaTa bloki SesasvleliT mierTebulia manipulirebis blok-

Tan. am blokis daniSnulebaa asimetriuli reJimis Seqmna da datvirTvis denis 

formis damainjeba sistemaSi Zabvis maRali sixSiris harmonikebis warmoqmnisaT-

vis. bloks SeuZlia erTdroulad uzrunvelyos asimetriuli rejimis Seqmna da 

datvirTvis denis formis sxvadasxva xarisxiT damaxinjeba.  

manipulirebis bloks gaaCnia sami arxi. pirveli, pirdapiri CarTvis arxi, 

romelic warmodgenilia KM1 kontaqtoris saxiT da uzrunvelyofs winaRobaTa 

blokis qselis Zabvis pirdapir da SeuzRudavad miwodebas. am SemTxvevaSi dat-

virTvis denis formis damaxinjebas adgili ar aqvs.  

meore, diodebis arxi. masSi KM2 kontaqtoris Zalur kontaqtebis Semdeg, 

yovel fazaSi, CarTulia erTnairi mimarTulebis TiTo VD1, VD2, VD3 diodi. Se-
degad, arxi yovel fazaSi dens atarebs mxolod erTi naxevarperiodis ganmav-

lodaSi.  Sedegad, arxi uzrunvelyofs datvirTvis denis formis 50%-ian dama-

xinjebas.  

mesame, Zabvis tiristoruli regulatoris arxi. igi Sedgeba  KM3 kontaqto-

risa da masTan CarTuli samfaza Zabvis tiristoruli regulatorisgan (TR). igi 
datvirTvis denis damaxinjebis TvalsazrisiT, yvelaze ufro gavrcelebuli Ta-

namedrove eleqtroteqnologiuri danadgarebis Zalovan wredebSi gamoyenebuli 

gardamqmnelebis tipiur nimuS swarmoadgens. maTi datvirTvis denis did diapa-

zonSi (0-Imax) regulireba dafuZnebulia tiristorebis gaxsnis kuTxis 0-1800 far-

glebSi cvlilebaze.  Sesabamisad, mesame arxi uzrunvelyofs datvirTvis denis 

0-100% diapazonSi damaxinjebas.  

 ujredi asimetriul reJims uzrunvelyofs erTi fazis gamorTvis saSua-

lebiT. am mizniT manipulirebis blokis gamosasvlelze CarTuli KM4 kontaqto-
ris normalurad Caketili kontaqti. 

maSasadame,  aqtiuri datvirTvis ujredis reJims  manipulirebis blokis 

KM1,  KM2, KM3,  KM4 kontaqrtorebis mdgomareoba ganapirobebs. 
reaqtiuli (induqtiuri) datvirTvis ujredi. 

igi warmoadgens oTxi samfaza, gansxvavebuli induqtiuri winaRobis mqone 

droselisagan Semdgar batareas. ujredi gamanawilebel farTan mierTebulia QL 

avtomaturi amomrTvelisa da kontaqtoris saSualebiT. batareis calkeuli seq-

ciebis yovel fazaSi CarTuli induqtiuri winaRobebi (XL1= XL2=XL3, XL4=XL5=XL6, 

XL7=XL8=XL9, XL10=XL11=XL12 ) erTnairia. blokSi CarTuli yoveli seqcia aRWurvilia 
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sakomutacio aparatiT (KML1, KML2, KML3, KML4) da maTi CarTva-gamorTva xrciel-

deba, rogorc xeliT (laborantis mier) stendis marTvis pultze gamotanili 

tumblerebis (TLI, TL2, TL3, TL4) saSualebiT, aseve avtomaturad - programirebadi 

rele ZelioLogic-dan, konkretuli eleqtroteqnologiuri danadgaris an kompleq-

sis tipiuri grafikis safuZvelze Sedgenili programis mixedviT, aqtiuri dat-

virTvis batareiasTan erTad jgufurad.  

eleqtruli rkalis ujredi (kamera). 

eleqtrorkaluri datvirTvis ujredi. 

ujredi Sedgeba erTfaza orgragnila Zalovan transformatoris (TA), mas-
Tan, dabali Zabvis mxares mierTebul bogiruli sqemiT Sesrulebul gammarTve-

lisa (ACDC)  da eleqtrorkalur kamerisagan (EA). ujredi (Zalovani transfor-

matori) avtomaturi amomrTvelisa da kontaqtoris saSualebiT mierTebulia ga-

manawilebeli faris or fazasTan. datvirTvis denis kontrolisaTvis ujredi 

aRWurvilia fazaSi CarTuli denis transformator - ampermetris kompleqtiT 

(TIARC, AARC). kameraSi moTavsebulis  maRali temperaturuli simtkicis eleqtro-

debiT. erTi maTgani xistadaa damagrebuli, xolo meore moZravia da aRWurvi-

lia gadaadgilebis meqanizmiT, romelic, mis uZrav eleqtrodTan Sexebis saSua-

lebiT, uzrunvelyofs mokledSerTvis Seqmnas da Sedegad rkalis anTebas. amas-

Tan erTad, eleqtrods gaaCnia  sarkale Sualedis maregulirebeli. 

daskvna. modeli uzrunvelyofs eleqtromomaragebis sistemebSi mimdinare 

eleqtrodinamikuri procesebis imitacias. kerZod: eleqtroteqnologiuri danad-

fgarebisa da kompleqsebis mier eleqtromomaragebis qselidan moTxovnili aqti-

uri da reaqtiuli datvirTvebis teqnologiuri procesis mixedviT Secvlas, 

datvirTvis asimetriuli reJimebis warmoqmnas da datvirTvis denis formis da-

maxinjebas, mkveTrad cvalebadi (biZguri) datvirTvebis Seqmnas. Sesabamisad, igi 

saSualebas iZleva ganisazRvros:  sakompensacio reaqtiuli simZlavris maqsima-

luri mniSvneloba da regulirebis grafiki, datvirTvis asimetriuli reJimebis 

parametrebi (pirdapiri, uku da nulovani mimdevribis denebis amplitudebi), dat-

virTvis denis formis damaxinjebis Sedegad qselSi warrmoqmnili Zabvis maRali 

sixSiris harmonikebisa da Zabvis cimcimis („flikeris“) movlenis parametrebi.  

 
literatura. 

1. Руководство по устройству элктроустановок. Технические решения Schneider Electriс. Москва: ЗАО 
«Шнейдер Электрик»2009, с. 469. 

2. Шеховцев В.П. Электрическое и электромеханическое оборудование. Москва: Форум: Инфра-М.-407 с. 
 
DEVELOPING A PHYSICAL MODEL OF THE ELECTRICAL POWER SYSTEM LOADS. 

Chunashvili B., Kobalia M., Petrosyan A., Shampryan N.,  
Georgian Technical University. 

Summary 
       One of the main conditions of reliability growth of f power supply systems and improving energy characteristics 
is in-depth scientific study of electro-dynamic processes occurring in the electro-technological equipment. To this 
end, there has been developed a physical model of the electrical power system loads, which ensures simulation of   
electro-dynamic processes occurring in the electro-technological equipment: changing of active and reactive powers 
requested from the power supply network in accordance with technological processes; creation of asymmetrical load 
conditions and load current distortion; creation of extremely alternating (impulse) loads. The model allows for deter-
mining maximum value of reactive power compensation and control chart, asymmetrical load conditions parameters 
(straight, reverse and zero current amplitudes), and parameters of the voltage high frequency harmonics arisen as a 
result of load current distortion and voltage rapid voltage change (flicker) phenomenon.     
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eleqtruli parametrebis gazomvisa da vizualizaciis sistema 
 

imnaiSvili l.S.*, bedineiSvili m.m.*, jabua m.a.** 

*saqarTvelos teqnikuri universiteti, **iulixis kvleviTi centri 
 

eleqtruli parametrebis  Tanamedrove mravalfunqciuri cifruli gamzomi xelsawyo-
ebi ver uzrunvelyofen gazomili parametrebis aRqmis maRal ergonomiulobas, romlis amaR-
lebisaTvis SemoTavazebulia gazomili parametrebis  damatebiT analogur formaSi warmod-
gena da vizualizacia. SemoTavazebulia meTodi, romelic saSualebas iZleva gavaerTianoT 
analoguri da cifruli gamzomi xelsawyoebis dadebiTi mxareebi, erTis mxriv, analoguri 
xelsawyoebisaTvis damaxasiaTebeli informaciis aRqmis maRali ergonomiuloba da, meores 
mxriv, cifruli xelsawyoebisaTvis – gazomvis maRali sizuste. aRniSnuli meTodis reali-
zaciisaTvis SemoTavazebulia gamzomi sistemebis arqiteqturebi, romlebic maRali efeqtu-
robiT uzrunvelyofen gazomili parametrebis struqturizebas da analoguri da cifruli 
formiT vizualizacias. 
I. Sesavali 

energetikul obieqtze teqnologiuri procesis marTva sxva faqtorebTan er-
Tad mniSvnelodaa damokidebuli eleqtruli parametrebis gazomvisa da persona-

lis mier aRqmis sizusteze. dReisaTvis ukve sadavo ar aris, rom, gansxvavebiT ana-

loguri gamzomi xelsawyoebisagan, cifruli gamzomi xelsawyoebi gazomvis sizus-

tes metad uzrunvelyofen [1].   
      teqnologiuri procesebis avtomatizaciaSi farTod iyeneben multifunqciur 

cifrul gamzom xelsawyoebs (mfcgx), romelTac SeswevT unari gazomon teqnologi-

uri procesis mravali parametri. mfcgx–ebis mravalfunqciuroba gamoixateba maT 

funqciur SesaZleblobebSi gazomon da daamuSaon ori da meti parametri. rac ufro 

metia xelsawyos funqciuri SesaZleblobebi (gazomili parametrebis raodenoba), 

miT metia misi gamoyenebis areali da, Sesabamisad, seriulobac. mfcgx–ebs mravalmi-

lioniani tiraJiT awarmoeben iseTi cnobili firmebi, rogoricaa Siemens, ABB, Sneider 

Electric, Lovato, Lumel da mravali sxva.  
      momxmareblisaTvis xelsawyos mravalfunqciurobas aqvs dadebiTi da uaryofiTi 

mxareebi. dadebiTia, rom erTi tipis ramdenime mravalfunqciuri xelsawyo SeiZleba 

gamoyenebuli iqnas sxvadasxva konkretuli parametris gazomvisaTvis, aseve erTi 

xelsawyo  – mravali parametris gazomvisaTvis. agreTve unificirebuli xelsawyoe-

bis gamoyeneba amcirebs saeqspluatacio Rirebulebas da gamzomi xelsawyoebis sa-

erTo Rirebulebas.  

II. mravalfunqciuri cifruli gamzomi xelsawyoebi da ergonomiuli problemebi 

      mfcgx-s gamoyenebis ZiriTad uaryofiT mxares warmoadgens  gazomili parametris 

(–ebis) momxmareblis mier aRqmis sirTule. 

      avtomatizaciis saSualebebSi mfcgx–ebis gamoyenebis ori gza arsebobs: SCADA  
sistemebi da mcire avtomatizaciis SemTxvevaSi avtonomiuri gamoyeneba konkretuli 

teqnologiuri danadgaris parametrebis kontrolisaTvis. orive SemTxvevaSi (gansa-

kuTrebiT meore SemTxvevaSi) saWiro xdeba momsaxure personalis mier parametrebis 

adgilobrivad kontroli da xelsawyos sawyisi konfigurireba. amrigad, teqnolo-

giuri procesis mimdinareobisas da gawyobisas momsaxure personali imyofeba mul-

tifunqciur gamzom xelsawyoebTan mudmiv interaqciaSi. 
      gazomili parametrebis aRqmisaTvis mfcgx aRWurvilia funqciuri RilakebiT da 

mcire zomis displeiT, rac ver uzrunvelyofs konkretuli teqnologiuri procesi-
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saTvis saWiro sakontrolo parametrebis operatiulad amorCevas mravalidan da 

displeize struqturizebulad asaxvas. momsaxure personals, rogorc wesi, konkre-

tuli teqnologiuri procesisaTvis mfcgx–s mravali funqciidan esaWiroeba erTi 

an ramdenime, xolo yvela – iSviaTad.  

      aqedan gamomdinare:   

1. momsaxure personali iZulebulia Rilakebis gamoyenebiT Tanmimdevrulad daaT-

valieros xelsawyos mier gazomili parametrebi da saWiro amoweros, rac dakavSi-

rebulia droiT danakargebTan da SecdomebTan, rac SeiZleba uaryofiTad aisa-

xos teqnologiur procesze; 

2. mfcgx–s displeis mcire zomebidan gamomdinare gaZnelebulia monacemebis amo-

kiTxva displeize daSorebuli manZilidan;  

3. procesi kidev ufro rTulia, roca monacemebis amowera saWiroa ramdenime multi-

funqciuri xelsawyodan; 

4. mfcgx–ebis eqspluatacia moiTxovs personalis maRal kvalifikacias da dakavSi-

rebulia did droiT danaxarjebTan (informaciis aRebis TvalsazrisiT), rac miu-

Rebelia mcire da saSualo sawarmoebisaTvis. 

            mravalfunqciuri cifruli xelsawyoebidan informaciis aRqmis, anu momxma-
reblis  mravalfunqciur cifrul xelsawyoebTan interaqciis problema asaxulia 
msoflios wamyvani mecnierebis SromebSi da ganxilulia saerTaSoriso konferenci-

ebze [2-5].   

      miuxedavad imisa, rom dasmuli problema sakmaod kargadaa Seswavlili saaviacio 

da saavtobilo industriaSi (cnobilia mravalfunqciuri displeis saxeliT), dRe-

sac aqtualuri rCeba, radgan ar arsebobs saerTo daniSnulebis mfcgx–ebis gamoye-

nebis  ergonomiulobis amaRlebis meTodebi.  

III. eleqtruli parametrebis gazomvisa da vizualizaciis sistemis arqiteqtura 

mfcgx–ebis ergonomiulobis amaRlebis mizniT winamdebare naSromSi SemoTava-

zebulia meTodi, romelic gulisxmobs teqnologiuri procesisaTvis saWiro in-

formaciis winaswar struqturizebas da  eqspluataciis procesSi programul–apa-

raturuli saSualebebiT mis gamotanas farToformatian monitorze.  

upirveles yovlisa unda ganimartos informaciis struqturizebis cneba. ener-

getikuli daniSnulebis mfcgx–ebi gankuTvnilia n (mravali aTeuli) parametrebis 

simravlis F gazomvisaTvis – CardF=n. rogorc wesi, konkretul energetikul obieq-

tze, konkretuli daniSnulebis teqnologiuri procesis marTvisaTvis ar aris 

mfcgx–is mier didi sizustiT gazomili mravali n parametris gamoyenebis aucileb-

loba. amdenad, konkretuli teqnologiuri procesis marTvisaTvis SerCeuli unda 

iqnas mfcgx–is mier gazomili parametrebis simravle F*, CardF*=m. Cveulebriv n>m. 

amasTan mfcgx–is ekranze aisaxeba gazomili  n raodenobis parametridan k. mfcgx–

ebis gamoyenebis praqtika gviCvenebs, rom umetesad m>k, xolo idealur SemTxvevaSi 

k=m. 
      aseve mniSvnelovania gazomili parametrebis sizustis donis SerCeva da paramet-

rebis vizualizaciisaTvis saWiro ergonomikisa da dizainis damuSaveba. 

mfcgx–ebi gamoirCevian gazomvis didi sizustiT, rac momxmareblisaTvis nak-

lebad aRqmadia. amitom, mizanSewonilia gazomili parametrebi damrgvaldnen praq-

tikaSi miRebul sizustemde.  
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dReisaTvis yvelaze metad gavrcelebulia mfcx–ebi informaciis cifrul 

formaSi warmodgeniT, rac ergonomiuli TvalsazrisiT gamarTlebuli ar aris. saq-

me is aris, rom adamianisaTvis damaxasiaTebelia informaciis asociatiuri aRqma, 

romlis efeqturobas uzrunvelyofs informaciis analogur formatSi warmodgena. 

am mizniT SeiZleba gamoyenebuli iqnas virtualuri „isriani xelsawyoebi“ an infor-

maciis bar–kodiT warmodgena. parametris asaxva analogur formaSi asociatiur 
warmodgenas iZleva gazomili parametris Sesaxeb da miaxloebiT mianiSnebs mis do-

neze, xolo cifrul formaSi parametri aisaxeba zusti mniSvnelobiT.  

amdenad, mfcgx–ebis mier gazomili eleqtruli parametrebis personalis mier 

aRqmis gaumjobesebisaTvis saWiroa: 

● mfcgx–ebis mier gazomili eleqtruli parametrebis struqturizeba; 

● struqturizebuli gazomili eleqtruli parametrebis analogur formatSi gar-

daqmna; 

● eleqtruli parametrebis cifrul da analogur formatSi farTomaStabian moni-

torze gamotana; 

● monitorze gamotanili eleqtruli parametrebis grafikuli gamosaxulebebis zo-

mebis, sikaSkaSis, kontrastulobis da dizainis uzrunvelyofa maTi aRqmis garemo 

pirobebidan gamomdinare. 
aRniSnuli meTodi realizdeba cifruli sistemis originaluri arqiteqture-

biT: 

● sistema, romelic gankuTvnilia eleqtruli parametrebis gazomvisa da parametre-

bis gazomvis adgilze vizualizaciisaTvis; 

● sistema, romelic gankuTvnilia eleqtruli parametrebis gazomvisaTvis, paramet-

rebis gazomvis adgilze vizualizaciisaTvis da gadacemisaTvis, gadacemuli pa-

rametrebis vizualizaciisaTvis da parametrebis monitoringisaTvis. 

pirvel SemTxvevaSi sistemis arqtiteqturas eqneba nax. 1–ze mocemuli saxe. sis-

tema moicavs ramdenime  (samrewvelo qselis SemTxvevaSi maxL=32) mfcx–s, kon-

trolers da monitors. kontroleris daniSnulebaa mfcx–ebidan miiRos m raodeno-

bis parametri da moamzados es informacia monitorze gamotanisaTvis. am mizniT is 

mfcx–ebs ukavSirdeba samrewvelo qseliT (aparaturuli interfeisi – RS-485). ro-

gorc kontroleris funqciidan Cans, mas praqtikulad uwevs konsoluri kompiute-

ris funqciis Sesruleba. Sesabamisad is aRWurvilia operaciuli sistemiT. 

 
 
 
 
 
 
 
 
 
 
 

aseTi arqiteqturis ZiriTad naklad unda CaiTvalos kontrolerSi operaciu-
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li sistemis arseboba, romelic realur droSi momuSave SCADA sistemebisaTvis iT-

vleba arasaimedod. operaciuli sistemebis mqone realur droSi momuSave kontro-

leris saimedoobis amaRlebis mizniT saWiroa  mis arqiteqturaSi e.w. „modaraje ta-

imeris“  [6] da eleqtronuli HDD diskis gamoyeneba.  „modaraje taimeris“  ZiriTadi 

funqciaa operaciuli sistemis „dakidebis“ dros uzrunvelyos kontroleris ga-

datvirTva. cxadia, gadatvirTvis operacia iWers ramdenime wm–s, romlis drosac 

momsaxure personals SeiZleba mxedvelobidan gamorCes SCADA sistemis marTvis 

mniSvnelovani momenti. eleqtronuli HDD diskis gamoyeneba ganpirobebulia misi 

saimedoobiT mZime saeqspluatacio pirobebSi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax.2–ze motanilia sistemis arqiteqtura romelic gankuTvnilia eleqtruli 

parametrebis gazomvisaTvis, parametrebis gazomvis adgilze vizualizaciisaTvis 

da gadacemisaTvis, gadacemuli parametrebis vizualizaciisaTvis da parametrebis 

monitoringisaTvis.  

sistema Sedgeba sainJinro sadgurisagan da ori qvesistemisagan: 

● teqnologiuri procesis eleqtruli parametrebis gazomvis qvesistema; 

● marTvis faris qvesistema. 

gazomvis qvesistemis daniSnulebaa eleqtruli parametrebis gazomva, gazomvis 
adgilze vizualizacia da gazomili parametrebis gadacema marTvis faris qvesiste-

maSi. marTvis faris qvesistemis daniSnulebaa gazomvis qvesistemidan gazomili pa-

rametrebis miReba, gazomili parametrebis vizualizacia obieqtis marTvis farze da 

gazomili parametrebis gadacema sainJinro sadgurSi. sainJinro sadguris daniSnu-
lebaa gazomili parametrebis miReba monacemTa bazaSi da maTi damuSaveba sxvadas-
xva sxvadasxva WrilSi konkretuli teqnologiuri procesebis marTvis moTxovnebi-

dan gamomdinare. 
sainJinro sadguris saxiT SeiZleba gamoyenebuli iqnas personaluri kompiute-

ri. gamzomi qvesistema marTvis faris qvesistemasTan da marTvis faris qvesistema  sa-

inJinro sadgurTan dakavSirebulia LAN qselis saSualebiT. cxadia, qvesistemebis 
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kontrolebisaTvis da sainJinro sadgurisaTvis moiTxoveba specializebuli prog-

ramuli saSualebebi. 

IV. daskvnebi 

eleqtruli parametrebis  Tanamedrove mfcgx–ebi ver uzrunvelyofen gazomi-

li parametrebis aRqmis maRal ergonomiulobas, romlis amaRlebisaTvis mizanSewo-
nilia gazomili parametrebis  damatebiT analogur formaSi warmodgena da vizua-

lizacia. SemoTavazebuli meTodi saSualebas iZleva gavaerTianoT analoguri da 

cifruli gamzomi xelsawyoebis dadebiTi mxareebi, erTis mxriv, analoguri xelsa-

wyoebidan informaciis aRqmis maRali ergonomiuloba da, meores mxriv, cifruli 

xelsawyoebisaTvis damaxasiaTebeli gazomvis maRali sizuste. 
gamzomi sistemebis SemoTavazebuli arqiteqturebi maRali efeqturobiT uz-

runvelyofen mfcgx–ebis mier gazomili parametrebis struqturizebas da analogu-

ri da cifruli formiT vizualizacias. 
 
gamoyenebuli literatura: 
1. imnaiSvili l., bedineiSvili m. cifruli teqnologiebis eleqtroenergetikaSi gamoyene-

bis gamocdileba. saerTaSoriso samecniero-meToduri konferencia „energetika: regionu-
li problemebi da ganviTarebis perspeqtivebi“,Sromebi, quTaisi, 2010 w. 259–264 gv.  

2. McDonald, J., Stone, J., and Liebelt, L. (1983). Searching for items in menus: The effects of organization and 
type of target. In Proceedings of the Human Factors Society 27th Annual Meeting, 834-837. Santa Monica, CA: 
HFS 

3. Halverson, T., and Hornof, A. J. A computational model of active vision for visual search in humancomputer in-
teraction. HumanComputer Interaction 26, 4 (2011), 285–314. 

4. MacKenzie, I. S. Fitts’ law as a research and design tool in human-computer interaction. Hum.-Comput. Interact. 
7, 1 (Mar. 1992), 91–139. 

5. Sears, A., and Shneiderman, B. Split menus: effectively using selection frequency to organize menus. ACM 
Trans. Comput.-Hum. Interact. 1, 1 (Mar. 1994), 27–51. 

6. Frank Stajano and Ross Anderson, “The grenade timer: Fortifying the watchdog timer against malicious mobile 
code,” in Proceedings of 7th International Workshop on Mobile Multimedia Communications (MoMuC 2000), 
Waseda, Tokyo, Japan, Oct. 2000. 

 
ELECTRICAL PARAMETERS MEASURING AND VISUALIZATION SYSTEM. 

Imnaishvili L., Bedineishvili M., Jabua M 
Georgian Technical University, Julius Research Centre. 

Summary 
Contemporary multifunctional digital meters of electric parameters don’t provide high ergonomics of percep-

tion of measured parameters. To increase the ergonomics are using additional conversion and visualization into ana-
log form. The proposed method combines benefits of analog and digital measuring devices: High ergonomics of in-
formation perception typical for analog devices and high measurement accuracy - for digital devices. For realizing 
this method are proposed architectures of measurement systems, that provide structuring of measured parameters 
and visualizing into analog and digital form with high efficiency. 
 
 
 
 

mudmivi denis CanarTis gammarTvelSi eleqtromagnituri  
procesebis kompleqsuri gantolebebi 

 
xaCiZe g., koxreiZe d. 

saqarTvelos teqnikuri universiteti 
 

gamoyenebulia mudmivi denis CanarTis gammarTvelis kompleqsuri gantolebebi 
transformatoris yvela parametris gaTvaliswinebiT. miRebuli gantolebebis safuZvel-
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ze SeiZleba Catardes mowyobilobis sxvadasxva reJimis analizi da misi optimaluri pa-
rametrebis dadgena. 

 

erTbogiriani gammarTvelis muSaobis reჟimis ganmeoradobis interva-

li Seadgens . igi Tavis mxriv Sedgeba ori qve intervalisgan _ arasa-

komutacio _ dens atarebs ori ventili sakomutacio intervalisgan _ 

dens atarebs sami ventili. meore qveintervalSi warmoebs denis komuta-

cia, erT ventilidan meoreSi da erTdroulad transformatoris erTi 

fazidan meoreze. 

orbogiani gardamqmnelis sqema SeiZleba Sesruldes or transforma-

torze _ rodesac transformatrorebis pirveli gragnilebi CarTulia 

mkvebav qselze, xolo meore gragnilebi SeerTebulia  samkuTxedad da 

varskulavad erTnairi xazuri ZabviT da mierTebuli arian mimdevrobiT 

CarTul gammarTvel bogebTan. 

orbogiani gammarTvelis Sesrulebisas erTi sam gragnila transfor-

matoriT pirveladi gragnili CarTulia mkvebav qselze, xolo meoreuli 

gragnilebi SeerTebulia samkuTxedad da varskulavad. or transforma-

torze Sesrulebul sqemaSi erT bogaSi mimdinare komutaciuri procese-

bi naklebad moqmedebs meore bogaze. 

samgragnilian transformatorze es gavlena mniSvnelovania. 

mravalfaza ekvivalenturi saqemebis eleqtromagnituri procesebis 

anallizi warmoebs kirxofis kanonebiT Sedgenili diferencialuri gan-

tolebis safuZvelze Sesabamisi sasazRvro pirobebis mxdvelobaSi miRe-

biT drois calkeul intervalSi. es sakmaod Sroma tevadi samuSaoa Tum-

ca egm-is gamoyeneba sagrZnoblad amsubuqebs gaangariSebebs. aRniSnuli 

gantolebebi Sedgenilia fazuri cvladebis mimarT. maTi saSualebiT 

anagriSoben ventilebis denebsa da Zabvebs, muSaobis sxvadasxva reJimebSi 

_ erTdroulad CarTuliventilebis raodenobis cvlilebis mixedviT.  

eleqtromagnituri procesebis analizisaTvis saWiro gantolebaTa 

ricxvis Semcireba SesaZlebelia cvladTa kompleqsuri (veqtoruli) gar-

daqmnis gamoyenebiT. am gardaqmniT fazuri sidideebis nacvlad vRebu-

lobT diferencialur gantolebebs jamuri veqtoruli sisdideebis mi-

marT. mcirdeba gantolebaTa ricxvi. Sebrunebuli gardaqmniT ki vipoviT 

fazuri sidideebis myis mniSvnelobas. am meTodis sailustraciod ganvi-

xiloT eleqtromagnituri procesebis gantolebebi erTbogian gammar-

TvelSi samRerovani transformatoriT. 

transformatoris Reroebze ganlagebulia pirveli da meoreuli sam-

faza gragnilebi, romelic SeerTebulia mkvebav qselTan da ventilebTan. 

gragnilebisa da ventilebis SeerTebis sqemebisagan damokidebulebiT 

dens SeiZleba erTdroulad atarebdes ramdenime faza TiToeul Reroze.  

gammarTveli warmoadgens diskretulad cvladi parametrebis siste-

mas. amitom gardamavali reJimi masSi ganixileba drois mcire sasruli 
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intervalebis mixedviT. drois am intervalSi gardamaval procesSi mona-

wile emZ-ebi da eleqtruli wredebi ucvlelia. 

transformatoris pirveladi da meoreuli gragnilebis fazebis Zab-

vebis eleqtruli wonasworobis gantolebebs aqvT Semdegi saxe: 

= +  ,  (K=1,2,3); 

         = +  ,  (K=1,2,3);              (1) 

    ; 

     , 

sadac , , ,  _ gragnilebis fazebis aqtiuri winaRobebi da 

fantvis intuqciurobebia;  , , ,  _ gragnilebis fazebs So-

ris urTierT induqciurobebia.  , , , , ,  _ pirveli da me-

oreuli gragnilebis fazebis Zabvebi, denebi da sruli nakadSebmebia. 

indeqsebSi cifrebi uCveneben gragnilTa nomrebs, xolo asoebi _ Se-

sabamisi gragnilebis fazebis nomrebs.  

samRerovan transformatorSi yvela urTierTinduqciuroba SeiZleba 

warmovadginoT, rogorc urTierTinduqciuroba fazebisa romlebic gan-

lagebulia erT Reroze da fazebisa romlebic ganlagebulia sxvadasxva 

Reroebze. gammarTvelSi gardamavali procesebis ganxilvisas drois cal-

keul intervalebSi transformatori imyofeba gardamaval arasimetriul 

reJimSi, romlis xasiაTi icvleba regulirebisa da komutaciis kuTxeebis 

mixedviT. procesi damyarebulad iTvleba maSin  rodesac sasazRvro pi-

robebi sakomutacio ciklis daswyisSi da boloSi meordeba. 

gantolebaTa sistemis amoxsna martivdeba, rodesac fazuri cvlade-

bis nacvlad gadavalT veqtorul (kompleqsur) cvladebze. [2]. am SemTxve-

vaSi urTierTinduqciurobebis gansazRvrisas Semogvaqvs mamravli , 

sadac α –s aqvs _is jeradi mniSvnelobebi da gansazRvravs fazebis 

ganlagebas erT an sxvadasxva Reroebze. fazebis erT Reroze ganlagebi-

sas gveqneba M  = M =+1, ან M =-M, sadac M urTierT induq-

ciurobis maqsimaluri mniSvnelobaa. Cven SemTxvevaSi gvaqvs I RerosaTvis 

_ = = , II RerosaTvis _ = = ,  III RerosaTvis _  = =   

= ,     =                                                      

cvladTa gardaqmnis meTodis gamoyenebiT gantolebaTa sistema Caiwe-

reba veqtorul formaSi 

 =  +  ;   (2) 

 =  +  ;   (3) 
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 =   +  (M  + M ) +   M  + M ;   (4) 

 =   +  (M  + M ) +   M  + M ;   (5) 

sadac ,  _ kuTxeebia, romlebic ganisazRvreba denis gamtari 

fazebis gantolebiT transformatoris Reroebze;  ,  ,  ,  ,    ,   

denis, Zabvisa da nakadSebmebis majamebeli veqtorebia. 

cvladTa majamebeli veqtorebi tolia: 

 = ;       =  

 = ;      =     (6) 

 = ;     =  
majamebeli veqtorebis modulebi tolia cvladTa myisi mniSvnelobe-

bisa, xolo mimarTulebebi ganisazRvreba fazebis ganlagebiT transfor-

matoris Reroebze. 

transformatoris pirveladi gragnilis gantolebebi gamartivdeba, 

vinaidan  . 

pirveladi gragnilis veqtoruli Zabva: 

=   

meoreuli gragnilis denis veqtoris (kompleqsi) orfaza rejimSi 

(arakomutaciur intervalSi) 

= ( _ ) = _  

სადაც  _ meoreuli gragnilis fazaSi denis myisi mniSvnelobaa; , 

 _ denis gamtari fazebis Reroebis ganmsazRvreli kuTxeebia.              

_ Zabvebis CarTvis sawyisi fazaa;   - რეგულირების კუთხეა; 

=t mimdinare koordinatia;   – gammarTvelze modebuli Zabvis ku-

Txuri sixSirea. 

gantolebebi (2) _ (5) gardaqmnebis Semdeg fardobiT erTeulebSi Cai-

wereba veqtorul saxeSi: 

  =     *      (7) 

sadac    =  +  ;   =  ; 

           = 2 [1_ 	
           = + [1_ ];        

                   =2 + ;  =  ;                                 
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(7) gantolebebi SeiZleba CavweroT skalarul saxeSi Semdegi tolo-

bebis gaTvaliswinebiT: 

 = ;  ;   ;                     

 ;     

miRebuli skalaruli gantolebebi amoixsneba denebiswarmoebulebis 

mimarT. miviRebT gantolebebs d, q koordinatebSi egm_ze amoxsnis moxerxe-

bul formaSi. am gantolebebSi  _ transformatoris Cანაცვლების სქემის 

damamagnitebeli Stos induqciuri winaRobaa, simetriul reJimSi; ,  _ 

pirveli da meoreuli gragnilebis fantvis induqciuri winaRobebia;  

ρ=     

qrobis koeficientia; ϻ=    ,  _ pirveladi da meoreuli grag-

nilebis magnituri kavSiris koeficientebia; ϻ	=1- ϻ	  _ transformatore-
bis gragnilebis magnituri fantvis koeficientia. 

meoreuli gragnilis  deni Sesabamis d, q SemdgenebTan dkavSirebu-

lia tolobiT 

= _  =  

denebis myisi mniSvnelobebi pirveladi gragnilis fazebSi tolia: 

=  [ ] , 

sadac n _ pirveladi gragnilis fazis nomeria (n _ 1, 2, 3). 

miRebuli kompleqsuri gantolebebi martivia sawyis gantolebebTan 

SedarebiT da Seicaven transformatoris yvela paraametrs. isini warmate-

biT SeiZleba gamoyenebul iqnes rogorc boguri, aseve samfaza zigzagisa 

da nulovan gamomyvaniani sqemebis gasaangariSeblad. ganxiluli gaangari-

Sebis meTodikis safuZvelze SeiZleba Catardes or da mravalbogiani  

kaskaduri sqemebis eleqtromagnituri procesebis analizi. 
 

gamoyenebuli literatura 
1. Поссе А.В Схемы и режимы электропередач постояного тока Изд-во “Энергия” Ленинградское 

отделение, 1973, с.303 
2.  Лутидзе Ш.И Основы теории электрических машин с управляемым полупроводниковым коммутытором 

Изд-Во “Наука” 1968, с.303 
 

COMPLEX  EQUATIONS  OF  THE  ELECTROMAGNETIC PROCESSES FOR  
THE  CONVERTER  OF  HVDC 

Khachidze G., Kokhreidze D. 
Georgian Technical Ubiversity 

Summary 
It have been determined complex-vector equations for a half-wave rectifier of the converter station. With 

help of these equations it’s possible to figure out both steady and unsteady behaviours with consideration of all para-
meters. 
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qvesadgur ,,baTumi 220’’-Si 35kv-ian eleqtrogadacemis xazze  
el.energiis aRricxvis kvanZis optimizacia  

 
qorqia e., SergelaSvili t. 

saqarTvelos saxelmwifo eleqtrosistema 
 

 naSromSi konkretul magaliTze kerZod q/s ,,baTumi 220’’ 35 kv-ian eleqtrogadace-
mis xazze ,,feria’’ el.energiis sworad aRricxvis mizniT ganxilulia eleqtroenergiis 
aRricxvis kvanZebSi Semavali el.mowyobilobebis: Zabvisa da denis mzomi transformato-
rebis, eleqtronuli mricxvelis da SemaerTebeli sadenebis (kabelebis) optimaluri pa-
rametrebis SerCevis sakiTxebi. 
 
 35 kv-ian xazze ,,feria’’ el.energiis  aRricxvis kvanZSi damontajebulia 

0.2 klasis eleqtronuli mricxveli tipi A3R1-4-ALX-4BB-T ,   mzomi transforma-

torebi: denis tipi TP070.11, Zabvis tipi 3HOM‐35, romlebic  mricxvelTan mierTe-

bulia spilenZis 2.5 mm2 ganikveTis kabeliT. denis transformatoridan mricxve-

lamde kabelis sigrZea 45 m, xolo Zabvis transformatoridan mricxvelamde ka-

belis sigrZea 50 m. 

 eleqtroenergiis aRricxvis kvanZis el.mowyobilobebis teqnikuri monace-

mebia: 

1. eleqtronuli mricxveli  

tipi A3R1-4-ALX-4BB-T ,  
sizustis klasi 0.2 

2. Zabvis transformatori  

tipi 3HOM-35/0.01,  
simZlavre 30 va.  

sizustis klasi 0.5 

3. denis transformatori 

tipi TP070.11 
simZlavre 25 va.  

transformaciis koeficienti 100-200/5 

sizustis klasi 0.5 

 e.g.x-ze winaswar aRebulia denis transformatoris transformaciis koe-

ficienti Kd=100/5. 

 naxazze №1a, №1b moyvanilia e.g.x-is el.energiis aRricxvis kvanZis eleq-

truli calxazovani da el.energiis aRricxvis kvanZis sqema. 

  
nax.№1a    nax.№1b 
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 naxazebze №2 da №3 moyvanilia e.g.x-is sruli simZlavris datvirTvis 

dRiuri saxasiaTi grafikebi. 

 
nax.№2 

 
nax.№3 

 moyvanili masalebis safuZvelze CavataroT denis transformatoris tran-

sformaciis koeficientis optimizacia. 

 cnobilia, rom d.t-ri irCeva pirobidan, rom misi meoradi deni ar unda 

aRematebodes nominaluris 110%-s. meore mxriv denis transformators gadidebu-

li transformaciis koeficientiT, mcire meoradi denebis SemTxvevaSi aqvs gagi-

debuli cdomileba ,,el.mowyobilobebis mowyobis wesebis’’ (ПУЭ) Tanaxmad. ker-

Zod, minimaluri datvirTvisas meoradi denis mniSvneloba unda iyos mricxve-

lis nominaluri denis aranakleb 5%-is, xolo maqsimaluri datvirTvisas ara-

nakleb 40%-is. 

 naxazebze №2 da №3 moyvanili sruli simZlavris grafikebis safuZvelze: 

;                    ; 

 e.g.x-Si gamavali maqsimaluri datvirTvis deni: 
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sadac,  xazze modebuli Zabvis nominaluri mniSvnelobaa 

e.g.x-Si gamavali minimaluri datvirTvis deni: 

 
 el.energiis aRricxvis wredSi gamavali deni xazis maqsimaluri datvir-

Tvis SemTxvevaSi: 

 

sadac,  denis transformatori transformaciis koeficientia. 

el.energiis aRricxvis wredSi gamavali deni xazis minimaluri datvir-

Tvis SemTxvevaSi: 

 
 el.energiis aRricxvis wredSi gamavali denis fardoba meorad nominalur 

denTan procentebSi: 

maqsimaluri datvirTvisas: 

 
minimaluri datvirTvisas: 

 
 Catarebuli angariSis safuZvelze vaskvniT, rom denis transformatorma 

transformaciis koeficientiT 100/5 ar daakmayofila zemoT aRniSnuli (5%; 40%) 

moTxovnebi. saTanadod el.energiis xarji sworad ar aRiricxeba. 

 CavataroT analizi da davadginoT is minimaluri da maqsimaluri tvirTe-

bi, romlis drosac dakmayofildeba zemoT aRniSnuli moTxovnebi. 

maqsimaluri datvirTvisas: 

 

 
minimaluri datvirTvisas: 

 

 
 saTanadod e.g.x-is datvirTvebi unda iyos: 

maqsimaluri datvirTva 

 
minimaluri datvirTva: 

 
SevirCevT denis transformators transformaciis koeficientiT 

, romelic daakmayofilebs zemoT aRniSnul optimalobis pirobebs 

xazis minimaluri da maqsimaluri datvirTvisas: 
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 SevamowmoT 0.5 klasis denis transformatori arsebuli transformaciis 

koeficientiT   Termiuli da dinamiuri mdgradobis pirobebis gaTva-

liswinebiT. 

 

Termiuli mdgradoba 

 35 kv-ian salteze mokled SerTvis deni   =3 wm-iani 

         wm 

sadac  

 mocemuli denis transformatori koeficientiT  aris 20 jera-

dobis. saTanadod kmayofildeba Termiuli mdgradobis piroba 

 
 sadac gaTvaliswinebulia denis jeradoba 2 ka. 

dinamiuri mdgradoba 

 denis transformatoris eleqtrodinamiuri mdgradobis nominaluri dina-

miuri deni (sapasporto monacemebi) 

 

 

 
daskvna: dinamiuri mdgradobis piroba dakmayofilebulia. 

 SevamowmoT denis transformatoris meoradi gragnilis simZlavre. 

meoradi gragnilis winaRoba: 

 
- kontaqtis winaRoba miiReba 0.1 omis toli 

 

- sruli simZlavre aiReba eleqtronuli mricxvelis sapas-

porto monacemebidan. 

SemaerTebeli sadenis winaRoba: 

 

- sadenis sigrZea; 

 - sadenis kveTi; 
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 spilenZis sadenis xvedrTi winaRobaa; 

AAA  

 denis transformatoris meoradi wredis simZlavre: 

 
daskvna: denis transformatoris datvirTvis gragnilis simZlavre airCeva 

 tolad. 

SemaerTebel sadenebSi (kabelebSi) Zabvis vardnis gansazRvra 

el.energiis aRricxvis wredSi gamoyenebuli 0.5 klasis Zabvis transforma-

toris meorad wredSi Zabvis vardna ar unda aRematebodes  0.25 %-s. 

CavataroT Zabvis vardnis gaangariSeba. 

Zabvis transformatoris simZlavre   

Zabvis transformatoris meorad wredSi Zabvis vardna: 

 
deni meorad gragnilSi: 

 
saTanadod Zabvis vardna tolia: 

 

 

- sadenis sigrZea; 

 - sadenis kveTi; 

 saTanadod Zabvis vardnam sadenSi gadaaWarba dasaSveb  mniS-

vnelobas. Sesabamisad Zabvis vardnis Sesamcireblad vzrdiT sadenis kveTs 

-mde. Zabvis vardnis sidide am SemTxvevaSi iqneba dasaSvebi 

. 

daskvna: Catarebuli analizis safuZvelze SerCeuli iqna e.g.x-is el.energiis aR-

ricxvis kvanZis optimaluri mzomi transformatoris parametrebi (Zabvis da de-

nis)  da maTi eleqtronul mricxvelTan damakavSirebeli sadenebis parametrebi. 
 

gamoyenebuli literatura 
1. e.qorqia, n.gozaliSvili. eleqtrul qselebSi eleqtroenergiis aRricxvis safuZvle-

bi sse 2013w. 184gv. 
2. ,,Электротехнический Справочник’’,Т.3. М., 2004г.- 963с. 
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OPTIMIZING ELECTRICAL POWER METERING UNIT ON 35-KW POWER 
 TRANSMISSION LINE IN “BATUMI 220” SUBSTATION. 

Korkia M., Shergelashvili T.,  
Georgian Technical University 

Summary 
The paper deals with the issues discussed on the basis of a specific example namely: substation ,,Batumi 

220’’ 35 kv. transmission line ,,Peria’’. In order to measure electric power of the line properly it is important to cho-
ose beast parameters in the electric equipments such as voltage and current meter transformers, electric meter, joi-
ning cables.  

 
 
 
 
 

EFFECTIVE ENERGY CONVERSION IN SWITCHED INDUCTOR-TYPE 
ELECTRICAL DRIVE 

 
V. PYZHOV, M. OSTROVERKHOV 

National Technical University of Ukraine “Kyiv Polytechnic Institute” 
 

It is known, that electrical drive consumes around 70 % of total generated energy in the world. Therefore, 
improving of energy efficiency of electrical drive is one of the ways to energy and resources saving in various indus-
tries. 

The electrical drive based on switched inductor motor with independent electromagnetic excitation is a good 
alternative to widely used induction drive because of various advantages related to energy efficiency. At the same ti-
me this type of drive is sensitive to coordinate and parametric disturbances which may affect energy efficiency and 
quality of control. This paper proposes the method of development of control laws based on an idea of the reversibi-
lity of the Lyapunov direct method for the stability analysis, and using the instantaneous value of energy as the pre-
determined Lyapunov function. This will ensure effective operation with a lesser sensitivity to variations of the mo-
tor’s parameters, as well as the simplicity of realization of control system.  
 

Introduction. Most energy losses take place on the demand-side during a certain technological 
process. Electrical drive consumes around 70 % of total generated energy in the world. At the same time, 
being used as a tool for optimization of technological processes, it allows to reduce both direct and indi-
rect losses. The synergetic effect makes it possible to reduce not only electricity consumption, but also ot-
her resources because of reduction of production costs, transportation, maintenance and other costs. As a 
result, each unit of energy saved by electrical drive is equal to five units of fuel equivalents (gas, oil or 
coal) [1]. 

In many industries, the promising alternative to the most widely used induction electrical drive is 
one based on a switched inductor motor with independent electromagnetic excitation (SIM IE) [2]. Main 
advantages of SIM IE are: a simple design and low production costs; high manufacturability and reliabi-
lity; high efficiency factor within a wide speed range; power factor is about 100%; a wider speed control 
range in a zone of reduced magnetic flux; an easier heat removal.  

Miscalculations during identification of the parameters of the equivalent circuit of the SIM IE can 
be caused by assumptions used in an applied methodology, as well as by the lack of basic information. 
During the motor operation, resistance of windings may be changed because of heating, and inertia mo-
ment may be deviated through changes of the kinematics. These parametric deviations resulted in diffe-
rences between estimated and actual parameters of the electrical drive, which, in turn, leads to worsening 
of control performance.    

Naturally, the SIM IE, as well as other types of alternating current motors, is an interrelated con-
trolled object, substantially dependent on influence of inducted eddy currents. In this case, electrical drive 
control requires compensation of negative influence of these coordinate disturbances.  
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The above mentioned problems can be solved based on a concept of reverse task of dynamics in 
combination with minimization of local functionals of instantaneous values of energies [3]. The reverse 
task of dynamics is to identify the control law which would ensure a given quality of control with desired 
static and dynamic performance of the system. The proposed method is based on an idea of the reversibi-
lity of the Lyapunov direct method for the stability analysis. This allows defining control laws which en-
sure that a closed loop has the predetermined Lyapunov function in form of the instantaneous value of 
energy. The specificity of optimization is not obtaining the absolute minimum of the quality functional, as 
usually used in traditional systems, but rather getting a certain minimal value which would assure a tec-
hnically allowable dynamic error of the system. 

This paper is aimed at increasing of energy conversion effectiveness in switched inductor electri-
cal drive under conditions of uncertainties in a mathematical model through proposed optimization of 
control laws that would ensure a lesser sensitivity to variations of the motor’s parameters, as well as the 
simplicity of realization of the control system. 

Content of study. A mathematical model of SIM IE in the coordinate system (d-q), oriented by 
the rotor magnetic axis, can be described by known non-liner equation system (1). 
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(1) 

where di , qi  and du , qu – d-axis and q-axis stator currents and voltages respectively; fi  and fu  – excita-

tion current and voltage;  p rZ  and r  – electrical and angular rotor speed; pZ – pole couple number; 

J  – inertia moment; M , cM  – electromagnetic motor torque and load torque; d , q , f  – d- and q-

axis, as well as excitation winding fluxes; sL , fL , mL  – stator, excitation winding and mutual inductan-

ce; sR , fR – stator and excitation winding resistances. 

During the control system design, coordinate deviations f
1 m q

di
F L

dt
  , 2 dF   , and 

d
3 m

di
F L

dt
  are usually interpreted as indeterminate, but value limited  1 1maxF F , 2 2 maxF F , 

3 3maxF F , while values of control signals du , qu , fu  are sufficient for their compensation. In this case, 

a problem to control the interrelated controlled object (1) comes to finding solution of local tasks to con-
trol four liner subsystems. 

 
An object of the local control loop for the stator current di  according to the 1st equation of the 

system (1) 

 

d
s s d d 1

di
L R i u F

dt
     (2) 
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can be described by the first order linear differential equation with control signal du and disturbance 1F . 

A desired equation of the closed current loop, which defines expected control performance, can also be 
described by the first order differential equation [3]  

 
d d

*
0i 0i dz z i ,    (3) 

where *
di  – referenced current. The equation (3) enables a type 1 astatic system for control variable, as 

well as smooth (with no overcontrol) current transients. Required transient time
dn 0it 3 /  , is defined 

only by the coefficient
d0i . 

The extent to which the real current control process is close to desirable one can be estimated 
through the functional, which depends on inductance-normalized instantaneous energy of the magnetic fi-
eld by the 1st derivation of the current.  

 

2
d d

1
G(u ) z(t) i (t) .

2
   

  (4) 

To minimize the functional, the gradient law of the 1st order can be used: 

 
d

d d
i

d

du (t) dG(u )
,

dt du
   (5) 

where 
di

  – a constant.  

Substituting (2) and (4) into (5), the control law for the current di  can be obtained 

 

d

d

d i d

t
*

0i d d
0

u (t) k (z i );

z (i i )dt.

 

  
 (6) 

where 
d di i sk / L   – the gain coefficient of the current controller.  

The specificity of the developed control law, contrary to classic ones, is the absence of parameters of 
the controlled object (1). The controller contains only the parameter 

d0i  which defines the desired equa-

tion of the closed-loop system performance (3). 
Using the above methodology, based on the 2nd , 3rd and 4th equations of the equation system (1) and 

the equation of the desired closed loop (3), the control laws for the stator current qi , the excitation current 

fi and the motor speed   can also be obtained.  

Conclusions. Optimization of energy conversion based on the concept of the reversibility tasks of 
dynamics with minimization of local functionals for the instantaneous values of energy ensure the high 
quality of control of the switched inductor-type electrical drive with the low sensitivity to parametric and 
coordinate disturbances. The proposed approach can simplify development of the control laws for the 
controllers as it does not require detailed mathematic model of the controlled object with accurate values 
of its parameters. Together with the absence of the operation of differentiation, it facilitates practical rea-
lization of the developed control laws. This results in good perspectives for using of the switched inductor 
motors in various industrial applications and the respective improvement of the energy efficiency.  
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saqarTvelos eleqtroenergetikuli sistemis ganviTarebis Sesaxeb 

msoflioSi mimdinare tendenciebis gaTvaliswinebiT 
 

magraqveliZe T., lomiZe x., janikaSvili m., arCuaZe i. 

saqarTvelos teqnikuri universiteti, 
arCil eliaSvilis marTvis sistemebis instituti 

 
statiaSi ganxilulia msoflioSi eleqtrenergetikis ganviTarebis tendenciebi. 

moyvanilia da gaanalizebulia saTanado monacemebi. naCvenebia, rom saqarTvelos ekono-
mikurad mdgradi ganviTarebisaTvis aucilebelia uaxloes aTwleulebSi miRweul iqnes 
eleqtroenergiis wliuri gamomuSavebis done 40-45 mlrd.kvt.sT-mde.  

damuSavebulia magenerirebeli eleqtrosadgurebis maTematikuri modeli, ris sa-
fuZvelzec amoxsnilia saTanado optimizaciis amocana. naCvenebia, rom saqarTvelos Se-
uZlia sakuTari da baqo-Tbilisi-erzerumis gazsadenis resursebiT uzrunvelyos eleq-
troenergiis wliuri gamomuSaveba 45 mlrd.kvt.sT doneze. 

 
energetikaSi mimdinare tendenciebi. rogorc cnobilia energetika, maT So-

ris, eleqtroenergetika warmoadgens qveynis ekonomikuri ganviTarebis erT-erT 

ZiriTad safuZvels. ganviTarebuli qveyana praqtikulad warmoudgenelia mZlav-

ri eleqtroenergetikuli bazis gareSe. amitomaa, rom msoflios TiToeuli qve-

yana upirveles rols aniWebs energetikis ganviTarebas da amiT energetikuli  

damoukideblobis bazis ganmtkicebas.  

qveynis ekonomikuri ganviTarebis erT-erT mniSvnelovan indikators warmo-

adgens erT sul mosaxleze mosuli wliurad gamomuSavebuli eleqtroenergia. 

am maCvenebliT saqarTvelo 98-e adgilzea [1]. 

rogorc  analizma gviCvena, msoflioSi daaxloebiT 200 qveynidan ar arse-

bobs arcerTi, romelic susti eleqtroenergetikuli baziT ekonomikuri ganvi-

Tarebis maRal doneze imyofeba.  

interess imsaxurebs msoflioSi eleqtroenergiis gamomuSavebis struqtu-

ra, romelic warmodgenilia nax.1-ze [2]. 

 
nax.1 eleqtroenergiis gamomuSavebis struqtura msoflioSi. 

 

rogorc aRniSnuli naxazidan Cans, msoflioSi moxmarebuli eleqtroener-

giis 63.2% gamomuSavdeba TboeleqtrosadgurebSi, 19.5% hidroeleqtrosadgureb-

Si, 16.4% atomur eleqtrosadgurebSi. alternatiuli wyaroebis safuZvelze mi-

Rebuli eleqtrenergiis wili ar aRemateba 0.9%-s (nax.1).  

interess imsaxurebs, agreTve, energoresursebis moxmarebis dinamika msof-
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lio masStabiT (nax.2). rogorc aRniSnuli naxazidan Cans, organuli saTbobis 

wili mniSvnelovania. atomuri energiis wili mcirdeba 6.4%-dan (2000w) 4.5%-mde 

(2012 w). 

 
nax.2 energoresursebis moxmarebis struqtura msoflioSi 

 

aRniSnuli naxazidan Cans, rom gansaxilvel periodSi SesamCnevad izrdeba 

e. w. ganaxlebadi energoresursebis wili energetikaSi, Tumca, unda aRiniSnos, 

rom ganaxlebadi energoresursebis roli energetikaSi umniSvneloa da uaxloes 

wlebSi eqspertebis azriT ar aris mosalodneli misi mkveTri zrda. 

nax.3-ze warmodgenilia msoflioSi energiis moxmareba ekonomikis dargebis 

mixedviT. rogorc naxazidan Cans, energiis udidesi nawili (36-37%) modis pirad 

moxmarebasa da momsaxurebaze. aseve mniSvnelovani nawili modis mrewvelobasa 

da transportze. 

 
nax.3.  energiis moxmareba ekonomikis dargebis mixedviT msoflioSi 

 

nax.4-ze warmodgenilia eleqtroenergiis gamomuSavebis struqtura regione-

bis mixedviT [3].  

rogorc aRniSnuli naxazidan Cans, eleqtroenrgiis gamomuSavebis struqtu-

ra, romelic mTeli msofliosTvis warmodgenilia nax.2-ze, garkveuli variacie-

biT SenarCunebulia evropaSi, yofil sabWoTa qveynebSi, aziaSi, afrikasa da 

CrdiloeT amerikaSi. gansxvavebuli suraTi gvaqvs samxreTi amerikis SemTxveva-

Si, sadac gamomuSavebuli eleqtrenergiis 75% modis hesebze. avstraliaSi ki 

dReisaTvis ar arsebobs atomuri eleqtrosadguri. am gansxvavebis gaTvaliswi-

nebiT, xsenebuli struqtura (nax.4) SenarCunebulia calkeuli qveynebis umeteso-

baSi. Tumca, arsebobs radikalurad gansxvavebuli gamonaklisebic. ase magali-

Tad, norvegiaSi gamomuSavebuli eleqtroenergiis 99% modis hidroeleqtrosad-

gurebze, israelSi eleqtroenergiis praqtikulad 100% modis Tboeleqtrosad-

gurebze, safrangeTSi ki eleqtroenergiis daaxloebiT 80% gamomuSavdeba  ato-

mur eqtrosadgurebSi. 
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nax.4. eleqtroenergiis gamomuSavebis struqtura 

regionebis mixedviT msoflioSi 
1. msoflio, 2. evropa,  3.yofili sabWoTa qveynebi, 4. azia, 5. afrika, 

6. CrdiloeTi amerika, 7. samxreTi amerika, 8. avstralia. 

  

ase, rom, yoveli qveyana eleqtroenergetikas anviTarebs sakuTari SesaZleb-

lobebidan gamomdinare, cxadia, energousafrTxoebis sakiTxebis gaTvaliswine-

biT.  

saqarTvelos energetikuli resursebi. saqarTvelos mdinareebis sruli 

energetikuli potenciali, bolo dros dazustebuli monacemebiT [4,5] Seadgens 

daaxloebiT 219 mlrd.kvt.sT/w. aqedan, teqnikuri potenciali aris daaxloebiT 

90 mlrd.kvt.sT/w, xolo ekonomikuri potenciali _ 50 mlrd kvt.sT/w. sayuradRe-

boa, rom saqarTvelos hidroenergoresursebis teqnikuri potencialis 65% mo-

dis 5 mdinareze (rioni, enguri, mtkvari, kodori, bzifi).     

aqve unda aRiniSnos, rom aucilebelia periodulad xdebodes ekonomikuri 

potencialis xelaxali Sefaseba. vfiqrobT, rom organul saTbobze fasebis 

zrdis pirobebSi, ekonomiuri hidroenergo-potenciali sagrZnoblad  meti iqne-

ba, vidre es zemoT iyo naCvenebi. 

aRsaniSnavia, rom dReisaTvis saqarTvelos  hidroenergoresursebis teqnikuri 

potencialis mxolod 12% aris aTvisebuli. 

rogorc cnobilia, saqarTvelos mdinareebi xasiaTdeba Camonadenis didi uTa-

nabrobiT. ase magaliTad, mdinareTa umetesobisaTvis Camonadenis raodenoba ian-

vris TveSi daaxloebiT 4_5-jer naklebia wyaldidobis periodis (aprili_maisi) 

analogiur maCvenebelTan SedarebiT. yovelive es mniSvnelovnad arTulebs hid-

roenergo-resursebis srulyofilad aTvisebas. aRniSnuli garemoebis gamo, ze-

moT moyvanili ekonomikuri potencialis (50 mlrd.kvt.sT) aTviseba SesaZlebeli 

mxolod im SemTxvevaSi, Tu moxdeba ZiriTad mdinareTa Camonadenis daregulire-

ba.  

saqarTvelos gaaCnia qvanaxSiris sakmaod   mniSvnelovani   maragi.  sakma-

risia  aRiniSnos, rom qvanaxSiris saerTo maragi 1990 wlis SefasebiT Seadgens 

daaxloebiT 1 mlrd.tonas. aqedan qvanaxSiris samrewvelo maragi Tavmoyrilia 

tyibul-Saorisa da tyvarCelis auzebSi, saerTo raodenobiT 360 mln.tona. mura 

naxSiris samrewvelo maragis sakmarisi raodenobaa vale-axalcixis auzSi. 

unda aRiniSnos, rom 60-ian wlebSi qvanaxSiris yovelwliuri mopoveba da-

axloebiT 3 mln. tonas Seadgenda, dReisaTvis ki misi mopoveba umniSvneloa. 

rac Seexeba navTobisa da gazis maragebs, am saTbobebis Sesaxeb dReisaTvis 

ase Tu ise zusti monacemebi ar arsebobs. unda aRiniSnos, rom Sahdeniz_Tbili-
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si _erzerumis gazsadenis sruli simZlavriT amuSavebis Semdeg saqarTvelos Se-

saZlebloba eqneba aRniSnuli milsa-denebis qveynis teritoriaze gatarebis sa-

nacvlod yovelwliurad miiRos 1.5 mlrd.m3 gazi. amasTan, saqarTvelos SesaZ-

lebloba eqneba damatebiT, specialur fasebSi,  SeiZinos 500 mln m3 gazi. 

saqarTvelos teritoriaze mosuli mzis energiis sruli potenciali Sead-

დgens  10 mlr .kvt.sT/w. qaris energiis sruli potenciali Seadgens 1012 kvt.sT/w. 

aqedan realurad SeiZleba miviRoT 2_3 mlrd.kvt.sT/w eleqtroenergia. geoTer-

muli wylebis prognozuli maragi aris 220_250 mln.m3/w. geoTermuli wylebis 

temperatura meryeobs 50 0C _ 100 0C farglebSi.  

zemoT moyvanili monacemebidan gamomdinare, eleqtroenergetikis ganviTare-

bisas ZiriTadi aqcenti unda gakeTdes hidroenergoresursebis aTvisebaze (ra-

zec dRes aravin kamaTobs). magram amisaTvis saWiro iqneba uari iTqvas im tra-

diciul sqemaze, romlis mixedviTac bazisuri eleqtroenergiis misaRebad gamo-

yenebul unda iqnes atomuri an Tboeleqtrosadgurebi, xolo pikuri eleqtroe-

nergiis misaRebad ki _ wyalsacaviani hidroeleqtrosadgurebi. 

marTlac, Tu gaviTvaliswinebT Cvens qveyanaSi eleqtroenergiis moxmarebis 

grafikis xasiaTs, romlis mixedviTac bazisuri energia Seadgens mTeli moxmare-

buli eleqtroenergiis daaxloebiT 2/3-s, xolo pikuri energia ki _ 1/3-s, cxadi 

gaxdeba, rom hidroenergetikas qveynis saerTo eleqtroenergetikul balansSi 

prioritetuli roli eqneba mxolod im SemTxvevaSi, Tu bazisuri eleqtroener-

giis misaRebad TboeleqtrosadgurebTan erTad maqsimalurad iqneba gamoyenebu-

li hidroeleqtrosadgurebi. 

zemoxsenebul tradiciul sqemas cxadia, gaaCnia Tavisi teqnikuri da eko-

nomikuri dasabuTeba, magram vfiqrobT, yoveli qveyana, energousafrTxoebis sa-

kiTxebidan gamomdinare, valdebulia iTvaliswinebdes sakuTar resursebs da sa-

Tanado Sesworebebi Sehqondes aRniSnul sqemaSi. 

aqve unda aRvniSnoT, rom SesaZlebelia, agreTve, iseTi sqemis realizacia, 

romlis mixedviTac saqarTvelos hidroeleqtrosadgurebi gamoimuSaveben Warb 

pikur energias, da moxdeba misi gacvla bazisur eleqtroenergiaSi. Cveni azriT, 

igive energousafrTxoebis sakiTxebidan gamomdinare, rogorc gacvlis, ise im-

portis sagans SeiZleba warmoadgendes moxmarebuli energiis mxolod mcire na-

wili _ 10-15%. 

zemoTqmulis sailustraciod, Cven mier gaanalizebul iqna msoflios 150-

mde qveynis eleqtroenergetikuli monacemebi. analizma gviCvena, rom am qveynebis 

umetesoba ama Tu im saxecvlilebiT iyenebs zemoxsenebul tradiciul sqemas, 

Tumca, aris sruliad radikaluri gadaxrebic rogorc erT, ise meore mxares.  

amave analizidan naTlad gamoCnda, rom aRniSnuli qveynebis did umravle-

sobaSi eleqtroenergiis importi ar aWarbebs 15-20%. gamonakliss warmoadgens 

mxolod ramdenime qveyana, maT Soris, ZiriTadad, yofili sabWoTa kavSiris Se-

madgenlobidan gasuli qveynebi. 

eleqtrosadgurebis maTematikuri modeli. energoresursebs optimalurad 

gamoyenebis uzrunvelsayofad saWiroa gamoyenebul iqnes maTematikuri modeli-

rebis Tanamedrove meTodebi. 

arCil eliaSvilis marTvis sistemebis institutSi avtorTa mier damuSave-

bulia saqarTvelos magenerirebeli eleqtrosadgurebis maTematikuri modeli, 

ris safuZvelzec amoxsnilia saTanado optimizaciis amocana. modeli dawvrile-
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biTaa aRwerili [6]-Si. 

qvemoT moyvanilia miznis funqcia da SezRudvebi. 

miznis funqcia:      min
1




n

i
iii PCEaL  

SezRudvebi: 

pp PPP o 4 ;  pp WWPt o 44 ;  bb PPPi  0 ;  bb WWPt ii  0 ;  022 PP  ; 

5oWPt 55 ;  6oWPt 66 ;  777 oWPt  ;   888 oWPt  ;  99 oPP   
sadac, Pi aris i -uri tipis sadgurebis jamuri simZlavre, P0i arsebuli 

simZlavre, ia - i -uri tipis sadguris erTeuli simZlavris asaSeneblad saWiro ka-

pitaluri dabandebebi; �i - i-uri tipis sadguris erTeul simZlavreze gaweuli 

wliuri saeqspluatacio danaxarjebi.  

saTanado optimozaciis amoxsnis Sedegebis erTi varianti warmodgenilia 

nax.6-ze.  

 
a)                                     b) 

nax.6. saqarTvelos eleqtrosadgurebis savaraudo struqtura 
a) simZlavre,  b) eleqtroenergia 

 

rogorc grafikebidan Cans, saqarTvelos SeuZlia sakuTari da baqo-Tbili-

si-erzerumis gazsadenis resursebiT uzrunvelyos eleqtroenergiis wliuri ga-

momuSaveba 45 mlrd.kvt.sT doneze. cxadia, miRebuli Sedegebi SefasebiTia. 

gansaxilveli sadgurebis tipebi da xvedriTi kapitaluri dabandebebis 

erT-erTi varianti mocemulia cxril-2-Si.  

                                                                  cxrili2 

NN simZlavre sadguris tipi kapitaldabandeba, 
dol/kvt 

1 P1 mcire hesi   1500 

2 P2  mcire hesi   1400 
3 P3  mcire hesi   1300 
4 P4  saS. hesi 1500 

5 P5  wyalsacaviani hesi (baz.) 2000 
6 P6  wyalsacaviani hesi (pik) 2500 
7 P7  adg. qvanaxSirze momuSave Tesi 1100 

8 P8  adg. mura naxSirze momuSave Tesi 1100 
9 P9  adg. mazuTze momuSave Tesi 700 
10 P10  orTql-airuli Tesi(baqo-Tbilisi-erzerumis 

airi) 
550 

11 P11  qaris el. sadguri 1000 
12 P12 imp. MmazuTze momuSave Tesi 700 
13 P13 orTql-airuli Tesi  (imp.airze) 700 
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ON DEVELOPMENT OF THE POWER SYSTEM OF GEORGIA CONSIDERING THE CURRENT 

TRENDS IN THE WORLD 
Magrakvelidze T., Lomidze S., Janikashvili M., Archuadze I. 

Georgian Technical University 
Summary 

Trends of power industry development worldwide are observed in the paper. Data is presented and analyzed. It is 
shown that for sustainable development of Georgia it is necessary to reach annual power production up to 40-45 bil-
lion kilowatt hour. 

Mathematical model of generating power plants was obtained and based on the model optimization task has been 
solved. It is shown that Georgia using both domestic and Baku-Tbilisi-Erzurum gas pipeline resources is able to pro-
duce 45 billion kilowatt hour of electricity annually.     

 
 

 

 

Eenergoefoqturobis mizniT Tanamedrove sixSiruli 
 gardamqmnelebis gamoyeneba 

 
xurcilava g., kiRuraZe o. 

saqarTvelos teqnikuri universiteti 
 

naSromSi ganxilulia axali teqnologiebiT damzadebuli sixSiruli gardamqmne-
lebis agebis principebi, mocemulia struqturuli sqemebi. dasabuTebulia rom eleqtro 
amZravian sistemebSi, sadac gamoyenebulia mokled SerTuli rotoriani an fazur roto-
riani asinqronuli Zravebi adgili aqvs eleqtro energiis mniSvnelovan danakargebs, 
romlebic ZiriTadad gamowveulia gaSvebis reJimebiT. Damtkicebulia rom sixSiruli 
gardamqmnelebis gamoyenebiT SesaZlebelia el. energies dazogva daaxloebiT 30-45% 

 

Tanamedrove sixSiruli gardamqmnelebis gamoyenebiT SesaZlebelia Zravis 

mdore gaSveba volt-SixSirul reJimSi U/F, roca U/F SeinarCuneba mudmivad, rac 
Tavis mxriv ganapirobebs mudmivi momentiT gaSvebas. Nnaxaz 1-ze mocemulia six-

Siruli gardamqmnelis struqturuli agebuleba. 

                           

  

 

 

 

 

 
 

 

nax. 1 
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sixSirul gardamqmnelebSi regulirdeba gaSvebis dro, saboloo sixSire, 

Zravis gaSvebis deni da Semdegi parametrebi: 

 Zravis muSaoba damyarebul reJimSi, roca Zravze mosuli Zabva da sixSire 

stabiluria; 

 Yvela reJimSi icavs Zravs anomaluri reJimebis warmoSobisas, rogoricaa ga-

datvirTva meqanikur an eleqtrul naqilSi, fazis gawyveta, mokled CarTva 

eleqtrul wredSi; 

 marTvis mowyobilobis daxmarebiT SesaZlebelia iseTi reJimebis uzrunvel-

yofa rogoricaa fazTa mimdevrobis SecvliT Zravis reversireba, Zravis Car-

Tva-amorTva marTvis wredis daxmarebiT, eleqtruli damuxruWeba; 

 efeqturi eleqtro damuxruWebisaTvis sixSiruli gardamqmneli aRWurvilia 

gamomyvanebiT, sadac CairTveba specialuri samuxruWe moduli avtomaturi 

marTviT; 

 energoefeqturobis funqcia, romelic uzrunvelyofs Zravis simZlavris koe-

ficientis gaumjobesebas; 

 im mowyobilobebSi sadac Zravs uxdeba xSiri CarTva-amorTva qselSi, sixSi-

ruli gardamqmnelis gamoyenebiT SesaZlebelia el. energies ekonomia 30-40% 

farglebSi; 

 sixSiruli regulatori uzrunvelyofs eleqtroamZravis eleqtruli da meqa-

nikuri nawilebis samuSao resursis maqsimalur gamyenebas. 

Nnaxaz 2-ze mocemulia sixSiruli garadmqmnelis CarTvis sqema. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Nnax. 2 

sixSiruli gardamqnelebi iyofa or did jgufad: 

 DF tipis- anu skalaruli sixSiruli gardamqmneli da gamoiyeneba el. Zrave-

bis marTvisaTvis ise, rom ar iyenebs Zravis parametrebs da marTavs Zravs 

volt-sixSirul reJimSi; 
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 DV tipis- anu veqtoruli sixSiruli gardamqmneli, romelic ganaxorcielebs 

gadamwodebis gareSe veqtorul marTvas, rac gulisxmobs romZravis denis da 

Zabvis mimdinare mniSvnelobebis realizeba xdeba denis reaqtiuli da aqtiu-

ri mdgenelebis gaanfgariSebiT, rac Tavis mxriv ganapirobebs magnituri na-

kadis da eleqtro-magnituri momentis gansazRvras.    
 
gamoyenebuli literatura:  
Edward M. PURCELL, ELECTRICITY and MAGNETISM, Mcgraw-hill book company, 439 page.  

 
THE USE OF MODERN FREQUENCY CONVERTERS FOR ENERGY-PURPOSES. 

Khurtsilava B., Kiguradze O.,  
Georgian Technical University. 

Summary 
As it’s mentioned above, this is a  perfect device for  non-synchronous motors that  has significantly impro-

ved its technical-economical characteristics and in this way we have quite a big electrical energy savings.   
. 
 
 
 

mcire hesebis proeqtebis winaswari teqnikur-ekonomikuri kvlevis 

programuli uzrunvelyofa 

  
joxaZe p., kuciava v., joxaZe a. 

saqarTvelos teqnikuri universiteti 
 

satatiaSi ganxilulia mcire hesebis perspeqtiuli proeqtebis winaswari teqnikur-
ekonomikuri kvlevis CatarebisaTvis gankuTvnili specialurad SemuSavebuli programu-
li uzrunvelyofis funqciebi da SesaZleblobebi. moyvanilia principebisa da meTode-
bis mokle aRwera, romlebic realizebulia programaSi hesis winaswari teqnikur-ekono-
mikuri kvleviT gaTvaliswinebuli ama Tu im gaTvlebis sawarmoeblad.  
 

klimatis cvlilebis Sedegad gaxSirebuli stiqiuri movlenebis Sedegebis 

Serbilebilebis erT-erT umniSnelovanes gzas warmoadgens e.w. “saTburis gaze-

bis” atmosferoSi emisiebis Semcireba. saTburis gazebis emisiis erT-erT Ziri-

Tad wyaros warmoadgens wiaRiseul sawvavze momuSave eleqtrosadgurebi, ami-

tom metad mniSvnelovania maTi etapobrivi Canacvleba ganaxlebadi energiis wya-

roebiT, romelTagan hidroenergetikas eniWeba garkveuli upiratesoba, vinaidan 

mas gaaCnia SedarebiT maRali margi qmedebis koeficienti (mqk). teqnikisa da teq-

nologiebis ganviTarebis Tanamedrove etapze igi warmoadgens yvelaze daxvewil 

da konkurentunarian teqnologias, mas gaaCnia muSaobis yvelaze maRali xan-

gZlivoba (60 weliwadze meti) da xasiaTdeba eqspluataciasa da teqnikur momsa-

xurebaze sakmaod dabali danaxarjebiT. 

hesebidan garemoze SedarebiT nakleb zemoqmedebas awarmoebs modinebaze 

momuSave mcire hesebi (saqarTvelos SemTxvevaSi 13 mgvt-ze dabali dadgmuli 

simZlavris mqone hesebi). am hesebs ar gaaCniaT wylis xarjis regulirebis saSu-

aleba, maTi gamomuSaveba ganuwyvetliv icvleba mdinaris modinebis cvilebis mi-

xedviT, ris gamoc perspeqtiuli hesebis proeqtebis winaswari teqnikur-ekonomi-

kuri kvlevisas (Prefeasibility  study) metad mniSvnelovania mosalodnel realurTan 

maqsimalurad miaxlovebuli gaTvlebis Sesruleba, razedac damokidebulia 

proeqtis Semdgomi ganviTarebis bedi, anu Sesruldes Tu ara proeqtis sakmaod 
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ZviradRirebuli etapi, romelic gulisxmobs: teqnikur ekonomikuri dasabuTebis 

Sedgenas (Feasibility study); geoteqnikuri, topografiuli, hidrologiuri, garemoze 

zemoqmedebis kvlevebis Sesrulebas, detalur proeqtirebas. 

mdinaris modineba faqtobrivad warmoadgens SemTxveviT process, da SeuZ-

lebelia calsaxad ganisazRvros misi xarji ama Tu im piriodisaTvis. mxolod 

mdinaris yoveldRiuri saSualo xarjebis Sesaxeb mravalwliuri informaciis 

statistikuri damuSavebis Semdegaa SesaZlebeli msjeloba wlis ganmavlobaSi 

mdinaris xarjis ama Tu im sidideze meti xarjis arsebobis xanglivobis alba-

Tobaze, amasTan dadgenili albaToba miT ufro sarwmunoa, wlebis rac ufro 

meti raidenoba ganixileba. sayovelTaod aRiarebulia, rom sarwmuno Sedegebis 

misaRebad ganxiluli unda iqnes aranakleb 30 wlis yoveldRiuri saSualo xar-

jebi. aqedan gamomdinare, winaswari teqnikur-ekonomikuri kvlevebis Sesruleba 

sakmaod Sromatevad samuSaos warmoadgens, vinaidan, sayovelTaod aRiarebuli 

wesebis Tanaxmad, ganxiluli unda iqnes hesis alternatiuli variantebis mTeli 

rigi, romelTagan unda SeirCes yvelaze optimaluri varianti. xSirad kvlevebis 

sruli ciklis Sesruleba, informaciis sakmaod didi moculobis gamo, droSi 

sakmaod iweleba da scildeba dawesebul vadebs. swored amitom xSiria SemTxve-

vebi, rodesac winaswari kvlevebi sruldeba Sekvecili moculobiT (gaTvlebi 

efuZneba mxolod saSualo yovelTviur monacemebs da ara yoveldRiur monace-

mebs) da Sesabamisad maTi Sedegebic ver asaxaven mosalodnel realobas, rac 

SemdgomSi, detaluri kvlevebisa da proetirebis etapze, iwvevs investorebis uk-

mayofilebasa da proeqtis Semdgom realizebaze uaris Tqmas, es ukanaskneli ki 

mniSvnelovnad anelebs saqarTveloSi hidroenergetikis ganviTarebis tempebs. 

yovelive zemoTqmulidan gamomdinare, metad mniSvnelovania iseTi progra-

muli uzrunvelyofis arseboba, romelic mniSvnelovnad Seamcirebs winaswari 

teqnikur-ekonomikuri kvlevebis Sesrulebis vadebs. arsebuli programebidan 

erT-erTi yvelaze gavrcelebulia kanadis bunebrivi resursebis saministrosTan 

arsebuli kompaniis “RETScreen®Inernational”-is mier EXCEL‐is bazaze SemuSavebuli 

programa “RETScreen 4”, romelic saSualebas iZleva Sesruldes winaswari teqni-

kur-ekonomikuri kvlevebis garkveuli nawili, gansakuTrebulad kargadaa Sesru-

lebuli finansuri analizi, magram masSi araa gaTvaliswinebuli mTeli rigi me-

tad mniSvnelovani gaTvlebis Sesruleba. magaliTad igi ar iZleva saSualebas 

gaTvlebisas ganxiluli iqnes sxvadasxva tipisa da saangariSo xarjis mqone 

turbinebis kombinaciebi, gaTvaliswinebulia mxolod erTi tipis, toli sim-

Zlavris turbinebiT gaTvlebis Sesruleba. masSi gaTvaliswinebuli araa mdina-

ris modinebis xanglivobaTa mrudis ageba yoveldRiuri saSualo xarjebiT, am 

mrudis asagebad momxmarebelba unda Caataros sakmaod Sromatevadi samuSao da 

Seavsos programaSi mocemuli modinebis xangZlivobaTa cxrili. programaSi 

araa gaTvaliswinebuli sanitaruli xarjis dadgenisa da hesis wminda xarjebis 

xangZlivobaTa mrudidan hesis saangariSo xarjis dadgenis procedurebi. aqedan 

gamomdinare hesis gamomuSavebis angariSi warmoebs SedarebiT uxeSad, damokide-

bulia momxmareblis mier Sevsebuli modinebis xangZlivobaTa cxrilSi Setani-

li informaciisa da turbinebisaTvis SerCeuli saangariSo xarjebis koreqtu-

lobaze, romelSic veranairad ver iqneba gaTvaliswinebuli turbinis e.w. minima-

luri teqnikuri xarjebi, romelze dabali xarjebisTvis turbinis datvirTva 

faqtobrivad SeuZlebelia. turbinebis minimaluri teqnikuri xarjebi ganisaz-
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Rvrebian turbinis saangariSo Qdesign xarjis procentebiT, romelTa sidideebi mo-

cemulia qvemoT moyvanil cxrilSi. 

Turbine type Qmin (% of Qde-

sign) 
Francis 40 
Ossberger 6 
Pelton – 1 noz-
zle 

12 

Pelton – 2 noz-
zle 

10 

Kaplan 15 
cxrilidan Cans, rom sxvadasxva turbinas gaaCnia turbinis saangariSo xar-

jis sidideze damokidebuli sxvadasxva sididis minimaluri teqnikuri xarji, 

anu maTi gamoyenebisas turbinis mocdenebisagan danakargebi sxvadsxvaa, amitom 

modinebis xangZlivobaTa mrudidan grafikuli meTodiT hesis savaraudo gamomu-

Savebis dadgenisas SeuZlebelia yoveli SerCeuli turbinisaTvis am danakarge-

bis metnaklebad zustad gaTvaliswineba. es SesaZlebeli xdeba hesis gamomuSave-

bis dadgenisas uSualod yoveldRiuri xarjebis mixedviT, rac sakmaod Sroma-

tevadia (gaTvlebi unda Sesruldes minimum 10950 monacemisaTvis).  

Cvens mier miznad iqna dasaxuli Segveqmna programuli produqti, romli-

Tac arsebuli monacemTa bazis saSualebiT, romelic SeiZleba moZiebuli iqnes 

saqarTvelis garemos erovnul saagentoSi, Sesruldes perspeqtiuli hesis winas-

wari teqnikur-ekonomikuri kvlevebis yvelaze Sromatevadi gaTvlebi, sawyisi mo-

nacemebis Seyvanidan sul raRac wamebis ganmavlobaSi. es ukanaskneli ukve saSu-

alebas iZleva ganxilul iqnes perspeqtiuli hesis nebismieri raodenobis al-

ternatiuli varianti, anu dadgindes hesis sqemis optimaluri varianti, anu uz-

runvelyofili iqnes wylis resursebis optimaluri aTviseba. 

programasTan muSaoba iwyeba sawyisi monacemTa bazis formirebiT, masSi 

gaTvaliswinebulia maqsimum 70 wlis yoveldRiuri saSualo xarjebisagan Sem-

dgari monacemTa bazis formireba. faqtobrivad es procesi warmoadgens progra-

mis momxmareblisaTvis yvelaze Sromatevad samuSaos, romelzedac maqsimum SeiZ-

leba daixarjos 2-3 dRe. vinaidan perspeqtiuli hesis saTave nagebobis adgil-

mdebareobis Sesabamisi mdinaris wyalSemkrebi auzisaTvis yoveldRiuri saSua-

lo xargebis Sesaxeb informaciis moZieba praqtikulad SeuZlbelia, programaSi 

gaTvaliswinebulia monacemTa sawyisi bazis formireba mocemuli mdinaris an 

e.w. analogiuri mdinaris yoveldRiuri saSualo xarjebiT mdinaris wyalSemkre-

bi auzis cnobili farTobisaTvis, romlidanac informaciis Seyvanis paralelu-

rad formirdeba muSa monacemTa baza sayovelTaod cnobili gantolebiT 

00
0 q

q

F

F
QQ   

sadac: 0Q ,  0F  da 0q  arsebuli monacemebia, Sesabamisad: mdinaris yoveldRiuri 

saSualo xarji, wyalSemkrebi auzis farTi da mdinaris auzis saSualo wliuri 

zedapiruli Camonadeni; Q  dasadgeni yoveldRiuri saSualo xarjia F  farTo-

bis mqone mdinaris wyalSemkrebi auzisaTvis, romlis saSualo wliuri zedapi-

ruli Camonadenia q .  

muSa monacemTa bazis formirebis dasrulebisTanave dgindeba minacemTa va-
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raciisa da asimetriis koeficientebi C  da sC , romliTac dgindeba Seyvanili 

monacemTa sakmarisoba da sarwmunoeba. aigeba mdinaris modinebis xangZlivobaTa 

mrudi, dgindeba mravalwliuri saSualo yovelTviuri da yovelwliuri averageQ  

xarjebi. ganisazRvreba yoveli Tvis minimaluri saSualo xarjebi da aigeba ma-

Ti xangZlivobaTa mrudi, romlidanac ganisazRvreba %95Q  xarji minimalur xar-

jebSi 95%-iani gamovlenis albaTobiT. ganisazRvreba e.w. garemos (sanitaruli) 

xarjis sidide evrokavSiris mier aRiarebuli principiT, romlis Tanaxmadac 

)1.0,min( %95 averageEF QQQ  . 

sanitaruli xarjis sididis gansazRvrisTanave formirdeba hesis yovel-

dRiuri saSualo wminda xarjebi da aigeba maTi modinebis xangZlivobaTa mrudi, 

romlidanac Semdgom SeirCeva hesis sruli saangariSo xarji. programa iZleva 

modinebaze momuSave mcire hesisaTvis maRali rentabelobis uzrunvelyofis sa-

angariSo xarjebis minimalur da maqsimalur mniSvnelobebs, aseve gviCvenebs Tu 

ramdenad misaRebia hesis sruli saangariSo xarjis SerCeuli mniSvneloba. 

programa Tvlis, rom hesis sruli xarji ararentaveluria Tu misi mosalodne-

li xangZlivoba wlis ganmavlobaSi naklebia 70 dReze, anu hesis wminda xarje-

bis modinebis xangZlivobaTa mrudze am xarjze meti xarjis gamovlenaa 25%. 

Semdeg bijze SeirCeva hesis turbinebis raodenoba (maqsimum 3), tipebi (maq-

simum 5 tipi), maTi saangariSo xarjebi. programa amowmebs Seyvanili monacemebis 

siswores da Secdomis daSvebis SemTxvevebSi aformirebs Sesabamis Setyobinebas. 

aqve programa iZleve SerCeuli turbinebis saangariSo xarjebis savaraudo op-

timalur mniSvnelobebs. hesis sruli saangariSo xarjisa da SerCeuli turbine-

bis raodenobis, tipebisa da maTi saangariSo xarjebis SerCeuli mniSvnelobis 

cvlilebisas, yvela momdevno gaTvlebi xorcieldeba myisierad da avtomatur 

reJimSi. 

Semdeg bijze SeirCeva sruli dawnevisa da sadawneo milsadenis sigrZis 

mniSvnelobebi metrebSi, sadawneo milsadenis masala da tipi (maqsimum 6), dgin-

deba sadawneo milsadenis minimaluri dasaSvebi Sida diametris mniSvnelobebi 

sami sxvadasxva cnobili da aRiarebuli meTodiT, SeirCeva milsadenis standar-

tuli Sida diametri, ganisazRvreba milsadenSi xaxunze dawnevis danakargebi da 

wminda dawnevis mniSvneloba hesis saangariSo da maqsimaluri xarjisaTvis, ris 

Semdegac dgindeba hesis saangariSo sruli simZlavre da maqsimaluri simZlav-

re. am bijze SerCeuli monacemebis cvlilebisas yvela momdevno gaTvlebi xor-

cieldeba myisierad da avtomatur reJimSi. 

Semdeg bijze gamoiTvleba milsadenis minimaluri dasaSvebi kedlis sisqe, 

SeirCeva milis standartuli kedlis sisqe, milis masalis kuTri wona da gamo-

iTvleba 1 metri sigrZisa da sruli sigrZis milsadenis savaraudo wonebi, rom-

liTac momdevno etapze gaiTvleba milsadenis savaraudo Rirebuleba. 

Semdeg etapebze dgindeba hesis sruli wminda yoveldRiuri saSualo xar-

jebi, Sesabamisi xarjebisaTvis wminda dawneva, yoveli turbinis xarjebi, yove-

li turbinis mier ganviTarebuli simZlavreebi turbinis minimaluri teqnikuri 

xarjebis, maTi margi qmedebis koeficientebis da wminda dawnevis xarjze damo-

kidebulebis gaTvaliswinebiT. gamoiTvleba yoveli turbinis mier gamomuSavebu-

li yoveldRiuri saSualo eleqroenergia da hesis sruli yoveldRiuri saSua-
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lo eleqtruli energia. gamoiTvleba hesis mravalwliuri yovelTviuri da wli-

uri saSualo gamomuSaveba. dgindeba minimaluri da maqsimaluri saSualo wliu-

ri gamomuSavebebi. dgindeba hesis dadgmuli simZlavris gamoyenebis koeficienti, 

SerCeuli yovelTviuri saSualo tarifebis mixedviT gamiTvleba maravalwliu-

ri saSuali yovelTviuri da saSualo wliuri Semosavlebi warmoebuli energi-

is qselSi eqsportirebisas xazSi da agregatebis mocdenebisagan (teqnikuri mom-

saxureba, profilaqtikuri samuSaoebis Sesruleba) danakrgebis gaTvaliswine-

biT.  

zemoT aRniSnuli gaTvlebis Sesrulebis Semdeg xorcieldeba proeqtis sa-

varaudi Rirebulebis gaTvla da finansuri analizi. sxva cnobili programebi-

sagan gansxvavebiT finansur analizSi gaTvaliswinebulia sxvadasxva tipis kre-

diTebi, iseTi rogoricaa, magaliTad danadgarebis mwarmoebeli gompaniebis e.w. 

eqsport-importis kreditebiT produqciis mowodeba, sabanko kreditebis miReba 

droSi daZruli tranSebiT. gamoiTvleba ukugebis (mogebis) Sinagani norma (IRR – 

Internal Rate of Return), wminda mimdinare Rirebuleba (NPV – Net Present Value), ukugebis 

periodi (Payback Period), sargeblis Sefardeba xarjebTan (BCR – Benefit‐Cost Ratio), va-

lis momsaxurebis koeficienti (DSCR – Debt Service Coverage Ratio), energiis warmoebis 

Rirebuleba.  

gaTvlebis araerTgzis gadamowmebis Sedegad dadginda, rom programa gaT-

vlebisas uzrunvelyofs miRebuli Sedegebis sarwmunoebis damakmayofilebel 

dones, romelic hesis perspeqtiuli proeqtis realizebis Sesaxeb utyuari ga-

dawyvetilebis miRebis saSualebas iZleva.  

amJamad programa gadacemulia aprobaciaze ramodenime daineresebul par-

tnior kompaniaze da mimdinareobs masSi Sesabamisi SeniSvnebisa da survilebis 

gaTvaliswineba. 
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SMALL HPP DESIGNS PRE-FEASIBILITY STUDY SOFTWARE. 

JOKHADZE P., KUTSIAVA V., JOKHADZE A. ,  
Georgian Technical University. 

Summary 
This article describes the features and capabilities of the software, especially developed for pre-feasibility 

study of perspective projects of run-of-the-river small hydropower plant (SHPP). Article presents a brief description 
of the basic principles and methods implemented in software for the calculations usually provided for in the pre-fea-
sibility study of the projects of small hydropower plants. 
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eleqtroteqnologiuri danadgarebis mier eleqtromomaragebis  
qselebSi wrmoqmnili Zabvis maRali sixSiris harmonikebi da maTi 

gavrcelebiT gamowveuli Sedegebi 

 
WunaSvili b., petrosiani a., gamrekelaSvili T.*, buRaSvili g*. 

saqarTvelos teqnikuri universiteti, ss “Telasi”* 
 

eleqtroteqnologiuri danadgarebisa da kompleqsebis muSaobis reJimebis Sedegad 
elaqtromomaragebis qselSi warmoqmnili Zabvis maRali sixSiris harmonikebi iwvevs, ro-
gorc qselis elementebis, agreTve qselSi CarTuli sxva eleqtromimRebebis izolaciis 
intensiur gaxurebas, cveTas, energetikuli maCveneblebis gauaresebasa da mraval sxva 
negatiur Sedegebs. aqedan gamomdinare, eleqtromomaragebis qselisa da masSi CarTuli 
momxmareblebis energetikuli maCveneblebis gaumjobesebisa da energoefeqturobis amaR-
lebis erTerT umTavres rezervs  maRali sixSiris harmonikebisgan gantvirTva  warmo-
adgens. 

 
Sesavali. Tanamedrove danadgarSi, marTvisa da parametrebis regulirebi-

saTvis gamoyenebulia naxevargamtarul Zalur eleqtronikaze Seqmnili gardam-

saxi teqnika (mowyobilobebi), romelTa parametrebis regulirebis principi da-

fuZnebulia miwodebuli Zabvisa da Sedegad datvirTvis denis formis damaxin-

jebaze. amis gamo, am danadgarebis datvirTvis dens damaxinjebuli (arasinusoi-

duri) forma aqvs. Sesabamisad, arasinusoiduri deni qselis elementebSi gavli-

sas iwvevs arasinusoiduri formis Zabvis vardnas. Sedegad, qselSi warmoiqmneba 

maRali sixSiris Zabvebis speqtri, anu e. w. maRali sixSiris harmonikebi, romel-

Ta amplituda da sixSire damokidebulia datvirTvis denis da Sedegad, Zabvis 

vardnis formis damaxinjebis xarisxze, egred wodebul „harmonikuli damaxinje-

bis jamur koeficientze“ [1].  

amocanis dasma. Zabvis maRali sixSiris harmonikebis gavrcelebis Sedegad 

eleqtromomaragebis qselebis elementebis saizolacio masalebSi warmoiqmneba 

maRali sixSiris wanacvlebis denebi. Sesabamisad, igi iwvevs, rogorc qselis 

elementebis, agreTve qselSi CarTuli sxva eleqtromimRebebis izolaciis inten-

siur gaxurebasa da cveTas. am mxriv, gansakuTrebiT mniSvnelovan uaryofiT ze-

gavlenas axdens reaqtiuli simZlavris sakompensacio mowyobilobebsa da sxva 

statikuri kondensatorebiT aRWurvil danadgarebze, radgan wanacvlebis dene-

bis mniSvnelovani gazrdis Sedegad adgili aqvs kondensatorebis saeqsploata-

cio vadis gasvlamde mwyobridan gamosvlas [2]. amasTan erTad, maRali sixSiris 

harmonikebi qselsa da momxmareblabSi warmoqmnis aqtiuri da reaqtiuli energi-

is damatebiT danakargebs [3].  

zemoaRniSnulidan gamomdinare, eleqtromomaragebis qselisa da masSi Car-

Tuli momxmareblebis energetikuli maCveneblebis gaumjobesebisa da energoe-

feqturobis amaRlebis erTerT umTavres rezervs warmoadgens gavrcelebuli 

Zabvis maRali sixSiris harmonikebisgan gantvirTva [4]. 

samuSaos mizani. eleqtromomaragebis qselSi datvirTvis denis formis da-

maxinjebis gamomwvevi ZiriTadi eleqtroteqnologiuri danadgarebis muSaobis 

reJimebis gamokvleva, maTi datvirTvis denis formis da damaxinjebis donis gan-

sazRvra, warmoqmnili Zabvis maRali rigis harmonikebis parametrebis dadgena da 

Sefaseba. 

kvlevis masalebi. datvirTvis denis formis damaxinjebis da Sedegad  maRa-
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li rigis harmonikebis warmoqmnis wyaros warmoadgenen: Zalovani transforma-

torebi da avtotransformatorebi, eleqtruli ganaTebis xelsawyoebis maRal-

sixSiruli gamSvi-maregulirebeli aparatebi, eleqtroteqnologiuri danadgare-

bi, romelTa moqmedebis principi dafuZnebulia eleqtrorkalur ganmuxtvaze 

(eleqtrorkaluri Rumelebi, eleqtrorkaluri SeduRebis danadgarebi, eleq-

troplazmuri danadgarebi da a.S.) [5] da danadgarebi romelTa teqnologiuri 

procesis warmarTvisaTvis Zalovan wredSi datvirTvis denis regulirebisaTvis 

gamoyenebulia tiristorebze Sesrulebuli Zalovani mowyobilobebi (mudmivi 

denis tiristor-Zravas sistema, asinqronuli sixSiruli amZravebi, sayofacxov-

rebo eleqtromowyobilobebi, mudmivi denis kontaqturi SeduRebis, eleqtroqi-

miuri da amaRlebuli sixSiris induqciuri gaxurebis danadegarebi). 

zemoaRniSnulidan gamomdinare, saWiroa moxdes qselis calkeuli eleq-

tromimRebebis muSaobis reJimebis Rrma mecnieruli Seswavla. dadgindes maT mi-

er moTxovnili aqtiuri da reaqtiuli datvirTvis grafikebi. gamovlenil iqnes 

qselis datvirTvis denis damaxinjebis gamomwvei eleqtroteqnologiuri danad-

garebi da kompleqsebi da maT mier warmomqmneli Zabvis maRali sixSiris  speq-

tri da TviTeuli rigis harmonikis amplituda. 

samrewvelo sixSiris (50 hc) erTfaza da samfaza saerTo daniSnulebis 

eleqtromomaragebis sistemebis eleqtruli qselebisaTvis standartebisa da 

normebis [6] mixedviT (mocemuli standartebi da normebi moqmedebs saqarTvelo-

Sic) dadgenilia eleqtroenergiis xarisxis ZiriTadi maCveneblebi (ГОСТ 13109 – 
97) da normebi (ГОСТ Р 54149-2010, EN 50160:2010). Sesabamisad, eleqtroenergiis xa-

risxisaTvis miRebulia 11 ZiriTadi maCvenebeli: 

- Zabvis gadaxra – δUdamy; 

- Zabvis cvlilebis mniSvneloba – δUt; 

- cimcimis „flikeris“ doza – Pt; 

- Zabvis mrudis sinusoidurobis damaxinjebis koeficienti – KU; 

- Zabvis n-uri harmoniuli mdgenelis koeficienti – KU(n); 

- ukumimdevrobis Zabvis koeficienti – K2U; 

- nulovani mimdevrobis Zabvis koeficienti – K0U; 

- sixSiris gadaxra – ∆f ; 

- Zabvis Cavardnis xangrZlivoba – ∆tC; 

- impulsuri Zabvis mniSvneloba – Uimp; 

- droebiTi gadaZabvis koeficienti – Kdr.U. 

eleqtroenergiis xarisxis maCveneblebis Sesabamisobis Sefaseba mocemuli 

normebis mixedviT warmoebs 24 saaTian saangariSo periodSi. 

normebiT [7] gaTvaliswinebuli harmonikebis maqsimaluri dasaSvebi mniSvne-

lobebi moyvanilia cxr. 1-Si. 

qvemoT cxr. 2-Si mocemulia maRali rigis harmonikebis uaryofiTi zemoqme-

debis mier gamowveuli Sedegebis CamonaTvali eleqtromomaragebis qselisa da 

momxmareblebis zogierT elementebze. 

Tanamedrove eleqtroteqnologiur danadgarebsa da kompleqsebSi ZiriTa-

dad gamoyenebulia eleqtromeqanikuri sistemebi romlebic dafuZnebulia sixSi-

rul marTvad eleqtroamZravebze da eleqtrororkalur ganmuxtvaze. 

qvemoT mocemulia, eqsperimentuli gziT miRebuli sixSirul-regulirebadi 
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eleqtroamZravis datvirTvis denis mrudi (nax. 1) [8].  

cxrili 1 

harmonikebis maqsimaluri dasaSvebi doneebi 

samis arjera-
di kenti har-

monikebi 
     

samis jeradi 
kenti harmo-

nikebi 
     

luwi 
harmoni-

kebi 
     

Harmoni‐ 
kis rigi 

dZ  sZ  mZ 
Harmoni‐ 
kis rigi 

dZ  sZ  mZ 
Harmoni‐ 
kis rigi 

dZ  sZ  mZ 

5  6  6    3  5  2,5  1,5  2  2  1,5  1,5 
7  5  5    9  1,5  1,5  1  4  1  1  1 
11  3,5  3    15  0,3  0,3  0,3  6  0,5  0,5  0,5 
13  3  3,5    21  0,2  0,2  0,2  8  0,5  0,5  0,5 
17  2  2    >21  0,2  0,2  0,2  10  0,5  0,5  0,5 
19  1,5  1,5            12  0,2  0,2  0,2 
23  1,5  1            >12  0,2  0,2  0,2 
25  1,5  1                   

>25 
0,2 

+25/h 
0,2 

+25/h 
0,1 

+25/h 
               

 

cxrili 2 

harmonikebis uaryofiTi zemoqmedebiT gamowveuli Sedegebi 

 

#  eleqtroaparati/eleqtromowyobiloba 
/eleqtroxelsawyo 

harmonikebis zemoqmedebis Sedegebi 

1  avtomaturi amomrTvelebi  muSaobis Seferxeba 
2  sakabelo eleqtrogadamcemi xazebi  gadaxureba, izolaciis garRveva 
3  sakabelo eleqtrogadamcemi xazebi  gadaxureba 
4  Zalovani transformatorebi da reaq-

torebi 
gadaxureba 

5  eleqtruli Zravebi  xmauris gazrda, gadaxureba, vibraciis gaz-
rda 

6  reaqtiuli simZlavris sakompensacio 
mowyobilobebi 

gadaxureba, izolaciis garRveva 

7  dacvis mowyobilobebi  seleqtiurobis darRveva,  
8  eleqtruli ganaTebis xelsawyoebi  droze adre mwyobridan gamosvla, cimcimi 
9  eleqtronuli xelsawyoebi  Seferxeba monacemTa damuSavebisa da gada-

cemisas, ekranis cimcimi 
10  sazomi da aRricxvis xelsawyoebi  cdomileba gazomvisa da aRricxvisas 
11  sayofacxovrebo eleqtroxelsawyoebi  gadaxureba, droze adre mwyobridan gamos-

vla, 

 

 
nax. 1. sixSirul-regulirebadi eleqtroamZravis datvirTvis denis mrudi. 

 
rogorc mrudidan sCans, datvirTvis denis forma mniSvnelovnad gansxvav-

deba sinusoidisagan da araxazovani damaxinjebis koeficienti, larionovis sqe-
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miT Sesrulebuli samfaza sqemiT Sesrulebuli gardamsaxis SemTxvevaSi Sead-

gens 31%-s. am SemTxvavaSi warmoqmnili maRali sixSiris harmonikebis speqtri 

mocemulia nax. 2-ze.  

 
nax. 2. maRali sixSiris harmonikebis speqtri 

 
daskvna. eleqtroteqnologiuri danadgarebisa da kompleqsebis muSaobis 

reJimebis Sedegad elaqtromomaragebis qselSi warmoqmnili Zabvis maRali six-

Siris harmonikebi iwvevs, rogorc qselis elementebis, agreTve qselSi CarTuli 

sxva eleqtromimRebebis izolaciis gaxurebas, intensiur cveTas, energetikuli 

maCveneblebis gauaresebasa da mraval sxva negatiur Sedegebs. aqedan gamomdina-

re, eleqtromomaragebis qselisa da masSi CarTuli momxmareblebis energetiku-

li maCveneblebis gaumjobesebisa da energoefeqturobis amaRlebis erTerT um-

Tavres rezervs  maRali sixSiris harmonikebisgan gantvirTva  warmoadgens. 
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HIGH FREQUENCY HARMONICS OF  VOLTAGE GENERATED IN ELECTRICAL POWER SUPPLY 

SYSTEMS BY ELECTRO-TECHNOLOGICAL EQUIPMENT, AND RESULTS CAUSED BY THEIR 
TRANSMISSION. 

Chunashvili B., Petrosyan A., Gamrekelashvili T., Bugashvili G.,  
Georgian Technical University, JSC Telasi” 

Summary 
Electro technological installations and complexes working regime results in forming high frequency harmo-

nics of voltage within electro supplying network and it causes intensive heating, wear, worsening power indices and 
many other negative results for the network elements installation. Resulting from this for improving power indices 
of electro supplying network and other connected loads (equipment) and increasing energy efficiency-unloading 
high frequency harmonics is one of the main reserves.  
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wevis qvesadgurebSi reaqtiuli simZlavris kompeნsacia  
rekuperaciuli damuxruWebis pirobebSi 

 
koxreiZe g.*, baxtaZe m.***, frangiSvili g.*, fxakaZe S.**, tetunaSvili e.* 

* saqarTvelos teqnikuri universiteti 
** akaki wereTlis saxelmwifo universiteti 

*** ss ,,saqarTvelos rkinigza” 
 

naSromSi ganxilulia mudmivi denis mimdevrobiTi aRznebiani wevis Zravis rekupe-
raciuli dinamiuri damuxruWebis efeqtianad ganxorcielebis mizniT mTliani erTiani 
gardamqmneli sistemis sqemis Seqmna. igi iTvaliswinebs IGBT Zalovani tranzistორuli 
modulebisagan Semdgari marTvadi gammarTvelisa da cvladi denis qselis mimyoli Zab-
vis invertoris Semxvedr-paralelurad CarTvas. გeneratorul reJimSi myofi ZravSi pir-
dapiri mabruni momentis garda Tavs iCens uku mabruni momenti, rac iZleva saSualebas 
efeqturad warimarTos rekuperaciuli dinamiuri damuxruWeba. marTvadi gammarTveli in-
vertorisaTvis warmoadgens uku gammarTvels. Ddadgenil sqemaSi xorcieldeba simZlav-
ris koeficientis gaumjobeseba da Sedegad amisa reaqtiuli simZlavris kompeნsacia, 
rac, rogorc yovelTvis warmoadgens metad problematuri gadawyvetis sakiTxs. Ddadge-
nilia uku gammarTvelis da invertoris marTvvadi ventilebis erTdrouli muSaobis 
Tanmimdevrobis kanonzomiereba. 

 
gammarTvel - invertoruli agregatebSi rekuperaciuli damuxruWebis pro-

cesebis srulyofa, qselis mimyoli  Zabvis invertoris gare maxasiaTeblis gaum-

jobeseba, reaqtiuli simZlavris kompeნsacia da simZlavris koeficientis gaz-

rda SesaZlebelia marTvadi uku gammarTvelis gamoyenebiT. 

Cvens SemTxvevaSi (nax.1) rekuperaciuli damuxruWebisas gammarTveli agre-

gatis gamourTavad mudmivi denis qselSi Zabvis momatebisas CairTveba sa1, sa2 

swrafmomqmedi amomrTvelebi. gammarTveli aRmoCndeba Semxvedr-paralelurad mi-

erTebuli qselis mimyol invertorTan da iRebs uku gammarTvelis funqciaს. Uu-

ku gammarTveli invertoris gamosavalidan simZlavres aZlevs mudmivi kvebis 

wyaros da asrulebs damatebiTi aqtiuri datvirTvis rols. es datvirTva amaR-

lebs iნvertoris gamosavalSi simZlavris koeficients ,რაც იწვევს 

ინვერტორის განტვირთვისას გამომავალი ძაბვის შემცირებას.უკუ გამმართველის გარეშე     

       simZlavris koeficienti iqneboda mcire da Sesabamisad invertoris ga-

mosavalze Zabva iqneboda maRali [1].  

Ddrois  intervalSi (nax.2 a, b) Semxvedr-paralelurad CarTuli 

ori gardamqmneli agregatebis marTva xdeba erTdroulad Sesabamisi marTvis im-

pulsebis miwodebiT. impulsebis fazirებa Seesabameba gamarTvis reJimisaTvis  

gragnilidan  gragnilisaken.  

Aam dros Riaა  da  uku gammarTvelis tiristorebi. იnvertoruli re-

JimebisTvis  graგnilidan  gragnilisaken. Aam dros Riaa  da  tiristo-

rebi. erTdrouli SeTanxmebuli marTvisas  e.i. , sadac  da 

 – 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 mi-
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marTuli; ir1, ir2 invertoris reaqtorebis gamo gammarTvel-invertoruli kon-

turSi gamaTanabrebeli denis gavla invertoris reaqtorebSi SezRudulia. reaq-

toris induqciurobebs irCeven iseTi sidideebiT, rom gamaTanabrebelma denma ar 

gadaaWarbos nominaluri denis 10%-s [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nnax.1. uku gammarTvel-invertoruli agregatis principuli 
eleqtruli sqema wevis Zravis rekuperaciuli damuxruWebis 

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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amis Sedegad wevis transformatoris meoradi gammarTveli gragnilis  

fazaSi gamavali  deni mimarTulebiT Tanxvdenilia invertoruli gragnilis 

 fazaSi gamavali  denisa. Aanalogiurad -fazaSi gamavali  deni emTxveva 

 fazaSi gamavali  denს. invertoruli deni  ikvreba konturSi , romelic 

gadis Semdeg kvanZebSi (nax.1) :   xolo uku gamar-

Tvis  deni ki gadis Semdeg kvanZebze:  Aაmis gamo  

xviebis ricxvis mqone gammarTvelis gragnilSi gamavalis deni tolia  , 

xolo  xviis ricxvis mqone xviaSi gamavali deni tolia -is. Aamis Sedegad 

invertoris fazuri Zabva metia gamarTvis fazur Zabvaze; rekuperaciuli sim-

Zlavre invertoris meSveobiT Sedis transformatoris meoradi gragnilSi da 

gadaecema cvladi denis qsels. Ggeneratoruli reJimSi arsebuli wevis ZravSi 

invertorisa da uku gammarTvelis Sesabamisi gamarTvis Sesabamisi denebi  da 

 urTierTsawinaaRmdegodaa mimarTuli, iqmneba uaryofiTi mabruni momenti, ge-

neratori ikvebeba sawinaaRmdego mimarTulebis mudmivi deniT  amis gamo re-

kuperaciuli damuxruWebis pirobebSi umjobesdeba eleqtrodinamikuri damuxru-

Weba. generatorSi gadis Semcirebuli jamuri deni da generatoris brunvaTa 

ricxvi avtomaturad inarCunebs stabilur mniSvnelobas da generatoris dabali 

datvirTvis pirobebSi rekuperaciuli damuxruWeba mimdinareobs sasurveli Se-

degebiT. 

Aanalogiur procesebs aqvs adgili agregatebis muSaobis drois darCen 

momdevno intervalebSi:   

 
aRniSnul erTian gardamqmnel sistemaSi reaqtiuli simZlavris kompensa-

cias mivyevarT simZlavris koeficientis amaRlebasTan. arsebobs simZlavris koe-

ficientis amaRlebis RonisZiebebis sami jgufi: [1]; 

1. RonisZieba, romelic ar iTvaliswinebs makompensirebeli mowyobilobe-

bis dayenebas da ar iTxovs damasabuTebel gaangariSebebs; 

2. RonisZieba romelic dakavSirebulia makompensirebeli mowyobilobebis 

gamoyenebasTan da iTxovs damasabuTebeli teqnikur-ekonomikuri gaangariSebebs; 

3. RonisZieba, romelic dasaSvebia  gamonaklisis saxiT da dasabuTebuli 

unda iqnas teqnikur-ekonomikuri gaangariSebiT [3]. 

gammarTveli agregatis simZlavris koeficienti tolia 

 
sadac:  -Sesabamisad transformatoris pirveladi denis da misi pir-

veli (ZiriTadi) harmonikis moqmedi mniSvneloba; -fazaTa Zvris kuTxea  

densa da qselis Zabvas Soris. marTvadi gammarTvelis SemTxvevaSi .Kko-

mutaciis procesis gamo damatebiT warmoebs  denis fazaTa Zvra qselis Zab-

vis mimarT  kuTxiT. Sesabamisad vRebulobT: 
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sadac  –denis damaxinjebis koeficientia, -gammarTvelis marTva-

di ventilebis regulirebis kuTxea. gammarTvelSi gamarTuli Zabvis Rrma regu-

lirebisas qselidan moiTxoveba mniSvnelovani reaqtiuli simZlavre: 

 sadac  tranსformatoris pirveladi 

gragnilis mier qselidan moTxovnili aqtiuri simZlavrea. -reaqtiuli sim-

Zlavre iwvevs qselis Zabvis Semcirebas. Tu gammarTvelis simZlavre Tanazoma-

dia qselis mokle SerTvis simZlavresTan, maSin Zabvis es Semcireba SeiZleba 

iyos mniSvnelovani. cvladi denis qselis mimarT gammarTveli agregati warmo-

adgebs denis maRali rigis harmonikebis wyaros. 

Qqselis mimyoli invertorSi aqtiuri simZlavre gadaecema cvladi denis 

qsels da es simZlavre uaryofiTia. (1)-Si unda iqnas gaTvaliswinebuli  –is 

da -is absoluturi mniSvnelobebi. Tu miviRebT mxedvelobaSi  

 
maSin vRebulobT 

 
 -is amaRlebisaTvis saWiroa invertori muSaobdes mcire  –kuTxiT: Ta-

vis mxriv  –kuTxis Semcireba iwvevs  kuTxis Semcirebas  da (4)-s 

Tanaxmad invertoris mdgradobis Semcirebas. (3), (4)-dan gvaqvs: 

 
(2), (5)-dan gamomdinareobs, rom 

 
(6)-Si niSani ,,-“aRniSnavs imas, rom generatorisaTvis cvladi denis qseli-

dan gammarTvelis Semosuli aqtiuri simZlavre dadebiTia, xolo invertoridan 

cvladi denis qselSi gadacemuli aqtiuri simZlavre uaryofiTia.[4],[5]. 
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COMPENSATING THE REACTIVE CAPACITY IN THE TERMS OF RECUPERATION BRAKING 
KOKHREIDZE G.K*;  BAKHTADZE M..G ***; PRANGISHVILI G. V*;  PKHAKADZE SH. A **; 

TETUNASHVILI E.R*.  
Georgian Technical University *, Akaki Tsereteli State University **, JSC ,,Georgian Railway” *** 

Summary 
The paper dwells on creating the scheme of joint transferring system with the purpose of effective fulfil-

lment of recuperation dynamic braking of gradual exciting pressure motor of permanent power. It foresees meeting-
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 cir-
culating moment, when it gives opportunity to manage the recuperation dynamic braking effectively. Managing ma-
intainer aggregation represents anti-maintainer for the follower inventor of the web. In the established scheme one 
implements improving the capacity ratio and resulting in reactive capacity compensation, when, as a rule, it repre-
sents solving of more problematic question. It is established regularity of simultaneous working of inventor mana-
ging valves and anti-maintainer. 
 
 
 
 

axali meTodikis da Tanamedrove sensorebis gamoyenebiT mZlavri 
hidrogeneratorebis rotoris formisa da 

eleqtromagnituri mdgomareobis gamovlena da Seswavla  

 

gugulaSvili l., azmaifaraSvili z., mecxvariSvili i. 

saqarTvelos teqnikuri universiteti 

 

   ganxilulia mZlavri generatorebis saimedoobis amaRlebisa da maTi saeqspluatacio 
resursebis zrdis sakiTxebi da naCvenebia rom, es damokidebulia hidroagregatis vibra-
ciul mdgomareobaze.  
   hidrogeneratorebis vibraciuli mdgomareobis SeswavlisaTvis dRes gamoyenebuli 
mowyobilobebi ver uzrunvelyofen rotoris formis fiqsirebas da mokled SerTuli 
xviebis aRmoCenas.  
   warmodgenilia rotoris formis eleqtromagnituri gadamwodis axali principuli 
sqema, romelic advilad SeiZleba CarTuli iqnas generatorebis kompiuteruli monito-
ringis qselSi. 

 
    mZlavri hidrogeneratorebis saimedoobis amaRleba, saeqspluatacio resurse-

bis zrda, hidrogeneratoris mocdena da kapitalur remontebze xarjebis Semci-

reba didadaa damokidebuli hidroagregatis vibraciul mdgomareobaze. 
     hidrogeneratoris vibraciuli mdgomareobis Seswavla gulisxmobs hidro-

agregatis vibraciis mizezebis gamovlenas da aucileblobis SemTxvevaSi, vibra-

ciis aRmofxvras  balansirebis gziT. 

     hidrogeneratoris vibraciis gamomwvevi ZiriTadi mizezebia: 

V. hidrogeneratoris mbrunavi nawilebis meqanikuri 

gauwonasworeblobiT gamowveuli daubalansebloba; 

VI. hidroturbinaSi mimdinare procesebiT (turbinis mimmarTveli 

aparatis araTanabari gaReba, ucxo sxeulis moxvedra turbinis spiraluri kame-

ris niJaraSi, turbinis muSa Tvlis asimetriuli ganlageba turbinis kameraSi 

da sxv.) gamowveuli hidrodinamikuri daubalansebloba; 

VII. generatoris statoris mimarT rotoris asimetriuli 

mdebareobiT, rotoris araswori magnituri da meqanikuri formiT; generatoris 

statoris elifsuri formiT; generatoris rotoris konstruqciis an sxvadasxva 

kvanZis da nawilis e.w. sunTqva_gadaadgilebiT; generatoris rotoris polusis 
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gragnilebSi gaCenili mokled SerTuli xviebis gavleniT gamowveuli eleqtro-

magnituri daubalansebloba. 

    hidrogeneratoris vibraciuli mdgomareobis gamosavlenad da Sesaswavlad 

msoflioSi arsebobs sxvadasxva tipis gadasatani da stacionaruli vibrosazo-

mi kompleqsebi da xelsawyoebi. ეs sazomi kompleqsebi da xelsawyoebi ZiriTa-

dad gamoiyeneba vibraciis amplitudis, vibraciis sixSiruli speqtris, vibraci-

is fazis, vibraciis siCqarisa da aCqarebis, RerZis cemis fiqsirebisaTvis, vibra-

ciis speqtruli analizisaTvis, magram maT ar SeswevT unari gamoavlinon da 

daaregistriron hidrogeneratoris eleqtromagnituri ubalanseblobis ZiriTa-

di gamomwvevi mizezi, kerZod, generatoris rotoris formis fiqsireba da roto-

ris polusis gragnilis koWaSi gardamavali, aradamyarebuli, mokled SerTuli 

xviebis aRmoCena. 

    aseTi mokled SerTuli xviebis gamovlena Zalian rTulia, radgan gaCere-

bul hidrogeneratorSi es xviaTaSorisi izolacia SeiZleba aRdges da veravi-

Tari laboratoriuli gamokvleviT ver moxerxdes misi aRmoCena; xolo agrega-

tis brunviT, centridanuli Zalebis amoqmedebiT xdeba rotoris polusis grag-

nilis xviaTSorisi mokled SerTvis gamovlena. 

    rotoris polusis xviaTSorisi mokled SerTva gamoiwvevs hidrogenerato-

ris magnituri velis asimetrias, xolo hidrogeneratoris rotoris magnituri 

velis asimetria, Tavis mxriv iwvevs damatebiTi datvirTvebis gaCenas hidrogene-

ratoris mimmarTvel sakisrebze da, Sesabamisad, hidroagregatis zeda da qveda 

jvaredebze _ vibraciis gazrdas. 

    dReisaTvis saqarTveloSi arsebobs meTodika, romelic saSualebas iZleva 

aRmovaCinoT rotoris polusis gragnilis koWebSi mokled SerTuli xviebi da 

davafiqsiroT rotoris forma [1, _ 4]. 

    am meTodis muSaobis principi dafuZnebulia generatoris rotorsa da sta-

tors Soris sahaero RreCoSi gatarebul xviaSi rotoris brunviT eleqtroma-

moZravebeli Zalis aRZvris procesze. xviaSi aRZruli eleqtromamoZravebeli Za-

lisa da generatoris rotoris N1 polusis gaswvriv damagrebuli RerZis brun-

vis aRmniSvnelis dafiqsireba xdeba sxivuri galvanometriT Suqsxivuri osci-

lografis specialur    SuqmgrZnobiare fotoqaRaldze. 

   warmodgenili meTodikis naklia: 

5. hidrogeneratoris statorze e.w. sazomi xviis dayeneba- damagrebis sirTule; 

6. hidrogeneratoris rotoris polusSi mokled SerTuli xviis (1 – 2 cali) aR-

moCena rTulia da praqtikulad, TiTqmis SeuZlebeli; 

7. hidrogeneratoris rotoris polusis gamWeqi solebis moSvebis SemTxvevaSi 

SeuZlebelia polusis sivrculi sunTqva-gadaadgilebis aRmoCena. 

    Cven mier damuSavebuli, damzadebuli da gamoyenebulia e.w. rotoris formis 

eleqtromagnituri gadamwodi. igi warmoadgens aramagnituri masalisagan damza-

debuli Reros wverze damagrebul integrirebad sensors iseTi gaTvliT da ga-

baritebiT, rom SesaZlebeli iyos statoris zurgis mxridan misi Tavisuflad 

Seyvana da Camagreba hidrogeneratoris statoris aqtiuri rkinis saventilacio 

arxSi. gadamwodis Reros wverze damagrebuli sensori mcire zomisaa da Tavsde-

ba rotorsa da stators Soris sahaero RreCoSi araumetes 3 mm siRrmeze. 

   aRwerili rotoris formis eleqtromagnituri sensoris, sxvadasxva energoo-

bieqtebze gamoyenebiT, hidrogeneratorebis vibraciuli mdgomareobis kvlevisa 
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da vibraciis mizezebis gamovlenis procesSi miRebuli da dafiqsirebulia Sem-

degi Sedegebi: kerZod, 1-l nax-ze moyvanilia elifsuri formis rotori, anu ro-

toris formis cvlileba, rogorc rotoris manebis da rotoris fersos  sole-

bis moSvebiT gamowveuli Sedegi. 

nax. 1. deformirebuli elifsuri formis rotori. 
1 _ rotoris erTi bruni. 2 _ elifsuri formis rotori. 

 

me-2 nax-ze warmodgenilia diagrama rotoris N2 polusSi mokled SerTuli 
xviebis fiqsirebiT. 
                   

nax. 2. rotoris forma mokled SerTuli polusis fiqsirebiT. 
1 _ rotoris erTi bruni, 2 _ mokled SerTva N2 polusSi. 3 _ rotoris forma. 

 
      me-3 nax-ze warmodgenilia diagrama, romelzedac dafiqsirebulia generato-

ris rotoris sivrculi SeSfoTeba-Sextomebi, gamowveuli generatoris mimmar-

Tveli sakisrebis mwyobridan gamosvlis gamo.  

Tu aseTi tipis rotoris formis eleqtromagnitur gadamwodebs ganvalagebT 

erT vertikalur sibrtyeSi, generatoris statoris aqtiuri rkinis zeda da qve-

da paketebis saventilacio arxebSi gamovavlenT rotoris polusebis mdebareo-

bis cvlileba-gadaadgilebas sivrceSi.  
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nax. 3. generatoris rotoris SeSfoTeba. 
1 _ rotoris erTi bruni, 2  _ rotoris SeSfoTeba. 

 

   აmrigad, praqtikuli da mniSvnelovani iqneba ganxorcieldes mZlavri hidro-

generatorebis muSaobis uwyvet reJimSi generatoris rotoris formisa da gene-

ratoris polusis gragnilebSi mokled SerTuli xviebis aRmoCenis kompiuteru-

li monitoringi. aRniSnul sakiTxebze amJamad mimdinareobs muSaoba. 
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INVESTIGATION AND DETECTION OF POWERFUL HYDRO GENERATORS ROTOR SHAPE AND 
ELECTROMAGNETIC STATE BY METHODICS AND NEW MODERN TYPE SENSORS 

L. GUGULASHVILI, Z. AZMAYPARASHVILI, I. METSKHVARISHVILI 
GEORGIAN TECHNICAL UNIVERSITY  

Summary 
The paper dwells on problems connected with enhanced trustworthiness and operating life of powerful hydro ge-

nerators and was find out that it depends on their vibration state. 
    Now in use equipment for investigation vibration condition of generators is not able distinguish rotor shapes and 
definition search the shortly closed coils. We present the new electromagnetic sensor for detection of a form of a ro-
tor, which can be easily included in a network of computer monitoring of the generator. 
 
 

 
 
  eleqtroenergetikuli maxasiaTeblebis  gansazRvra  arasinusoiduri 

denis wredebSi  sistema SCADA-s monacemebis gamoyenebiT 
 

museliani T., SariqaZe d., mTvareliSvili g., gurgeniZe m., toronjaZe g. 

saqarTvelos teqnikuri universiteti 
 

eleqtruli wredebis Teoriis safuZvelze eleqtroenergetikul maxasiaTeblebs 
Soris miRebuli iqna damokidebulebani, romlebic  saSualebas gvaZ-leven sakmaod mar-
tivad gavaanalizoT  eleqtromoxmarebis esa Tu is mxareebi (procesis reaqtiuloba, da-
mamaxinjebeli faqtorebi da sxva), aseve erTmaneT-Tan davakavSiroT sxvadasxva sainfor-
macio-sazomi sistemebiT gazomili eleqtromoxmarebis energetikuli maxasiaTeblebi. 

 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  51

ukanasknel wlebSi energetikaSi didi yuradReba eTmoba  eleqtromoxmare-

bis obieqtebis eleqtroenergetikuli maxasiaTeblebis gansazRvras. es dakavSi-

rebulia imasTan, rom eleqtrul wredebSi arasimetriul da arasinusoidur re-

JimebSi mimdinare  procesebiufro rTulia, vidre sinusoidur reJimebSi. amitom 

maTi aRwerisaTvis saWiroa damaTebiTi simZlavris maxasiaTeblebis Semotana. 

eleqtroenergetikuli maxasiaTeblebis gansazRvrisaTvis energosis-temisa da 

auditoruli kompaniebi, aseve energozedamxedvelobis organoebi farTod gamoi-

yeneben mikroprocesorul mowyobilobebs. erTerT aseT mowyobilobas warmoad-

gens sistema SCADA, romelic aRricxavs da monacemTa bazaSi inaxavs eleqtroe-

nergiis TerTmet parametrs. 

samuSaos mizania sistema SCADA-s monacemebis gamoyenebiT arasimetriuli 

da arasinusoiduri reJimebis pirobebSi Znelad gansazR-vradi parametrebis: da-

maxinjebis simZlavris, aseve Zabvisa da denis damaxinjebis mdgenelebis sididee-

bis zusti gansazRvris meTodis damuSaveba. 

    eleqtruli wredebis Teoriidan cnobilia, rom eleqtrul sistemebSi  

sinusoiduri denis SemTxvevaSi nebismieri energetikuli procesi sruliad da 

calsaxad aRiwereba  aqtiuri P, reaqtiuli Q da sruli S  simZlavreebiT, romel-

Ta geometriuli interpretacia, magaliTad, wredis induqciuri xasiaTis Sem-

TxvevaSi gamoisaxeba nax.1-ze warmodgenili simZlavreTa samkuTxediT 

[1].

 
nax.1                               nax.2                             nax.3 

simZlavreTa samkuTxedidan gamomdinareobs, rom am simZlavreebs Soris ar-

sebobs Semdegi maTematikuri damokidebuleba:  

                                                         S2=P2+Q2  = UI                                 (1) 

P = S cosφ = UI cosφ                     (2) 

Q = S sinφ = UI sinφ                      (3) 
eleqtruli wredebis Teoriidan aseve cnobilia, rom mimdevrobiT SeerTe-

bul wredebSi, sadac erTi da igive deni gadis aqtiuri da reaqtiuli simZlav-

reebi SeiZleba Semdegnairad gamoisaxebian:                                              

                                           P = UI cosφ = UაI                             (4) 

Q = S sinφ = UრI                           (5) 

 xolo paralelurad SeerTerTebul wredebSi, sadac erTi da igive Zabvaa 

modebuli aqtiuri da reaqtiuli simZlavreebi SeiZleba Semdegnairad gamoisaxe-

bian: 

P = UI cosφ = UIა                        (6)   

Q = S sinφ = UIრ                          (7) 

sruli simZlavre yvela SemTxvevaSi ganisazRvreba  (1) gamosaxulebiT. 
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(1), (4) - (7) gamosaxulebebidan gamomdinareobs, rom  Tu nax. 1-ze mocemuli 

samkuTxedis yvela gverds gavyofT Zabva U-ze miviRebT denebis samkuTxeds 

(nax.2), xolo Tu  nax. 1-ze mocemuli samkuTxedis yvela gverds gavyofT Zabva I -  
ze miviRebT Zabvebis samkuTxeds (nax.3). 

nax.1, nax.2 da nax.3-ze  warmodgenili samkuTxedebidan Zvris kuTxe densa da 

Zabvas Soris (2) – (7) gamosaxulebebidan gamomdinare ganisazRvreba Semdegnai-

rad: 

      (8) 

Tu cnobilia Zvris kuTxe densa da Zabvas Soris, maSin advilad ganisaz-

Rvreba maTi mdgenelebi. 

sinusoiduri wredebisagan gansxvavebiT arasinusoiduri denis wredebSi, 

romelic Seicavs  reaqtiul elementebs L da  C-s, maSin (1) damokidebuleba ar 

sruldeba da  

S2 ≥ P2+Q2                                  (9) 

am gantolebis balansisaTvis marjvena nawilSi Semotanilia damateba - T- 

damaxinjebis simZlavre. es aris maTematikuri cneba, romelic axasiaTebs u(t) Zab-

visa da i(t) denis mrudebis formebs Soris gansxvavebis xarisxs da sruli sim-

Zlavre  gamoisaxeba formuliT: 

S2 = P2+Q2  + T2                               (10) 

saidanac            T2 = S2-P2-Q2                                   (11) 

Cvens winaSe daisva saxiTxi: Tu sinusoiduri denis wredebSi arsebul sam 

simZlavres (S, P da Q) Soris kavSiris geometriuli interpretacia warmodgenilia 

marTkuTxa samkuTxediT (nax.1) da wredis eleqtroenergeti-kuli maxasiaTeblebi 

ganisazRvrebian am samkuTxedis gverdebiT, maSin SesaZlebelia Tu ara, rom ara-

sinusoiduri denis wredebSi arsebul oTx simZlavres (S, P, Q da T) Soris kavSi-

ris geometriuli interpretacia warmodgindes nax.4-ze mocemuli paralelepipe-

diT da paralelepipedis geometriuli parametrebi, romlebic agebulia aqtiuri, 

reaqtiuli da damaxinjebis simZlavreebis monakveTebiT iZlevian Tu ara saSua-

lebas erTmaneTTan davakavSiroT eleqtromoxmarebis energetikuli parametrebi, 

aseve gamovavlinoT  maT Soris axali kavSiri. 

ganvsazRvroT paralelepipedis TiToeuli gverdisa da diagonalis fizi-

kuri arsi. 

simZlavreTa paralelepipedSi: P - aris wredis aqtiuri simZlavre, rome-

lic ganpirobebulia arasinusioduri denis wredebSi denisa da Zabvis erTi da 

imave rigis harmonikebiT da ganisazRvreba formuliT [2]: 

                         (12) 

Q- wredis reaqtiuli simZlavrea, romelic aseve  ganpirobebulia denisa da Zab-

vis erTi da imave rigis harmonikebiT da ganisazRvreba formuliT [2]: 

                         (13) 

literatura [3]-is mixedviT damaxinjebis simZlavre ganisazRvreba formu-

liT: 

    (14) 
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nax.4. simZlavreTa paralelepipedi 

 

Q0- wredis sruli reaqtiuli simZlavrea, romelic ganisazRvreba formuliT: 

                             (15) 

SQ -aris da Q simZlavreebiT gansazRvruli sruli simZlavre da ganisazRvreba 

formuliT: 

                                        (16) 

garda (11) gamosaxulebisa damaxinjebis simZlavre aseve ganisazRvreba reaqtiu-

li simZlavreebis saSualebiT 

                                       (17)                        

ST - aris da T  simZlavreebiT gansazRvruli sruli simZlavre da ganisazRvreba 

formuliT: 

                                 (18) 

Cvens winaSe aseve daisva sakiTxi. ramdenad iZleva saSualebas simZlavreTa 

paralelepipedSi eleqtroenergetikul maxasiaTeblebs Soris moyvanili (10) -  

(17) damokidebulebi, rom   sakmaod martivad gaanalizdes eleqtroenergiis mox-

marebis esa Tu is mxare (procesis reaqtiuloba, damamaxinjebeli faqtorebi da 

sxva), da aseve davakavSiroT erTmaneTTan sxvadasxva sainformacio-sazomi kom-

pleqsebiT gazomili eleqtroenergiis moxmarebis eleqtroenergetikuli maxasia-

Teblebi. 

am mizniT pirvel rigSi simZlavreTa paralelepipedidan ganvsazRvreT 

Zvris kuTxeebi eleqtroenergetikul maxasiaTeblebs Soris.  

Zvris kuTxe qselis srul S da aqtiur P simZlavreebs  

Soris:               (19) 

Zvris kuTxe damaxinjebiT gamowveul srul ST simZlavresa aqtiur  P sim-

Zlavreebs Soris: 

														 20  
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Zvris kuTxe erTi da igive rigis harmonikebiT gamowveul srul SQ simZlav-

resa da aqtiur P simZlavres Soris:   

              (21) 

Zvris kuTxe  qselis srul reaqtiul Q0 simZlavresa da erTi da igive ri-

gis harmonikebiT gamowveul Q simZlavres Soris: 

              (22) 

Zvris kuTxe qselis srul  S da damaxinjebiT gamowveul srul ST simZlav-

res Soris: 

              (23) 

Zvris kuTxe qselis  srul S da erTi da igive rigis harmonikebiT gamowve-

ul srul SQ simZlavres Soris: 

\                 (24) 

sinusoiduri denis wredebSi simZlavreTa samkuTxedis yvela gverdis den-

ze gayofiT miviReT Zabvebis samkuTxedi, xolo Zabvaze gayofiT - denebis samku-

Txedi. 

analogiurad moviqeciT arasinusoiduri denis wredebis SemTxvevaSic. pa-

ralelepipedis yvela gverdisa da diagonalebis Zabvaze gayofiT warmovadgineT 

denebis paralelepipedi (nax.5), xolo denze gayofiT-Zabvebis samkuTxedi (nax.6). 

   
nax.5. denebis paralelepipedi           nax.6.Zabvebis paralelepipedi 

 

nax.5-dan Cans, rom arasinusioduri denis wredSi gamavali denis moqmedi 

mniSvneloba tolia: 

               (25) 

xolo nax.6-dan Cans, rom arasinusioduri denis wredze modebuli Zabvis  

moqmedi mniSvneloba tolia: 
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               (26) 

Tu miviRebT, rom sazomi saSualebebis daxmarebiT cnobilia arasinu-soi-

duri denis wredSi gamavali denis moqmedi mniSvneloba I, maSin (19)-(24) gamosa-

xulebebis mixedviT gansazRvruli Zvris kuTxeebis daxmarebiT nax.5-dan vsaz-

RvravT denis mdgenelebs (zustad analogiurad ganisazRvreba Zabvis mdgenelebi 

nax.6-dan, Tu cnobilia arasinusoiduri denis wredze modebuli U Zabva): 

wredSi gamavali denis aqtiuri, reaqtiuli da damaxinjebis mdgenele- bi 

ganisazRvrebian formulebiT: 

             Iა  =  Icosφ;  Iრ = I sinδ; Iდ = I sinΘ.       (27) 
arasinusoiduri denis wredebis analizisaTvis simZlavreTa parale-lepi-

pedis SemoRebisa  da mis safuZvelze sxvadasxva sainformacio-sazomi kompleq-

sebiT gazomili eleqtroenergiis moxmarebis eleqtroener-getikuli maxasiaTeb-

lebis gansazRvris marTebulobis dasamtkiceblad Cvens mier aRebuli iqna sa-

qarTvelos teqnikuri universitetis eleqtroenergiis monitoringis sistema 

SCADA-s erTi dRe-Ramis monacemebi: 

UAB  =   372,3 ვ; UBC  = 376,3 v;  UCA  = 377,8 v; IA = 53,06 a;  IB = 64,83 a;   IC = 73,70 a; P 

=28,95 kvt;  Q = 2,0 kvar; S = 41,5 kva; W = 714,9 kvt.sT; V=105,4 kvt.sT;  cosφ=0,705. 

warmodgenili monacemebiT pirvel rigSi ganvsazRvreT Zabvisa da denis 

saSualo mniSvnelobebi:  

Uსაშ = (UAB +UBC + UCA)/3 =   = 375,5 ვ=0,3755 kv 

Iსაშ= (IA + IB + IC)/3 = 68,86 ა; 

amis Semdeg Cvens mier (15)-(18) gamosaxulebebis safuZvelze gansazRvru-li iqna 

simZlavreTa Semdegi mdgenelebi:   

1. =  = 29,73   kvar; 

                        2. =  = 29,0 kva 

3.  =  = 29,66  kvar 

4. =  = 41,44 kva 

simZlavreTa mdgenelebis gansazRvris Semdeg  (19)-(24) gamosaxulebebiT gan-

vsazRvreT Zvris kuTxeebi: 

1. 	

2.  

                                3. 	

4. 	

    5. 	

 6. 	

Zvris kuTxeebis gansazRvris Semdeg vsazRvravT saSualo denis aqtiur, re-

aqtiul da damaxinjebis mdgenelebs (27) gamosaxulebis safuZvelze:  
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Iა  =  Iსაშcosφ = 68,86 cos 45,80 =48,0 ა; 

                                               Iრ = Iსაშ sinδ = 68,86 sin2,760=3,32 ა; 

Iდ = Iსაშ sinΘ = 68,86sin 45,60= 49,2 ა 
gaangariSebis siswore SevamowmoT (25) gamosaxulebis safuZvelze: 

 = = 68,82 ა. 

sistema SCADA-s monacemebidan gvaqvs, rom erTi dRe-Ramis, anu t=24 saaTis 

ganmavlobaSi moxmarebulma aqtiurma eleqtroenergiam Seadgina W= 714,9 kvt.sT, 

xolo reaqtiulma eleqtroenergiam -  V= 105,4 kvar.sT.  

W=714,9 kvt.sT raodenobis aqtiuri eleqtroenergiis mosaxmareblad 24 saa-

Tis ganmavlobaSi saWiro aqtiuri simZlavre tolia:  

 = 29,8 kvt 

aqtiuri simZlavris es monacemi axloa sistema SCADA-s mier dafiqsirebul 

monacemTan (29,8  kvt ≈ 28,95 kvt)  da gansxvaveba 2,9 %  SeiZleba CaiTvalos xelsa-

wyos cdomilebad.  

xolo V=105,4 kvar.sT. raodenobis reaqtiuli  eleqtroenergiis mosaxmareb-

lad 24 saaTis ganmavlobaSi saWiro reaqtiuli  simZlavre tolia: 

 = 4,4  kvar 

rogorc am Sedegidan Cans reaqtiuli eleqtroenergiis moxmarebaSi monawi-

leobs ara marto reaqtiuli aramed  damaxinjebis simZlavris nawilic, radgan 

denisa da Zabvis erTi da imave rigis harmonikebiT ganpirobebuli wredis reaq-

tiuli Q simZlavre 2,2-jer naklebia. 

 rom ara reaqtiuli da gansakuTrebiT damaxinjebis simZlavris mier wre-

didan moTxovnili denis saSualo mniSvneloba, (IsaS= 68,86 a), P= 28,95 kvt simZlav-

ris uzrunvelsayofad kvebis wyarodan moTxovnili iqneboda gacilebiT naklebi 

sididis deni. kerZod, damaxinjebis simZlavris ar arsebobis dros sistema 

SCADA-s monacemebis mixedviT simZlavris koeficienti gaizrdeboda cosφ1=0,705-

dan cosφ2= P/SQ= 28,95/29,0=0,998. am simZlavris koeficientis SemTxvevaSi qselidan 

P=28,95 kvt simZlavris misaRebad qselSi gamavali denis mniSvneloba ganisaz-

Rvreba  gamosaxu-lebidan: P= 1,73. Uსაშ.Iსაშ. cosφ2.= 28,95kvt 

აქედან  

 = 44,65 ა 

gansxvavebam Seadgina 24,21 a, rac eleqtrul qselsa da qselis  elementeb-

Si iwvevs eleqtroenergiis mniSvnelovan danakargebs.  

amrigad, eleqtruli wredebis Teoriis safuZvelze eleqtroener-getikul 

maxasiaTeblebs Soris miRebuli iqna damokidebulebani, romlebic  saSualebas 

gvaZleven sakmaod martivad gavaanalizoT  eleqtromoxmarebis esa Tu is mxare-

ebi (procesis reaqtiuloba, damamaxinjebeli faqtorebi da sxva), aseve erTmaneT-

Tan davakavSiroT sxvadasxva  sazomi sistemebiT gazomili eleqtro-moxmarebis 

energetikuli maxasiaTeblebi. 
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DETERMINING ENERGY CHARACTERISTICS IN NON-SINUSOIDAL CURRENT CIRCUITS  

BY USING THE DATA OF SCADA SYSTEM. 
Museliani T., Sharikadze D., Mtvarelishvili B., Gurgenidze M., Toronjadze G.,  

Georgian Technical University. 
Summary 

Based on the electric circuit theory, there have been obtained dependencies between the energy characteris-
tics, which allow for simple enough analyzing one or another aspects of power supply (process reactivity, disturbing 
factors, etc.), as well as for interconnecting the power supply energy characteristics measured by means of informa-
tion-measuring systems.    

 
 
 
 

Tboeleqtrosadgurebis sakuTari moxmarebis meqanizmebis  

eleqtroamZravebis regulirebis aqtualuri sakiTxebi 
 

CaCxiani g. 

saqarTvelos teqnikuri universiteti 

 

ganxilulia marTvadi naxevradgamtaruli komutatorebis (mnk) gamoyeneba Tboeleq-
trosadgurebis sakuTari moxmarebis sistemebSi mZlavri asinqronuli Zravebis gaSvebi-
saTvis da brunTa siCqaris regulirebisaTvis. naCvenebia, rom mnk-ebis gamoyeneba iZleva 
mniSvnelovan teqniko-ekonomiur efeqtsю 

 

mZlavri naxevradgamtaruli xelsawyoebis ganviTarebis done, saSualebas 

iZleva maT safuZvelze, Seiqmnas sxvadasxva saxis energetikuli daniSnulebis 

eleqtruli denis gardamqmnelebi. naxevradgamtaruli gardamqmnelebis gamoyene-

ba Tboeleqtro-sadgurebis sakuTari moxmarebis sistemebSi, warmoadgens marTva-

di naxevradgamtaruli komutatorebi (mnk), mZlavri asinqronuli da sinqronuli 

Zravebis gaSvebisaTvis da brunTa siCqaris regulirebisaTvis, romlebic far-

Tod gamoiyeneba Tboeleqtrosadgurebis sakuTari moxmarebis sxvadasxva meqa-

nizmebis amZravebisaTvis. 

xSir SemTxvevaSi TboeleqtrosadgurebSi 300 mgvt-mde simZlavris energob-

lokebi Cabmulia manevrul reJimebTan, romlis dros moeTxovebaT energoblokis 

simZlavris did diapazonSi Rrma regulireba. energoblokis simZlavris cvli-

lebis dros, aucilebelia icvlebodes mkvebavi wylis xarji, kvamlgamwovis weva 

da a.S. 

amgvarad, aucilebelia energoblokis sakuTari moxmarebis yvela meqanizme-

bis mwarmoeblurobis regulireba. 

tumboebis, ventilatorebis, kompresorebis da sxva meqanizmebis eleqtruli 

amZravebis mwarmoeblurobis cvalebadoba umravles SemTxvevaSi xorcieldeba 

sxvadasxva saxis sakvalTiT an hidromufTiT. 

Rrma regulirebis dros aseTi meTodebi iwveven mniSvnelovan energiis da-

nakargebs, sakvalTis da hidromufTis hidravlikuri winaRobis gadalaxvaze. 

mZlavri mnk-ebis gamoyeneba Tboeleqtrosadgurebis sakuTari moxmarebis 
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sistemebSi iZleva mniSvnelovan teqniko-ekonomiur efeqts, romelic miiReba 

energomomWirneobis xarjze (sakuTari moxmarebis meqanizmebis mier energomoxma-

rebis Semcireba) da saeqspluatacio xarjebis Semcireba, kapitaluri danaxarje-

bis Semcireba [1-5]. 

ZiriTadi faqtorebi, romlebic qmnian mocemul teqniko-ekonomiur efeqts 

Tboeleqtrosadgurebze Semdegia: brunTa siCqaris regulirebis dros eleqtro-

amZravebis saSualo m.q.k-is amaRleba; mZlavri eleqtroZravebis gamSvi denebis 

mkveTri Semcireba. aRniSnulis Sedegad arsebiTad izrdeba eleqtroZravebis re-

sursi da izrdeba saremonto vadebi, mcirdeba danaxarjebi sakuTari moxmarebis 

mkvebavi qselis gaZlierebaze, romelic aucilebelia didi gamSvi denebis dros. 

momsaxure personalis raodenobis Semcireba, eleqtroamZravebis sruli avtoma-

tizaciis SesaZleblobis Sedegad, romlebic ikvebebian mnk-idan. 

ZiriTadi teqnologiuri mowyobilobebis: orTqlis qvabi, orTqlis turbi-

na, generatori da amamaRlebeli transformatoris normaluri muSaoba uzrun-

velyofili xdeba sakuTari moxmarebis mravalricxovani meqanizmebiT. sakuTari 

moxmarebis meqanizmebis eleqtroamZravebad ZiriTadaT gamoiyeneba cvladi denis 

samfaza asinqronuli eleqtroZravebi, rogorc mokled CarTuli rotoriT, ise 

fazur rotoriani, romlebic gamoirCevian konstruqciis simartiviT da eqsplua-

taciaSi maRali saimedobiT. energoblokebis simZlavris zrdasTan erTad mniS-

vnelovnad izrdeba sakuTari moxmarebis eleqtroZravebis simZlavre. garda ami-

sa Seicvala agreTve mZlavri eleqtroZravebis muSa Zabvebis done: amJamad eleq-

troZravebi 200 kvt simZlavreze meti muSaoben 6 kv. Zabvaze, nacvlad 3 kv Zabvi-

sa. danarCeni eleqtroZravebi muSaoben 0,4 kv. Zabvaze. 

TboeleqtrosadgurebSi Tboenergetikuli danadgarebis marTvisaTvis auci-

lebelia regulirebadi asinqronuli Zravebi, romlis damuSavebisaTvis saWiroa 

upirveles yovlisa gamovlenil iqnes Sesabamisoba asinqronuli Zravas meqani-

kur maxasiaTebelsa da Tboenergetikuli danadgarebis meqanizmebis maxasiaTeb-

lebs Soris. amisaTvis eleqtroamZravebis swori proeqtirebisaTvis da ekonomi-

uri eqspluataciisaTvis aucilebelia Seswavlili iqnes aRniSnuli maxasiaTeb-

lebi. 

damokidebuleba Zravas lilvze dayvanili siCqaresa da meqanizmis winaRo-

bis moments Soris  warmoadgens meqanizmis meqanikur maxasiaTebels. 

sxvadasxva meqanizmebi xasiaTdebian sxvadasxva meqanikuri maxasiaTeblebiT. 

winaRobis momentis mixedviT sakuTari moxmarebis meqanizmebi iyofian or 

jgufad: 

- roca brunTa sixSire ar aris damokidebuli winaRobis momentze; 

- brunTa sixSire damokidebulia xarisxis mixedviT winaRobis momentze. 

nax. 1. naCvenebia Tboeleqtrosadguris sakuTari moxmarebis meqanizmebis me-

qanikuri maxasiaTeblebi. 

SeiZleba miviRoT zogierTi ganzogadoebuli daskvna, Tu gamoviyenebT Sem-

deg empirul formulas Tboeleqtrosadguris sakuTari moxmarebis meqanizmebis 

meqanikuri maxasiaTeblebisaTvis 

,   (1) 

sadac  - meqanizmis winaRobis momenti  siCqaris dros; 
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 - meqanizmis moZravi nawilis xaxunis winaRobis momenti; 

 - meqanizmis winaRobis momenti  nominaluri siCqaris dros; 

 - xarisxis maCvenebeli, romelic axasiaTebs winaRobis momentis cvlilebas siCqa-

ris cvlilebis dros. 

3
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nax.1. Tboeleqtrosadguris sakuTari moxmarebis meqanizmebis meqanikuri maxasiaTeblebi. 

 
1- sferuli wisqvili; 2-ventilatorebi da tumboebi; 3,4 - ukuwnevaze momuSa-

ve meqanizmebi. 

ganxilulidan gamomdinare SeiZleba movaxdinoT klasifikacia Tboeleq-

trosadguris sakuTari moxmarebis meqanizmebis meqanikuri maxasiaTeblebis Sem-

degi ZiriTadi kategoriebad: 

- meqanikuri maxasiaTebeli, roca ar aris damokidebuli siCqarisagan (swo-

ro xazi-1, nax.1), am SemTxvevaSi  da winaRobis momenti  ar aris damoki-

debuli siCqareze; 

- araxazovani, zrdadi meqanikuri maxasiaTebeli (mrudi -2, nax.1), aRniSnul 

maxasiaTebels Seesabameba ; winaRobis momenti  damokidebulia siCqaris 

kvadratze. 

ganvixiloT regulirebadi asinqronuli Zravebis klasifikacia maTi mar-

Tvis meTodiT, romelic uzrunvelyofs Tboeleqtrosadguris sakuTari moxmare-

bis meqanizmebis statikur maxasiaTeblebs. mokled CarTuli rotoriani reguli-

rebadi asinqronuli Zravas muSaobis gansakuTrebuloba mdgomareibs imaSi, rom 

mnk-is gadarTvis sixSire da Zabva miwodebul komutatorze dakavSirebulia ro-

toris brunvis sixSiresTan Sesabamisad Semdegi kanonebiT [6,7]: 

  (2) 

,   (3) 

sadac  - gadarTvis kuTxuri sixSire mnk-is; 

-sawyisi mocemuli srialis kuTxuri sixSire, roca  

-rotoris brunvis kuTxuri sixSire; 

 - rotoris maqsimaluri sinqronuli siCqaris regulirebis koefici-



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  60

enti; 

  (4) 

-komutatoris Sesasvlelze gamarTuli mudmivi regulirebadi Zabva; 

-Zabvis regulirebis koeficienti. 

(2) gantolebaSi srialis sixSiris absoluturi mniSvnelobis regulireba 

  (5) 

(5) kanoni dakavSirebulia Zravas brunTa siCqaris SezRudvis aucileblo-

basTan, roca Zravas lilvze minimaluri damuxruWebis momentia. mcire datvir-

Tvis dros aRiZvreba Warbi eleqtromagnituri momenti, romelic aCqarebs ro-

tors. 

Tavis mxriv, rotoris siCqaris gazrda, mudmivi absoluturi srialis dros 

iwvevs magnituri velis siCqaris gazrdas da Zrava gaqandeba. Warbi momentis Sem-

cirebisaTvis, Zravas siCqaris gazrdis dros moeTxoveba absoluturi srialis 

Semcireba aucilebel mniSvnelobamde, rasac uzrunvelyofs -koeficientis Se-

moyvana srialis regulirebis kanonSi. 

garda amisa, -koeficientis Semoyvana regulirebis kanonSi gvaZlevs saSu-

alebas miviRoT meqanikuri maxasiaTeblebi, analogiuri Sereuli agznebiani mud-

mivi denis Zravas maxasiaTeblebisa. 

Zabvis regulirebis kanonSi gantoleba (3) minimaluri mniSvneloba  uz-

runvelyofs Zravas gaSvebas, roca .  -mdgenelis SerCeva dakavSirebu-

lia manqanaSi magnituri nakadis mudmivobis uzrunvelyofasTan. 

 
literatura 

1. Плетнев Г.П. Автоматическое управление и защита теплоэнергетических установок электростанций. 

М.:Энергоатомиздат, 1986. 344 с. 

2. Электрическая часть электростанций. Л.: Энергия, 1977. 556 с. С.В. Усов, В.В. Кантан, Е.Н. Кизеветтер 

и др. 

3, Головков Ю.П. Дробление твердого топлива на тепловых электростанциях. М.: Энергоатомиздат, 1985. 

144 с. 

4. Курбангалиев У.К. Самозапуск двигателей собственных нужд электростанций. М.: Энергоиздат, 1982. 

56 с. 

5. Проблемы развития научных исследований в области преобразовательной техники. Киев. АНУССР, 

1987. 39 с. А.И. Денисов, А.А. Саурин, В.В. Гордиенко и др. 

6. Бесконтактные электрическике двигатели постоянного тока. Т.: Сабчота Сакартвело, 1986. 203 с. Ш.И. 

Лутидзе, Т.К. Кохреидзе и др. 

7. Лутидзе Ш.И., Кохреидзе Т.К. Переходные электромеханические процессы в регулируемых 

асинхронных двигателях. Т.: ГПИ, 1988. 66 с. 

 
THE  ACTUAL  QUESTIONS  OF  THE  REGULATIONS  OF ELECTRIC ENGINES  OF  THE  MEC-

HANISMS OF  PROPER  CONSUMPTION  OF  HEAT ELECTRIC STATIONS. 
Chachkhiani G.,  

Georgian Technical  University. 
Summary 

The paper dwells on the  use  of   guided  semiconductor switch   in own consumption of heat electric stations  
for  the  issue  of  a synchronic   engines and  the  for   the  regulations  of  turns  of  the  speed.  It  is  shown, that   
the  utilization of  guided  semiconductor   switch gives  the  important  technical - economic effect.   
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eleqtroenergiis xarisxis maCveneblebis  
optimizaciis kriteriumebi 

 
E CaCxiani e. 

saqarTvelos teqnikuri universiteti 
 

ganxilulia eleqtroenergiis xarisxis maCveneblebis optimizaciis kriteriumebi. dadge-
nilia: arasinusoidulobiT, arasimetriulobiT, Zabvis gadaxriT da Zabvis modulis rxe-
vebiT gamowveuli ekonomiuri zarali. gansazRvrulia miznobrivi funqciis optimaluri 
mniSvneloba. 

 
eleqtroenergiis xarisxis maCveneblebis cvlilebis normatuli zRvrebi 

dadgenilia gamomdinare teqnikuri mosazrebebidan. maTi kontroli eqspluataci-

aSi unda uzrunvelyofdes eleqtromowyobilobebis saimedo muSaobas. 

ganvixiloT arasinusoidulobis koeficientis sidide, romliTac xasiaTde-

ba Zabvis xarisxi da dakavSirebulia ekonomiuri zaralis sididesTan. Semovita-

noT zaralis harmonikis koeficienti 

 

sadac  - Zabvis  harmonikis fardobiTi sidide (Zabvis pirveli rigis harmo-

nikis mimarT). 

ekonomiuri zarali  

 
sadac  - koeficienti, romliTac xasiaTdeba zarali s saxeobis eleqtro-

mowyobilobebis, gansaxilvel drois SualedSi, roca  

mkacri SefasebiT, zaralis funqcia  warmoadgens albaTobiTs; 

SemdgomSi simartivisaTvis zaralis funqciis yvela mdgeneli, ganpirobebu-

li eleqtroenergiis xarisxis parametrebis gadaxrebiT, CaiTvleba determinire-

buli. 

ekonomiuri zarali, ganpirobebuli Zabvis arasimetriulobiT, proporciu-

lia arasimetriulobis koeficientis  funqciis  

 
Zabvis arasimetriuloba xasiaTdeba procentuli TanafardobiT qselis 

ukumimdevrobis  Zabvis, nominalur ZabvasTan . 

arasimetriulobis koeficienti 

 
arasimetriuloba, romlis drosac koeficienti , nebismieri samfaza 

simetriuli eleqtromomxmareblebisTvis CaiTvleba dasaSvebad.  da  eleq-

tromowyobilobebis elementebia, romlebSic Zabvis arasimetriulobis dros ga-

nisazRvreba zarali arasimetriulobis koeficientis pirveli an meore xarisxis 

funqciiT. (3) gamosaxulebis marjvena nawilis mdgenelebis struqtura specifi-

kuria, vinaidan Zabvis arasimetriuloba gavlenas axdens magaliTad eleqtrul 
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ZravebSi ara mxolod danakargebis sidideze, aramed mabruni momentis sidideze 

da sabolood Semsrulebeli meqanizmis warmadobaze, produqciis xarisxze da 

TviTRirebulebaze warmoebis moculobiT. konkretul SemTxvevaSi Sesabamisi ri-

cxobrivi kavSirebs SeiZleba hqondes rogorc determinirebuli, ise albaTobi-

Ti xasiaTi. isini SeiZleba dadgenili iqnes sawarmoSi. 

uSualod dakvirvebisa da analizis Sedegad, an eqsperimentis safuZvelze, 

romelic saSualebas mogvcems miviRoT datvirTvis kvanZSi ekonomiuri maxasia-

Teblebi. 

zarali, ganpirobebuli Zabvis gadaxriT dasaSvebi donis aTvlidan, gamoi-

saxeba maRali rigis xarisxovani polinomiT. Tu sawyis anaTvlad miRebulia no-

minaluri Zabva, maSin zaralis funqcia  Zabvis gadaxris  gaTvaliswinebiT 

tolia: 

 
sadac  da  - mudmivi koeficientebi.  

 sididis gansazRvris dros gansakuTrebuli yuradReba unda mieqces ri-

cxobrivi Sefasebas warmoebis Rirebulobis maCveneblebze. 

zarali, gansazRvruli Zabvis modulis rxevebiT, damokidebulia rxevis am-

plitudaze da sixSireze. [1]-Si ganxilulia gamosaxuleba zaralis funqciisaT-

vis: 

 
sadac  da -woniTi funqciebi, romlebic gamosaxavs damokidebulo-

bas xvedriT zaralsa, rxevebis amplitudasa da sixSirisagan. - Zabvis modu-

lis gazomvis procesis speqtruli simkvrive,  drois xangrZlivobis interval-

Si;  - speqtruli simkvrvis zRvruli sixSire. 

eleqtroenergiis xarisxis maCveneblebis optimizaciis maTematikuri amoca-

na dadis miznobrivi funqciis minimumis gansazRvraSi; 

 
sadac - damatebiTi kapitaluri xarjebi eleqtroenergiis xa-

risxis amaRlebisaTvis, ganpirobebuli teqnikuri saSualebebis da RonisZiebebis 

danergviT; 

- 

 Sesabamisi damatebiTi yovelwliuri xarjebi; - kapitaluri dabandebis 

efeqturobis normatuli koeficienti. 

miznobrivi funqciis minimumis gansazRvris dros mxedvelobaSi miiReba 

eleqtroenergiis xarisxis maCveneblebis sidideebis SezRudva, gansazRvruli 

teqnikuri mosazrebebiT. (7) gamosaxulebis araxazovani funqciis minimumis gan-

sazRvrisaTvis, SeiZleba gamoyenebuli iqnes sxvadasxva maTematikuri meTodebi, 

magaliTad araxazovani dinamikuri programireba, sajarimo funqcia da sxva, ro-
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melTa gamoyeneba SesaZlebelia kompiuteruli teqnikis gamoyenebiT. 

mTel rig SemTxvevebSi eleqtroenergiis xarisxis maCveneblebis cvlileba  

urTierTdakavSirebulia sxvadasxva faqtorebTan. magaliTad, qselSi Zabvis 

amaRleba dakavSirebulia harmonikebis donis cvlilebasTan, generirebuli ven-

tiluri gardamqmnelebiT da Zalovani transformatorebiT. 

Zabvis arasimetriulobis amaRleba dakavSirebulia xazuri Zabvis gadaxris 

sididis cvlilebasTan da a.S. 
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CRITERIA  OF  THE  OPTIMIZATION  OF  THE  INDICATORS  OF  THE  QUALITY  

 OF  ELECTRIC ENERGY. 
T.  Kokhreidze,    E. Chachkhiani 

Technical     University   of   Georgia, LTD   ,, Electric   Industry  Resume “ 
Summary 

It  is  discussed  the  criteria  of  the  optimization  of  the indicators  of  the  quality  of  electric energy.. It is  
established:  the  economical  damage  provoked  with   not  sinus, not  symmetry, with  the  oscillations  of  the  
voltage  and  the  inclination of the voltage.  It  is  defined  the  optimal importance  of   the   objective  function.      
 
 
 
 

   hidrogeneratoris tiristoruli agznebis sistemaSi eleqtromag-
nituri procesebis maTematikuri modeli 

 
Emebonia l. 

saqarTvelos teqnikuri universiteti 
 

ganxilulia mZlavri hidrogeneratoris tiristoruli TviTagznebis sistema da mi-
si muSaobis gansakuTrebuloba. miRebulia zusti Tanafardobebi fazuri denebis momqme-
di mniSvnelobebis da harmonikuli mdgenelebis. 

 
nax. 1. mocemulia hidrogeneratoris tiristoruli agznebis sistema roto-

ris gragnili kvebas Rebulobs gammarTvelebidan, CarTuli gammarTveli tran-

sformatoris meorad gragnilTan. pirveladi gragnili uSualod mierTebulia 

hidrogeneratoris gamomyvanebTan. TiToeuli gammarTveli gaTvlilia imaze, rom 

uzrunvelyos generatoris muSaobis reJimi nominaluri aqtiuri simZlavriT, ro-

ca . gammarTvelebs cvladi da mudmivi denis mxares gaaCnia Camrazebi. es 

iZleva saSualebas CavataroT profilaqtikuri da saremonto samuSaoebi erT-

erT maTganze generatoris gamorTvis gareSe. 

Tburi angariSi gammarTvelebis iTvaliswinebs Semdegi pirobebis Sesrule-

bas: 

- nominaluri muSaobis reJimi uzrunvelyofilia ventilebis sruli ricx-

vis dros da roca TiToeul mxareSi paralelur Stodan erT-erTis mtyunebas 

aqvs adgili; 

- gadatvirTva forsirebis dros ( ) nominaluri reJimidan 2 -mde; aRniS-

nuli reJimi uzrunvelyofili unda iqnes ventilebis sruli ricxvis dros da 

roca TiToeul mxareSi paralelur Stodan erT-erTis mtyunebas aqvs adgili; 
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datvirTvis SezRudvis reJimi  da  uzrunvelyofili unda iq-

nes roca adgili aqvs gammarTvelis nebismier mxareSi ori paraleluri Stos 

mtyunebas an roca adgili aqvs ori gammarTvelidan erT-erTis gamorTvas. 

sawyisi agzneba generatoris qselSi CarTvis dros zusti sinqronizaciis 

meTodiT, xorcieldeba sakuTari moxmarebis 0,4 kv Zabvis qselidan an saakumu-

latoro batareadan. 

velis qroba generatoris muSaobis normalur reJimSi xorcieldeba, roca 

adgili aqvs agregatis normalur gaCerebas, gardamqmnelis invertor reJimSi ga-

dayvaniT, xolo avariul reJimSi velis qrobis avtomatiT. 

agznebis regulireba xorcieldeba Zlieri moqmedebis agznebis avtomaturi 

regulatoriT, romelic zemoqmedebs tiristoruli gammarTvelebis orive mar-

Tvis sistemaze. 

 
nax. 1. hidrogeneratoris tiristoruli agznebis sistema 

1 - hidrogeneratori; 2,3 - tiristoruli gardamqmnelebi; 4-Camrazebi mudmivi denis mxa-
res; 5-Camrezebi cvladi denis mxares; 6-gammarTveli transformatori; 7,8-sakuTari mox-
marebis transformatorebi; 9,10-tiristoruli gardamqmnelebis marTvis sistemebi; 11-ag-
znebis avtomaturi regulatori; 12-Zabvis avtomaturi regulatori; 13-velis qrobis av-
tomati; 14-TviTsinqronizaciis kontaqtori; 15-mcleli; 16-TviTsinqronizaciis winaRoba; 

17,19-Zabvis transformatorebi; 18-denis transformatori; 20-kvebis rele 
 

Zlieri moqmedebis agznebis avtomaturi regulatoris paralelurad gvaqvs 

proporciuli moqmedebis Zabvis avtomaturi regulatori, romelic muSaobaSi 

Sedis ZiriTadi regulatoris gamorTvis dros. Zabvis avtomaturi regulatori 

muSaobs or reJimSi - mimyoli da wamyvani; mas gaaCnia maxsovrobis da reguli-

rebis arxebi. mimyol reJimSi Zabvis avtomaturi regulatori imaxsovrebs signa-

lebs, proporciuli generatoris statorze Zabvis da miwodebuli tiristorebis 

marTvis sistemaze mTavari regulatoridan. mTavari regulatoris gamorTvis 

dros Zabvis avtomaturi regulatori gadadis wamyvan reJimSi da axorcielebs 
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generatoris Zabvis regulirebas. Zabvis avtomaturi regulatoris danayenis 

cvlileba mimdinareobs distanciurad marTvis faridan. mTavari regulatoris 

gadasvlis dros sarezervoze, rotoris denis cvlileba ar aWarbebs 10%. moce-

mul agznebis sistemaSi gammarTvelebs gaaCnia bunebrivi sahaero gaciveba. 

tiristoruli agznebis sistemaSi eleqtromagnituri procesebi upirveles 

yovlisa ganixileba gammarTvel sistemebSi. Tavidan ganvixiloT agznebis siste-

ma erTjgufiani, Semdeg orjgufiani gardamqmnelis bogiruli sqemiT. 

generatoris agznebis deni normalur reJimSi ganisazRvreba gardamqmnelis 

gare maxasiaTeblis da Zabvebis veqtoruli diagramis saSualebiT. gammarTveli 

normalur reJimSi muSaobs komutacis kuTxiT . fazuri mniSvnelobis komutaci-

is emZ gamoisaxeba Semdegi gamosaxulebiT 

 

sadac  da  - generatoris Zabva da deni, - gammarTveli transformatoris 

transformaciis koeficienti, -transformatoris induqciuri winaRoba. 

Tu agznebis avtomaturi regulatori inarCunebs  Zabvas generatoris mom-

Werebze mudmivs, maSin  im SemTxvevaSi, roca SenarCunebulia Zabva mud-

mivi ara generatoris momWerebze, aramed sadguris maRali Zabvis salteze, auci-

lebelia gaviTvaliswinoT Zabvis vardna amamaRlebel transformatorSi. 

(1) gantolebidan vpoulobT emZ-is amplitudas 

 
sadac -kuTxe  da  Soris. 

agznebis wredisTvis gveqneba [1] 

 
sadac - marTvis kuTxe,  pirdapiri Zabvis vardna tiristorebSi sqemis 

erT mxares,  - gamarTuli denis saSualo mniSvneloba. 

(2) da (3) gamosaxulebidan erTjgufiani gardamqmnelis sqemisTvis vpou-

lobT 

 

sadac -omuri winaRoba agznebis gragnilis da SemaerTebeli kabelebis 

mudmivi denis mxareze. 

deni  da  ganisazRvreba sinqronuli generatoris muSaobis reJimiT. 

generatoris agznebis deni  gamoiTvleba Zabvebis veqtoruli diagramis saSua-

lebiT. 
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IN THE  SYSTEM  OF  THE  TIRISTORIAL  IRRITATION  OF  HYDRO GENERATOR    
THE  MATHEMATICAL  MODEL  OF  THE  ELECTRIC MAGNETIC  PROCESS. 

Mebonia L.,  
Technical   University   of  Georgia 

Summary 
The paper describes  the  thyristor  self excitation  of  strong  hydro generator  and  its particularity  of   the   

function. It  is  received  the  exact  co proportions  of active  importance  of  phase  electricity  and  of  harmonic  
compositions.    

 

 

 

sinqronuli eleqtruli ZravebiT datvirTul 
eleqtrosistemaSi energiis zegamtaruli induqciuri magroveblis mu-

Saobis dros eleqtromeqanikuri procesebi  
 

koxreiZe T., metreveli v. 

saqarTvelos teqnikuri universiteti 
 

ganxilulia sinqronuli eleqtruli ZravebiT datvirTul eleqtrosistemaSi ener-
giis zegamtaruli induqciuri magroveblis muSaobis dros eleqtromeqanikuri procese-
bi. damuSavebulia maTematikuri modeli da gamokvleulia eleqtrosistemisa da magro-
veblis parametrebis Tanafardob. naCvenebia, rom zegamtaruli magroveblis gamoyeneba 
saSualebas iZleva gaizardos sinqronuli datvirTvis simZlavre 70%-iT. 

 

amJamad energetikosebis did yuradRebas ipyrobs eleqtroenergiis zegamta-

ruli induqciuri magrovebeli (ezgim), Tavisi SesaZleblobebis mixedviT, rogo-

ricaa eleqtroenergiis akumulireba da misi swrafi realizacia. ezgim-is gamo-

yenebas energetikaSi gaaCnia didi perspeqtiva [1].-is SeiZleba gaxdes efeqturi 

saSualeba eleqtrosistemis ekonomiurobisa da saimedoobis amaRlebisa. eleq-

trosistemis datvirTvis qveS warmodgenilia paralelurad momuSave sinqronu-

li eleqtruli Zravebi, romlebic emsaxurebian navTob-gaz gadamamuSavebeli 

kompleqsebis meqanizmebis amZravebs. aseTi kompleqsebis eleqtromomaragebis sa-

imedoobis amaRlebis problema gamoirCeva gansakuTrebuli aqtualobiT. SesaZ-

lo uecari mokle SerTvis SemTxvevaSi mimdinareobs dazianebuli xazis gamor-

Tva da sinqronuli datvirTva SeiZleba amovardes sinqronizmidan. 

ganvixiloT eleqtrosistemis eleqtruli sqema, romelic naCvenebia nax.1 [2]. 

sinqronuli datvirTvis kvanZi kvebas Rebulobs gadamcemi xazebiT. qvesad-

guris saltidan ikvebeba samrewvelo navTob-gaz gadamamuSavebeli kompleqsi, 

romlis ZiriTad datvirTvas warmoadgens sinqronuli eleqtruli Zravebi ti-

piT, simZlavriT 12000 kvt-mde. sinqronuli eleqtroZravebis jamuri simZlavre 

Seadgens 200 mgvt-s. ezgim-i CarTulia qvesadguris saltesTan t3 )zgt)-is saSua-

lebiT da Seqcevadi tiristoruli gardamqmnelebiT, romelic asrulebs ezgim-

is kavSirisa  da marTvis yvela funqcias cvladi denis qselTan. 

ganvixiloT gardamavali procesi eleqtrosistemaSi, warmoSobili SesaZlo 

uecari mokle SerTvis Sedegad gadamcem xazze (nax. 1), romelic akavSirebs sin-

qronul datvirTvas usasrulo mZlavr sistemasTan. procesis mimdevroba Semde-

gia. releuri dacvis moqmedebis Semdeg 0,1 wamze dazianebuli xazi gamoirTveba 

da darCeba kavSiri eleqtrosistemis elementebs Soris dauzianebeli xaziT. 

Semdeg 0,3 wamze imoqmedebs avtomati ganmeorebiTi CarTvis da xazi xelaxla Ca-



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  67

irTveba sistemasTan. Cveni SemTxvevis gansakuTrebuloba mdgomareobs imaSi, rom 

dazianebuli xazis gamorTvis Semdeg, swrafmomqmedi marTvis sistemis saSuale-

biT tiristoruli gardamqmnelis pirveli bloki gadadis gammarTvelis reJimi-

dan invertorul reJimSi. energia, dagrovili ezgim-is magnitur velSi, gardaiq-

mneba sinqronuli eleqtruli Zravas lilvze meqankur energiaSi. maTematikuri 

modelis damuSavebis dros sinqronuli manqana eleqtrosistemaSi warmovidgi-

noT gamartivebuli diferencialuri gantolebebiT. maTematikuri modelis damu-

Savebis dros miRebuli iqna Semdegi daSvebebi: mxedvelobaSi ar miiReba aperio-

duli procesebi sinqronuli eleqtruli Zravas statoris gragnilSi; mxedve-

lobaSi ar miiReba sinqronuli manqanis statoris gragnilis aqtiuri winaRoba; 

magnituri sistemis gaJRenTva gaTvaliswibebulia Ruzis gragnilis induqciuri 

winaRobis koreqtirebis gziT; eleqtrosistemis datvirTvis xasiaTad iTvleba  

sinqronuli eleqtruli Zravebi. muSa meqanizmebis (kompresorebis, tumboebis) 

simZlavre mudmivia. angariSebSi iTvleba, rom cvladi deni, gacemuli ezgim-idan 

eleqtruli Zravebis salteze, Seicavs mxolod pirveli rigis harmonikis mdge-

nels. 

 
nax.1. eleqtrosistemis eleqtruli sqema: ib-invertoris bloki; gb-gammarTvelis 

bloki; t1, t2- Zalovani transformatorebi; g-x1, g-x2-gadamcemi xazebi; t3(zgt(-zegamta-
ruli transformatori; g-ekvivalenturi sinqronuli generatori; sZ-sinqronuli Zravebi; 
ag-agznebis gragnili; g-gammarTveli; aR-agznebis Ruza; aag-amgznebis agznebis gragnili. 

 

sinqronuli eleqtroZravas rotoris fardobiTi moZraoba, uecari cvlile-

bis SemTxvevaSi, ganisazRvreba gantolebiT 

,   (1) 

- sinqronuli manqanis mier sistemaSi gacemuli simZlavre; 

,- Semsrulebeli meqanizmis simZlavre; 

- meqanikuri mudmiva; 

- demfirebis koeficienti; 

-Zvris kuTxe sinqronuli manqanis  emZ-is veqtorsa da sistemis salte-

ze  Zabvis veqtors Soris. 

(1) gantoleba warmoadgens meore rigis araxazovan diferencialur ganto-

lebas, romlis amoxsna analizuri meTodebiT SeuZlebelia. analogiuri amoca-

nebis amosaxsnelad gamoiyeneba TanmimdevrobiTi miaxlovebis meTodi, romelSic 
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koordinatis axali mniSvnelobis gamoTvlisaTvis (  drois monak-

veTze gamoiyeneba saSualo siCqare. (1) diferencialuri gantoleba SeiZleba 

warmovidginoT ori pirveli rigis diferencialuri gantolebis saxiT 

 (2) 

       (3) 

 (4) 

(2)-(4) gantolebebi warmoadgenen xazovan diferencialur gantolebebs  

da  cvladebis mimarT. 

simZlavris gansazRvrisaTvis, romelic miewodeba ezgim-is mier sinqronul 

datvirTvas avariul reJimSi, aucilebelia vicodeT sinqronuli datvirTvis 

salteze Zabvis myisi mniSvneloba , romelic ar rCeba mudmivi rotoris rxe-

vis dros.  mniSvneloba icvleba aqtiuri da reaqtiuli simZlavris cvlile-

basTan erTad 

  (5) 

(2) - (4) gantolebebis ricxobrvi amoxsna iZleva saSualebas Tvali vadev-

noT rxevis process sawyisi parametrebis sxvadasxva mniSvnelobebisaTvis. amox-

snis Sedegad gamoiTvleba ZiriTadi sidideebi, romliTac xasiaTdeba eleqtru-

li sistema: rxevis kuTxe , denebi ezgim-is da sinqronuli datvirTvis, Zabva 

sinqronuli Zravas momWerebze , ezgim-is gamarTuli Zabva , ezgim-is myisi 

simZlavre , eleqtromagnituri simZlavre sinqronuli datvirTvis lilvze 

 agreTve simZlave miRebuli sistemidan . 

Sedgenili maTematikuri modelis realizacia saSualebas iZleva Seviswav-

loT gardamavali procesebi eleqtrosistemaSi da gamovavlinoT ZiriTadi ener-

getikuli Tanafardoba ezgim-sa da datvirTvas Soris. ricxobrivi eqsperimentis 

Sedegebis safuZvelze SeiZleba miviRoT rekomendaciebi perspeqtivaSi misi gamo-

yenebisa da sacdeli danadgaris proeqtirebisa. 

SedarebiTi angariSisTvis miviRoT: simZlavris bazisuri mniSvneloba 

 mgvt; sawyisi reJimisaTvis . -is mniSvneloba Seesabameba 

gadamcemi xazis sigrZes, 300 km da tolia 0,49 fardobiT erTeulebSi. ezgim-is 

ar monawileoba aRiwereba sistemis mdgomareobiT, romelSic  winaRobis nam-

dvili da warmosaxviTi nawili usasrulod didia. 

nax. 2, a,b-ze naCvenebia procesebi ezgim-is monawileobis gareSe. sistema im-

yofeba dinamikuri mdgradobis zRvarze. 

nax.3-ze naCvenebia, rogor mimdinareobs rxeviTi procesi, sinqronuli dat-

virTvis mier moTxovnili simZlavris cvlilebis dros da simZlavre ezgim-is 

mier gacemuli. ezgim-idan energiis gamoyvanis procesi mimdinareobs 1 wamis gan-

mavlobaSi, am SemTxvevaSi energia gamodis mTlianad. rogorc angariSebi gviCve-

nebs, dinamikuri mdgradobis maragis koeficienti ezgim-is monawileobis Sede-
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gad SeiZleba gaizardos 1,34-dan 2,27-mde, e.i 70%-ze. 

 
nax. 2. gardamavali procesi ezgim-is monawileobis gareSe� 

a�- gadamcemi xazis mier gadacemuli simZlavre:  

b -  
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nax. 3. gardamavali procesi ezgim-is monawileobiT:� 

a) ezgim-is sawyisi deni ka; gadacemuli simZlavre  

b)  ka;  
 

nax.4-ze naCvenebia sinqronuli datvirTvis salteze Zabvis  da ezgim-is 

denis  droze damokidebuleba. 

1,6

1,4

1,2

1,0

0,8

0,6

0,4

0,7

0 0,5 1,0 t wm1,5 2,0 2,5

UZ

Im

UZ, Im

 
nax. 4. ezgim-is deni  da Zabva sinqronuli Zravas salteze : gadacemuli simZlavre 

 

nax.5-ze moyvanilia  da , agreTve jamuri reaqtiuli simZlavris 

danakargebi gadamcem xazze da sinqronuli datvirTvaSi . 

nax.6-ze naCvenebia ekvivalenturi aqtiuri da reaqtiuli winaRobebis droSi 
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cvlilebis mrudeebi. 

nax.7-ze naCvenebia gardamavali procesi ezgim-is ori modulis seqciebad pa-

ralelurad CarTvis SemTxvevaSi. 

 

Q         Rd             Xd 

 

 

 

 

 

 

 

 

 

 
nax. 5. gardamaval procesSi                    nax.6. ekvivalenturi kompleqsuri 
reaqtiuli simZlavreebis                     winaRobis cvlileba energiis 

damokidebuleba droSi:                    gamoyvanis procesSi:  

         
 

P 
 

 

 

 

 

 

 

 

 

 

 
nax.7. gardamavali procesi ezgim-is ori modulis seqciebad paralelurad CarTvis Sem-

TxvevaSi: ezgim-is sawyisi deni ka;  (sistema imyofeba 

mdgradobis zRvarze) 

ezgim-is energia da ezgim-idan energiis gamoyvanis siswrafe unda iyos Se-

Tanxmebuli sinqronuli datvirTvis parametrebTan. kerZod, ezgim-is maqsimalu-

ri simZlavre ar unda aWarbebdes datvirTvis simZlavres, xolo energiis gamoy-

vanis dro ar unda iyos rxevis periodze naklebi. 
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1. Перспективы использования сверхпроводниковых накопителей энергии в электроэнергетических 

системах. Ю.Н. Астахов, В.А. Лабунцов, А.Г. Тер-Газарян и др. - электричество, 1992, №7. 
2. T. koxreiZe, v. metreveli, n. uflisaSvili. axali Taobis eleqtroenergiis zegamtaru-

li induqciuri magroveblis gamoyenebis perspeqtiva saqarTvelos eleqtroenergeti-
kul sistemaSi. energia. 2013. #3(67). 

 

   



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  71

 
ELECTROMECHANICAL PROCESSES DURING OPERATION OF SUPERCONDUCTING INDUCTI-
ON ENERGY STORAGE IN THE ELECTRICAL SYSTEM CHARGED WITH  SYNCHRONOUS MO-

TORS. 
T.  Kokhreidze,      V.  Metreveli 

Technical   University   of   Georgia 
Summary 

The paper dwells on the  electric systems   charged  with   synchronized  electric  engines  there  are  the   
mechanical  process   in  time   of   the  work  of   the  superconducting  induction  storage  of  the  energy.  It  is  
elaborated  the  mathematical  model and  it  is researched  the co proportion of the  parameters  of  electric system 
and storage. It  is  shown, that  the  utilization  of  superconducting   storage  gives  the  possibility  to  increase  the  
capacity  of  synchronized  charging  with 70%.  

 
 
 
 
 

maRali Zabvis gadamcem xazebSi simZlavris danakargebis  
angariSis maTematikuri modeli 

 
koxreiZe k., nemsaZe S., koxreiZe T. 

Sps kanargo-jorjia, 
saqarTvelos teqnikuri universiteti 

 
damuSavebulia maRali Zabvis 220 kv da meti gadamcem xazebSi simZlavris danakar-

gebis angariSis maTematikuri modeli. miRebulia ZiriTadi Tanafardobebi simZlavris 
danakargebis angariSisaTvis. modelis realizacia SesaZlebelia kompiuteruli teqnikis 
gamoyenebiT. 
 

cvladi denis gadamcem xazSi  km, sigrZiT, Sesabamisi parametrebiT  

omi/km,  omi/km, , 1/(omi.km), da , 1/(om.km), damyarebuli reJimis ZiriTadi pa-

rametrebi (Zabva xazis boloebSi  da , denebi  da ) dakavSirebulia 

cnobili TanafardobebiT [1] 

;   (1) 

  

sadac  (2) 

- gavrcelebis koeficienti, rad/km; 

   (3) 

- xazis talRuri winaRoba, omi  

 da gansaxilveli klasis  xazisTvis eleqtru-

li sruli simZlavris nakadi samfaza simetriul sistemaSi 

     (4) 

dauSvaT xazis bolos aqtiuri simZlavre  mocemulia, moxerxebulia ga-

moviyenoT Semdegi gamosaxuleba xazSi danakargebisaTvis: 

,    (5) 
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sadac     (6) 

gavxsnaT (5) gamosaxuleba (1)-is CasmiT (4)-Si (2) da (3)-is gaTvaliswinebis 

gziT, miviRebT: 

,   (7) 

sadac  da  

- xazis boloSi aqtiuri da reaqtiuli simZlavre naturaluri simZlavris 

wilSi. naturaluri simZlavre (gansazRvruli xazuri ZabviT xazis bolos) 

 

sadac - mudmivi kompleqsuri sidide, romelic cno-

bilia xazis talRuri winaRobiT; -aqtiuri da induqciu-

ri winaRoba, aqtiuri da tevaduri gamtaroba Sesabamisad xazis erTeul sigrZe-

ze. 

TuU sadenis aqtiuri winaRoba mcirea, SedarebiT induqciurTan , 

rogorc mas adgili aqvs mZlavr sahaero gadamcem xazebSi gvirgvinis movlenis 

gaTvaliswinebis gareSe , maSin ZalaSia Semdegi gamosaxuleba [2]: 

; ; 

(7) gamosaxuleba SeiZleba warmovidginoT Semdegi saxiT: 

  (8) 

 koeficientebi ganisazRvreba mxolod xazis sakuTari parametrebiT 

(kveTi da sadenis tipi, maTi ganlageba sayrdenze, xazis sigrZe) da araa damoki-

debuli gadacemis reJimze. 

(8) dan Cans, rom danakargebi xazSi proporciulia energiis sruli simZlav-

ris nakadze da uqmi svlis danakargebze, e.i. danakargebi xazSi, roca bolo mxa-

re ganrTulia . 

(7)-is Sesabamisad  koeficientebi tolia: 

; 

; (9) 

; 

; 

amgvarad, simZlavris danakargebi xazSi, romlis parametrebi cnobilia, ga-

nisazRvreba mocemuli aqtiuri da reaqtiuli simZlavreebiT xazis boloSi (7) 

an (8) gamosaxulebis saSualebiT. 

dauSvaT xazis bolos reaqtiuli simZlavre ucnobia.  

maSin aucilebelia avirCioT sawyis parametrebad romelime sxva parametris 

sidide, magaliTad Zabvis moduli xazis dasawyisSi (  igulisxmeba mocemuli) 

an kuTxe Zabvis veqtorebs Soris xazis Tavsa da boloSi. SemoviyvanoT xazSi 

Zabvis vardnis cneba e.i. Tanafardoba Zabvebis modulebis xazis sawyissa da bo-

loSi: 
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   (10) 

aRniSnuli parametrebis cvalebadobis diapazoni Seadgens 0,95-1,05 500 kv da 

meti Zabvis xazisTvis, rac sagrZnoblad amartivebs  sididis SerCevas. 

(1) gamosaxulebidan, (10)-is gaTvaliswinebiT, martivi gamartivebis Semdeg 

miviRebT formulas is gansazRvrisaTvis: 

, 

(11) 

sadac . 

xazSi simZlavris danakargebi, romelic Seicavs  mniSvnelobas, Semdeg 

pouloben (7) an (8) gamosaxulebiT. 

(7), (8) da (11) gamosaxulebebi gamomdinare Tavisi sirTuliT, warmoSobs 

garkveul uxerxulobas praqtikuli gamoyenebisaTvis. 

exla ganvixiloT angariSis SedarebiT gamartivebuli meTodi.  

gansakurebulobas sahaero gadacemi xazis 220 kv da meti Zabvis warmoad-

gens is, rom reaqtiuli xvedriTi parametrebi gacilebiT metia aqtiur paramet-

rebze:  da . amitom pirveli miaxloebiT SeiZleba mxedvelobaSi 

ar miviRoT aqtiuri winaRoba da gamtaroba xazSi denis modulze. aseTi daSve-

bis Sedegad (2) da (3) mkacri gamosaxulebis nacvlad SeiZleba miviRoT: 

 da ,   (12) 

ris Sedegad gamosaxuleba denisaTvis km manZilze xazis bolodan Caiwe-

reba Semdegi saxiT 

,  (13) 

xolo reaqtiuli simZlavre xazis boloSi  tolia 

  (14) 

roca xazis boloebSi Zabvebis modulebi tolia, maSin reaqtiuli 

simZlavre xazis TavSi da boloSi erTmaneTis tolia. . 

  (15) 

roca aqtiuri simZlavre naklebia xazis naturalur simZlavreze, natura-

luri simZlavre warmoadgens reaqtiuli simZlavris wyaros (nax. 1). 

Zabvis vardnis dros reaqtiuli simZlavre xazis dasawyisSi tolia: 

  (16) 
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nax.1. xazis bolos reaqtiuli simZlavris  damokidebuleba gadacemuli aqtiuri  

simZlavreze . 

roca  da  reaqtiuli simZlavre xazis bolos aRmoCndeba nak-

lebi, vidre momxmareblis;  -is gazrdiT is pirvelad aRwevs nulovan mniSvne-

lobas da icvlis niSans, e.i. iwyebs miwodebas bolo qvesadguris saltidan xaz-

Si. (14)-is CasmiT (13)-Si, miviRebT gamosaxulebas, romelic gansazRvravs xazis 

nebismier wertilSi denis damokidebulebas Zabvis vardnasTan xazis boloebSi: 

 (17) 

damokidebuleba xazis boloSi energiis nakadis simZlavresa da Zabvis var-

dnas Soris gamoisaxeba Semdegi TanafardobiT: 

  (18) 

xazis sadenSi simZlavris danakargebi  (19) 

(17)-is CasmiT (19)-Si da mis integrirebiT, miviRebT gamosaxulebas simZlav-

ris danakargebisTvis xazSi nebismieri reJimis muSaobis dros: 

 (20) 

(3.20) gamosaxuleba gardaqmnis Semdeg warmogvidgeba Semdegi saxiT 

,  (21) 

sadac ; 

    (22) 

- koeficientebi, romlebic damokidebulia xazis parametrebze da masSi Zab-

vis vardnebze. 

(21) gamosaxuleba iZleva SesaZleblobas vipovoT mocemuli aqtiuri sim-

Zlavris  Sesabamisi danakargebi sadenSi. 
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A MATHEMATICAL MODEL FOR CALCULATION OF POWER LOSSES IN HIGH-VOLTAGE  
TRANSMISSION LINES. 

K.  Kokhreidze,   Sh.  Nemsadze,. T.  Kokhreidze 
LTD   Canargo- Georgia,  Technical   University   of   Georgia 

Summary 
It  is  elaborated  220 kilowatt  of  high  voltage  and  the  mathematical  model  of  the  account  of  capacity  

lost  in transferring  lines.  It  is  received   the  main co proportions, for  the  account  of  capacity  lost. The  realiza-
tion of  the  model  is   possible  by  using of  the  computer   techniques.  
 
 
 
 

energetikuli manqanebis teqnikur mdgomareobaTa cvlilebebis tren-
disa da prognozis gansazRvra teqnikuri diagnostikis amocanebSi 

 
kopaliani n., ZaZamia d., gogisvaniZe v. 

akaki wereTlis saxelmwifo universiteti 
 

statiaSi ganxilulia energetikuli manqanebis teqnikur mdgomareobaTa cvlile-
bebis trendisa da prognozis gansazRvris erT-erTi maTematikuri meTodi, kerZod, prog-
nozisaTvis gamoyenebulia burgis  avtoregresiuli funqcia. 

 
manqanis teqnikuri mdgomareoba - aris manqanis teqnikuri parametrebis er-

Toblioba, romlebic axasiaTeben obieqtis funqcionirebis SesaZlo gadaxras 

normisagan da romlebsac Tavis mxriv mivyavarT SesaZlo gaumarTaobamde. (obi-

eqtis gaCerebamde). 

rogorc kvlevebi uCveneben, zogadad, manqanaTa teqnikur mdgomareobaTa 

cvlilebebis dawyebas da SemdgomSi degradaciuli procesebis mimdinareobas 

droSi aqvs qvemoT grafikze (nax. 1) warmodgenili saxe. yvelaze adre cvlile-

bebze reagirebs vibracia, Semdeg xmauri, Semdeg temperatura da bolos igrZno-

ba namwvavis suni da kvamli. 

 
nax. 1. manqanaTa teqnikur mdgomareobaTa cvlilebebis dawyeba 
da Semdgomi degradaciuli procesebis ganviTareba droSiю 
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teqnikur mdgomareobaTa monitoringi moicavs danadgarebis an meqanizmebis 

struqturuli komponentebis mdgomareobaTa uwyvet an periodul Sefasebebs eq-

spluataciis procesSi. es iZleva nebismieri mtyunebisa da defeqtebis gamovle-

nisa da maTi winaswarmetyvelebis (prognozis) SesaZleblobebs, rasac moaqvs ar-

sebiTi sargebloba, kerZod, amcirebs momsaxureobis danaxarjebs, zrdis manqana-

Ta mzadyofnas, amcirebs saTadarigo nawilebis gamoyenebisa da Senaxvis saWiro-

ebas da aumjobesebs usafrTxoebas.  

teqnikuri monitoringisa da diagnostikis amocanebSi manqanaTa teqnikur 

mdgomareobaTa kontrolis dros SesaZlebelia ori midgoma. 

pirveli midgoma mdgomareobs manqanis warmomadgenlobiTi parametrebis 

cvlilebaTa  mudmivi kontrolis organizaciaSi (cvlilebaTa trendis, tende-

ciis). am parametrebis cvlilebebi axasiaTeben manqanis teqnikur mdgomareobaTa 

cvlilebebs muSaobis procesSi, imisaTvis rom miuTiTod dro, rodesac teqniku-

ri mdgomareobis gauaresebis siCqare gaxdeba kritikuli. warmomadgenlobiT pa-

rametrSi igulisxmeba magaliTad, vibraciis an xmauris jamuri doneebi, an maTi 

speqtraluri mdgenelebis doneebi, sruli vibraciuli energia, temperatura, wne-

va, deni, Zabva da a.S.. 

manqanis muSaobis teqnikur mdgomareobaTa warmomadgenlobiTi parametris 

(magaliTad, vibrosignalis) tipiur damokidebulebas droze aqvs qvemoT grafik-

ze (nax. 2 ) warmodgenili saxe.   

 
nax. 2. meqanizmis kvanZis warmomadgenlobiTi parametris teqnikuri 

mdgomareobis tipiuri qceva muSaobis procesSi: 
T1 - mimuSavebis periodi, T2 - normaluri funqcionirebis periodi, T3 - defeqtis Casax-
visa da ganviTarebis periodi, Tr - daniSnuli resursis dro, Tf - faqtiuri remontis 
vadis dro, Ta - avariis dadgomis dro, Un - normaluri funcionirebis done, Ud- dasaS-
vebi done,  Ua - avariuli done. 
 

mkveTrad gamoirCeva sami periodi: manqanis nawilebis mimuSavebis (mixaxu-

nebis, morgebis) periodi (T1 - yviTeli feri grafikze), normaluri muSaobis pe-

riodi (T2 - mwvane feri) da degradaciis periodi (T3 - wiTeli feri), rodesac 

teqnikuri  mdgomareobis gauaresebis siCqare izrdeba drois mixedviT. am damo-

kidebulebidan gamodis, rom saremonto samuSaobebis Catarebis dro Tr (daniS-
nuli resursi) bevrad ufro naklebia vidre faqtiuri vada Tf , rodesac es re-
monti xdeba aucilebeli. 

trenduri maxasiaTebeli (maxasiaTeblis ganviTarebis tendencia)  iZleva 

SesaZleblobas teqnikur mdgomareobaTa katastrofuli cvlilebebis dadgomis 

momentis prognozirebis,  da gamodis rom SesaZlebelia darCenili resursis 

prognozireba da fizikurad dasabuTebuli remontis dagegmvis vadis gansaz-
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Rvra. 

es meTodi rekomendirebulia ZviradRirebuli unikaluri an sapasuxismgeb-

lo teqnikuri obieqtebisaTvis, romelTa  muSaunarianobis darRvevas SeuZlia 

migviyvanos katastroful Sedegebamde, maT Soris dakavSirebuls adamianebis 

jamrTelobasTan da sicocxlesTan. 

rac ufro adre gamovlindeba defeqti miT ufro metia albaToba avariu-

li situaciis droulad Tavidan acilebis. amitomaa rom, manqanebisa da meqaniz-

mebis eqspluataciis etapze aseTi didi mniSvneloba eniWeba Casaxuli defeqte-

bis vibroakustikuri diagnostikis meTodebs, romlebic iZlevian kargSedegebs. 

meore midgoma  (sakontrolo Semowmeba) dafuZnebulia teqnikur mdgomare-

obaTa warmomadgenlobiTi  parametrebis epizodur kontrolze da maT Sedareba-

ze zRvrul mniSvnelobebTan, romlebic Tavis mxriv arian dadgenili sakmaod 

bevri winaswar Catarebuli diagnostikuri eqsperimentebis safuZvelze. sakon-

trolo Semowmebis meTodi mizanSewonilia gamoyenebuli iqnas erTtipiuri manqa-

nebis simravlis teqnikur mdgomareobaTa gansazRvrisaTvis da im manqanebis da 

nawilebis gamovlenisaTvis romlebic imyofebian kritikul mdgomareobaSi. 

Tu SevajamebT zemoTqmuls da gaviTvaliswinebT yoveldRiuri praqtikis 

Sedegebs, SeiZleba davaskvnaT, rom monitoringisa da diagnostikis meTodebis 

gamoyeneba manqanaTa eqspluataciis etapze iZleva SesaZleblobas dausabuTebe-

li gadasinjvis likvidaciis xarjze, romelic amcirebs resurss, gagrZelebuli 

iqnas danadgaris muSaobis vada, Semcirebuli iqnas eqspluataciis Rirebuleba 

muSaobis dros, saTadarigo nawilebisa da sawvav-sapoxi masalebis ekonomiis 

xarjze, xolo warmoebis pirobebSi avamaRloT danadgaris efeqturoba dausabu-

Tebeli gaCerebebis xarjze. 

avtomatizirebul warmoebebSi diagnostikis meTodebis gamoyeneba iZleva 

SesaZleblobas vawarmooT teqnologiuri procesebis sizustis parametrebis 

uwyveti kontroli, rac aris garantia maRali xarisxis produqciis gamoSvebisa 

danadgarebis mocdenebis drois SemcirebiT profilaqtikuri daTvalierebisa da 

winaswar dagegmili mimdinare remontisaTvis. 

zogadad, monitoringisa da diagnostikis meTodebis  (gansakuTrebiT vib-

roakustikuri meTodebis) danergva praqtikaSi iZleva teqnologiuri procesebis 

maRali donis optimizaciis did SesaZlebobebs. 

MathcadM-Si aris funqciebi: 

 
cvlilebaTa trendis gansazRvrisaTvis da  

 
cvlilebaTa prognozisaTvis (burgis funqcia, dafuZnebuli avtoregresi-

ul meTodze)  romlebic karg praqtikul Sedegebs iZlevian. 

sailustraciod gamoviyenoT es funqciebi, magaliTad qvemoT moyvanil mo-

delirebul signalze. SevwyvitoT procesi nebismier drois monakveTSi da gava-

keToT mosalodneli wertilebis prognozi da vipovoT trendi. 

rogorc vxedavT, rom es meTodi maRali sizustiT akeTebs wertilebis 

prognozs TviT procesidan gamomdinare. realur sistemebSi, Tu procesSi aris 

raime kanonzomiereba, meTodi avlens am kanonzomierebas da iyenebs mas procesis 
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mosalodneli wertilebis prognozisaTvis maRali sizustiT. 

 

 
nax. 3. Sewyvetili signalis mosalodneli wertilebis prognozi da trendi. 

 
gamoviyenoT es meTodi, magaliTad, hidro energoagregatis turbinis sa-

kisris vibraciis jamuri donis (db) trendisa da cvlilebaTa mosalodneli 

prognozisaTvis(nax.4).  

rogorc ki daiwyeba sakisarSi degradaciuli procesebi sensoridan wamo-

sul signals meTodi ukeTebs prognozs da sazRvravs trends, rac mianiSnebs 

operators saWiro moqmedebebs. idealuria es midgoma procesebis avtomatizaci-

isaTvis, miTumetes rom dResdReobiT mimdinareobs intensiuri muSaoba vibraci-

uli signalebis gamoyenebiT avtomatizirebuli marTvis sistemebis Sesaqmnelad. 

 
nax. 4. teqnikur mdgomareobaTa trendisa da prognozis gansazRvris magaliTi 
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DETERMINING CHANGES TREND IN TECHNICAL STATE OF ENERGY-CONVERTING MACHI-
NERY ANDFORECASTING IN TECHNICAL DIAGNOSTICS PROBLEMS. 

N.Kopaliani, D.Dzadzamia, V.Gogisvanidze, 
 Akaki Tsereteli State University. 

Summary 
The paper dwells on mathematical methods of definition of a trend and the forecast of changes of technical 

conditions of power machines is considered, in particular, for the forecast autoregressive function of Burg is used. 
 

 
 
 

eleqtroenergetikaSi datvirTvebis prognozireba xelovnuri  
inteleqtis meTodis gamoyenebiT 

 
WrelaSvili k. 

akaki wereTlis saxelmwifo universiteti 
 

moxseneba exeba eleqtroenergetikis erT-erT umniSvnelovanes komponents, rogori-
caa datvirTvis prognozireba. datvirTvebis prognozireba warmoadgens sakmaod rTul 
da problematur sakiTxs eleqtroenergetikaSi. misi problematuriba gamovlindeba ra-
modenime faqtoriT, esenia: bunebrivi faqtorebis gaTvaliswineba, prognozirebis sizus-
te, prognozirebis siswrafe, informaciis damuSavebis simartive da Tavsebadoba eleq-
truli qselis cvliebebTan. 

moxsenebaSi zogadad ganxilulia eleqtruli qselis prognozirebis Tanamedrove 
meTodi, romelic iTvaliwinebs xelovnuri inteleqtis gamoyenebas datvirTvis progno-
zirebaSi. kerZod ganxilulia datvirTvis prognozirebis ori mimarTuleba: xelovnuri 
neironuli qseli da aramkafio neironuli qseli. moxsenebaSi warmodgenilia am ori me-
Todis moqmedebis principi, maTi ganviTarebis  da praqtikaSi danergvis tendeciebi, da-
debiTi da uaryofiTi mxareebi da Taviseburebani.  

 
eleqtroenergetikaSi dResdReobiT erT_erTi umTavresi adgili uWiravs 

eleqtruli datvirTvebis prognozirebas. energetikul sistembSi reJimebis da-

gegmvisa da gadawyveilebis miRebisaTvis aucileblia datvirTvebis prognozire-

ba drois yvela SualedSi (ramodenime wuTidan ramodenime wlamde ). msoflio 

mraval qveyanaSi, maT Soris saqarTveloSi moxda energosistemebis  privatiza-

cia. dRiTidRe izrdeba moTxovna eleqtroenergiaze da is  gadaiqca yidva_ga-

yidvis sagnad. amitomac eleqtruli datvirTvebis prognozi gadamwyvet rols 

TamaSobs eleqtro bazarze eleqtroenergiis fasis cvlilebaSi da mas sul uf-

ro da ufro didi mniSvneloba eniWeba.  

datvirTvebis prognozireba sakmaod rTuli davalebaa. pirvel rigSi imi-

tom, rom mTeli rigi eleqtruli datirTvebisa sakmaod rTulia da xasiaTdebi-

an sezonurobis ramodenime doniT. meores mxriv,  arsebobs mravali egzogenuri, 

gardamavali faqtorebi, romlebic gaTvaliswinebuli unda iyos datvirtvebis 

prignozirebaSi. gansakuTrebiT gamosayofia amindis faqtori. eleqtruli da-

tirTvebis prognozirebisas miiCneva, rom sakmaod martivia miviRoT prognozi 

10%-iani absolituri cdomilebiT. magram, realuri moTxovnebiT cdomileba ar 

unda cdebodes 2%-s. aseve gasaTvaliswinebelia is faqti, rom datvirTvis prog-

nozirebis cdomilebis fasi sakmaod maRalia da iwvevs danaxarjebis zrdas. ma-

galiTad did britaneTSi prognozis cdomilebis erTi procentiT gazrda wlis 

manZilze iZleva 10 milion funt sterling dankargs.  

arsebobs ramodenime modeli da meTodi eleqtruli datvirTvebis progno-

zirebaSi. maTi klasifikacia SeiZleba moxdes, rogorc drois rigis modelisa, 

romelSic datvirTva modelirebulia rogorc funqcia ramodenime gardamavali 
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faqtorisa (gansakuTrebiT amindis da socialuri faqtoris). zogierTi modele-

bi warmoadgenen avtoregresiul,  wrfiv da arawrfiv dinamikur modelebs.  

miuxedavad imisa, rom arsebobs eleqtruli  datvirTvebis prognozirebis 

mravali alternatiuli meTodi , maTgan ganviTareba hpova xazurma regresiulma 

modelebma. es modeli mimzdvelia imiT rom saSualebas gvaZlevs ufro zustad 

SevasruloT datvirTvis prognozi, aseve saSualebas gvaZlevs SevinarCunoT si-

zuste  samuSao dReebidan dasvenebis dReebis gadasvlisas da piriqiT. datvir-

Tvis prognozireba xorcieldeba sxvadasxva droiT diapazonSi. prognozirebis 

diapazonebi  klasificirdeba Semdegnairad: operatiuli prognozi (prognozire-

ba xorcieldeba dReRamis ganmavlobaSi), mcirevadiani prognozi (prognozireba 

xorcieldeba kviris manZilze), sasualo prognozi (prognozireba xorcieldeba 

Tvis manZilze), grZelvadiani prognozi (prognozireba xorcieldeba wlis man-

Zilze). 

ukanaskneli aTwleulis manZilze datvirTvebis prognozirebis Teoriam 

sakmaod didi ganviTareba hpova.  Seiqmna axali mimdinareobebi. maT Soris aRsan-

snavia xelovnuri inteleqtis meTodi. es meTodi datvirTvis prognozirebas 

axorcielebs modeliT, romelic Seqmnilia xelovnuri neironuli qselis safuZ-

vele.  cota mogvinebiT am modelma hpova ganviTareba, mas daemata aramkafio 

logikis elemntebi da ewoda aramkafio neironuli qseli.  prveli publikaciebi 

am meTodis Sesaxeb gamoqveynda XX saukunis 90-an wlebSi, mas Semdeg moxda nei-

ronuli qselis meTodis damuSaveba da dresdReobiT misi konfiguracia Seicavs 

pirdapiri gavrcelebis modelebsac.  

datvirTvebis prognozirebis modelebisa da meTodebis ganxilvisas, rom-

lebic Sedgenilia xelovnuri neironuli qselis safuZvelze, gamovlindeba ro-

gorc dadebiTi aseve uaryofiTi aspeqtebic, amitomac saWroa am meTodis ufro 

srulyofili damuSaveba, raTa is aRiarebul iqnas rogorc datvirTvis progno-

zirebis oficialuri meTodi. datvirTvis prognozirebis modeli damuSavebulia 

neironuli qselis ori ZiriTadi struqturiT, esenia: xelovnuri neoronuli 

qseli da aramafio neironuli qseli.  

ganvixiloT xelovnuri neoronuli qseli. pirdapiri gavrcelebis mraval-

Sriani xelovnuri neironuli qselis funqcionireba sakmaod martivia. Semavali 

signalebi, molebic miwodeba qsels, Sedian Semavali Sris neironebSi, Semdeg 

rigrigobiT gaivlian yvela farul Sres da gamoiyofian gamomavali Sris nei-

ronebze. qselSi signalebis gavrcelebisas isini ganicdian mTel rig gardaq-

mnebs, romlebic damokidebulni arian maT pirvelad mniSvnelovanze, gardamqnel 

funqciaze da kavSiris masis sidideze. xelovnuri neironuli qselis funqciis  

garkvevisaTvis SeirCeva Sesabamisi modeli neironebisa. neironebis sakmarisi 

ricxvi farul fenaSi, Semavali da gamomavali parametrebi da maTi gamosaxvis  

formebi, romlebic warmodgebian eqsperimentuli kvlevebiT. 

aucilebelia avRniSnoT, rom xelovnuri neironuli qselis arCevisas auci-

lebelia gaviTvaliswinoT misi zoma, aseve faruli fenebis sidide neironebis 

ricxvi am fenebSi. rodesac neironuli qselis zoma arasakmarisia xelovnuri 

neironuli qseli dakisrebuli davalebis Sesrulebisas arazustad imuSavebs da 

ar Seesabameba kvlevis process. xolo Tu qselis zoma iqneba ufro didi vidre 

saWiroa dakisrebuli davalebisaTvis, kvlevis procesi SeidZleba gaWianurdes 

sakmarisze met dros da qseli gamousadegari aRmoCndeba prognozirebisaTvis. 

amitomac es procesi xorcieldeba eqsperimentaluri kvlevis gaTvaliwinebiT.  

Teoriuli da eqsperimentaluri kvlevebis safuZvelze miRebulia xelovnu-
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ri neironuli qseli erTi faruli feniT, romelic gaTvlilia yvela zemoTnax-

senebi datvirTvis prognozirebisaTvis. neironebis raodenoba farul fenaSi   

yvela droiTi diapazonis prognozirebisaTis (iqneba is dReRamuri, kviris Tu 

Tviuri) aris Semdegi: 5, 10, 10 da 3. gardamqneli funqciebiT, romlebic iZlevian 

umcires SesaZlebel cdomilebas prognozirebisas, SerCeuli arian sigmuri fun-

qciiT rogorc faruli aseve gamavali fenisaTvis. 

 
Semavali fena i   faruli fena j    gamomavali fena k 

nax. 1. xelovnuri neironuli qseli 

 
ganvixiloT aramkafio neironuli qseli. datvirTvis prognozirebis mode-

li romelic Seqmnilia aramkafio neironuli qselis safuZvelze, gvaZlevs dama-

tebiT upiratesobas xelovnur neironul qselTan SedarebiT. pirvel rigSi es 

upiratesoba gamoixateba modelebTan muSaobis adaptaciaSi, modelebis gardaq-

mnis simartiveSi (ar saWiroebs winamdebare kvlevebs, raTa gansazRvros neirone-

bis raodenoba fenebSi.  

aramkafio neironuli qselis damuSavebuli struqtura naCvenebia nax.2-ze.  

 

 
nax. 2 . aramkafio neironuli qseli. 

 
qseli Sedgeba sami fenisagan: Semavali fena, faruli fena da gamavali fe-

na. sqemaze neironebi romlebic gamosaxulia wreebis saxiT, warmoadgenen erT 

kvanZs. xolo neironebi, romlebic gamosaxulia kvadratis saxiT gaaCniaT kvanZe-

bis didi ricxvi.  

yoveli wvili neironebisa farul fenaSi Seadgens aramkafio wess, SerCeu-

lia Semdegi forma wesebisa, romelSidac aramkafio mamravlebi erTvebian mxo-

lod damasrulebeli nawilis wesebSi  

                   :iff ;= , … , = , 
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                                         or = + + ,   

sadac  -j-uri wesia;   Semavali cvladebi; - niSnulebi K-uri gamomava-

li Sris, logikuri wevrebi, xasiaRdebian mkuTvnebis funqciebiT . Sema-

val fenaSi Sedegebze dayrdnobiT formirdeba mkafio gamavali fena, rogorc 

saSualo Sewonili formuliT: 

                = )/ = , 

sadac k=1,…,NK;	NK‐ wesebis raodenoba; -mikuTvnebis funqcia j‐uri wesiT. 

TanamedroveobaSi eleqtromoxmarebas axasiaTebs rTuli xasiaTis SemTxve-

viTi procesebi, masze moTxovna mzardia da amitomac daTvirTvis prognozirebas 

yovelTvis maRali moTxovnebi waeyeneba. energosistemebis saimedoobis uzrun-

velyofa, damokidebulia datvirTvis prognozirebis axali meTodebis Seqmnaze, 

romlebic SesaZleblobas mogvcems gaviTvaliswinoT yvela aqtualuri moTxovna 

Tanamedrove qselisa.  amitomac hpova ganviTareba axalma meTodebma datvirTvis 

prognozirebaSi, kerZod xelovnurma neironulma meTodma. misi ganviTareba da 

danergva xorcieldeba sxvdasva qveynis eleqtrosistemebSi.  

xelovnuri neironuli qseli armoadgens Tanamedroveobis saukeTeso me-

Tods datvirTvis prognozirebaSi. mas gaaCnia yvela saWiro Tviseba datvirTvis 

prognozirebaSi, romelTagan gamosarCevia: zusti prognozireba, prognozireba 

realur droSi da drois nebismier SualedSi, prognozirebisas SemTxveviTi 

faqtorebis gaTvaliswineba, prgnozireba rogorc calkeul kvanZebSi aseve mTel 

eleqrosistemaSi da misi sruqturis cvlilebis simartive, rac aadvilebs prog-

nozirebas qselis sruqturis cvlilebis SemTxvevaSi. 

am moxsenebaSi zogadad aris ganxiluli datvirTvis prognozirebis Tana-

medrove meTodi, romelic prognozirebisaTvis iyenebs xelovnur inteleqts. 

kerZod kanvixileT neironuli qselis ori mimdinareoba: xelovnuri neironuli 

qseli da aramkafio neironuli qseli, maTi struqtura da moqmedebis principi. 

aseve maTi dadebiTi da uaryofiTi mxareebi. mravali kvleviTi organo aqtiurad 

muSaobs am Todis ganviTarebisa da danergvisaTvis da momavalSi is miigebs Ca-

moyalibebul saxes aqtiurad dainergeba eleqtriosistemaSi. 
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ELECTRICAL LOADS FORECAST BY USING ARTIFICIAL INTELLIGENCE TECHNIQUE 
Chrelashvili K., 

 Akaki Tsereteli State University 
Summary 

The paper generally dwells on the modern method for the electrical network forecast, which envisages using 
artificial intelligence in load forecast. In particular, there are described two directions of load forecast: artificial neu-
ral network and indistinct neural network. The paper describes operating principles of these two methods, trends of 
their development and practical application, positive and negative aspects and peculiarities.   
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ganviTarebis scenarebis Sefaseba 
A 

arabiZe g.,  fxalaZe i. 

saqarTvelosteqnikuriuniversiteti 
 

naSromSi ganxilulia eneregtikis dabalemisiebiani ganviTarebis sami SesaZlo 
scenari, kerZod, emisebis Semcireba 15%, 20% da 25%-iT BAU scenarTan  SedarebiT. dad-
genilia, rom Tu mizani iqneba  emisiebis 15%-iT  Semcireba, saboloo energiis moxmareba 
5%-iT Semcirdeba, 20%-iani miznis SemTxvevaSi - 7%-iT da 25%-ianisaTvis ki- 9.5%-iT. emi-
siebis 15%-iT Serbilebis scenaris SemTxvevaSi, erTiani sistemis xarji sabaziso  niS-
nulidan  izrdeba 0.60%-iT (336 mln evro), emisiebis 20%-iT Semcirebis  SemTxvevaSi - 
1.06%-iT  (589 mln evro), da emisiebis 25%-iT Semcirebis SemTxvevaSi - 1.68%-iT (930 mln 
evro), rac mianiSnebs, rom saqarTvelosTvis klimatis cvlilebis Serbilebis miznebis 
miRweva  am sqemiT Zalian  Zviri ar jdeba. Catarebulma analizma aCvena rom; eleqtroe-
nergiis generirebis sitemaSi ganaxlebad energiaze momuSave eleqtrosadgurebis wilis 
gazrdiT, 2030 wlisaTvis, SeiZleba 332 000 toniT SevamciroT CO2 BAU-Tan SedarebiT; ko-
munalur da sayofacxovrebo seqtorSi Eenergoefeqturobis gaumjobesebiT da ganaxle-
badi energoresursebis gamoyenebiT daizogeba 1075000 tona CO2 BAU-Tan SedarebiT; mrew-
velobaSi energoefeqturobis gazrda dazogavs 519000 tona CO2 BAU-Tan SedarebiT, xo-
lo sazogadoebrivi transportis momsaxurebis gaumjobeseba da energoefeqtur teqno-
logiebze gadayvana ki 309000 tona CO2 BAU-Tan SedarebiT. 

 
imis gamo, rom saqarTvelos jer ara aqvs dasrulebuli muSaoba  dabale-

misiebiani ganviTarebis strategiaze, sadac gansazRvruli iqneboda saTburis ga-

zebis emisiebis Semcirebis gegmebi (miznebi), mas aseve ar gaaCnia emisiebis Semci-

rebasTan dakavSirebuli raime  sxva  konkretuli gegma, vinaidan saqarTvelo ar 

warmoadgens konvenciis danarT erTSi Sesul qveyanas konkretuli valdebulebe-

biT, amitom winamdebare analizis farglebSi Seswavlil iqna sami SesaZlo  

scenari, romlebSic ganxilulia sxvadasxva mizani - 2030 wlisTvis emisiebis 

Semcireba 15%, 20% da 25%-iT BAU scenarTan SedarebiT. es analizi SeiZleba ga-

moyenebul iqnes rogorc pirveli nabiji Semcirebis samizne maCveneblebis dad-

genisken, TiToeuli SemTxvevisaTvis danaxarjebis, xarj-efeqtiani politikisa 

da RonisZiebebis gansazRvriT. 

saTburis gazebis emisiebis Semcirebis ganxorcieleba SesaZlebelia ener-

goefeqturobis da ganaxlebadi  energiebis  wilis gazrdiT,  rogorc  eleq-

trogeneraciis, aseve energomoxmarebis seqtorebSi da aseve, erTi tipis sawvavis 

meore tipis sawvaviT/eleqtroenergiiT CanacvlebiT. es ukanaskneli moicavs ise-

Ti tipis RonisZiebebs, rogoricaa magaliTad transportis gadayvana benzinidan 

kompresirebul gazze an eleqtroenergiaze, rac SeiZleba ar iwvevdes arc ener-

giis moxmarebis Semcirebas, arc ganaxlebadebis wilis zrdas, magram efeqti 

hqondes emisiebis Semcirebis TvalsazrisiT. 

energoefeqturobis TvalsazrisiT, Tu mizani iqneba emisiebis 15%-iT  Sem-

cireba, saboloo energiis moxmareba sakmarisia 5%-iT Semcirdes, 20%-iani miz-

nis SemTxvevaSi, moxmareba unda Semcirdes 7%-iT da 25%-iani miznis SemTxvevaSi-

9.5%-iT. procesis xelSewyoba Sesabamisi energoefeqturobis strategiis saSua-

lebiT  unda ganxorcieldes. 

rac Seexeba ganaxlebad energiebs, eleqtrogeneraciaSi ganaxlebadi ener-

giebis wili (hidro da qaris) 2030 wlis sabaziso scenaris 90%-idan 93-94%-mde  

unda avides. SedarebiT  naklebi  gavlena aqvs ganaxlebadi energiebis wilebis 

(biomasisi CaTvliT) cvlilebas saboloo  energiis moxmarebaSi, maTi wili um-
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niSvnelod izrdeba 2030 wels sabaziso scenarTan SedarebiT (BAU- 16.7%, 15%-ia-

ni samizne maCvenebeli - 17.7%,  20%-iani  samizne maCvenebeli  -18.2%, 25%-iani  sa-

mizne maCvenebeli  - 18.8%). 

emisiebis mxolod 15%-iT Sesamcireblad saWiro RonisZiebebis (energoe-

feqturoba, ganaxlebadis wilis gazrda generaciaSi da saboloo moxmarebaSi 

da sawvavis Canacvleba nakleb-naxSirbadiani sawvaviT) gatareba, 2030 wlisTvis  

energiaSemcvelebis importis  13%-ze metiT Semcirebas gamoiwvevs, rac gaaZlie-

rebs qveynis energousafrTxoebas. emisiebis 20%-iT Sesamcireblad saWiro Ro-

nisZiebebis gatarebiT, importi 18%-iT Semcirdeba, xolo emisiebis 25%-iT Sesam-

cireblad gatarebuli RonisZiebebiT- 23%-iT. bolo SemTxvevaSi, importze damo-

kidebuleba sagrZnoblad mcirdeba. 2012 wels saqarTveloSi pirveladi energiis   

64% importirebuli iyo, da es Tanafardoba, sabaziso scenarSi, 2030 welsac 

narCundeba, xolo emisiebis 25%-iT Semcirebis SemTxvevaSi importis wili pirve-

lad energiaSi 54%-mde mcirdeba. 

importirebul sawvavze gadasaxdeli Tanxebis Semcirebis  Sedegad, 25%-

iani  samizne maCveneblis SemTxvevaSi  2030 wels daizogeba sawvavisTvis gadax-

dili Tanxebis 7.4%,  anu daaxloebiT  161 mln  evro, xolo mTliani saprogno-

zo periodis ganmavlobaSi (2012-2030 ww)- daaxloebiT 850 mln evro,  risi saSua-

lebiTac moxdeba  ukeTesad funqcionirebadi Tanamedrove  mowyobilobebis  Se-

Zenaze  gaweuli mzardi xarjebis dabalanseba. rogorc  wesi, Tanamedrove teq-

nologiebi, maTdami keTilganwyobili politikisa da  programebis miuxedavad, 

ufro  Zvirad  Rirebulia tradiciul teqnologiebTan SedarebiT. 

cxr.1-Si  warmodgenilia  ZiriTadi Sedegebi da Sedarebebi sabaziso sce-

narsa da emisiebis Semcirebis scenarebs Soris. energosistemis erTiani diskon-

tirebuli  xarji aris 18-wliani dagegmarebis periodze gaTvlili mTel  ener-

gosistemaSi gaweuli saerTo investiciis (mowyobilobebis SeZenis, sawvavis, sao-

peracio  da Senaxvis xarjebis) wminda  mimdinare  Rirebuleba. emisiebis 15%-iT 

Serbilebis scenaris SemTxvevaSi, erTiani sistemis xarji sabaziso  niSnulidan  

izrdeba 0.60%-iT (336 mln evro), emisiebis 20%-iT Semcirebis SemTxvevaSi - 1.06%-

iT  (589 mln evro), da emisiebis 25%-iT Semcirebis SemTxvevaSi - 1.68%-iT (930 

mln evro),  rac  mianiSnebs, rom saqarTvelosTvis klimatis cvlilebis Serbi-

lebis miznebis miRweva am sqemiT Zalian  Zviri ar jdeba. 

emisiebis SemcirebasTan dakavSirebuli miznebis miRwevaSi mniSvnelovan 

rols asrulebs rogorc eleqtrogeneraciis, ise saboloo moxmarebis (moTxov-

nis) seqtorebi. nax.1-ze naCvenebia emisiebis Semcireba sxvadasxva seqtorSi  gan-

xiluli sami samizne maCveneblisaTvis. 

eleqtrogeneraciis seqtoris garda emisiis Semcirebis  TvalsazrisiT 

mniSvnelovani roli miekuTvneba agreTve moxmarebis  seqtorebs. magaliTad, sa-

Sualo, 20%-iT Semcirebis  scenaris SemTxvevaSi  emisiebis mTlian klebaSi seq-

torebis wili Semdegnairad ganisazRvreba: sayofacxovrebo seqtori - 37%;   

mrewveloba -  23%; transporti -  15%; komerciuli 11-%.  darCenili 14% eleq-

trogeneraciis seqtorze modis. 
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. 

 
nax.1. CO2 -is emisiebis Semcireba seqtorebis mixedviT sxvadasxva samizne maCveneblebis 

SemTxvevaSi 

  
    Catarebulma analizma aCvena, rom saqarTvelos  mdidar hidro energoresur-

sebs mniSvnelovani potenciali gaaCnia  emisiebis Semcirebis  TvalsazrisiT. aq 

igulisxmeba ara marto Tbogeneraciis maqsimaluri Canacvleba hidrogeneraciiT, 

aramed moxmarebis seqtorSi wiaRiseuli sawvavis Canacvleba  sufTa eleqtroe-

nergiiT, rasac aseve damatebiTi simZlavreebi sWirdeba. erT-erTi yvelaze eko-

nomikurad gamarTlebuli Semcirebis RonisZieba aris eleqtrogeneraciis  seq-

torSi Tbogeneraciis maqsimaluri Canacvleba  hidrogeneraciiT. es Seexeba pir-

vel rigSi naxSirze,ხოლო Semdgom gazze momuSave sadgurs. Tumca energosiste-

mis stabilurobidan da energousafrTxoebis aucileblobidan gamomdinare, am 

SefasebebSi daSvebulia, rom Tboeleqtrosadgurebi unda arsebodes da orive  

tipis sadgurma  (gazze da qvanaxSirze momuSavem) unda imuSaos winaswar gansaz-

Rvruli minimaluri datvirTviT mainc. Sesabamisad, Tbogeneraciis simZlavree-

cxrili 1. 

indikatori  erTe-
uli 

BAU  15%-iani Semcirebis 
scenari 

20%-iani Semcirebis 
scenari 

25%-iani Semcirebis 
scenari 

     
 

mniSvnelo 
ba 

cvlile-
ba% 

mniSvnelo-
ba 

cvlile-
ba% 

mniSvnelo-
ba 

cvlile-
ba% 

Eenergosistemis er-
Tiani diskonti-re-
buli xarji 

mln 
evro 

55514  55850  0,6  56103  1,06  56445  1,68 

Ppirveladi ener-gi-
is miwodeba 2030 
wels 

aTasi 
tona 
ne 

7189  6708  -6,69  6600  -8,19  6424  -10,64 

sabiloo energiis 
moxmareba 2030 wels 

aTasi 
tona 
ne 

6035  5737  -4,93  5603  -7,16  5464  -9,45 

importi 2030 wels  aTasi 
tona 
ne 

4548  3944  -13,28  3711  -18,40  3494  -23,17 

Ddanaxarjebi impir-
tirebul sawvavze 

Mmln 
evro 

2180  2153  -1,22  2065  -5,71  2018  -7,4 

Aaxali eleqtro-
sadgurebis simZlav-
re (mTeli periodis 
ganmalobaSi) 

mgvt  3041  3251  6,91  3761  23,68  3761  23,68 

investicia eleq-
trosadgurebSi (mTe-
li periodis ganmav-
lobaSi) 

Mmln 
evro 

3831  4400  14,836  5353  39,7  5353  39,70 

CO2 emisia 2030 wels  aTasi 
tona 

11179  9502  -15,00  8944  -20,00  8385  -25,00 
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bis  Semcirebas adgili ar aqvs arc erT scenarSi, Tumca adgili aqvs gazis 

sadgurebis datvirTvis Semcirebas da ganaxlebadi eleqtroenergiis generaciis  

gazrdas sxva  moTxovnebTan (eqsporti)  erTad  energomoxmarebis   (moTxovnis)  

seqtorSi  wiaRiseuli sawvavis Casanacvleblad, sadac es SesaZlebelia. 

     sabaziso scenaris  mixedviT eleqtroenergiis  warmoebis  axali  damate-

biTi simZlavreebidan, romelic mTlianobaSi 3 041 mgvt-s Seadgens,  ZiriTadi 

zrda, daaxloebiT 2 650 mgvt, hidro da qaris energogenerirebis  simZlavreebze 

modis. sxva sityvebiT rom vTqvaT, ganaxlebadi eleqtroenergiis warmoebas ga-

damwyveti mniSvneloba eniWeba energiaze samomavlo moTxovnebis dakmayofilebis 

saqmeSi, im SemTxvevaSic ki, Tu gansazRvruli ar iqneba emisiebis Semcirebis 

miznebi. energousafrTxoebis gaZlierebisa da klimatis cvlilebiT ganpirobe-

buli safrTxeebis  Sesamcireblad,  ganaxlebadi energiebis ufro agresiul  

strategias  damatebiTi upiratesobebi gaaCnia, Tumca aseTi  agresiuli strate-

gia Tavis mxriv damatebiT xarjebs moiTxovs. emisiebis 15%-iani Semcirebis geg-

mis pirobebSi, damatebiT 200 mgvt hidroeleqtrosadgurebis aSenebaa saWiro, xo-

lo 20% da 25%-iani Semcirebis  SemTxvavaSi 480 mgvt hidro da 240  mgvt qaris  

sadgurebisa.  es niSnavs, rom  emisiebis SemcirebasTan  dakavSirebuli miznebis 

miRweva, ufro didi moculobis kapitalis mozidvas saWiroebs eleqtroenergiis 

generirebis seqtoris gafarToebis mizniT, vidre sabaziso SemTxvevaSi.  aRniS-

nuli damatebiTi kapitalis odenoba (eleqtrogeneraciis sadgurebisTvis) 

mTels dagegmvis periodze, 2030 wlisTvis emisiebis 15%-iT Semcirebis gegmis 

farglebSi, udris 569 mln evros, xolo 20% da 25%-iT Semcirebis SemTxvevaSi, 

saWiro kapitalis odenoba iqneba daaxloebiT 1.5 miliardi evro. 

 ნax.2-ze warmodgenilia  cvlilebebi elqtroenergiis  generaciaSi.  ro-

gorc naxazidan Cans, eleqtrogeneraciis seqtorSi ganaxlebadi sadgurebis mier  

gamomuSaveba  daaxloebiT 3 000 ggvt.sT-iT  unda gaizardos  weliwadSi,  xolo  

bunebriv airze momuSave sadgurebis eleqtrogeneracia daaxloebiT 800 ggvt.sT-

iT unda Semcirdes. mcirdeba aseve eleqtroenergiis  eqsporti da izrdeba 

eleqtroenergiis importi. namati eleqtroenergia gamoiyeneba moxmarebis seq-

torSi wiaRiseuli sawvavis moxmarebis Casanacvleblad. 
 nax.3 da 4-ze emisiebis Semcirebis samive scenarisaTvis  warmodgenilia 

cvlilebebi saboloo energiis moxmarebaSi. amSemTxvevaSi saqme gvaqvs or pro-

cesTan: 1.xdeba ufro energoefeqturi teqnologiebiT naklebefeqturi teqnolo-

giebis Canacvleba  da 2.gazze, dizelze da naxSirze momuSave teqnologiebis Ca-

nacvleba eleqtroenergiaze momuSave teqnologiebiT, romelic erTis mxriv   

ufro sufTaa da meores  mxriv - ufro efeqturi. aseve izrdeba mzisa da geo-

Termuli energiis moxmareba, magram SedarebiT naklebad, radganac SezRudulia 

am resursis  potenciali. 

nax.5-ze warmodgenilia energiis dazogvis ufro detaluri mimoxilva ener-

gomomsaxurebaze moTxovnis mixedviT. rogorc  ukve aRiniSna,  yvelaze xarj-

efeqtian Semcirebebs  adgili aqvs sayofacxovrebo  (rezidentul)  seqtorSi,  

sadac iqneba ufro efeqturi Senobebi, wylis gamaTbobeli da ganaTebis sisteme-

bi, Tburi tumboebi da ukeTesi sayofacxovrebo teqnika Semova momavalSi. amas 

Sedegad  mohyveba  gazis moxmarebis  sakmaod  mniSvnelovani  Semcireba  da  

eleqtroenergiis moxmarebis  nawilobrivi zrda. rac  Seexeba  satransporto  

seqtors,  scenaris  mixedviT avtoparki gadadis ufro mowinave hibriduli ti-
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pis Zravis teqnologiis  (ICE) gamoyenebaze. garda amisa, mzardia efeqturi  msu-
buqi komerciuli  satransporto   saSualebebiT  (2tonamde  tvirTmzidaobis) 

(LCV) sargeblobis tendencia. 

 
Nნax.2. cvlilebebi eleqtroenergiis  generaciaSi,  BAU scenarTan SedarebiT 

 
ნax.3 energoefeqturi teqnologiebiT naklebefeqturi teqnologiebis Canacvleba, BAU 

scenarTan SedarebiT 

N 
nax.4 saboloo energiis Semcirebis cvlileba sawvavis Canacvlebis Sedegad,  

BAU scenarTan SedarebiT 

 mrewvelobaSi danazogi yvelaze metad mosalodnelia ara-liTonuri, minera-

luri produqtebis warmoebis  seqtorSi, sadac energiis ekonomia ZiriTadad sa-

warmoo procesebis maRaltemperaturuli teqnologiebis xarjze SeiZleba mox-

des. mrewvelobaSi ekonomia aseve moicavs samSeneblo masalebisa da kvebis mrew-

velobis seqtorebSi ganxorcielebul danazogsac. komerciul seqtorSi ekono-

miis TvalsazrisiT pirvel  adgilzea Senobebis Tboizolaciis gaumjobeseba 

da gaTbobisa da wylis gacxelebis teqnologiebis danergva, maT Soris eleq-

troenergiaze momuSave Tburi tumboebis sul ufro mzardi da aqtiuri gamoye-

neba. 

     ganxiluli sami scenaris Sedarebisas naTlad Cans, rom samive maTgani ze-
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gavlenas axdens saboloo energiis moxmarebaze, magram  sxvadasxva masStabiTa 

da periodulobiT. magaliTad, avtomanqanebTan dakavSirebuli RonisZiebebi ga-

cilebiT ufro masStaburi unda iyos  da  adre  daiwyos 25%-iani Semcirebis 

scenaris SemTxvevaSi, vidre 15%-iani SemcirebisSemTxvevaSi. 

 
Nnax.5 energiis saboloo moxmarebis Semcireba energo -servisis tipebis mixedviT,  

BAU scenarTan  SedarebiT 
Ddaskvna 

 RonisZiebebi, romlis gatarebis Semdgom, 2030 wlisTvis, SesaZlebelia emi-

siebis 20%-iT Semcireba 

1. Eeleqtroenergiis generirebis sitemaSi ganaxlebad energiaze momuSave eleq-

trosadgurebis wilis gazrda, risTvisac aucilebelia 480 mgvt-iT meti sim-

Zlavris hesebis da 240 mgvt qaris eleqtrosadgurebis mSenebloba. gatarebu-

li RonisZieba saSualebas mogvcems 332 000 toniT SevamciroT CO2  BAU-Tan 

SedarebiT; 

2. Eenergoefeqturobis gaumjobeseba, komunalur da sayofacxovrebo seqtorSi 

ganaxlebadi energoresursebis gamoyenebis xelSewyoba. aucilebelia: Senobe-

bis Tboizolaciis gaumjobeseba; Tburi tumboebis gamoyeneba; Aaxali saamSe-

neblo kodeqsis miReba da sazogadoebis cnobierebis amaRleba; geoTermuli 

wylis da mzis energiis gamoyeneba gaTboba-cxelwyalmomaragebisaTvis; mom-

qmedi `energokreditis~ sistemis kidev ufro gaaqtiureba; etiketirebis site-

mis SemoReba; ganaTebis sistemebis Secvla. daizogeba 1075000 tona CO2  BAU-

Tan SedarebiT; 

3. mrewvelobaSi energoefeqturobis gazrda. energoefeqturi teqnologiebis da-

nergvis xelis Sewyoba; wiaRiseuli sawvavis gamoyenebis Semcireba. daizogeba 

519000 tona CO2 BAU-Tan SedarebiT; 

4. sazogadoebrivi transportis momsaxurebis gaumjobeseba da energoefeqtur 

teqnologiebze gadayvana. aucilebelia avtoparkis gadayvana hibridul teq-

noligiebze, romelic mogvcems saSualebas davzogoT  309000 tona CO2  BAU-

Tan SedarebiT; 
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ASSESSMENT OF DIFFERENT SCENARIOS FOR GEORGIA LOW EMISSIONS  

DEVELOPMENT STRATEGY 
Arabidze G., Pkhaladze I. 

Georgian Technical University 
Summary 

Three possible low emission development scenarios are discussed in the study, namely the GHG reduction of 
15%, 20% and 25% against BAU scenarios. In case of 15% GHG emissions reduction the final energy use will be 
reduced by 5%, in case of 20% reduction the final energy use will be reduced by 7% and in case of 25% reduction 
the result will be 9,5% of final energy use reduction. In case of 15% reduction scenario the total energy cost compa-
red to base year will increase by 0.60% (336 mln. Euros), in case of 20% reduction scenario the cost will increase by 
1.06% (589 mln. Euro) and in case of 25% scenario by 1.68% (930 mln. Euro), which indicates that by using the 
proposed scheme, reaching the goals of climate change mitigation in Georgia will not be too expensive. The analysis 
proved that by increasing the share of electricity generated by renewable power plants in the total generation of Ge-
orgia will ensure 332 000 Tons of CO2 reduction against BAU by 2030; and by improving the energy efficiency and 
increased use of renewable resource in residential sector will reduce 107 500 tons of CO2 against BAU; Increase of 
energy efficiency in Industry sector will save 519 000 Tons of CO2 against BAU; improvement of public transport 
service and switching to the energy efficiency technologies will ensure reduction of 309 000 tons of CO2 against 
BAU.   
 
 
 

naxSirorJangis (CO2) emisiis Semcirebis meTodebi  

energetikis seqtorSi 
 

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.  organuli saTbobis (navTo-
bi, naxSiri, bunebrivi airi) wvis Sedegad msoflioSi yovelwliurad 6 gigatonamde nax-
SirorJangi gamoiyofa, romlis naxevarze meti  atmosferoSi ileqeba. bolo 50 wlis 
ganmavlobaSi CO2-is koncentracia atmosferoSi yovelwliurad 1.7 memilionedi nawiliT 
(ppm) izrdeba da msoflio ekonomikis ganviTarebis tempebis Semcirebis SemTxvevaSic ki 
(igulisxmeba ekonomikis ganviTarebis tempebi, romelic ar unda aRematebodes 2%-s we-
liwadSi),  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 SesaZlebelia 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 cvlilebis 

siCqaris Semcireba uSualod aris dakavSirebuli samrewvelo, sayofacxovrebo, 

samSeneblo, satransporto Dda sxva seqtorebSi saTbob-energetikuli resurse-
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bis racionalurad gamoyenebasTan, maRalefeqturi teqnologiebis danergvasa  

da energodamzogi RonisZiebebis praqtikuli realizebasTan.  

    saqarTveloSi energiis kargvis erT-erT yvelaze mniSvnelovan wyaros sa-

cxovrebeli da municipaluri Senobebis seqtori warmoadgens. aqedan gamomdina-

re Senoba-nagebobebs, rogoricaa sacxovrebeli saxlebi, skolebi, saavadmyofoe-

bi, sabavSvo baRebi, sastumroebi, saswavlo dawesebulebebi, maRaziebi, ofisebi, 

da a.S, energodazogvis  didi potenciali gaaCniaT.  

   am Senobebis didi nawili aSenebulia sabWoTa periodSi, maSindeli dabali 

standartebiT da maTi umetesoba odnavadac ar pasuxobs energiis dazogvis mo-

Txovnebs: Ria sadarbazoebi, Txeli kedlebi, dazianebuli karkasi, erTmagi Se-

minvis xis fanjrebi, Senobis siTburi winaRobis koeficientisa da eqsterieris 

TbodacviTi maxasiaTeblebis dabali mniSvnelobebi. es aris arasruli CamonaT-

vali im xarvezebisa, ris gamoc aseT SenobebSi didia energiis danakargebi. 

      municipalur da sxva komerciul SenobebSi energiaze danaxarjebis  Semcire-

ba SesaZlebelia energodazogvis sxvadasxva RonisZiebebis realizaciiT. energi-

is samomxmareblo moTxovnilebaTa marTva, fanjrebis Riobebis SemWidrovebis 

xarisxis gaumjobeseba,  gaTbobis sistemis hidravlikuri balansireba, marTvis 

avtomaturi regulireba, radiatorebze Termostatikuri sarqvelebis dayeneba, 

Senobis SemomzRudi konstruqciebis damatebiTi Tboizolacia da sxva msgavsi 

RonisZiebebis ganxorcieleba, energomoxmarebis SemcirebasTan erTad, amcirebs 

naxSirorJangis emisias da mniSvnelovnad aumjobesebs gamwvavebul ekologiur 

situacias rogorc lokaluri, ise globaluri masStabiT. 
       am mizniT saqarTvelos 12 qalaqi miuerTda  evrokavSiris mier inicire-

bul   „merebis SeTanxmebas“, romelic warmoadgens adgilobrivi da regionuli 

xelisuflebebis iniciativas, rom  maT, TavianT kontrolirebad teritoriebze 

da  seqtorebSi nebayoflobiT gazardon energoefeqturoba da ganaxlebadi 

energiis gamoyeneba, ganaviTaron ekologiurad orientirebuli mwvane ekonomika, 

gaaumjobeson sacxovrebeli pirobebi, gaataron  energetikis mdgradi ganviTare-

bis politika da am gzebiT 2020 wlisTvis 20%-iT Seamciron CO2-is emisia. 

    energodazogvis faqtobrivi potencialis gansazRvra moiTxovs optimaluri 

meTodebisa da saSualebebis gamoyenebas energoauditis Casatareblad, romelic 

Tavis mxriv, moicavs SenobaTa gamokvlevas, arsebuli situaciis Sefasebasa da 

analizs, agreTve sxva RonisZiebebs, romlebic unda ganxorcieldes energiis 

moxmarebis Sesamcireblad da SenobaSi mikroklimatis gasaumjobeseblad. Sede-

gebi aisaxeba enegoauditis angariSSi, romelic unda aRwerdes sarekomendacio 

RonisZiebebs Sesatyvisi investiciebiT, danazogebiT da mogebiT. 

   Catarebuli farTomasStabiani kvlevebis safuZvelze dadginda, rom  saTana-

do energodamzogi RonisZiebebis realizebiT saqarTvelos qalaqebis  Senobebis 

seqtorSi SesaZlebelia energoresursebis mniSvnelovani dazogva da energomox-

marebis yovelwliuri Semcireba 20-25%-iT. Sesabamisad Semcirdeba naxSirorJan-

gis yovelwliuri emisiac. 

     energoresursebis dazogvisa da naxSirorJangis emisiis Semcirebis mniSvnelo-

vani potenciali arsebobs eleqroenergiis generaciis sferoSi.  amasTan dakav-

SirebiT, msoflios wamyvan qveynebSi farTod inergeba axali meTodebi da teq-

nologiebi naxSirorJangis gamonabolqvis Sesamcireblad.     erT-erTi teqno-

logia - „Carbon capture and storage (CCS)“  ‐ iTvaliswinebs saTbobis wvis airadi na-
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warmidan (CO2)-is gamoyofas, mis Semdgom gaTxevadebas da Senaxvas mopovebuli 

navTobis dacarielebul miwisqveSa fenebSi, forian-wylovan struqturebSi an 

olivinuri sartylis geologiur warmonaqmnebSi. wvis airadi nawarmidan (CO2)-is 

separaciisaTvis sargebloben specialurad SemuSavebuli maRaltemperaturuli 

(>6000C) araorganuli membranebiT, romelTa gamoyeneba SesaZlebelia agreTve bu-

nebrivi aiarisa da naxSirebis gazifikaciis dros miRebuli generatoruli ai-

ris gasawmendad [1]. 
    aSS-s mTavrobis, samecniero-kvleviTi institutebisa da samrewvelo sawarmoe-

bis ZalisxmeviT Seqmnilia Zero Emission Coal Alliance (ZECA), anu „naxSiris gamoyene-

bis kavSiri nulovani gamonabolqvebiT“. kavSiris mier SemuSavebuli e.w. ZECA-

procesis sqema iTvaliswinebs Tbo- da eleqtroenergiis gamomuSavebas milisebr 

myaroqsidian saTbob-elementebisa da naxSiris gazifikaciis procesis SeTanwyo-

biT. naxSirorJangis STanTqmisaTvis aq iyeneben magniumisa da kalciumis silika-

tebisagan karbonatis warmoqmnis bunebriv process. energodanadgari gamoirCeva 

Zalze maRali mq koeficientiT da, rac ara nakleb mniSvnelovania atmosferoSi 

naxSirorJangis nulovani gamonabolqviT [2]. 

    simens-vestinghausis milisebri myaroqsidiani saTbob-elementi (SOFC) Sedgeba 

eleqtrolitisagan da ori milisebri eleqtrodisagan (Siemens Power Generation 

aris msoflioSi SOFC-is warmoebis wamyvani kompania). milisebr  SOFC-Si haeri 
miedineba saTbob-elementis Siga sivrceSi, xolo saTbobi moZraobs saTbob-ele-

mentis garedan. Ggazrdili temperaturis pirobebSi haerSi arsebuli Jangbadi 

ionizdeba da warmoqmnili ionebi moZraoben eleqtrodis gavliT da erTdebian 

saTbobTan saTbob-elementis gare zedapirze. Eleqtroqimiur reaqcias Tan sdevs 

eleqtronebis gamonTavisufleba, romlebic saTanado wredis arsebobis SemTxve-

vaSiqmniqn eleqtrul dens. Moduli civdeba teqnologiuri haeriT da normalu-

ri muSaobis pirobebSi ar moiTxovs wyals. Mas agreTve  gaaCnia Termulad da 

hidravlikurad integrirebuli bunebrivi airis riformeri, romelic gamoyofs 

saTbob-elementis muSaobisaTvis saWiro wyalbadsa da naxSirJangs. igi ar moi-

Txovs siTbos gare wyaros garda gaSvebis procesisa. myaroqsidiani saTbob-ele-

mentebSi wyalbadis garda naxSirJangis moxmarebis Sesazlebloba aseTi tipis 

saTbob-elementebs xdis ufro mravalmxrivs sxva saTbob-elementebTan Sedare-

biT. 

   ZECA-procesis principuli sqema mocemulia nax. 1-ze. gazifikatorSi naxSiris 

miwodeba SeiZleba rogorc mSral mdgomareobaSi, aseve naxSirwyliani suspenzi-

is saxiT. Wyalbadi warmoiqmneba wylis orTqlisa da naxSirbadis SeerTebis se-

degad. naxSirTan erTad. naxSirTan erTad gazifikators miewodeba CaO kiris sa-

xiT. miRebuli wyalbadi miemarTeba saTbob-elementisaken, xolo kalciumis kar-

bonati CaCO3 gadadis dekarbonizatorSi. 

kalciumis karbonatis dekarbonizaciisaTvis gamoiyeneba saTbob-elementidan 

arTmeuli siTbo. Aam procesSi miRebuli CaO ubrundeba gazifikators, xolo CO2 

gadadis karbonizatorSi, sadac is Sedis qimiur reaqciaSi magnium-silikaturi 

qanebisagan warmoqmnil magniumis SenaerTebTan  (es qanebi bunebaSi farTod aris 

gavrcelebuli da advilad mosapovebelia) reaqciis Sedegad miRebuli saboloo 

produqtebi (magniumis karbonati da siliciumis dioqsidi) uzrunvelyofen nax-

SirorJangis ganuwyvetel da saimedo STanTqmas da araviTar mavne gavlenas ar 
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axdenena garemoze [3].  

 
ZECA-procesis principuli sqema 

1-naxSiri; 2-gazifikatori; 3-milovani myaroqsidiani saTbob-elementi; 
4-eleqtroenergia; 5-siTbo; 6-dekarbonizacia; 7-karbonizacia 

 

    radgan ZECA-procesis Caketil konturSi xorcieldeba, naxSiris gazifikaci-

is dros warmoqmnili airadi nawarmi danadgarSive cirkulirebs da atmosfero-

Si ar gamotyorcneba. Aazotisa da gogirdis Jangeulebis, mZime liTonebisa da 

mikroelementebis koncentrirebis SesaZlebloba aadvilebs maT gamoyofas sis-

temidan Txevadi nakadis an myari nivTierebebis saxiT.  

    ZECA-procesis energoefeqturobis Sefasebis dros iTvaliswineben im faqts, 

rom saTbob-elementis mq koeficientis mniSvneloba ganisazRvreba wyalbadis 

dawvis siTbos mixedviT, xolo danadgaris saerTo mq koeficientis mniSvneloba 

ki – naxSirbadis dawvis siTbos mixedviT. saboloo jamSi eleqtroenergiad gar-

daqmnis mq koeficienti sakmaod maRalia da misi mniSvneloba 70%-s aRwevs.  

    saerTaSoriso energetikuli saagentos (IEA) SefasebiT, SemoTavazebuli pro-

cesis praqtikuli realizebis dros 1 t CO2‐is moSoreba $15-20 jdeba. Mmagram Tu 

gaviTvaliwinebT, rom energodanadgaris mq koeficienti 70%-s aRwevs, warmoebu-

li eleqtroenergiis Rirebuleba 1 centi/kvt.sT-s ar aRemateba[4]. 
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METHODS FOR REDUCING CO2 EMISSIONS IN ENERGY SECTOR. 
Arabidze Kh., Javshanashvili N., Jishkariani T., 

Georgian Technical University. 
Summary 

              Climate Changing or Global Warming generally caused by CO2 emissions to the air is the most nervous-
ness thing in the world for the people. Annually 6 Giga Tones of CO2 is emitted through burning the organic fuel 
(Oil, Coal, Natural Gas). Concentration of CO2 in the atmosphere increases by 1.7 millionth of ppm during the last 
50 years and even in terms of slow down of global economics development rate of growth (considered that rate not 
exceeds 2% per year) by 2050 it wil exceed 500 ppm (It means that  per one million litre atmospheric air will conta-
in 500 litre CO2). Unfortunately, despite of Reducing use of organic fuel caused by slowing down rate of growth of 
the global economics development could not prevent increasing amount of Co2 concentration in the air. That could 
be achieved in the future 10-20 years  in case of reducing of CO2 emissions 3 times less than it was in 1990. 
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qarisa da mzis energiebis eleqtrul energiaSi gardaqmnis  
teqnologiebi 

  
koxreiZe g., fxakaZe S., papiZe z., SuSakiZe T. 

* saqarTvelos teqnikuri universiteti;  
** akaki wereTlis saxelmwifo universiteti 

 
naSromSi ganxilulia qarisa da mzis energiebis gamoyenebis aucilebloba da aq-

tualoba. warmodgenilia qaris energiis gamoyenebis koeficientis optimalur mniSvne-
lobamde miyvanis gzebi da meTodebi. agebulia qaris energetikuli danadgaris frTis 
Semobrunebis kuTxis  da ganviTarebuli simZlavris - qaris siCqareze damokidebule-
bis grafikebi. 

statiaSi agreTve warmodgenilia mzis eleqtromagnituri gamosxivebis atmosferos 
parametrebze damokidebulebis sakiTxebi. Ffotoeleqtruli gardaqmnisas naxevargamta-
rebSi energiis STanTqmis procesi da gamosxivebis zRvruli talRis sigrZis angariSi. 

 
mravalricxovani gamokvlevebis Sedegebis mixedviT, 2020 wlisaTvis organu-

li sawvavi nawilobriv daakmayofilebs msoflio energetikis moTxovnebs. ener-

gomoxmarebis darCenili nawili SeiZleba dakmayofildes aratradiciuli da ga-

naxlebadi energiis wyaroebis xarjze. 

aratradiciuli da ganaxlebadi energiis wyaroebs miekuTvneba ekologiu-

rad usafrTxo  qarisa da mzis energiebi, romelTa gamoyenebisas ar xdeba CO2-

is gamoyofa da radioaqtiuri nivTierebebiT garemos gaWuWyianeba. 

qaris warmoSobis ZiriTadi mizezia mziT dedamiwis zedapiris araTanabari 

gaxureba. dedamiwis zedapiri araerTgvarovania: xmeleTi, okeaneebi, mTebi, tyeebi 

ganapirobeben zedapiris sxvadasxva gaxurebas erTi da igive ganedis qveS. yvela 

es mizezebi arTulebs atmosferos zogad cirkulacias. aRigzneba ama Tu im xa-

risxSi erTmaneTTan dakavSirebuli rigi calkeuli cirkulaciebi. 

qaris siCqare mudmivad cvalebadia, misi kinetikuri energia icvleba misi 

siCqaris kubis proporciulad: 

 
sadac    _ aris qaris simkvrive;   _ ganivi kveTis farTi;   _ qaris 

siCqare. 

qaris energiis gamoyenebis koeficientia: 

 
sadac _ frTis saqare winaRobis haerodinamikuri koeficientia; _ 

frTis wriuli moZraobis siCqarea;   _ qaris saSualo siCqarea. rogorc (2)-dan 

Cans _damokidebulia qaris mimarTulebaSi zedapiris gadaadgilebis siCqareze. 

Tu  ; maSin qaris mier Sesrulebuli muSaoba nulis tolia; Tu , ma-

Sin zedapiri gadaadgildeba qaris siCqariT da muSaoba iqneba nuli, radganac 

ar aris winaRobis Zala. aqedan gamomdinareobs, rom zedapiris siCqaris mniSvne-

loba moTavsebulia sazRvrebSi   =0-dan  -mde. 

dadgenilia, rom -is maqsimaluri mniSvnelobis misaRebad frTis zedapi-

ri unda gadaadgildes siCqariT: 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  96

 
qaris energiis gamoyenebis maqsimaluri koeficienti winaRobis ZaliT ze-

dapiris muSaobisas ar unda iyos   -ze meti. 

rogorc cnobilia, aRniSnul SemTxvevaSi simZlavre P   ganisazRvreba  

Zalis namravli siCqareze 

       

erTi da igive muSaoba SeiZleba miviRoT an didi  _ ZaliT frTis muSa 

zedapiris mcire siCqariT gadaadgilebisas, an SebrunebiT, mcire ZaliT da Sesa-

bamisad mcire zedapiriT, magram muSa zedapiris gadaadgilebis gazrdili siCqa-

risas. 

davuSvaT, gvaqvs muSa zedapiris farTi , romelic dayenebulia qaris mi-

marTulebis perpendikularad. haeris nakadi, frTis muSa zedapiriT damuxruWe-

biT, miiRebs ukuqmedebas, gars Semouvlis zedapirs da qmnis  _ wnevis Zalas. 

am Zalis Sedegad muSa zedapiri gadaadgileba nakadis mimarTulebiT raime _ 

siCqariT. am dros Sesrulebuli muSaoba tolia  _ Zalis  _ siCqareze nam-

ravlis. 

       

sadac   _ winaRobis Zalaa, romelic tolia: 

  
sadac  _ haeris simkvrivea, _ frTis sxeulis farTobis gegmilia haeris 

nakadis perpendikularul sibrtyeze. 

am SemTxvevaSi qari gadauqrolebs zedapirs fardobiTi siCqariT, rome-

lic tolia: 

    

(6) CavsvaT (7)-Si, miviRebT: 

    

(8) gamosaxulebiT ganisazRvreba moZravi frTis mier ganviTarebuli ener-

gia an Sesasrulebeli muSaoba. frTis brunav lilvze   droSi ganviTarebuli 

simZlavre tolia: 

 
qarborbalas frTebi Camagrebulia regulirebadi  _ kuTxiT ise, rom war-

moebs haeris nakadis maqsimaluri simZlavris ganviTareba. am kuTxes uwodeben 

Camagrebis regulirebad kuTxes. am dros frTis elementebze gadauqrolebs sa-

haero nakadi fardobiTi siCqariT raime   _kuTxiT, romelsac Setevis kuTxes 

uwodeben da moqmedebs  _ ZaliT. da kuTxeebi mniSvnelovnad gansazRvraven 

frTebis efeqturobas.   _ Zalas Slian  da  Zalebad.  _ Zala awarmoebs 

qaris mimarTulebiT wnevas, romelsac uwodeben gverdiT wnevas.   _ Zalebi 

moqmedeben sibrtyeSi, sadac iqmneba mabruni momenti. 
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maqsimaluri Zalebi, romelsac mohyavs borbali moZraobaSi, Seiqmneba ku-

Txis raime gansazRvruli mniSvnelobisas. e.i. frTis zedapirisadmi qaris naka-

dis daxris kuTxisas. imis gamo, rom grZeli frTis elementis wriuli siCqare 

araerTnairia, is izrdeba TandaTan frTis siCqaris bolo wertilamde, fardobi-

Ti  _ siCqare, romliTac haeris nakadi gadauqrolebs frTis zedapirs, izrde-

ba. amasTan erTad mcirdeba _kuTxe da raime  wriuli siCqarisas igi xdeba 

uaryofiTi. Sesabamisad frTis yovel elements ar eqneba maqsimaluri gamwevi Za-

la. 

Tu SevamcirebT _kuTxes brunvis RerZidan TandaTan moSorebiT, ise, rom 

Setevis  _kuTxe SenarCunebuli iqnas mudmivi, maSin miviRebT pirobas, roca 

frTis yvela elementi imuSavebs Tavisi maqsimaluri gamwevi ZaliT. 

Camagrebis swori kuTxe profilis kargi haerodinamikis pirobebSi uzrun-

velyofs qaris energiis gamoyenebis maRal koeficients. kargad Sesrulebul mo-

delebs qaris energiis gamoyenebis koeficienti gaaCniaT 46%. 100kvt simZlavris 

qaris eleqtrodanadgaris orfrTian qarborbalas aqvs 38 m diametri da mohyavs 

brunviT moZraobaSi amaCqarebeli reduqtoris saSualebiT asinqronuli genera-

toris rotori. qaris borbala brunavs mudmivi siCqariT 40 br/wT kuTxuri six-

SiriT. samfaza generators aqvs brunvis nominaluri sixSire 1800 br/wT. igi ga-

moimuSavebs 50 hc sixSiris Zabvas. aq daculia qarborbaladan generatorisaken 

mabruni momentis gadacemis sistemis meqanizmebis normaluri muSaobis komponen-

tebi da qaris mimarTulebisadmi qarborbalas orientacia Sesabamisi marTvis 

sistemiT. qarborbala iwyebs brunvas qaris 2,2 m/wm siCqarisas da miaRwevs 40 

br/wT brunvis sixSires. sasargeblo energia iwyebs gamomuSavebas qaris 4,2 m/wm 

siCqarisas. qaris eleqtruli danadgaris momabrunebeli  mowyobiloba mierTe-

bulia orientaciis meqanizmebTan da masze mimagrebulia qarborbalიs da frTe-

bis RerZi. 

eqspluataciis procesSi dazustebulia frTebis Semobrunebis _ kuTxis 

damokidebuleba qaris   siCqaresTan (nax. 1). 

ZiriTadad qaris eleqtruli  danadgaris Semomabrunebeli dabo-loebani 

da orientaciis meqanizmi Sedgeba nawilebisagan: gamWedi Rveduri gadacemisagan, 

amaCqarebeli reduqtorisagan, brjenisagan, romelSic Tavsdeba frTebi, frTebi-

sagan, qaris borblis orientaciis marTvis sistemis blokisagan, generatorisa-

gan da frTebis Semob-runebis hidravlikuri sistemis marTvis blokisgan. dazus-

tebulia agreTve damokidebuleba amave qaris eleqtro teqnikuri danadgaris mi-

er ganviTarebuli  _simZlavrisa qaris  siCqareze (nax. 2).  

qaris energiis eleqtrul energiaSi gardaqmnasTan dakavSirebuli sqemebis 

ganxilvisas saWiroa vimsjelod Semdeg ZiriTad momentebze: gamomuSavebuli 

eleqtro energiis saxe (cvladi Zabva cvladi an mudmivi sixSiriT an mudmivi 

Zabva), qaris Zravis brunvis sixSire (mudmivi, mudmivTan axlos an cvladi), gamo-

muSavebuli eleqtruli energiis gamoyenebis xasiaTi (akumulatoruli batareie-

bis gamoyeneba an sxva xerxiT akumulireba, eleqtroenergiis gacema cvladi de-

nis qselSi). 
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mzis gamosxivebis energiis wyaros ganapirobebs mzeze TermobirTvuli re-

aqcia. am energiis ZiriTadi nawili gadadis eleqtromagnituri gamosxivebis sa-

xeSi 0,2-3 mkm diapazonSi. atmosferos gavliT mzis energia sustdeba ZiriTadad 

wylis orTqlSi infrawiTeli gamosxivebis STanTqmis gamo, ozonis mier ultra-

iisferi gamosxivebis STanTqmis gamo da gazebis da haerSi arsebuli mtvris na-

wilakebis mier gamosxivebis fantvis gamo. atmosferos mier mzis gamosxivebis 

intersiurobaze gavlenis asaxvis ZiriTadi parametria atmosferuli masa (am). 

nulovani atmosferuli masis am 0 SemTxvevaSi mzis gamosxivebis intensiuroba 

tolia Emz=1360vt/m2 am 1 sidide Seesabameba mzis gamosxivebis gavlas uRrublo 

atmosferos gavliT zRvis donemde mzis zenituri mdgomareobaSi yofnisas. 

atmosferuli masa dedamiwis zedapiris nebismieri donisaTvis dRis nebis-

mier momentSi ganisazRvreba formuliT: 

 
sadac - atmosferuli wnevaa- paskali (pa); 

            - nominaluri atmosferuli wnevaa pa); 

            - horizontis zemoT mzis simaRlis kuTxea. 

dedamiwis pirobebSi metad damaxasiaTebelia am . igi CaiTvleba 

standartul sidided Ec=835vt/m2, mzis gamosxivebis integraluri zedapiruli 

simkvrivisas - Emz=835vt/m2. 

fotonis energia, ev, talRis   sigrZis gamosxivebaSi ganisazRvreba Tana-

fardobidan: 

 
sadac -plankis mudmivaa,   

       -sinaTlis siCqarea, 300000 km/wm;   -talRis sigrZea, mkm. 

akrZaluli zonis  ganis mqone mzis elementis masalaSi fotonis STan-

Tqma iwyeba talRis zRvruli sigrZis aseTi mniSvnelobis Semdeg: 
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zRvr-ze meti sigrZis mqone talRa ar STainTqmeba naxevar gamtarSi da Se-

sabamisad, fotoeleqtruli gardaqmnis TvalsazrisiT usargebloa. 
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TECHNOLOGIES OF WIND AND SOLAR ENERGY CONVERSION  
INTO ELECTRIC POWER 

KOKHREIDZE G., PKHAKADZE SH., PAPIDZE Z., SHUKAKIDZE T. 
Georgian technical University , Akaki Tsereteli State University 

Summary 

The paper dwells on the necessity and urgency of wind and solar energy consumption. There are considered 
the ways and methods for bringing wind energy efficiency to the optimum value. There are drawn the dependency 
graphs of the angle of turn of wind power installation wing    and generated power - on wind velocity. 

The paper also describes the issues of the dependency of electromagnetic radiation on the atmospheric pa-
rameters, as well as the process of energy absorption in semiconductors and computation of the radiation edge wave 
during photovoltaic conversion.  
 
 
 
 

md. raCxis gamoyenebis perspeqtivebi wyalmomaragebasa  
da energetikaSi 

 
noseliZe j., momcemliZe S., kalaZe d., noseliZe g. 

akაკი wereTlis saxelmwifo universiteti 
 

naSromSi ganxilulia md. raCxis sasmel wylad gamoyenebisa da energetikuli mox-
marebis SesaZleblobis perspeqtivebis Sesaxeb. 2010-2012 wlebSi Catarebuli savele-saeq-
spedicio samuSaoebisa da hidrometriuli gazomvebis safuZvelze dadginda, rom aRniS-
nuli wylis maragi srulad akmayofilebs sasmeli wylisadmi wayenebul normatiul mo-
Txovnebs. agreTve misi gamoyeneba SeiZleba eleqtroenergiis misaRebad, vinaidan mas aqvs 
didi vardna da Sesabamisi wylis xarji. 

 
saqarTvelo mdidaria sasmeli wylis bunebrivi sabadoebiT, romlebic floben 

sasmeli wylis unikalur Semedgenlobas, agreTve gaaCnia didi energia energetiku-

li gamoyenebisaTvis, magram  jer kidev ar mogvarda  saqarTvelos yvela dasaxlebu-

li punqtisa da qalaqis 24-saaTiani wyalmomaragebiT  uzrunvelyofa. 

saqarTvelos yvela dasaxlebuli punqtisa da qalaqis 24-saaTiani wyalmomara-

gebis uzrunvelyofis mSeneblobaSi CarTulia ucxoeTis investiciebi, mTeli saqar-

Tvelo,  SoTa rusTavelis erovnuli samecniero fondi da maT Soris akaki wereTlis 

saxelmwifo universiteti da sainJinro teqnikuri fakulteti (mecnierTa jgufi), 

romelTa mizania iseTi sasmeli wylis sabados SerCeva da Seswavla, romelic teri-
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toriulad axlos iqneba rogorc quTaisTan, ise saerTaSoriso daniSnulebis ku-

rort wyaltubosTan da sasmeli wylis sabados eqneba iseTi mdebareoba, rom aRniS-

nul qalaqebs wyals maiwvdis TviTdinebiT. aqedan gamomdinare wyalmomaragebis sis-

temas aRar dasWirdeba eleqtroenergiis didi xarjebi. 
 

 
sur. 1. md. raCxa 2012 wlis 30 aprils sof. maxuras saavtomobilo xidis kveTSi 

 
SoTa rusTavelis erovnuli samecniero fondis SerCeviT da gadawyvetilebis  

(grantis) safuZvelze dakvirvebisaTvis SeirCa mTis wyaro raCxa (cageris raioni),  

 

 
sur. 2.    md. raCxa sof. maxuras saavtomobilo xidis kveTSi fskeris granulometriuli  

Semadgenloba. 

 
2010-2012 wlebSi Catarebuli savele-saeqspedicio samuSaoebisa da hidrometri-

uli gazomvebis safuZvelze (sur. 1,2,3,4) dadginda,rom aRniSnuli wylis maragi sru-

lad akmayofilebs sasmeli wylisadmi wayenebul noemativebs. 

mdinare raCxis debitis dasadgenad  yofil raChes-is mimdebare teritoriis 

WrilSitardeboda wylis xarjis gazomviTi samuSaoebi hidrometriuli trialas ga-

moyenebiT wlis sxvadasxva sezonSi da sxvadasxva meteorologiuri pirobebis dros. 

rogorc 2010-2012 wlis dakvirvebis masalebi cxadyofs, wylis xarji cvalebadia -

7.00 m3/wm (aprilSi), 2,7 m3/wm (seqtemberSi. ZiriTadad wylis xarji meryeobs 4.0 _5.0 

m3/wm farglebSi.  

md. raCxis vardnis simaRle Zalian didia , Warbi wnevis energia SesaZlebelia 

gamoyenebuli iqnes mcire simZlavris hes-ebSi eleqtroenergiis gamosamuSaveblad. 

sur. 1. warmodgenilia md. raCxaze 2012 wlis 30 aprils naturaSi savele eqspedi-
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ciuri samuSaoebis Sesrulebis dros sof. maxuras saavtomobilo xidis kveTSi gan-

ladebuli hidrometriuli saguSagos monakveTze wylis adidebuli nakadi da wylis 

nakadis sinji # 1. sur. 2-ze warmodgenilia 2012 wlis 27 oqtombers  md. raCxaze sof. 

maxuras saavtomobilo xidis kveTSi arsebuli hidrometruli sadguris kveTSi ar-

sebul saguSagos Wrilis qveda biefis mdinaris fskeris granulometriuli Semad-

genloba.sur. 3-ze warmodgenilia 2012 wlis 28 oqtombers md. raCxaze sof. maxuras 

saavtomobilo xidis kveTSi arsebuli hidrometruli sadguris kveTSi arsebul sa-

guSagos Wrilis qveda biefSi. nakadis wylisa da haeris temperaturis gazomvis mo-

mentSi. 

 
sur. 3. 2012 wlis 28 oqtombers  md. raCxaze sof. maxuras saavtomobilo xidis kveTSi   

arsebul saguSagos Wrilis qveda biefSi. 

 
sur. 4-ze warmodgenilia 2012 wlis 28 oqtombers  md. raCxaze sof. maxuras mci-

re hidroeleqtro sadguris monakveTze arsebuli hidrometriuli sadguris kveTSi, 

arsebul saguSagos WrilSi, wylis nakadis siRrmis gansazRvra, hodrometriuli 

triala IST-I is     da hidromeetriuli lartyis gamiyenebiT. cxrili 1-Si warmodgeni-

lia wylis xarji md. raCxaze 2012 wlis  28 oqtombers sof. maxuras mcire  hidroeleq-

tro sadguris WrilSi [1, 2,] hidrometruli saguSagos  monakveTze. cxrili 2-Si war-

modgenilia mdinare raCxaze Catarebuli 2012 wlis savele eqspediciis mier Sesru-

lebuli wylis gazomili xarjebi. 

cxrili 1. 
nomeri-
rigze 

manZi-
likveT-
Si 
m 

siRrme 
siCqaris 
verti-
kalze 
m 

saSua-
losiR-
rme 
m 

manZili-
vertika-
lebsSo-
ris 
m 

vertika-
lebs So-
ris far-
Tobi 

Fm2 

moZrao-
bissiCqa-
re verti-
kalze 

V m/wm 

wylis 
xarjiver-
tikalebs 

SorisQ 
m3/ wm 

marjve-
na napi-
ri 

0,00 0,66  0,20 0,134   

1 0,20 0,68 0.67 0,45 0,28 3,5 0,47 

2 0,65 0,56 0,62 0,45 0,23 3,6 1,01 

3 1,10 0,45 0,51 0,20 0,08 3,4 0,78 

4 1,30 0,38 0,41   2,9 0,23 

5      Q faq. = 2,49 m3/wm 

savele eqspediciis mier naturaSi gazomili wylis xarji md. raCxaze 2012 wlis  
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28 oqtombers mcire  hidroeleqtro sadguris saguSagos WrilSi  tolia.    Q = 2,49 m3 
/ wm. 

 

 
sur. 4.   md. raCxaze sof. maxuras mcire hidroeleqtro sadguris monakveTze   wylis nakadis 

siRrmis gansazRvris momentSi. 
cxrili 2. 

dakvirvebis mesame welimdinare raCxaze Catarebuli 2012 wlis savele eqspedi-
ciis mier Sesrulebuli wylis gazomili xarjebi. 
# dak-

vir-
ve-
bis  
we-
li 

dakvirvebis 
Tve da 
ricxvi 

dakvirvebis saguSagos mdebareoba gazomi-
li 
wylis 
xarji 

Q m3/wm 

SeniSvna 

1 2012 28 ianvari sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

1.6 wyalmci-
roba 

   md. raCxaze Zveli hesTan hidrologiuri sa-
guSago 

3.37  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze  

5.9  

2 2012 25 Teberva-
li 

sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

1.5 wyalmci-
roba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

3.1  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

6.1  

3 2012 24 marti sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

1.7  wyalux-
voba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

3.42  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

6.3  

4 2012 29 aprili sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

5.1 wyaldi-
doba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

6.2  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

9.3  

5 2012 27 maisi sof. maxuras saavtomobilo xidis monak- 3.7 wyaldi-
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veTze arsebuli hidrologiuri saguSago doba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

5.1  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

8.7  

6 2012 24 ivnisi sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

1.8 wyal mci-
ro 
ba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

4.311  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

7.9  

7 2012 01 ivlisi sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

2.1 wyal mci-
ro 
ba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

3.85  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

7.9  

8 2012 20 agvisto sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

0.2  wyal 
mciro 
ba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

2.24  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

5.6  

9 2012 23 seqtem 
beri 

sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

2.4 wyal 
mciro 
ba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

4.37  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

6.8  

10 2012 28 oqtom 
beri 

sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

1.1 wyalmci-
roba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

2.49  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

6.4  

11 2012 30 noemberi sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

1.8 swyal-
mciroba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

3.57  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

7.5  

12 2012 31 dekemberi sof. maxuras saavtomobilo xidis monak-
veTze arsebuli hidrologiuri saguSago 

2.1 wyalmci-
roba 

   md. raCxaz Zveli hesTan hidrologiuri sa-
guSago 

4.45  

   quTaisi- cageris saavtomobilo xidis mo-
nakveTze 

8.1  

md. raCxis saTavis, asxis mTasa da md. cxeniswylis dones Soris didi simaRle-

Ta sxvaobis (vardnis) gaTvaliswinebiT da sxvadasxvasimaRleze wylis xarjis mocu-

lobis mixedviT SesaZlebelia mdinaris hidravlikuri energiis gamiyeneba hidroe-

leqtrosadgurebisxarjis Sesabamis doneze mSeneblobisaTvis, romelTa simZlav-
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ris dadgena SesaZlebelia 2010-2012 wlebis dakvirvebis safuZvelze. md.raCxis ufro 

detaluri Seswavlis mizniT aucilebelia dakvirvebaTa hidrologiuri da hidrav-

likuri ciklis dakvirvebaTa  gagrZeleba. 

 

literatura 
1. noseliZej.,SauTiZeo.,momcemliZeS.,md.raCxisgamoyenebaq.quTaisisadakurortwyaltubos-

sasmeliwyliTmomaragebismizniT(winaswarikvlevisSedegebi)Tbilisi. ” mecnierebadateq-
nologiebi~saqarTvelosmecnierebaTaerovnuliakademiisyovelTvivurisamecniero-refe-
rirebuliJurnali#4-6,2011.gv70-72. 

2. supataSvili g., qajaia g. garemo da adamiani. 2001. 
 

RIVER RACHKHA USE IN WATER SUPPLY AND IN THE ENERGY SECTOR 
J. NOSELIDZE, S. MOMTSEMLIDZE, D. KALADZE, G. NOSELIDZE 

Akaki Tsereteli State University 
Summary 

The article deals with energy consumption and capacity of the river for drinking rachkhas.2010-2012 years 
of field-expeditionary works and hydrometric measurements revealed that the water supply of drinking water and 
the set is fully compliant with regulatory requirements. Also it can be used to generate electric energy, since it has a 
huge drop in the water flow. 
 
 
 
 

geoTermuli energiis msoflio potenciali da misi gamoyenebis  
perspeqtivebi 

 
fancxava e., mWedliZe q. 

saqarTvelos teqnikuri universiteti 
   

      statiaSi ganxilulia geoTermuli wylebis efeqturi gamoyenebis da ganviTarebis 
perspeqtivebi. Sefasebulia msoflio asociaciis eqspertTa jgufis mier dabali da ma-
Ral temperaturis geoTermuli energiis Sesaxeb miRebuli monacemebi. dasabuTebulia 
mizanSewoniloba geoTermuli wylebis gamoyenebisa , romelic iZleva saTbobis mniSvne-
lovan ekonomias da aumjobesebs garemos ekologiur mdgomareobas. 
 
       jer kidev 150 wlis win Cvens planetaze gamoiyenebdnen gansakuTrebiT ga-

naxlebad da ekologiurad usafrTxo energiis wyaros: ase mag. mdinareTa wylis 

nakads, rom daebrunebinaT wylis borbali, qars, romelsac moZraobaSi moyvada 

wisqvili, aseve SeSas, torfs, afras (ialqans), da soflis meurneobis narCenebs 

gasaTbobad.magram XIX saukunis bolodan warmoebis swrafma ganviTarebam gamo-

iwvia imis aucilebloba, rom daCqarebuli tempiT agveTvisebina da gagveviTare-

bina jer Tboenergetika, Semdeg ki atomuri energetika. aman ki Tavis mxriv gamo-

iwvia naxSirbadis sabados gamofitva da dedamiwis atmosferos radiaqtiuri da-

binZurebis saSiSroeba. amitom mimdinare saukunis mijnaze xelaxla wamoiWra sa-

kiTxi momgebiani usfrTxo da ganaxlebadi energiis warmoebis, rogoricaa maga-

liTad: qaris, mzis, geoTermuli, mdinaris da zRvis moqcevis, cxovelTa da mce-

nareTa biomasis energia da maT safiZvelze Segveqmna da warmatebiT gamogveyene-

bina axali aratradiciuli energodanadgarebi. qaris, mzis da sxva aratradicu-

li energodanadgarebi farTod Suqdeba JurnalTa publikaciebSi, magram geo-

Termul energodanadgarebs da kerZod geoTermul eleqtrosadgurebs ar eqceva 

iseTi yuradReba rasac is imsaxurebs. es maSin, rodesac dedamiwis siTbos ener-

giis gamoyenebis Sansi Zalian didia, radgan Cveni planetis zedapiris qveS arse-
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bobs bunebrivi energetikuli qvabi, romleSic Tavmoyrilia uzarmazari rezervi 

siTbosa da energiis. am siTbosa da energiis wyaro ki aris dedmiwis qerqsa da 

mantiaSi mindinare radioqtiuri cvlilebebi. am wyaroTa energia imdenad didia, 

rom is yovelwliurad ramdenime santimetriT  gadaadgilebs, sZravs dedamiwis 

litosferos fenebs, iwvevs kontinentebis dreifs, miwisZvrebs, da vulkanTa 

amofrqvevas, romelTagan zogierTi periodulad amoqmeddeba xolme. kacobrio-

bam jer kidev ver iswavla vulkanTa energiis gamoyeneba samSvidobo miznebisTa-

vis, magram dedamiwis gulSi mimdinare TiTqmis SeumCneveli cvlilebebiT miRe-

bul energias ukve didi xania iyenebs adamiani ganviTarebisaTvis da bolo 100 

weli eleqtroenergiis misaRebad.  

     aseTi dafaruli gamomJRavneba energiisa iwvevs dedamiwis qerqisa da manti-

is temperaturis zrdas. es temperatura siRrmis matebasTan erTad izrdeba sa-

Sualod 1 km-ze 200C -iT, 2-3 km-ze is aRwevs 1000C, xolo 100 km siRrmeze 1300 - 

15000C. es ki iwvevs siRrmeSi ciklurirebadi wylis gacxelebas sakmaod didi 

temperaturiT. Cveni planetis vulkanur raionebSi es cxeli wyali dedamiwis 

qerqis bzarebidan amodis zedapirze, xolo seismurad wynar regionebSi is SeiZ-

leba zedapirze amoviyvanoT gaburRuli WaburRilebiT. amisTvis sakmarisia ga-

burRul WaburRilSi CavuSvaT civi wyali da gverdiT gaburRul WaburRilidan 

miviRebT gacxelebul geoTermul wyals, romlisganac  SeiZleba miviRoT or-

Tqli. [1, 2, ]. 

      geoTermuli energiis gamoyenebasTan aucilebad unda gaviTvaliswinoT mi-

si rogorc dadebiTi ise uaryofiTi mxareebi. geoTermuli energiis ZiriTadi 

Rirseba aris is,  rom SeiZleba gamoviyenoT saTbobad, cxeli wylis saxiT an 

wylisa da orTqlis narevis saxiT (damokidebulia rogori temperatura eqneba 

mas).  

     planetis vulkanur raionebSi, sadac maRaltemperaturiani siTbo geoTer-

mul wyals acxelebs  140 1500C temperaturaზე metad, ekonomiurad momgebiania 
eleqtroenergiis gamosamuSaveblad. miwisqveSa geoTermuli wylebi 100 0C-ze nak-

lebi temperaturiT ki gamoiyeneba TbomomaragebisaTvis, cxeli wyliT momarage-

bisaTvis da sxva da sxva miznebisaTvis, ise rogorc miTiTebulia:#1cxrilSi. 

#1 cxrili. 

geoTermuli wylebis tem-
peratura, 0 C 

gamoyenebuli wylebis gamoyenebis are 

140 0 C -meti el. energiis gamosamuSaveblad 

100 0 C - e naklebi Senoba- nagebobebis gasaTbobad 

60 0 C - is farglebSi cxeli wyliT momaragebisaTvis 

60 0 C - ze naklebi 
saTburebis gasaTbobad, geoTermul gamaciebel mowyobi-

lobebSi. 

 
       geoTermuli teqnologiis srulyofasa  da ganviTarebasTan erTad xdeba 

damuSaveba SedarebiT dabali temperaturis geoTermuli wyliT eleqtroenergi-

is gamomuSavebisa. damuშavebulia kombinirebuli sqemebi 70-800C temperaturis 

mqone wyliT eleqtroenergiis misaRebad.  sanqt-peterburgis politeqnikur in-

stitutSi Seqmnilia turbinebi, romelTa gamoyenebiT geoeTs-Si sasargeblo sim-

Zlavre izrdeba orkonturian sistemaSi (meore konturia wylis orTqlis) tempe-

raturis diapazoni 20 2000C anu saSualod 22%-iT. mniSvnelovnad izrdeba efeq-

turoba Termuli wylebis kompleqsuri gamoyenebisas. sxvadasxva teqnologiuri 
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procesebiT SeiZleba mivaღwioT wylis Tburi potencialis mTlian realizacias, 

aseve miviRoT Termul wylebSi arsebuli saWiro komponentebi (iodi, bromi, ce-

ziumi, liTiumi, sufris marili, boris mJava, da sxva mravali). 

geoTermuli energiis ZiriTadi nakli aris is, rom namuSevari  wyali unda 

gadavtumboT miwisqveSa horizontSi gasacxeleblad. meore nakli am energiisa 

aris Termuli wylebSi  maRali mineralizacia, wyalSi arsebuli toqsikuri Se-

naerTebi da metalebis arseboba. 

zemoT CamoTvlili naklovanebebis gaTvaliswinebiT geoTermuli energiis 

gamoyenebis SemTxvevaSi saWiro xdeba mniSvnelovani kapitaluri danaxarjebis 

gaReba WaburRilisaTvis.  aseve unda Seiqmnas koroziulad mdgradi Tboteqniku-

ri mowyobiloba. 

axali teqnologiebis  danergviT sul ufro naklebi danaxarjebiT SeiZle-

ba burRviTi samuSaoebis Sesruleba, geoTermuli wylebis gawmenda toqsikuri 

SenaerTebisa da metalebisagan. aseve ukanaskneli gaangariSebebi gvaZlevs imis 

Tqmis uflebas, rom eleqtroenergia miRebuli iqnas 800C-ze dabal temperatu-

ris mqone wylisa da orთqlis narevisagan. amitom im qveynebSi, sadac geoTermu-

li potenciali didia, mosalodnelia geoTes-is simZlavre umokles droSi ga-

ormagdes[2,3]. 

     msoflio asociaciis eqspertTa jgufma, romelic swavlobs geoTermuli 

energiis sakiTxebs gaakeTa Sefaseba dabali da maRali temperaturis geoTermu-

li energiis Sesaxeb. Cven planetaze arsebul sxvadasxva tipis geoTermuli 

wylis potencialis monacemebi mocemulia #2 cxrilSi. 

# 2 cxrili. 
Ddasaxeleba geoTermuli wyaros tipi 

el. energiis warmoebisaTvis maRali tem-
peraturis geoTermuli energia t j/ we-

li  kontinenti 
tradiciuli teqno-

logi 
tradiciuli da bi-
naruli teqnologia 

dabali temperatu-
ris geoTermuli 

energia siTbos sa-
xiT. t j/weli (qve-

da sazRvari) 
evropa 1830 3700 >370 
azia 2970 5900 >320 

afrika 1220 2400 >240 
Cr. amerika 1330 2700 >120 

laT. amerika 2800 5600 >240 
okeaneTi 1050 2100 >110 

msoflio potencia-
li 

11200 22400 >1400 

 
     rogorc cxrilidan Cans geoTermuli wyaroebis potenciali ubralod kolo-

saluria. magram misi gamoyeneba xdeba Zalian umniSvnelod. geoTes-is dadgmuli 

simZlavre mTel msoflioSi 1990 wels iyo 5000, xolo 2000 wlisTvis daaxloe-

biT 6000 mgvt. exla geoTermul eleqtroenergetika viTardeba daCqarebuli tem-

piT, radgan navTobisa da airis fasebi sakmaod didia da msoflios mraval qve-

yanaSi arsebobs samTavrobo programebi, romlebic mxars uWers geoTermuli 

enegrgetikis swrafi tempiT ganviTarebas. 

avRniSnavT, rom geoTermuli resursebi moZiebulia 80 qveyanaSi da aqedan 

58-Si aqtiurad gamoiyenes. geoTermuli energiis erT-erTi msxvili, warmatebuli 

aqtiuri mwarmoebelia amerikis SeerTebuli Statebi . amerikis SeerTebul Sta-
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tebSi 2005 wels geoTes-Si gamomuSavebuli iqna 16 miliardi kvt eleqtroener-

gia. safranciskosgan 100 km -iT CrdiloeTiT aris 1360 mgvt. dadgmuli simZlav-

ris sadguri, marialiani zRvis CrdiloeT nawilSi centralur kaliforniaSi 

570 mgvt dadgmuli simZlavris sadguri da a.S. geoTermuli eleqtroenergetika 

aseve warmatebiT viTardeba sxva qveynebSic. ase magaliTad:  filipinebSi  2003 

wels  geoTes-is  dadgmuli  simZlavre 1930 mgvt-s Seadgenda, rac qveynis eleq-

roenergiaze moxmarebis 27% faravda. italiaSi 2003 wels muSaobda geoTermuli 

eleqtrodanadgarebi, romelTa saerTo simZalvre 790 mgvt-i iyo. 

keniaSi geoTes-is simZalvre 2005 wels 160 mgvt-s Seadgenda da SemuSavebu-

li iqna gegma, rom es simZlavre 576 mgvt-ze aiyvanon. 

ruseTi flobs ara marto organuli saTbobis did marags, aramed mas geo-

Termuli resursebis iseTi maragic aqvs, rom am ukanasknelis energia sakamod 

aRemateba organuli saTbobis mTel potencials. ruseTSi dedamiwis siTbos ga-

moyenebam Tbomomaragebis mTlian balansSi SeiZleba miaRwios 10 %-mde. ruseTis 

mTel teritoriaze ganlagebulia 66 geoTermuli sabado, sadac Termuli wyle-

bis warmadoba metia  240000 m3/dRe-RameSi,  xolo orTqlwarmadoba 105000 m3/dRe-

RameSi. gaburRulia 4000-ze meti WaburRili, raTa gamoyenebuli iqnas iq arsebu-

li geoTermuli resursebi. 

dResdReobiT 50-ze meti samecniero organizacia swavlobs dedamiwis siT-

bos gamoyenebis sakiTxs marto ruseTSi. radgan Zalian mniSvnelovania Termuli 

energiis maqsimaluri gamoyeneba misi kompleqsuri gamoyenebis gziT. mTel rig 

SemTxvevebSi moxmarebis Semdeg Termuli wylebi 50-700C temperaturiT iRvreba.  

mxolod mTeli potencialis 1/5-is gamoyeneba xdeba sasargeblod. 

saqarTveloSi geoTermuli wylebi cnobilia uZvelesi droidan da sauku-

neebis manZilze maTi gamoyeneba xdeboda abanoebsa da samkurnalo-balneologi-

ur dawesebulebebSi. Tanamedrove etapze hidrologiuri gamokvlevebis safuZ-

velze saqarTvelos geoTermuli resursebis 50-100 C0
 temperaturiT Sefasebu-

lia 220-260 mln m 3 weliwadSi, rac potenciurad Seesabameba 1,8-2,3 mlrd tps-

s.ZiriTadi Termuli wylebis  Semcveli horizontebi, romlebic respublikis me-

urneobis obieqtebis geoTermuli Tbomomaragebis saresurso bazas warmoadgens, 

ganlagebulia qveda carcis(dasavleT saqarTveloSi) da eocen-paleocenis nale-

qebSi(aRmosavleT saqarTveloSi) [3]. 

Sps ,,saqburRgeoTermiis“ mier wina wlebSi Catarebuli saZiebo burRviTi 

samuSaoebis Sedegad gamovlenili geoTermuli wylebis sabadoebi ganlagebu-

lia: TbilisSi, sadac 7 WaburRilis saerTo debiti Seadgens 3760 m/dR-s, tempe-

ratura-56-70 C0
-s. sabados eqspluatacia mimdinareobs 1973 wlidan. amJamad saba-

dos eqspluatacia  grZeldeba, geoTermuli wylebi miewodeba mosaxleobas da 

abanoebs cxelwyalmomaragebis mizniT, ris Sedegadac yovelwliurad mniSvne-

lovnad izogeba 14,2 aTasi tps da 1,5 mln m 3  sasmeli wyali;  

zugdid-caiSis geoTermuli wylebis sabadoze 18 WaburRilia. maTi saerTo 

debitia 36800 m 3 /dR, temperatura- 82-90 C0
. geoTermuli wyali miewodeba q. zug-

didis komunalur meurneobas cxelwyal momaragebisaTvis, sasoflo-sameurneo 

obieqtebs, caiSis balneologiur kurorts.    

arsebuli sabadoebis jamuri debiti Seadgens 82500 m 3 /dR -s an 30 mln m 3 /w-
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s, rac am resursebis efeqtiani gamoyenebis SemTxvevaSi Seesabameba weliwadSi 

240 aTas tps-is dazogvas. saqarTvelos saTbob-energetikuli balansSi geoTer-

muli energiis xvedriTi wili 1990 wlisaTvis 0,5% iyo, magram zemoT aRniSnuli 

geoTermuli wylebis kompleqsurad gamoyenebis SemTxvevaSi SesaZlebelia es 

maCvenebeli gaizardos: 2015 wlisaTvis 1,7%-iT, 2020 wlisaTvis 2,3%-iT da 2015 

wlisaTvis ki 3,5% -iT [3]. sailustracioT ganvixiloT zugdidi-caiSis geoTer-

muli sabados eqspluataciis optimizaciis sakiTxebi. 

bolo wlebSi aqtulurad viTardeba geoTermuli sistemebiT Tbomomarage-

ba Tburi tumbobebis gamoyenebiT. daaxloebiT 58% geoTermuli Tburi sisteme-

bis simZlavrisa modis sistemebze Tburi tumboebiT. saerTo dadgmuli simZlav-

re Tburi tumboebiT momuSave sistemebisa Seadgens 15723 mgvt-s. es teqnologiebi 

gansakuTrebiT ganviTarebulia aSS, germaniasa da kanadaSi. islandiaSi ekonomi-

kis gadasvlam geoTermul resursebze qveyana Zalian ganaviTara da cxovrebis 

donec Zalian amaRlda. islandiaSi Tbomomaragebis 87%-ze meti xorcieldeba 

geoTermuli siTboTi da am ricxvis uaxloes momavalSi 92 %-mde gazrdaa nagu-

lisxmevi. Mmsxvili proeqtis warmatebiT ganxorcielebis magaliTia q. reikavikis 

Tbomomaragebis gadayvana geoTermul saTbobze, romelmac uzrunvelyo qalaqSi 

siTbos moxmarebis 99 %-i. aRniSnuli sistema moixmars 2348 l/sT. geoTermul  

cxel wyals, romlis temperatura 860C-1270C- mdea( nax.1).   

 
naxazi 1. q. reikavikis Tbomomaragebis organizaciis principuli sqema. 

1. geoTermuli WaburRili; 2. deaeratori;  3.satumbi sadguri;  
4. avariuli avzi; 5. saqvabe;6. siTbos momxarebeli; 7. damWirxni arxi; 

 
     dReisaTvis msoflios geoTermuli potencialis 3.5%-i gamoiyeneba eleq-

troenergiis gamosamuSaveblad da mxolod 0.2%-i siTbos misaRebad. geoTermuli 

resursebi temperaturis mixedviT gamoiyeneba eleqtroenergetikaSi, Tbofikacia-

Si, mrewvelobasa da soflis meurneobaSi. 

 
literatura. 
1. Конеченков А.Е.  Новые энергетические директивы ЕС //Электропанорама.- 2003. – № 6. 
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WORLD POTENTIAL OF GEOTHERMAL ENERGY AND PROSPECTS OF ITS USE. 
Pantskhava E. Mchedlidze K. 
Georgian Technical University 

Summary 
         The article discusses the perspectives of effective usage and development of geothermal waters. Experts group 
from the world association evaluate the statistics in regards to iow and nigh levels of geothermal energy. The advisa-
bility of using the geothermal sources for complex heat-cool supplying of agriculture giving a considerable economy 
of fuel and improvement of ecological conditions of the environment are substantiated. 
 
 
 
 
Suqdioduri naTurebis konstruqcia da maTi gamoyenebis upiratesoba 

energodazogvis saqmeSi. 
 

qaTamaZe i., nakaSiZe v. 

akaki wereTlis saxelmwifo universiteti 
 

statiis Sinaarsi exeba ukanasknel wlebSi naxevargamtaruli Suqdiodebis bazaze 
damzadebul sanaT saSualebebs. maT upiratesobas sxva energodamzog naTurebTan Seda-
rebiT. naSromSi aRwerilia  Suqdioduri naTuris konstruqcia da TiToeuli misi Se-
madgeneli elementis daniSnuleba.  

 
 ukanaskneli aTwleulebi teqnikisa da teqnologiebis ganviTarebis arnaxu-

li tempiT aRiniSna. gansakuTrebuli Zvrebi moxda naxevargamtaruli teqnolo-

giebis mimarTulebiT. naxevargamtaruli xelsawyoebis ganviTarebam daaCqara 

progresi mrewvelobis uklebliv yvela dargSi. ramac energomomaragebaSi metad 

aqtualuri gaxada  energodazogvis, anu eleqtroenergiis ekonomiis sakiTxi. 

uaxloes periodSi eleqtroenergiis tarifis gazrdis gamo energodazogvis Te-

ma,  saxelmwifo struqturebisa da sazogadoebis met dainteresebas iwvevs.  am 

problemis nawilobrivi mogvarebis erT-erTi gza aris ganaTebis sistemaSi Tana-

medrove sanaTi saSualebebis danergva. 

ganaTebaze saerTo moxmarebuli eleqtroenergiis mniSvnelovani nawili mo-

dis, sadac jer kidev iyeneben naTurebs, romlebic miekuTvneba Zvel teqnologi-

ebs da naklebad energoefeqturia. es exeba, rogorc gare ganaTebas, aseve sa-

cxovrebeli saxlebisa da dawesebulebebis ganaTebas. ganaTebaSi Tanamedrove 

teqnologiebis gamoyeneba mniSvnelovnad Seamcirebs eleqtroenergiis xarjs da  

garemos ekologiur mdgomareobas gaaumjobesebs.  

mZlavri Suqdiodebis gamoCenam da maT safuZvelze teqnologiurad  daxve-

wili, saimedo sanaTebis damzadebiT, ukanasknel wlebSi ganaTebaSi axali era 

daiwyo. Suqdiodi sul ufro da ufro imkvidrebs damsaxurebulad Tavis ad-

gils yvela sferoSi. es aris sxvadasxva naxevargamtarebis safuZvelze gansa-

kuTrebuli teqnologiebis gamoyenebiT damzadebuli xelsawyo, romelic masSi 

denis gavlisas iwyebs naTebas. sinaTlis Suqdioduri wyaroebis mwarmoeblebma 

miaRwies mniSvnelovan warmatebebs, ramac ganapiroba Suqdioduri sanaTebis Zi-

riTadi upiratesobebi sxva naTurebTan SedarebiT:  xangrZlivi drois ganmavlo-

baSi (daaxloebiT 70 000 sT)  Suqteqnikuri maxasiaTeblebis SenarCuneba, eqsplu-

ataciaSi  umizezoba, miniaturoba, dabali moxmarebuli simZlavre, momwamlavi 

mdgenelebis arqona. Tanamedrove Suqdioduri sinaTlis gacema mWidrod miu-

axlovda 100 lm/vt niSnuls, rac saSualebas iZleva konkurencia gauwios iseT 
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mowinave sinaTlis wyaroebs, rogorebicaa kompaqturi luminescenciuri naTure-

bi, maRali da dabali wnevis natriumis naTurebi. 

Suqdiodi meqanikurad Zalian gamZle da saimedoa. Suqdioduri sanaTis kon-

struqcia, masala, simZlavre da elementuri Semadgenloba damokidebulia mis 

zomebze da eleqtrul simZlavreze. cnobili mwarmoeblebi did yuradRebas uT-

moben naTuris konstruqciis zust  gaangariSebas. radgan amazea damokidebuli  

misi muSaobis xangrZlivoba.  

  

 
nax.1. Suqdioduri naTuris konstruqcia. 

 
avRweroT tradiciuli „msxlis“ formis Suqdioduri naTuris konstruq-

cia, romlis cokoli aris E27 (nax.1) misi misi Semadgeneli elementebia:  

1. gamfantveli - met wilad warmoadgens naxevarsferos, romlis daniS nulebaa 

moaxdinos Suqdiodidan ufro did manZilze sinaTlis konis Tanabari  gaSla. 

varvara naTurisgan gansxvavebiT sinaTlis mocemuli nawili TiTqmis ar xur-

deba. mas amzadeben sxvadasxva mtkice  masalisagan, sxvadasxva saxis gamWvirva-

le, an naxevrad gamWvirvale plastikisgan, ris gamoc maT axasiaTebT maRali 

meqanikuri simtkice da vibromedegoba. 

2. mikrosqema anu Cipi - Suqdioduri naTuris umniSvnelovanesi Semadgeneli nawi-

lia.  naTuris konstruqciis, zomebisa da simZlavris  mixedviT mikrosqema Se-

iZleba iyos erTi an ramdenime aTeuli. Zalian mniSvnelovania misi maRali xa-

risxi, radgan erTic rom gamovides mwyobridan, naTura Sewyvets muSaobas.   

3. beWduri firi - rogorc wesi is mzaddeba aluminis Senadnobisgan da uz-

rnvelyofs siTbos efeqtur gadacemas Cipebidan radiatorisken. rac uzrnvel-

yofs Cipebis muSaobis optimalur temperaturul reJims. 

4. maqsimaluri temperaturis zona - ganawilebulia beWduri firis qveS Suqdio-

debTan erTad. es yvela Sudioduri naTuris konstruqciis Taviseburebaa, yve-

la sxva tipis  naTurebi siTbos gamoasxiveben gare ganaTebuli zedapiriT, 

xolo Suqdiodur naTuraSi simxurvale nawildeba naTuris SigniT, amitom mas 

Wirdeba gare radiatori gagrilebisTvis. 

5. radiatori - saWiroa imisTvis, rom moaxdinos  firidan  siTbos gacema (firis 

gagrileba), romelzedac ganlagebulia Suqdiodebi. Suqdioduri naTurebis 

radiators ufro xSirad amzadeben aluminis Senadnobebisgan da Sedgeba didi 

raodenobis firfitebisgan, raTa gaizardis siTbos gacemis farTobi. 

6. kondensatori - warmoadgens draiveris mniSvnelovan nawils da misi daniSnu-

lebaa pulsirebuli gamosasvleli Zabvis gagluveba. 
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7. draiveri - eleqtroteqnikuri mowyobilobaa, yvela Suqdioduri naTuris Sig-

niT aris da gankuTvnilia cvladi denis mudmivad gargaqmnisTvis. miniaturu-

li beWduri  firi Seicavs Zabvis stabilizators da diodur bogirs. uzrun-

velyofs Suqdiodebis kvebisTvis saWiro Zabvis gamarTvas, gagluvebas (gafil-

tvras) da stabilizacias.  

8. cokolis fuZe - misi daniSnulebaa korpusis dacva eleqtruli deniT garRve-

visgan. 

9. cokoli - metwilad mzaddeba nikeliT dafaruli TiTberisagan, rac uzrun-

velyofs saimedo kontaqts sanaTis budesTan da koroziisgan dacvas.  

Suqdioduri naTuris konstruqciis sirTule ganapirobebs, mis maRal fass, 

magram amis miuxedavad energodamzogi ganaTebis ganviTarebis programis CarCo-

ebSi, mosalodnelia qalaqebis ganaTebis saqmeSi Suqdioduri teqnologiebis 

mZafri ganviTareba, radgan Suqdiodebis safuZvelze   Seqmnil sanaTebs sxva sa-

xis sanaTebTan  SedarebiT aqvs minimaluri energomoxmareba da sxva upirateso-

bebi. 
 
literatura 
1. T.museliani, g.mTvareliSvili, i.qaTamaZe. Suqdioduri sanaTebi da maTi gamoyenebis 

perspeqtivebi quCis ganaTebisaTvis. Jur. `biznes-inJineringi~. #4, 2014w. gv.89-91. 
2. svetlix.ru/articles/led. 
 

LED LAMPS DESIGN AND THE ADVANTAGES OF THEIR USE IN ENERGY CONSERVATION  
Katamadze I.,  Nakashidze V. 

Akaki Tsereteli State University  
Summary 

 Increase of tariffs for electricity made even more topical the problem of the electric power saving. This 
problem can be resolved partially by introducing the high-tech LED lamps in the lighting system. The LED lamps 
are characterized by a complex design and high prices, but from the perspectives of energy efficiency and ecology, 
they hold a leading position in lighting systems.     
 

 

 
msoflioSi mcire hidroenergetikis ganviTarebis tendenciebi 

da perspeqtivebi 

 
kereseliZe T. 

saqarTvelos teqnikuri universiteti 
 

mcire hidroenergetikis ganviTarebas grZelvadiani ekonomikuri upiratesobebi ga-
aCnia, upirveles yovlisa, ara marto didi, aramed  mcire mdinareebis hidroenergiis po-
tencialis ufro efeqturi da mravalmiznobrivi gamoyenebis poziciidan. 

 

saerTaSoriso energetikuli saagentos (ses)-s prognozebiT 2007_2030 wleb-

Si didi simZlavris hes-ze, saSualod weliwadSi, eleqtroenergiis warmoebis 

zrda Seadgens 2%, 2030 wlisTvis ki energiis warmoeba maTze aRemateba 4380 

tvt.s. 

amasTan, eleqtroenergiis msoflio bazarze didi simZlavris hidro-

eleqtrosadgurebis wili Semcirdeba 16,5-dan 12,4%-de. 

msoflio hidroenergetikis ganviTarebis prognozuli scenarebi 2050-wlis-

Tvis winaswarmetyveleben hesebis dadgmuli simZlavris gazrdas 800 000 mgvt-dan 
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1700 000 mgvt.-mde. hidroenergetikis momavalze SeiZleba gavlena moaxdinon (po-

zitiuric da negatiuric) klimatis globalurma cvlilebebma, rac Sesabamisi 

kvlevebis Catarebas da saadaptacio zomebis miRebas moiTxovs. ukanasknel 

wlebSi msoflioSi mcire hidroenergetikis simZlavreebis zrdis tempebi Sead-

genda 7%, xolo mcire hidroenergetikaSi Cadebulma jamurma msoflio investi-

ciebma Seadgina daaxlovebiT $ 6 mlrd. [1] 

SveicariaSi mcire hes-ze eleqtroenergiis warmoebis wilma 8,3% miaRwia, 

espaneTSi _ 2,8%, SvedeTSi TiTqmis 3%  da avstriaSi _ 10%. mcire hes-ze generi-

rebuli simZlavreebis saerTo gamomuSavebis maCvenebliT lideruli poziciebi 

ukaviaT: CineTs, iaponias, aSS-s, italias da brazilias. 2010 wels msoflioSi 

mcire hesebze jamurma dadgmulma simZlavrem Seadgina 87 gvt. [2] 

cxrili 1. msoflioSi eleqtroenergiis warmoebaSi hidroenergetikis wili [3] 

elerqtoenergiis 
warmoeba (tvt/s) 

wili (%) zrdis tempi % energiis wyaro 
 

2012 w. 2030 w. 2012 წ 2030 წ 2012 წ -2030 წ 
didi simZlavr. 
hes-bi 

3756      5000 16.5 12.4 2 

mhes 252    800 1.4 2.2 4.0 

mcire hidroenergetikis ganviTarebas grZelvadiani ekonomikuri upirateso-

bebi gaaCnia, upirveles yovlisa, misi diversifikaciis SesaZleblobis, ara mar-

to didi, aramed  mcire mdinareebis hidroenergiis potencialis ufro efeqturi 

da mravalmiznobrivi gamoyenebis poziciidan. es mimdinareoba swrafad formir-

deba ganviTarebul da ganviTarebad qveyenbSi, gansakuTrebiT, soflis raioneb-

Si, energosistemebidan daSorebul adgilebSi.  mcire hidroenergetika Tavisu-

falia bevri naklisgan, romelic axasiaTebs didi simZlavris hesebs da aRiare-

bulia eleqtroenergiis miRebis ufro efeqtur da ekologiurad usafrTxo xer-

xad, miTumetes, mcire wyaldenebis gamoyenebisas.  

mhes-is upiretesobebia: 

-garemoze klimatis globaluri cvlilebis zemoqmedebis Serbileba C2 ga-
motyorcnisSemcirebis xarjze; 

-efeqturi teqnologiebi; 

-datborvis minimaluri  farTobebi da mSeneblobis  mcire vadebi; 

-adgilobrivi da regionaluri ganviTarebis xelSewyoba; 

-daxmareba mdinaris auzis momsaxureobaSi; 

-sasoflo dasaxlebuli punqtebisa da warmoebebis eleqtrifikacia; 

-investiciebis  anazRaurebis mcire vada. 

-bunebrivi landSaftis SenarCuneba. 

wiaRiseul sawvavze momuSave eleqtrosadgurebTan SedarebiT mcire hidro-

energetikis upiratesobebs SeiZleba  mivakuTvnoT: eleqtroenergiis dabali 

TviTRirebuleba da saeqspluatacio danaxarjebi, aRWurvilobis SedarebiT iafi 

da swrafi Secvla, hes-is ufro xangrZlivi eqspluataciis vada (100 wlamde) 

wylis resursebis kompleqsuri gamoyeneba (eleqtroenergetika, wyalmomarageba, 

melioracia, wylis dacva, TevzsaSeni meurneoba).  

dRes ar arsebobs yvela qveynisTvis zogadad miRebuli mcire hidroeleq-

trosadguris ganmarteba. magram bevr qveynebSi aseTi hes-is ZiriTad maxasiaTeb-

lad miRebulia misi dadgmuli simZlavre. mcire hes-s, rogorc wesi, miekuTvneba 

hes-i 10 mgvt-de simZlavriT (zogierT qveynebSi 50 mvt-de). 
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 mcire hes (1-10 mgvt) sainvesticio danaxarjebi sxvadasxva monacemebiT gan-

viTarebul qveynebSi Sefasebulia  $2000-dan $7500-de dadgmuli simZlavris 1 

kvt-ze da saSualod  Seadgina  $4500  1 kvt-ze. [1] 

hidroenergetikis eqspluataciis da teqnikuri momsaxureobis danaxarjebi 

Seadgens  sainvesticio Rirebulebis 1.5-dan 2.5%-de  weliwadSi. Sedegad, didi 

simZlavris hes-sTvis generaciis saerTo Rirebulebam SeiZleba Seadginos $40-

dan  $110-mde  1 kvt-ze (saSualod $80) da mcire hes-sTvis $45-dan $120-mde 1 kvt-

ze (saSualod $85). mcire hidroenergetikis teqnikur-ekonomikuri da prognozu-

li maCveneblebi moyvanilia cxrilSi 2. 

CineTSi mcire hesebs miekuTvnebian 50 mvt-de simZlavris hesebi  isini mniS-

vnelovan rols TamaSoben sasoflo raionebis eleqtroenergiiT uzrunvelyofa-

Si: 90 aTasi  mcire hidro nagebobebi gamoimuSaveben 150 mlrd kvt.sT eleqtroe-

nergias  500 mln soflis macxovreblebisTvis. mcire energetikis gafarTovebis 

gegmebis kvals Tu gavyvebiT, momdevno wlebSi  CineTi ganaxorcielebs mis gan-

saviTareblad $16,5 mlrd investirebas. Sedegad mazrebis raodenoba, romlebSic 

aseTi obieqtebi aSendeba gaizrdeba 300-dan 782-de.  

hidroenergetikis ganviTarebas mniSvnelovan yuradRebas sxva qveynebic aq-

ceven. 

cxrili 2. mcire hidroenergetikis teqnikur-ekonomikuri da prognozuli maCve-

neblebi 

teqnikuri maCveneblebi hes-is tipebis saerTaSoriso gansazRvra 

hes-is kategoriebi 
mikrohes 
(1 mvt-mde) 

mhes 
(1-10 mvt-

mde) 

sxva hes-bi 
(>10 mvt) 

hidroturbinebis mqk   (%) 92-de 92-de 92-de 
mSeneblobis vadebi (Tve) 6-10 10-18 18-96 

eqspluataciis SesaZlo vada (weli) 100-de 
dadgmuli simZlavris gamoyenebis koeficien-
ti (%)               

40-60 (50) 
 

35-55 (45) 
 

35-55 (45) 
 

garemoze zemoqmedeba 
CO2-is da sxva saTburebis airebis gamotyor-
cna (kg/mvt.s) 

ar gaaCnia 

hes-is mSeneblobis xarjebi (2008 w-is fasebSi, $) 
sainvesticio Rirebuleba, 
samSeneblo samuSaoebis 
xarjebis gaTvaliswinebiT ($/kvt) 

2500-10000 
(5000)   

2000-7.500  
(4500)   

1750-6250 
(4000)  

eqspluataciis da momsaxureobis  
xarjebi (fiqsirebuli da cvalebadi) ($/kvt) 

50-90 (75) 45-85 (65) 35-85 (60) 

momsaxureobis ekonomikuri  
vada (weli) 

30 

warmoebuli eleqtroenergiis                  
saerTo Rirebuleba ($/mgvt.sT) 55-185 (90) 45-120 (85) 40-110 (80) 

prognozis periodi                            2010 w. 2020 w. 2030 w. 
sainvesticio Rirebuliba,                      
samSeneblo samuSaoebis xarjebis  
gaTvaliswinebiT ($/kvt)                        

5000  
4500  
(4000) 

4500 4000 
(3600) 

4000   (3600) 

warmoebuli eleqtroenergiis                
saerTo Rirebuleba ($/mgvt.sT) 

90   87   85 
87   85    

80 
73     70 

hes-s eleqtroenergiis wili                   
saerTo eleqtroenergetikul bazarze (%) 16-17 18-20 20-21 
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2012 wels italiaSi mhes-is simZlavrea saerTo simZlavreSi - 21%, 17% _ 

safrangeTSi, 16% _ espaneTSi, 2% _ poloneTSi da CexeTSi. 

mcire hidroeleqtrosadgurebis  danaxarjebi maTi  proeqtirebisas da mSe-

neblobis procesSi xandaxan aRemateba didi  hes-is erTeulebis xarjebs. amas-

Tan, sxvadasxva mcire hidrokvanZebis proeqtirebisa da mSeneblobis gamocdile-

ba iZleva xvedriTi Rirebulebis mniSvnelovan Semcirebis saSualebas. evrokav-

Siris qveynebSi afarToveben mcire mdinareebis hidroenergetikuli resursebis 

gamoyenebas zemoT aRniSnuli faqtorebis gaTvaliswinebiT. 

 naxazi 1. mhes-is jamuri simZlavreebi msoflios qveynebSi [4] 

 
cxrili 3. mhes-is ganviTarebis mizanSewonilobis SedarebiTi maxasiaTeblebi 

faqtorebi upiratesobebi 
ekonomikuri 
 
 
 
 
 
 
 
 
 
 

- gamomuSavebuli eleqrtoenergiis TviTRirebuleba   2-2.5 jer daba-
lia, vidre did hesebze; 
- ar iTxovs kaSxlebis mSeneblobas da datborvis did farTobebs; 
- ar axdens nayofieri miwebis amoRebas sameurneo brunvisgan; 
- momxmarebelTan siaxlove; da   
- ar saWiroebs ZviradRirebuli egx-is gayvanis aucileblobas Sor 
manZilze 
 - mosaxleobis, mcire da saSualo biznesis saxsrebis mozidvis Se-
saZlebloba; 
- qmnis axali teritoriebis aTvisebis damatebiT saSualebebs; 
- eleqtroenergiis miRebis ufro mcire vadebi. 

teqnikuri da 
teqnologiu-
ri 
 

- ar iTxovs didi tvirTamweobis  teqnikis gamoyenebas, gzebis aSene-
bas teqnikis transportirebisTvis da kaSxlebis asaSeneblad saWiro 
masalebisTvis da a. S; 
- eqspluataciis reJimebis regulirebis simartive; 
- mSeneblobisas mcire simZlavris mqone 
satransporto saSualebebis gamoyenebis 
SesaZlebloba. 

ekologiuri 
 
 
 
 

- datborvis zonebis ar arseboba da bunebrivi miwis nakveTebis Se-
narCuneba (eroziis da damlaSebis gareSe), tyeebis, floris da fau-
nis: 
- ekologiuri wonasworobis SenarCuneba; 
- komunaluri saWiroebisTvis da morwyvisTvis miwodebuli wylis xa-
risxis SenarCuneba. 

socialuri - ZiriTadi komunikaciebisgan daSorebuli dasaxlebebis eleqtrifika-
cia; 
- axali samuSao adgilebis Seqmna da adgilobrivi  muSa Zalis mo-
zidva axli warmoebebis asaTviseblad da moqmedebis  ufro efeqtu-
rad gamosayeneblad; 
- mosaxleobis socialur-yofiTi pirobebebis gaumjobeseba. 
- mcire biznesis ganviTareba. 
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mcire hidroenergetikis ganviTarebis tempebi da masStabebi  Sesabamisi teq-

nologiebis arsebobaze da xarisxzea damokidebuli, da saboloo jamSi, miRebu-

li eleqtroenergiis TviTRirebulebaze. swored am upiratesobebis gamo saqar-

TveloSi daCqarebuli tempebiT unda ganviTardes mcire hidroenergetika. saqar-

TveloSi dReisaTvis energosistemasTan mierTebulia da eqspluataciaSi imyofe-

ba ormocamde mcire hesi. maTi jamuri dadgmuli simZlavre daaxloebiT 90 mega-

vats, xolo eleqtroenergiis wliuri saproeqto gamomuSaveba 400 mln. kvtsT-s, 

faqtiuri ki daaxloebiT 300 mln. kvtsT-s Seadgens. mcire hesebis wili energo-

sistemaSi momuSave eleqtrosadgurebis simZlavreSi 1.9%-s, xolo eleqtroener-

giis gamomuSavebaSi 3.2%-s Seadgens. igive maCveneblebi hesebTan mimarTebaSi Se-

sabamisad 3.3 da 3.5%-ia. es ki imaze miuTiTebs, rom bazisuri simZlavreebiTa da 

eleqtroenergiT deficitur saqarTvelos energosistemaSi yvelaze efeqturad 

swored mcire hesebi muSaoben. 

 
literatura 

1. dargis mimoxilvis masalebis mixedviT:  № 14 ЕБРР,  «Современное состояние и перспективы     
развития малой гидроэнергетики в странах СНГ» 
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3. wyaro: WEO, 2012 
4. wyaro: REN21, 2008. 
 

SMALL HYDROPOWER DEVELOPMENT TRENDS AND PROSPECTS WORLDWIDE 
Kereselidze T. 

Georgian Technical University 
Summary 

Small scale hydropower is free of many negative aspects which are characteristics of  large hydropower 
plants  and it is considered as an effective and ecologically reliable option of receiving electricity, especially when 
dealing with water pipes.  

Accordingly, it would be reasonable to promote to the development of renewable sources of energy, especi-
ally it is important to enhance the development of  small scale hydropower stations , which should be reflected into 
relevant Laws. 
 

 

 
   
imereTis regionSi geoTermuli wylebis gamoyenebis perspeqtivebi 

 
Jordania i., veziriSvili-nozaZe q., mirianaSvili n., gZeliSvili n., xaTaSvili v., 

baxtaZe v., loria m. jixvaZe m. 

saqarTvelos teqnikuri universiteti 

 
SemoTavazebulia da damuSavebulia geoTermuli TbosiciviT momaragebis energo-

damzogi kompleqsuri sistemebis gamoyenebis perspeqtivebi imereTis regionis erovnuli 
meurneobis sxvadasxva dargisaTvis. 

naCvenebia, rom imereTis regionis geoTermuli wylebis Tburi potenciali SesaZle-
belia gamoyenebul iqnes sasoflo-sameurneo obieqtebis, samrewvelo sawarmoebisa da 
dasaxlebuli punqtebis TbomomaragebisaTvis. 
 

qveynis sakuTari saTbobi resursebis simwiris gamo gansakuTrebuli mniS-

vneloba eniWeba Tburi energiis axali wyaroebis gamovlenas. am TvalsazrisiT 

friad mniSvnelovania Sefasebul iqnes maRaltemperaturuli Termuli wylebis 

Tburi potenciali.  
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sadReisod, Sps ”saqburgeoTermiis” mier imereTis regionSi gamovlenilia 

Termuli wylebi, kerZod: q.quTaisis raionSi, xonSi, samtrediaSi, wyaltuboSi, 

vanSi, TerjolaSi, xaragaulsa da saCxereSi. imereTis geoTermuli wylebis Zi-

riTadi auzebis maxasiaTeblebi moyvanilia cxrilSi 1. 

dRemde imereTSi Termul wylebs iRebdnen 2000-3000 m siRrmidan. siRrmiTi 

burRvis ganviTarebasTan erTad, 3500-4000m-dan, unda velodoT maRaltemperatu-

ruli Termuli wylebis mniSvnelovan zrdas. 

qimiuri Semadgenlobis mixedviT imereTis regionSi arsebuli Termuli 

wylebi miekuTvnebian sulfatur-qloridul-kalciumisa da hidrokarbonatul-

natriumis tipebs [3]. 

cxrili 1 

imereTis geoTermuli wylebis ZiriTadi auzebis maxasiaTeblebi 

� 
auzis dasaxe-

leba 

auzis 
farTobi, 

km2 

Termuli wylis progno-
zuli debiti, 
103 m3/dR.-Ram. 

damtkicebuli 
maragebi 

103 m3/dR.-Ram. 

Termuli 
wylis temp-

ra, C 
1. quTaisi 2000 20 12 45 
2. wyaltubo 1650 30 22 37 
3. vani 1540 25 19 27 
4. xoni 1230 15 11 52 

5. samtredia 1100 20 7 60 

6. Terjola 750 8 5 43 
7. xaragauli 1350 18 11 57 
8. saCxere 1115 9 5 39 

airadi Semadgenlobis mixedviT am regionis Termuli wylebi ZiriTadad 

azoturia, azotur-meTanuria da meTanuria. zogan, mcire raodenobiT vlindeba 

agreTve naxSirorJangi. regionis Termuli wylebi Seicaven agreTve mikrokompo-

nentebs: iods, broms, bors da sxv., romlebic temperaturasTan, airad Semadgen-

lobasTan da mcire radioaqtiurobasTan erTad gansazRvraven maT samkurnalo 

xasiaTs (magaliTad: wyaltubo da samtredia). mTlianobaSi, imereTis Termuli 

wylebi xasiaTdebian dabali mineralizaciiT. saqarTvelos mecnierebaTa akademi-

is hidrogeologiisa da sainJinro-geologiis seqtoris monacemebiT, Termuli 

wylebi, romelTa mineralizacia naklebia 1 g/l-ze, Seadgens regionis Termuli 

wyaroebis naxevarze mets, rac aadvilebs maT praqtikul gamoyenebas. umeteswi-

lad, maTi saerTo mineralizaciis xarisxi meryeobs 0,4-2,2 g/l farglebSi. 

amasTan, unda aRiniSnos, rom marTalia regionSi arsebuli Termuli wyle-

bis umetesoba ar xasiaTdeba maRali mineralizaciiT da gazSemcvelobiT, magram 

samagierod isini Seicaven aqtiur elementebs, rac iwvevs milsadenebis Siga ze-

dapirebze marilebis daleqvas da maT korozias. yovelive es ki uaryofiT gav-

lenas axdens sacirkulacio sistemis hidravlikur da Tbur reJimebze. imereTis 

regionSi arsebuli Termuli wylebis samrewvelo aTvisebisaTvis aucilebelia, 

rom farTod iqnes gamoyenebuli wylis darbilebis amJamad arsebuli meTodebi, 

an damuSavdes maTi gawmendis ufro efeqturi xerxebi. 

2014 wlis monacemebis mixedviT imereTis regionSi moxmarebuli Termuli 

wylebis 60% modis komunalur saWiroebebze – gaTbobasa da cxeli wyalmo-

maragebaze, mrewvelobaze da soflis meurneobaze modis Sesabamisad – 15% da 

25%. Termuli wylebis saerTo Tburi potenciali, misi arc Tu didi moxmarebis 

pirobebSi, daaxloebiT Seadgens 426 aTas gkal/wl-Si, rac weliwadSi 105 aTasi 

t.p.s.-is moxmarebis eqvivalenturia. 

 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  117

geoTermuli wylebis gamoyenebis problemebi 

imereTis regionSi Termuli wylebis gamoyenebis sferoebis gafarToeba Zi-

riTadad Seferxebulia sabadoebis espluataciisa da am wylebis resursebis 

efeqturad moxmarebis sakiTxebis arasrulyofili Seswavlis gamo. magaliTad: 

didi sabadoebis umetesobis eqspluatacia mimdinareobs erTeuli saZiebo Wabur-

RilebiT; arc erT eqspluatirebul sabadoze ar tardeba am resursebis gamo-

fitvisagan dacvis RonisZiebebi; bevr SemTxvevaSi 40C-iani Termuli wyali iR-

vreba wyalsacavebSi, rac iwvevs zedapiruli wylebis Tbur gabinZurebas [2,3]. 

bolo periodSi soflis meurnebis sxvadasxva dargSi SeiniSneba Termuli 

wylebis gamoyenebis gaumjobesebis tendencia. Sesabamisi gaangariSebebidan Cans, 

rom samtrediaSi marto amJamad arsebuli WaburRilebis bazaze SesaZlebelia 

Seiqmnas 10 aTas toniani tevadobis xilisa da bostneulis sacavi, Tumca Termu-

li wylebis ZiriTad momxmareblebad soflis meurneobaSi mainc rCebian mefrin-

veleobis fabrikebi, saTevze meurneobebi, kvebis produqtebis pirveladi gadamu-

Savebis sawarmoebi da sxv. 

Termuli wylebis gamoyenebis efeqturoba damokidebulia ramodenime faq-

torze. esenia: teqnikuri, ekonomikuri da ekologiuri. teqnikuri faqtorebia – 

Tburi energiis maqsimaluri arTmeva sxvadasxva saxis momxmareblebisa da Tbo-

momaragebis sqemebis gamoyenebiT, agreTve arsebuli WaburRilebis racionaluri 

gamoyeneba da axali WaburRilebis aTviseba. ekonomikuri faqtorebia – WaburRi-

lebis burRvis Rirebuleba, TbosiciviT momaragebis sistemebze ganxorcielebu-

li investiciebi, regionis ekonomikis ganviTarebis specifika da misi saerTo 

energetikuli maxasiaTeblebi. ekologiuri faqtorebia – garemos Tburi gabinZu-

reba, romlis Tavidan acilebis mizniT aucilebelia namuSevari Termuli wyle-

bis reinJeqciis sakiTxebis damuSaveba da gadawyveta. 

amJamad, samtrediis, wyaltubosa da vanis maRaldebitian geoTermul Wabur-

Rilebs SesaZlebelia daematos ramodenime perspeqtiuli WaburRili, Tumca mom-

xmareblebis simciris gamo faqtiurad gamoiyeneba arsebuli resursebis mxo-

lod 50%. garda amisa, aris bevri umoqmedo WaburRili, romelTa samrewvelo 

aTvisebas jer-jerobiT ver xerxdeba. 

 geoTermuli wylebis gamoyenebis perspeqtivebi 

perspeqtivaSi imereTis geoTermuli wylebis Tburi potenciali SesaZle-

belia gamoyenebul iqnes sasoflo-sameurneo obieqtebis, samrewvelo sawarmoe-

bis da dasaxlebuli punqtebis TbomomaragebisaTvis. 

“saqburgeoTermiis” mier gansazRvrulia imereTSi 2015-2025 wlebSi geo-

Termuli Tbomomaragebis ganviTarebis masStabebi (cxrili 2). 

geoTermuli potencialis srulad aTvisebis mizniT aucilebelia gadawy-

des namuSevari Termuli wylebis reinJeqciis, WaburRilebis ufro siRrmuli 

aTvisebisa da maTi eqspluataciis saaTebis ricxvis gazrdis sakiTxebi. geoTer-

muli wylebis gamoyeneba unda xorcieldebodes maTi Tburi potencialis, ag-

reTve qimiuri da airadi Semadgenlobis gaTvaliswinebiT da koroziul argesi-

ulobaze gamocdebis Sedegebis mixedviT. 

Termuli wylebis racionaluri da kompleqsuri gamoyenebis mიzniT auci-

lebelia, rom SemuSavdes WaburRilebTan axlos saTburebis, mefrinveleobis 

fermebis, xorblis, xilisa da bostneulis saSrobebis, komunaluri da adgi-

lobrivi samrewvelo sawarmoebis Seqmnis RonisZiebebi. meTevzeobis ganviTarebis 

mizniT namuSevari Termuli wylebis bazaze mizanSewonilia didi wyalsatevebis 

Seqmna.  
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                                               cxrili 2  

imereTis regionSi 2015-2025 wlebSi geoTermuli Tbomomaragebis gamoyenebis per-

speqtivebi 

maxasiaTeblebi 2015 2020 2025 
simZlavre, 
103 gkal/sT 

0,7 0,85 1,21 

gamomuSavebuli Tburi energia, 
106 gkal/wl 

4,4 5,2 6,3 

organuli saTbobis ekonomia, 
103 t.p.s./wl 

430 550 600 

mizanSewonilia agreTve maRaltemperaturuli (t=50100C) Termuli wylebis 

gamoyeneba Semdgomi gadaxurebis meTodis safuZvelze TboeleqtrosadgurSi 

eleqtroenergiis misaRebad. 

 geoTermuli wylebis gamoyenebis ekologiuri aspeqtebi 

imereTSi “saqburgeoTermiis” garda, Termuli wylebis eqspluatacias ewevi-

an agreTve sxva araspecializebuli uwyebebic. ukontrolo eqspluataciam ki Se-

saZlebelia gamoiwvios sabadoebis gamofitva da garemos mkveTri gabinZureba. 

regionis Termuli wylebidan zogierTi auzis wyali gamoirCeva maRali ag-

resiulobiT. Tbomomaragebis sistemebSi aseTi wylebis gamoyenebisas liTonis 

milebis Siga kedlebze, ventilebze da Camketebze warmoiqmneba didi odenobis 

danaleqebi, rac iwvevs mTeli sistemis dazianebas. amrigad, marilebis danaleqe-

bisa da koroziis problemebis gadawyvetas didi praqtikuli mniSvneloba aqvs 

geoTermuli resursebis gamoyenebisas. 

saqarTveloSi damuSavebulia da praqtikaSi danergilia koagulanti, rom-

lis gamoyenebiTac (dasamuSavebeli wylis masis 0,3-0,5% odenobiT) SesaZlebelia 

maRali sixistis wylis TiTqmis sruli darbileba, misi dezaqtivacia (gawmenda 

radiumisagan da radonisagan) da amis Sedegad Tbomomaragebis sistemebis koro-

ziis Tavidan acileba. koagulantis gamoyenebis teqnologia moicavs – mis Seyva-

nas dasamuSavebel Termul wyalSi, arevas da daleqvas. Sesabamisi filtris gav-

lis Semdeg damuSavebuli Termuli wyali miewodeba momxmarebels. es meTodi 

iZleva arsebiT ekonomikur efeqts. ase magaliTad, Tu 1 tona geoTermuli 

wylis darbileba sxva cnobili meTodebiT jdeba 4$, am meTodis gamoyenebiT 

Rirs – 1,5$. aRwerili meTodi danergilia da warmatebiT gamoiyeneba samtrediis 

erT-erT sasaTbure kombinatSi [1,2]. 

namuSevari Termuli wylebis CaRvra Ria wyalsacavebSi (mdinareebi, tbebi 

da a.S.) mavnebelia da akrZalulia garemos dacvis wesebis mixedviT. am SemTxve-

vaSi yvelaze did safrTxes warmoadgens is namuSevari wylebi, romlebSic feno-

lebis odenoba aRemateba 0,001 mg/l-ze. Termuli wylebis fenolebisagan gawmen-

dis amJamad arsebuli meTodebi ekonomikuri TvalsazrisiT miuRebelia.  

qarTveli specialistebis mier damuSavebulia specialuri aparati-aerato-

ri, romelic efeqturad gamoiyeneba Termuli wylebis fenolebisagan gawmendi-

sas.  

geoTermuli wylebi, romelTa mineralizacia ar aRemateba 10 g/l-ze da pa-

suxoben sasmeli wylis moTxovnebs, Tbomomaragebis sqemebSi SesaZlebelia gamo-

yenebul iyos uSualod pirvel konturSi. Tu geoTermuli wylebi ar pasuxoben 

zemoT CamoTvlil moTxovnebs, magram amasTan floben did Tbur potencials, ma-

Sin maTi gamoyeneba Tbomomaragebis sistemebSi SesaZlebelia Sualeduri kontu-

ris saSualebiT. 

amrigad, imereTis regionis geoTermuli resursebis Seswavlisa da gamo-
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yenebis ZiriTadi mimarTulebebia:  

– imereTis ekonomikaSi geoTermuli wylebis kompleqsuri da racionaluri 

gamoyenebis generaluri gegmisa da programis damuSaveba;  

– maRaltemperaturuli (100C-ze meti) Termuli wylebis gamovlenis mizniT 

perspeqtiul ubnebze saZiebo samuSaoebis gafarToeba da siRrmuli burRvis 

(3500-4000m) intensiurad gamoyeneba;  

– garemodacviTi RonisZiebebis ganxorcieleba. 

 
literatura 
1. veziriSvili-nozaZe q., mirianaSvili n., gedevaniSvili T. sorbentis xsnarsa da haeris 

nakads Soris Tbomasagadacemis procesis gamokvleva//inteleqti. Tbilisi, 2009. 
#2(34), gv. 60-62. 

2. veziriSvili-nozaZe q., mirianaSvili n., gedevaniSvili T. meurneobis sxvadasxva dar-
gis TbosiciviT momaragebis axali kompleqsuri sistemebis damuSaveba geoTermuli 
energiis gamoyenebiT//energia. Tbilisi, 2010. #1(53), gv. 36-43. 

3. veziriSvili-nozaZe q., mirianaSvili n., gedevaniSvili T. sayofacxovrebo-komunaluri 
seqtoris TbosiciviT momarageba geoTermuli wylebis bazaze//energia. Tbilisi, 2010. 
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PROSPECTS FOR THE USE OF GEOTHERMAL WATERS IN IMERETI REGION. 

Q Zhordania I., Vezirishvili-Nozadze K., Mirianashvili N., Grdzelishvili N., Khatashvili V., Bakhtadze V.,  
Loria M., Jikhvadze M.,  

Georgian Technical University. 
Summary 

Prospects for the use of energy-saving complex systems of geothermal heat - and cold supply for different 
sectors of a national economy of Imereti region are offered and developed. 

It is shown, that in the long term the thermal potential of geothermal waters of Imereti region can be used for 
a heat supply of agriculture objects, industrial enterprises and settlements.  
  
 
 
 

wyalbadi - momavlis energetikuli resursi 
 

kublaSvili g. 

akaki wereTlis saxelmwifo universiteti 
 

msoflioSi gazrdilia interesi ganaxlebadi da aratradiciuli enrgiis wyaroe-
bis miRebisa da gamoyenebis teqnologiebis mimarT. dResdReobiT bevr ganviTarebul qve-
yanaSi wyalbads xedaven aramarto im gamoyenebis arealSi rogorc Cven yoveldRiuroba-
Si vxdebiT mas, aramed wyalbadi warmoudgeniaT uSret samomavlo energetikul resur-
sad. imis fonze rom katastrofulad gauaresebulia msoflios ekologiuri mdgomareo-
ba da tradiciuli resursebis arsebuli maragebi iwureba, macdurad gamoiyureba is sa-
kiTxi, rom wyalbadi gamoyenebuli SeiZleba iyos rogorc energia transportisTvis, sa-
cxovrebeli saxlebis gasaTbobad an misi energia gardaqmnili iqnas sxva energiad (maga-
liTad eleqtroenergiad) da rac mTavaria es energia iqneba ekologiurad “sufTa” ener-
gia. yvelaze mimzidveli da martivi meTodi wyalbadis misaRebad aris wylis eleqtro-
lizi. damwvari (afeTqebuli) wyalbadiT isev wylis molekulebi miiReba, gamodis rom 
gveqneba energia romelic praqtikulad arasdros daileva.  

 
SevxedoT mzes da sxva varskvlavebs, maTze milionobiT welia mimdinare-

obs TermobirTvuli reaqcia. mzeze reaqcia mimdinareobs miliardobiT weliwa-

dia, stabilurad da moaqvs siTbo da sicocxle. Cven ukve gvaqvs gamogonebuli 

wyalbadis bombi, romlis uzarmazari da saSiSi energia ramodenime wamSi gamoi-

yofa da damangrevelia. Cven gvWirdeba wyalbadis energiis im dros da im raode-
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nobiT gamoyeneba ramdenis saWiroebac gveqneba. roca amas SevZlebT gveqneba eko-

logiurad “sufTa” energia da gadagvarCens rodesac gamoileva tradiciuli re-

sursebi.  

Tavisufal mdgomareobaSi da normalur pirobebSi wyalbadi aris ufero 

airi, feris da sunis gareSe. Tu SevadarebT haeris simkvrives wyalbadis sim-

kvrivesTan fardoba gveqneba 1/14. wyalbadi Cveulebriv bunebaSi arsebobs sxva 

elementebTan kombinaciaSi, magaliTad JangbadTan-wyalSi, naxSirbadTan-meTanSi. 

imis gamo rom wyalbadi qimiurad Zalian aqtiuria, is iSviaTad arsebobs ro-

gorc Tavisufali elementi. 

Txevad mdgomareobaSi gacivebuli wyalbadis moculoba mis airad mocu-

lobasTan SedarebiT aris SefardebiT 1/700. JangbadTan dakavSirebuli wyalba-

dis erTeuli masa sxva nivTierebebTan SedarebiT yvelaze meti energiis mqonea, 

120 gj/t. amis gamoa rom Txevadi wyalbadi gamoiyeneba kosmosuri xomaldis saw-

vavad, radgan wyalbadis mcire molekuluri masa gvaZlevs did energias. 

sufTa wyalbadis wvis dros miiReba maRali temperaturis mqone siTbo da 

wyali. Tu wyalbads gamoviyenebT energiis wyarod ar gamoiyofa saTburi airebi 

da bunebaSi wylis brunvis ciklic ar dairRveva. 

Mmsoflio okeanis SemadgenlobaSia 1,2*1017 tona wyalbadi, wyalbadis masa 

dedamiwis masis 1%-ia, xolo atomebis ricxvi – 16%. mniSvnelovani faqtia is 

rom wyalbadis dawviT miiReba isev wyali da ar irRveva dedamiwis cikli. wyal-

badis siTbotevadoba (28630kl/kg) 2,8-jer metia vidre benzinis. 

wyalbadis energetikaSi arsebobs ori cikli: 1. wyalbadis miReba 

wyalbadis moxmareba 2. wyalbadis miReba      wyalbadis akumulacia     

wyalbadis moxmareba. wyalbadis miRebis yvelaze martivi meTodia wylis eleq-

trolizi, es meTodi gulisxmobs rom wyali iSleba mudmivi eleqtrodeniT da 

gamoiyofa calke wyalbadis airi da calke Jangbadis airi. (ix. suraTi 1.).Y 

 
nax. 1. wylis eleqtrolizi 

yvelaze rTulia wyalbadis akumulacia, romlis teqnologiis daxvewaze 

msoflioSi gamalebuli muSaoba mimdinareobs. rac Seexeba Senaxvas, aqac mrava-

li gza arsebobs. pirvel rigSi, iseve rogorc aTavseben propans, butans, an sxva 

sawvav airs, wyalbadic SeiZleba maRali wnevis qveS daitenos liTonis kasreb-

Si. wyalbadis Senaxva liTonis konteinerebSi maRali wnevis qveS yvelaze advi-

lia, magram , amasTan, yvelaze saxifaTo, radgan wyalbadis molekulebi iolad 

aRwevs umciresi, mikroskopuli zomis liTonis kedlis napralebSi, iq grovdeba, 

temperaturis awevisas SeiZleba gamoiwvios liTonis mimdebare ubnebis garRveva, 

kedlidan gaJonva da zogjer afeTqebac. wyalbadis Senaxvis meore gzaa misi ga-
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Txevadeba dabali temperaturisa da maRali wnevis pirobebSi da Senaxva liTo-

nis WurWelSi. saWiroebis SemTxvevaSi, misi garkveuli raodenoba temperaturis 

aweviT an wnevis SemcirebiT SegviZlia kvlav gadaviyvanoT airSi da gamoviye-

noT. dabaltemperaturiani Senaxva ufro usafrTxoa, radgan gaTxevadebul mdgo-

mareobaSi wyalbadis Omolekulebs Soris arsebuli SeWidulobis Zala xels 

uSlis calkeuli nawilakebis SeRwevas liTonis kedlebSi. magram aq problema 

Cndeba im energodanaxarjebTan dakavSirebiT, romelic saWiroa WurWlis xan-

grZlivad dabal temperaturaze Sesanaxad. yvelaze ufro saintereso da usaf-

rTxo wesia wyalbadis Senaxva da transportireba misi sxvadasxva nivTierebis 

kristalur meserSi Seyvanis gziT. wyalbadis atomebi, Tavisi mcire zomis gamo, 

sxva atomebTan SedarebiT bevrad ufro advilad axerxebs liTonis masalebSi 

SeRwevas da iq Camagrebas. xatovnad rom vTqvaT, liTonis naWeri iseve iJRinTeba 

wyalbadiT, rogorc sabanao Rrubeli-wyliT. marTalia, am dros CamWeri liTo-

nis fizikuri Tvisebebi icvleba (magaliTad, sarkisebri amreklavi liTonuri 

mdgomareobidan is SeiZleba gadavides izolatoris an naxevargamtaris mdgoma-

reobaSi da gaxdes gamWirvale), magram mTavari is aris, rom liTonis mier Ses-

rutuli wyalbadi aq yvelaze ufro usafrTxo mdgomareobaSia da SesaZlebelia 

is gamoviyenoT moZrav danadgarebze (magaliTad, avtomanqanis Sidawvis Zravis 

sawvavad), aseve uZrav danadgarebze (Warbi eleqtroenergiis maragis Sesanaxa-

vad). wyalbadis atomebis gamoTavisufleba da liTonis “galiidan” gamosvla 

xerxdeba isev da isev temperaturis cvlilebiT. dabal temperaturaze SesaZle-

belia wyalbadis CaWera, xolo SemdgomSi gaTbobisas _ TandaTanobiT gamoSveba. 

am meTodsac Tan sdevs erTi arsebiTi sirTule - es aris amJamad gamoyenebuli 

CamWeri liTonuri masalebis didi wona, rac iwvevs mTeli moZravi konstruqci-

is sagrZnob damZimebas. CamWer konteinerebSi Senaxuli sawvavis wona ar aRemate-

ba konteineris wonis erT procents, roca yvela gamoTvliT sasurveli optima-

luri reJimi miiRweva, roca es Tanafardoba 7-dan 10%-mde gaizrdeba. amitom au-

cilebelia, rom CamWeri konteineris masala rac SeiZleba msubuqi iyos, raTa am-

gvari energobalonebis mobiluroba da efeqtianoba ekonomiuradac gamarTlebu-

li gaxdes. amJamad farTod gavrcelebulia teqnologia, romelic saSualebas 

gvaZlevs msubuqi liTonebis wyalbadTan bmuli kompleqtebi SevqmnaT kataliza-

toris meSveobiT, xolo Semdeg, isev temperaturis gazrdiT, gamoviwvioT maTi 

daSla da Tavisufali wyalbadis gamoyofa. gansakuTrebiT sainteresoa am mxriv 

uaxlesi gamokvlevebi, romlebSic wyalbadis Sesanaxavad gamoiyeneba liTonis 

minarevebis mqone makromolekulebis mikroforovani struqturebi. Intesiuri ga-

mokvlevis stadiaSia agreTve wyalbadis Semnaxvel perspeqtiul masalad naxSir-

badis nanomilakebisa da sxva nanostruqturebis gamoyeneba. Semdeg miRebuli da 

akumulirebuli wyalbadis gamoyeneba yvelasTvis advilia. 

wyalbadis energetikis upiratesoba arsebulTan SedarebiT kolosaluria. 

teqnologiurad Zalian xelsayrelia, wyalbadi uvnebeli gazia da praqtikulad 

garemos ar abinZurebs. amasTan satransporto saSualebebi romlebic wyalbadze 

muSaobs uxmauroa. aRniSnul upiratesobaTa gamo, ukve 90-iani wlebidan saerTa-

Soriso sanavTobo da saavtomobilo kompaniebi wyalbads ganixilaven rogorc 

“meore navTobs”. Uukve 1992 wels kanadis qalaq vankuverSi gamoCnda pirveli av-

tobusi, romelic wyalbadze muSaobda. avtobusis Zravis simZlavre Seadgenda 

150 kilovats, anu 15-jer mets, vidre amas wyalbadis Zravisagan moelodnen. amis 
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Semdeg kompaniam TanamSromloba ganagrdZo “daimler-bencTan”, romelic saavto-

mobilo gigants warmoadgens. maT saeqsperimento poligonad islandia airCies. 

წyalbads iyeneben kosmosuri xomaldebis sawvavad, magaliTad “Satlis” sawva-

vad. bevri amerikuli saavtobilo kompania 90-iani  wlebidan aqtiurad muSaobs 

avtomobilebSi wyalbadis energiis gamoyenebis daxvewisaken, esenia : Chevrolet, 

Dodge, Ford. 1999 – dan BMW-em gamoiyvana saCvenebeli modeli BMW 750 hl, 140 

litriani Txevadi sawvavis avziT. 200km/sT maqsimaluri siCqare, am models SeeZ-

lo 350 km-is gavla. robotizirebuli sadguri, romelsac unda Seevso manqanis 

avzi Txevadi wyalbadiT, aaSenes 1999 wels miunxenSi, aeroportTan axlos. aseve 

“toiota” ukve uSvebs avtomobilebs, romlis sabazro Rirebulebaa 75 aTasi do-

lari. maTi Txevadi wyalbadiT Sesavsebi sadgurebi aSenebulia tokioSi. msof-

lio maStabiT wyalbadis sawvavis praqtikuli gamoyenebisTvis TiTqmis yvela 

sakvanZo problema mogvarebulia, magram rCeba mTavari - ekonomikuri sargeblia-

noba, jerjerobiT wyalbadis sawvavi benzinTan konkurencias ver uZlebs fasis 

gamo. marcxis mTavari mizezia wyalbadis konteinerebis masalis siZvire da sim-

Zimec. dResdReobiT mimdinareobs aqtiuri kvleva-Zieba gamosadegi masalebis, 

rom SevZloT wyalbadis konteineri ufro dabalRirebulebadi da gacilebiT 

msubuqi masalisgan damzaddes.  

wyalbadis energetikis gamoyenebis samomavlo perspeqtivebi did imedebs 

iZleva. Tu mizanmimarTuli da gonivruli samuSaoebi ganxorcieldeba am mimar-

TulebiT, SesaZlebeli iqneba iafi, sufTa da advilad xelmisawvdomi energiis 

didi moculobis miReba. unda vecadoT,  rom wyalbadis energetika axali ener-

getikuli eris dawyebas moaswavebs, realobad iqces Cveni qveynisTvisac, miTume-

tes saqarTveloSi gvaqvs wyalbadis akumulaciaze muSaobis didi gamocdileba. 
 
gamoyenebuli literatura: 
1. ComaxiZe demuri, saqarTvelos energetikuli usafrTxoeba, 2003 – 545 
2. kotoriSvili e. „ganaxlebadi energo resursebis gamoyenebis efeqturoba saqarTvelo-
Si“ Tbilisi, 2014 – 143 gv. 
3. Варшавский И.Л. Энергоаккумулирующие вещества и некоторые принципы их использования для 
транспорта, энергетики и промышленности, 1970 - 51 gv. 
4. http://chemistry-chaba.blogspot.com/2012/03/blog-post.html 
5. http://www.24saati.ge/weekend/story/17845-tsyalbadis-energetika-da-tanamedrove-teqnologiuri-gamotsvevebi 
6. http://informsoc.org/ka/journal/ecology/70-2009-08-19-17-05-02 
7. http://informsoc.org/index.php?option=com_content&view=article&id=70:2009-08-19-17-05-02&catid=53:eco-
logy&Itemid=188&lang=ka&limitstart=1 
8. http://www.mamok.mesi.ru/busines_club_analitics_energy_ru.htm 
9. http://www.businessweek.com/common_frames/gb.htm?/2000/00_38/b3699304. htm 

 
HYDROGEN ENERGY FUTURE 

Kublashvili G. 
Akaki Tsereteli State University 

Summary 
 Interest towards generation of and using renewable and nontraditional energy sources and their technologi-
es has been increased throughout the world. At present, in many developed countries, hydrogen is considered not 
only for such an application field, in which we encounter it in everydayness, but hydrogen is also considered an 
inexhaustible energy resource.  Against the backgrounds of environmental degradation in the world and reducing 
existing reserves of traditional resources, the issue that hydrogen can be used as energy for transport, heating dwel-
ling houses, or its energy may be converted into another energy (for example, into electric power) looks alluring, 
and, this being the most important, this energy will be pollution-free energy.  The most attractive and simple method 
for hydrogen generation is water electrolysis. By using incinerated (detonated) hydrogen, there are obtained water 
molecules again, and it appears that we will have energy, which will never exhaust. 
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nivTebis internetSi mfrinavi sistemebis gamoyenebis Taviseburebebi  
 

burkaZe t., cqvitiniZe i.v. 

saqarTvelos teqnikuri universiteti 
 
 ganixileba kvlevebi mfrinavi sensoruli qselebis (msq) sferoSi, qselis mode-
lis struqtura aseTi qselebisaTvis da mfrinavi sensoruli qselebis testirebis saxe-
obebi. warmodgenilia axali klasis sistemebi - nivTebis interneti (IoT), romelSic obi-
eqtebs SeuZliaT gadaadgileba samganzomilebian sivrceSi. mocemulia mfrinavi internet 
nivTebis gamoyenebis SesaZleblobebi sagangebo situaciis (ss) katastroful fazamde, 
fazis dros da Semdgom. formulirdeba zogierTi internet nivTebis qcevis racionali-
zaciis problemebi, sxva internet nivTebisagan miRebuli monacemebiT. 
 
 bolo dros, arsebul qselebs Soris danergvis moculobiT da SeTavaze-

buli momsaxureobebiT, mniSvnelovan adgils ikaveben yvelgan SeRwevadi senso-

ruli qselebi USN (Ubiquitous Sensor Networks). warmoiSva mfrinavi sensoruli qsele-

bis Seqmnisa da mizanSewonilobis sakiTxi, romelTa daniSnulebac gaxdeba mi-

wispira sensoruli velebidan monacemTa Segroveba da maTi Sromisunarianobis 

mxardaWera. aseTi qselebi mocemuli iyo [1], sadac ganxiluli iyo araierarqiu-

li mfrinavi sensoruli qselebi, erTi an mravali saerTo sargeblobis  upilo-

to mfrinavi aparatiT (ss uma), romlebic dafrinaven daaxloebiT erTidaimave 

sibrtyeSi. miwiszeda qselze aseve ganlagebuli iyo 1-dan m-mde sensoruli ve-

li. bolo wlebSi rTulad miRwevadi raionebis [2] kavSiriT uzrunvelsayofad 

an samxedro miznebisTvis SeTavazebuli iyo maRlivi satelekomunikacio  plat-

formebis (High Altitude Platform, HAP) axali Taoba: mimagrebuli aerostatebi, romle-

bic miwiszeda infrastruqturasTan dakav-Sirebulebi araian maRalsiCqariani ka-

beliT (arxiT).  

 aseTi gadawyveta sakmaod did teritoriaze momxmarebelTa setelefono 

kavSiriT, monacemTa gadacemis da video dakvirvebiT uzrunvelyofis saSuale-

bas iZleva, TumcaRa ar SeuZlia informaciis Segroveba am teritoriaze ganTav-

sebuli sensoruli velebidan.    upiloto mfrinavi aparatebis frenis SezRu-

duli drois gaTvaliswinebiT, bunebrivad dadga maRlivi satelekomunikacio 

platformebisa da mfrinavi sensoruli qselebis konvergenciis amocana. ase Se-

iqmna ierarqiuli mfrinavi sensoruli qselebis struqtura, romlis umartivesi 

varianti gamosaxulia nax. 1–ze. 

 ZiriTadad upiloto mfrinavi aparatebi gamoyenebulebi iqnebian dedamiwis 

zedapirTan uaxloes  da zogierT SemTxvevaSi erTaderT mfrinav segmentad, 

TumcaRa maT gaaCniaT frenis xangZlivobis  sakmaod SezRuduli SesaZleblobe-

bi. amitom monacemTa Segrovebis  racionaluri marSrutis SerCeva  pirveli ri-

gis amocanas warmoadgens. 

mfrinavi sensoruli qselebis marTvis amocanaTa kidev  erT, sakmaod did 

jgufs warmodgens, sensoruli kvanZebis ganlageba upiloto mfrinav aparatian 

sensorul velebze,  maTi daxmarebiT miwiszeda qselis kvanZebis Secvla an/da 

damuxtva.   

mfrinavi sensoruli qselebis praqtikulad danergvis uzrunvelsayofad, 

iseve, rogorc kavSiris sxva qselebis, mizanSewonilia qselis modelis Seqmna  

SesabamisobaTa da Tavsebadobis testirebisTvis [3]. 

uaxloes momavalSi saabonento mowyobilobaTa ricxvSi, romlebic aqtiu-
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ss uma 

mfrinavi segmenti

miwispira segmenti

mimagrebuli 
aerostati 

rad urTierTqmedeben erTian  konvergentul infosakomunikacio garemoSi, rom-

lis formirebac mimdinareobs, garda adamiani–manqana sistemebisa da manqana sis-

temebisa, sul ufro xSirad daiwyeba nivTebis internetis (IoT) sistemebis  gamoye-

neba. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 1. ierarqiuli mfrinavi sensoruli qseli 

 

 arsebobs adamiani–manqanis da manqanebis sistemebis nivTebis internetis 

sistemebad transformirebis myari tendencia da axlo momavalSi nivTebis in-

terneti erTianad moicavs konvergentul infosakomunikacio garemos (kisg), rom-

lis formirebac mimdinareobs. vinaidan sensoruli mfrinavi qselebi nivTebis 

internetis erT–erTi mdgenelebi arian,  aseTi qselis modelis struqtura mo-

cemulia nax. 2. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 2. samodelo qseli gadawyvetilebebis  praqtikuli SemowmebisTvis nivTebis interne-

tisTvis 
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mfrinavi sensoruli qselis  testirebisTvis, testirebis tradiciuli 

saxeobebis garda, iseTebis rogoric aris Sesabamisoba da a.S, emateba ori axa-

li saxeoba – dayovnebebTan tolerantobisa da legitimurobis testireba. upi-

loto mfrinavi aparatebis   sensoruli velis Tavze yofnis momentSi pirveli 

saxis testirebis dros informaciis aRebis garda, SeiZleba Catardes miwiszeda 

segmentisa an misi nawilis testireba narCeni energiis parametrebis mixedviT. 

testirebis aseT saxes, qselebTan analogiaSi, uwodes dayovnebebTan toleran-

tuli testireba. 

 testirebis meore saxeoba dakavSirebulia imasTan rom, yvelganSeRwevadi 

sensorul qselebSi SeWris erT-erTi gavrcelebul saxeobas warmoadgens senso-

ruli kvanZebis klonireba [4]. amitomac yvelganSeRwevadi sensoruli qselis 

mfrinav nawilebs SeiZleba daekisroT sensoruli kvanZebis legalobis testire-

bis funqcia, romelic konkretul momentSi warmoadgens mfrinavi sensoruli 

yvelganSeRwevadi  qselis fragments. 

 adamianis garSemo myofi nivTebis internetis  farTo gamoyenebas xeli Se-

uwyo bolo dros ganxorcielebulma mZlavrma teqnologiurma garRvevebma:  

 IP misamarTebis miniWebis axal sistemaze gadasvla – IPv6, romelic  IoT-s faq-

tiurad ganusazRvrel  SeRwevis saSualebas iZleva, kisg-Si IP protikoliT; 

 kavSirgabmulobis qselebis, sensoruli qselebis CaTvliT, konvergencia er-

Tian kisg-ad; 

 masiuri momxmareblisTvis  praqtikulad yvelgan kisg-s farTozolovan ar-

xebTan wvdoma;  

 masiuri momxmareblisTvis usadeno SeRwevis sistemebis ganviTareba qveynis 

teritoriaze; 

 monacemTa didi bazebis damuSavebisa da  praqtikuli gamoyenebis meTodebis 

SemuSaveba; 

 Rrubliseburi gamoTvlebis SemuSaveba da praqtikuli gamoyeneba;   

 kavSirgabmulobis operatorebis gadasvla farTozolovan arxebze (LTE stan-

dartebi da sxva); 

 teqnologiebis ganviTareba, sensoruli qselebis warmoeba da gamoyeneba. 

 garda amisa  Cndeba nivTebis internetis mfrinavi sistemebi, romelTa pro-

totipebs sensoruli mfrinavi qselebi warmoadgenen [5]. 

 tipiur SemTxvevaSi  IoT mowyobiloba Sedgeba: mimRebisgan, romelic gan-

sazRvravs adgilmdebareobas (mag. mimRebi `glonass/GPS’’, xolo mfrinavi siste-

mebisTvis IoTmfr  – amavdroulad simaRlis mzomi); usadeno kavSiris moduli (Wi‐

Fi, LTE da sxva); damakavSirebeli mowyobiloba, romelic mocemul IoT mowyobilo-

bas daakavSirebs danarCen konvergentul infosakomunikacio garemosTan IP saSua-

lebiT; erTi an ramodenime fizikuri sidideebis mTvleli, romlebic gansaz-

Rvraven IoT  mowyobilobis an misi garemos mdgomareobas, romelTanac IP  meSveo-

biT urTierTqmedeben erTian konvergentul infosakomunikacio garemosTan da 

sxva IoT mowyobilobebTan (nax. 3,    [6]). Gganxilvisas mniSvnelovan garemoebas war-

moadgens is, rom informacia adgilmdebareobis Sesaxeb aucileblad aris Car-

Tuli monacemTa ricxvSi, romlebic axasiaTeben IoT mowyobilobas. mfrinavi IoT‐

sTvis adgilmdebareoba ganisazRvreba sami koordinatiT. 
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nax. 3. mowyobilobaTa urTierTqmedebis saerTo sqema IoT‐ Si 

 

 nax. 4-ze  moyvanilia erTiani konvergentuli infosakomunikacio garemos 

fragmentis blok-sqema, romelSic IoT  mowyobilobebi urTierTqmedeben. Aam ori 

tipis mowyobilobebi naxazze aRniSnulia rogorc IoT da IoTmfr., Aaseve gamoyofi-

lia mfrinavi mowyobilobebis qvetipebi IoTrmfr. и IoTmmfr. zogierT SemTxvevaSi IoT 

mowyobilobebma SeiZleba Seasrulon ori roli erTdroulad da iyvnen ro-

gorc monitoringis  obieqtebi, aseve racionalizaciis, xolo stacionaluri 

mowyobilobebi gadaiqcevian mfrinavebad, Tu isini aRWurvilni arian Sesabamisi 

fizikuri mTvleliT da garkveul pirobebSi SeuZliaT gadaadgileba sam ganzo-

milebaSi. 

 tipiur SemTxvevaSi monacemebi IoTm–dan marTvis centris (aseve momsaxure-

baTa administrirebis centri) gavliT Seuwyvetliv unda miedinebodes monacemTa 

did bazaSi (mb).  marTvis centrSi Semosuli informaciis safuZvelze, aseve ba-

zaSi Cawerili monacemebiT IoTm  –dan, “RrubelSi” saWiro gamoTvlebis Semdeg, 

realuri drois reJimSi gamomuSavdeba da gadaecema racionaluri qcevis sigan-

lebi TiToeuli IoTr‐Tvis romelic imyofeba im momentSi Х qronotopSi, romelic 

moniSnulia punqtiriT nax. 4-ze.  

 qronotopis qveS aq igulisxmeba sivrce da dro, romlebSic qronotopSi 

CarTuli monitoringis monacemebi IoTm –dan, zegavlenas axdenen IoTr   reconaluri 

qmedebis arCevanze, romlebic mocemul droSi aRmoCndnen am qronotopSi. IoTr sa-

kisg-is 

IP garemo
kisg-ken 
SeRwevis 

kisg  

IoT  
monacemebis    bazis  

   marTvis    centri 

IoT monitoringis 
obieqtebi 

IoT racionalizaciis 
obieqtebi 
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erTo ricxvi, romlebic drois gansaxilvel momentSi imyofebian Х‐Si, nax. 4-ze 

aRniSnulia rogorc N;    IoTm saerTo ricxvi, romlebic Sedian Х‐Si aRniSnulia 

rogorc L. N ricxvSi Sedis  f   mfrinavi mowyobiloba  IoTrmfr, xolo L   ricxvSi Se-

dis k mfrinavi mowyobiloba IoTmmfr : 1≤f<N, 1≤k<L. nax. 4-ze mocemul  rTuli dina-

miuri sistemis yvela mdgenels Soris urTierTqmedeba xorcieldeba erTiani 

konvergentuli infosakomunikacio garemos gavliT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 4. erTiani konvergentuli infosakomunikacio garemos fragmenti 

 

 amgvarad, IoT   gamoyenebis ZiriTadi idea aris qronotopSi IoTr–is raciona-

luri qcevis amaRleba IoTm‐ dan monacemebis daxmarebiT. erTian konvergentul in-

fosakomunikacio garemoSi IoTr   racionaluri qcevis marTvis signalebis gamomu-

Saveba, aris infokomunikacuri momsaxureba, romelsac axorcielebs marTvis 

centri [7]. 

 mfrinavi nivTebis interneti SeiZleba gamoyenebuliqnes sagangebo situaci-

isas (ss) Semdgomi amocanebis gadasaWrelad: 

 sagangebo situaciis warmoqmnamde – garemos paramatrebis monitoringisTvis 

sagangebo situaciis  pirveli niSnebis aRosaCenad; 

 sagangebo situaciis dros – kavSiris uzrunvelsayofad im pirebis individu-

alur mowyobilobebTan, romlebic safrTxeSi amyofebian, aseve maSvelebTan; 

garemos parametrebis monitoringisTvis, monacemebis mimdinare da Semdgomi 

analizisTvis, sagangebo situaciaTa modelis Semdgomi koreqtirebisaTvis.  

 stiqiuri ubedurebis fazis dasrulebisas – im pirTa aRmosaCenad, romlebic 

jer kidev imyofebian xifaTis zonaSi. 

 momxdari katastrofebis ganviTarebis analizi iZleva sagangebo situacie-

bis ganviTarebis kanonzomierebebis gamovlenis saSualebas sxvadasxva tipis 

obieqtebisa da katastrofebisTvis. amavdroulad drois monakveTze katastro-

fis dawyebidan katastrofuli fazis momentamde gamovlenili kanonzomierebebi 

saSualebas iZleva SeirCios optimaluri marTva da dainergos marTvis axal da 

arsebul marTvis sistemebis obieqtebSi. 

 

qronotopi    mfr    

 mfr.    marTvis centri

Mmonacemebis 
baza 

GgamoTvlebis 
Rrubeli 
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PECULIARITIES OF USING FLYING SYSTEMS ON THE INTERNET OF THINGS. 
Burkadze T., Tskvitinidze I.,  
Georgian Technical University. 

Summary 
The preconditions that have enabled the emergence of  Internet of  Things (IoT) flying systems are conside-

red. The particular attention is paid to a flying sensor networks, which are part of the flying systems of the IoT. 
The usage of flying system of Internet of Things during the preparation, while the duration and after the 

emergency case is shown. The emergency situation management - is one of the few applications in which the ratio-
nal behavior  of  large number of subjects of  IoT in the framework of chronotope is possible. The essential conditi-
on for the rationalization is the existence of models of  behavior for objects of the IoT. 

 

 
 
 
 

zemaRali sixSiris zemZlavri eleqtrogeneratori 
 

gelxviiZe p. 

 akaki wereTlis saxelmwifo universiteti 
   

naSromSi ganxilulia zemaRali sixSiris zemZlavri eleqtromagnituri talRebis 
miRebis meTodi virtualuri kaTodis rxevis Sedegad.. 
 
   meoce saukunis 70-ian wlebSi mkvlevarTa xelSi aRmoCnda unikaluri 

energiis mqone eleqtronebis amaCqareblebi, parametrebiT: 105 -107 (ev), denis Za-

liT 103 -105 (a), impulsis xangrZlivobiT 10-8 -10-5 wami da simZlavriT 108 -1013 

(vt); (dReisaTvis es parametrebi SveicariaSi ganTavsebuli amaCqareblisaTvis 

realur danadgarTan sabavSvo saTamaSos Sedarebas gavs). Eeleqtronebis aseTma 

konebma Zalze swrafad hpova gamoyeneba mecnierebisa da teqnikis sxvadasxva 

sferoSi, iseTebSi rogoricaa: impulsuri marTvadi TermobirTvuli sinTezi, 

zemZlavri relativisturi zemaRali sixSiris eleqtronika, lazeruli teqnika, 

did manZilze umavTulod eleqtro energiis gadacema da sxva. 

   zemaRali sixSiris zemZlavri eleqtromagnituri talRebis miRebis  erT-

erT meTods warmoadgens e.w. virtualuri kaTodis rxevis meTodze dayrdnobili 

generatoris gamosxiveba. Teoriuli kvleva virtualuri kaTodis rxeviT momuSa-

ve eleqtrogeneratorebis Sesaxeb mocemulia naSromSi [1], xolo eqsperimenta-

lurad ramodenime gegavati simZlavris santimetruli diapazonis eleqtromagni-

turi gamosxiveba mikrowamis xangrZlivobis impulsur reJimSi ganxilulia naS-

romSi [2].  
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  P pirveli eqsperimentaluri kvleva, romelic virtualuri kaTodis rxevis 

analogs warmoadgens [3] ganxorcielda meoce saukunis ocიan wlebSi ararela-

tivisturi eleqtronebis gamoyenebiT amrekli diodis saSualebiT. Aanalogia am-

rekli diodis muSaobasa da virtualuri kaTodis rxevas Soris SesaZlebeli 

gaxda Zlierdeniani relativisturi    

eleqtronuli konebis transportirebis Teoriuli kvlevebis [4] Semdeg. Teoriu-

lad cnobilia, rom zRvruli denis mqone relativisturi eleqtronuli konis 

transportireba vakuumSi damokidebulia rogorc sistemis ise eleqtronuli 

konis geometriul zomebze da geometriuli zomis gadideba iwvevs zRvruli de-

nis Semcirebas, rac niSnavs eleqtronuli konis gavrcelebis gzaze potencia-

luri barieris Seqmnas, romelic eleqtronebis garkveul nawils aireklavs, ro-

gorc amas adgili aqvs amrekli diodis SemTxvevaSi, vinaidan potencialur ba-

riers uaryofiTi potenciali aqvs ise rogorc kaTods amitom sivrcis aRniS-

nul nawilSi TiTqos sistemaSi aRiZvreba e.w. “virtualuri kaTodi”, romelic 

ZiriTadi eleqtronuli nakadis Semcirebisas qreba, kvlav sistemaSi aRiZvreba 

zRvruli deni, rasac moyveba kvlav virtualuri kaTodis aRZvra da ase Semdeg, 

sistema asrulebs amrekli diodis analogiur reJimSi muSaobas. sistema merxevi 

virtualuri kaTodiT mocemulia sqemaze. 

    

 
sistema merxevi virtualuri kaTodiT:  

1 –amaCqareblis dioduri kamera; 2 –amaCqareblis kaTodi; 3; 4 – vakuumuri 
sivrce sadac xdeba cilindruli formis relativisturi eleqtronuli 
konis transportireba; 5 –solenoidi, (ramodenime tesla) Zlieri magnitu-
ri velis Sesaqmnelad; 6; 7 –tevaduri gadamwodebi; 8; 9; 10; 11 – denis ma-
kontrolebeli Suntebi; 12 – ukudenis Sunti; 13 – deteqtori; 14 - ruporu-
li antena. 
 

  Aam tipis generatoris gamoyenebis saintereso SemTxvevas eZRvneba naSromi [5]. 
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SUPER-HIGH FREQUENCY EXTRA-POWER ELECTRICAL GENERATING UNIT. 

Gelkhviidze P.,  
 Akaki Tsereteli State University. 

Summary 
The paper dwells on the interaction of high power microwave electromagnetic waves as a result of the met-

hod of virtual cathode oscillation. 
 
 
 
 

heterogenuli qselebis mwarmoeblurobis gaumjobeseba mcire zomis 

moZravi sabazo sadgurebis gamoyenebiT 
 

ZoweniZe g., murjikneli g. 

saqarTvelos teqnikuri universiteti 
     

SemoTavazebulia heterogenuli qselis mwarmoeblurobis amaRlebis meTodi, rome-
lic dafuZnebulia qselSi mcire zomis moZravi sabazo sadgurebis danergvaze. aRniSnu-
li midgomis gamoyenebiT, SesaZlebelia PEP da OP maCveneblebis gaumjobeseba, aseve fiWis 
dafarvis arealis gazrda. 

 
    dResdReobiT mobiluri operatorebisaTvis umniSvnelovanes gamowvevas war-

moadgens qselis dafarvisa da tevadobis gazrdis problemebi. mzardi moTxov-

nis dasakmayofileblad ganuwyvetliv viTardeba qselebis SesaZleblobebi da 

inergeba axali standartebi. fiWuri qselis operatorebi makro da mcire zomis 

sabazo sadgurebis gamoyenebiT hqmnian maRali mwarmoeblurobis heterogenul 

qselebs. 

    Senobis SigniT mcire zomis fiWebis gamoyeneba warmoadgens saukeTeso ga-

dawyvetilebas qselis dafarvasTan da tevadobasTan dakavSirebuli probleme-

bis aRmofxvris TvalsazrisiT. servisis xarisxis gasaumjobeseblad ukve bevrma 

operatorma daiwyo mcire zomis fiWebis gamoyeneba xalxmraval adgilebSi. mim-

dinareobs kvlevebi mcire zomis moZravi sabazo sadgurebis gamoyenebasTan da-

kavSirebiT. sazogadoebriv transportSi damontaJebuli aseTi fiWebi Seqmnian 

lokalur dafarvas transportis SigniT.  

   mcire zomis moZravi sabazo sadgurebis gamoyenebasTan dakavSirebuli kvle-

vebi warmodgenilia ramdenime naSromSi [1,2,3,4], magram aRniSnuli meTodis gamo-

yenebis efeqturobasTan da mwarmoeblurobasTan dakavSirebuli kiTxvebi jer 

kidev arsebobs. 

    im momxmareblebis raodenoba, romlebic mobilur mowyobilobas aqtiurad 

iyeneben sazogadoebrivi transportiT gadaadgilebis dros, eqsponencialurad 

izrdeba. SesaZloa aseT momxmarebels servisi saTanado xarisxiT ver miewodos, 

signalis cudi donis an SezRuduli resursis gamo, romelic gamowveulia sig-

nalis kargviT da dopleris efeqtiT, romelTa mizezs warmoadgens transpor-

tis gadaadgileba mniSvnelovani siCqariT, aseve mobilur mowyobilobasa da mak-

ro sabazo sadgurs Soris didi manZili.  

Cvens mier gamokvleul iqna sazogadoebriv transportSi mcire zomis moZravi 

sabazo sadgurebis danergviT mosalodneli potenciuri mwarmoebluroba. nava-
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raudebia, rom moZravi SBS (Small Base Station)  ganTavsebulia avtobusSi, raTa moem-

saxuros mgzavrebs, xolo saxuravze ganTavsebuli mimReb-gadamcemiT igi daukav-

Sirdeba makro sabazo sadgurs (MBS). moZravi SBS sadguri axdens trafikis agre-

gacias MBS sadguris aRmaval da daRmaval linkze. 

 
nax.1. axali midgomis gamoyeneba heterogenul qselSi 

       

  analizisTvis SerCeul iqna mwarmoeblurobis Sesafasebeli ori metrika PEP 

(Pairwise Error Probability) da OP  (Outage Probability), raTa Sefasebul iqnas servisis xa-

risxi da mobiluri mowyobilobis energiis moxmareba. Catarebul iqna kvleva, 

romlis safuZvelze miRebil iqna Semdegi Sedegebi: 

 SemoTavazebulia mobiluri mcire sabazo sadguris mxares winaswari kodire-

bis varianti, romelic saSualebas iZleva Tavidan iqnas acilebuli satran-

sporto saSualebis gareT mdebare sabazo sadguridan miRebuli xelisSem-

Sleli signalis gavlena. 

 ganxorcielda PEP da OP metrikebis detaluri analizi. 

 simulatoris gamoyenebiT Sedarda moZravi mcire zomis fiWis gamoyenebiT mi-

Rebuli Sedegebi standartuli meTodiT signalis gadacemis variantTan. 

    PEP aris Secdomebis albaToba, romelic gamoiTvleba gadasacemi signalisTvis 

(S), romlis damaxinjebuli varianti (Ŝ) warmodgenil iqneba mimReb mxares. 

    OP aris signalis dayovnebis albaToba, romelic angariSobs im SemTxvevebis 

albaTobas, rodesac xmauris done aWarbebs sasargeblo signalis dones. 

    MATLAB simulatoris gamoyenebiT Sesrulda mwarmoeblurobis analizi. SemoTa-

vazebuli midgoma Sedarda standartul SemTxvevas (transportSi myof momxmare-

bels emsaxureba makro sabazo sadguri). Cven gadamtanis sixSiruli zolis siga-

ned moviazrebT 100mhc‐s, xolo modulaciis sqemad QPSK  (Quadrature  Phase‐Shift  Ke‐

ying), aseve =2.5ghc da =2.6ghc,  = 500mkwm, υ=60km/sT, α= 3.67, θ = π,  =1.328mkwm da 

/ = -30db.   cxrili 1.1-Si mocemulia simulaciis dros gamoyenebuli sxva 

damatebiTi parametrebi. Cven viyenebT winaswar kodirebas ϴ Semdeg parametreb-

Tan erTad P = 2 da   Z = 2. mocemuli parametrebidan miiReba [ , ] = [1,1] im 

SemTxvevaSi roca M   S linki aris gamoyenebuli, xolo S   M linkis SemTxveva-

Si Cven gvaqvs sixSirul-droiTi arxi, saidanac miiReba [ , ] = [0,0]. 
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parametri mniSvneloba 

[mhc] 2500 

[mhc] 2600 

[m] 20 

[m] 2 

[db] 8 

[db] 9.6 

cxr. 1.1 simulaciis dros gamoyenebuli parametrebi 

 
nax.2. arsebuli da miRebuli PEP parametris Sedegebis Sedareba 

    

 winaswari kodirebis parametrebSi P = 2 da Z = 2, Semavali monacemTa    s (n) blo-

kebis sigrZea  x 1 ( ,  xolo winaswari koderis gamosasvlelze    u (n) blo-

kebis sigrZea  x 1  . aqedan gamomdinare, winaswari 

koderis gamosasvlelze blokebis gadacemis siCqare tolia:          

/ = . 

    rogorc naxazi 2-dan Cans, mcire zomis moZravi sabazo sadguris gamoyenebis 

SemTxvevaSi sagrZnoblad mcirdeba energiis moxmareba. magaliTad, rodesac PEP = 

      M S U  scenarisaTvis  gadacemis simZlavre ~  10db-iT naklebia, vidre 

M U SemTxvevaSi.  

 
nax.3. arsebuli da miRebuli OP parametris Sedegebis Sedareba 
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    naxazi 3-ze warmodgenilia servisis wyvetis albaToba M S U da M U sce-

narebis SemTxvevaSi. servisis wyvetis albaTobis zusti angariSisTvis saWiroa 

aRebul iqnas miRebuli signalis SNR albaTobis ganawilebis funqciis ricxviTi 

mniSvnelobebi. mcire zomis moZravi sabazo sadguris sqemis gamoyenebis SemTxve-

vaSi, gadacemis pirvel etapze, MBS mis winaswar kodirebul signals ugzavnis 

mobiluri SBS sadguris mimReb-gadamcems, xolo meore etapze, mobiluri SBS sad-

guri miRebul signals awvdis transportis SigniT myof mobilur mowyobilo-

bas, im SemTxvevaSi Tu signalis dekodireba sworad Sesrulda. mobiluri SBS 

sadguri axdens signalis dekodirebas da Semdeg agzavnis dekodirebuli signa-

lis kopirebul signals mobiluri mowyobilobis mimarTulebiT. praqtikulad 

mobilur mcire zomis sabazo sadgurs CRC(Cyclic Redundancy Check) gamoyenebiT SeuZ-

lia Seamowmos gadawyvetilebis siswore. maRali SNR-is    regionSi, magaliTad, 

SNR>8db moZravi mcire sabazo sadguris SemTxvevaSi simZlavris mogeba Seadgens 

~ 4 db-s. 

naxazi 4-ze mkafiod Cans dafarvis arealis zrda moZravi mcire zomis fi-

Wis gamoyenebis SemTxvevaSi. magaliTad, OP= -is dros   M S U scenari M U 

scenarTan SedarebiTT, iZleva dafarvis arealis gaumjobesebas daaxloebiT ~ 

0.3 kilometriT. 

 
nax.4. M‐U manZilis Sedareba 

 

    simulaciis Sedegebis analizis safuZvelze SeiZleba davaskvnaT, rom Semo-

Tavazebuli midgomis gamoyenebiT SesaZlebelia heterogenul qselebSi fiWis 

dafarvis arealis gazrda, mobiluri mowyobilobis energiis moxmarebis Semci-

reba, PEP da OP maCveneblebis gaumjobeseba. 

L 
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IMPROVING OF HETEROGENEOUS NETWORKS PERFORMANCE USING  
MOBILE SMALL BASE STATIONS 

Dzotsenidze G., Murjikneli G. 
Georgian Technical University 

Summary 
   The paper describes the method for improving of heterogeneous network performance, that is based on mobile 
small base stations deployment in the network. Using provided method, it is possible to improve PEP and OP indi-
cators, also increase coverage of cell. 
 
 
 
 

satelekomunikacio qselSi personaluri monacemebis  
dacvis problemebi 

 
yifiani q., koplataZe m., kupataZe T. 

saqarTvelos teqnikuri universiteti  
 

naSromSi gaanalizebulia saerTo sargeblobis satelekomunikacio qselSi in-
formaciuli usafrTxoebisaTvis kompleqsuri sistemis Seqmnis sakiTxebi, rac daculi 
informaciuli sazogadoebis CamoyalibebisaTvis aucilebel moTxovnas warmoadgens. 

 
 personaluri monacemebis dacva aris saxelmwifoebriv doneze, erT-erTi 

umniSvnelovanesi mimarTuleba informaciuli usafrTxoebis uzrunvelyofis er-

Tian sistemaSi. teqnologiuri TvalsazrisiT problema, rom ar moxdes informa-

ciis gaJonva, SedarebiT gasagebia: saWiroa organizaciuli da teqnikuri Ronis-

Ziebebis gatareba, aucilebelia momxmarebelTa audentifikacia da avtorizacia 

saTanado doneze, kavSirgabmulobis arxebSi Sifraciis gaTvaliswineba, persona-

lur monacemebTan xelmisawvdomobis Sefaseba da satelekomunikacio arxebSi 

monacemebis gadacemis sisrulis dacva da agreTve sainformacio sistemebi, rom-

liTac xdeba am monacemebis damuSaveba. amasTanave, gasaTvaliswinebelia, rom 

daculi informacia lokalur qselSi SeiZleba momxmareblebisaTvis praqtiku-

lad miuwvdomeli gavxadoT. magram, internetis qselSi es SeuZlebelia, vinaidan 

informaciuli sazogadoebisaTvis aseTi RonisZieba SeuTavsebelia [1]. Cven 

vcxovrobT Ria informaciul samyaroSi, sadac saxelmwifo organoebis moRvawe-

obis Sesaxebac ki monacemebi unda iyos maqsimalurad Ria. 

 rodesac dasruldeba informaciuli sazogadoebis koncefciis realizeba 

(eleqtronuli mTavroba, saxelmwifo momsaxurebis uzrunvelyofa internetiT 

da a.S) Seiqmneba `Ria gasaRebebis” infrastruqtura [1]. magram am SemTxvevaSic 

warmoiqmneba qseluri usafrTxoebis problema. Ria gasaRebebis infrastruqtu-

rac daucveli aRmoCndeba Semotevebisagan, vinaidan misi saqselo komponentebi 

gafantulia Ria qselebSi. gasaTvaliswinebelia, rom informaciis misaRebad, ne-

bismier SemTxvevaSi aucilebelia mierTebis qselis arseboba, Sesabamisad in-

formaciuli usafrTxoebis sakiTxis gadasawyvetad, saWiroa Sesabamisi resurse-

biT satelekomunikacio sivrcis uzrunvelyofa saxelmwifo doneze. unda arse-

bobdes informaciis usafrTxoebis uzrunvelyofis nacionaluri centri, sadac 

Seiswavlian yvela arsebul sakiTxebs da SeimuSaveben maTTan gamklavebis Ro-

nisZiebebs. personaluri monacemebis dacvasTan dakavSirebiT Zalze mniSvnelova-

ni Sedegebia warmodgenili [2] statiaSi: 

 ra SeiZleba zemoqmedebdes personaluri monacemebis gaJonvis albaTobaze 
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- ZiriTadia, dasamuSavebel personalur monacemebSi cnobebis moculoba. 
personaluri monacemebis Sesaxeb Canawere-

bis raodenoba 
respodentebis raodenoba procentebSi, 

romlebic amuSaveben personalur monace-
mebs 

 milionze meti 16% 

 500 aTasidan milionamde 6% 

 100 aTasidan 500 aTasamde 5% 

 50 aTasidan 100 aTasamde 4% 

 10 aTasidan 50 aTasamde 20% 

 1000-dan 10 aTasamde 20% 

 1000-ze naklebi 19% 

 analizs ar eqvemdebareba 10% 

 aqedan Cans, rom naxevarze meti respodenti amuSavebs aranakleb 10 aTasi 

pirovnebis personalur monacemebs da Sesabamisad, aseTi informaciidan gaJonve-

bis raodenoba iqneba Zalze damafiqrebeli. 

 Semdegi mniSvnelovani sakiTxi, romelic gaanalizebulia [2]-Si Seexeba, 

Tu vis da ra raodenobis pirebs aqvT wvdoma personalur monacemebze: 

 

 informaciuli teqnologiebis samsa-
xuris TanamSromlebi 

41% 

 menejerebi da ZiriTadi qvedanayofe-
bis xelmZRvanelebi 

18% 

 qvedanayofebis TanamSromlebi 17% 

 analitikuri samsaxurebis Tanam-
Sromlebi 

14% 

 teqnikuri uzrunvelyofis samsaxu-
rebis TanamSromlebi 

10% 

 usafrTxoebis samsaxurebis Tanam-
Sromlebi 

4% 

 ar eqvemdebareba aRweras 10% 

 

 praqtikulad, mxolod usafrTxoebis samsaxuris TanamSromlebis daSveba 

personalur monacemebTan Seesabameba 4%, xolo informaciuli teqnologiebis 

samsaxuris TanamSromlebi yvelaze xSirad (41%) arian personalur monacemeb-

Tan, rac Zalze damafiqrebelia. 

 [2]-Si gaanalizebulia agreTve dabrkolebebi, romlebic dakavSirebulia 

personaluri monacemebis dacvisaTvis gaTvaliswinebuli RonisZiebebis gatare-

basTan: 

 kvalificirebuli kadrebis naklebo-
ba 

31% 

 finansuri SezRudvebi 30% 

 praqtikulad rogor ganxorcieldes 
ar aris cxadi 

24% 

 araviTari dabrkoleba da siZnelee-
bi ar arsebobs dacvis gansaxorcie-
leblad 

7% 

 gvaqvs gansxvavebuli prioritetuli 
proeqtebi 

3% 

 xelmZRvanelobis mxardaWera ar gag-
vaCnia 

3% 

 pasuxi aq gvaqvs 2% 
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daskvna 

aucilebelia informaciis dacvis kompleqsuri sistemis gaTvaliswineba 

saerTo sargeblobis qselebSi. maSin, teqnikur srulyofasTan erTad SeiZleba 

Seiqmnas daculi informaciuli sazogadoeba. amisaTvis teqnikuri saSualebebi 

arsebobs, magram ar arsebobs normatiuli baza. 
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SECURITY PROBLEMS OF PERSONAL DATA IN TELECOMMUNICATION NETWORK  
Kipiani K., Koplatadze M., Kupatadze T. 

Georgian Technical University 
Summary 

The paper describes the creation of complex  system of informational security in the public telecommunication net-
work. This is the mandatory factor for creation of secure informational society. 
 

 

 

 

trafikis axali saxeobebi da satelekomunikacio qselSi  
momsaxurebis xarisxisadmi moTxovnebis evolucia 

 
mardaleiSvili z.*, gelxviiZe p.*, koplataZe m.**, kupataZe T.** 

*akaki wereTlis saxelmwifo universiteti 
**saqarTvelos teqnikuri universiteti  

 
momsaxurebis axali saxeobebis Seqmnisa da maTi swrafi danergvis gamo gaizarda 

momsaxurebis xarisxis maCveneblebis raodenoba, romelTa Soris mniSvnelovania dayovne-
bebis gaTvaliswineba. naSromSi ganxilulia moTxovnaTa nakadebis xasiaTis zegavlena 
warmoqmnili dayovnebebis mniSvnelobebze. 

 
 saerTo sargeblobis satelekomunikacio qselebis Seqmna Tavidanve gamiz-

nuli iyo sametyvelo signalebis (satelefono signalebis) trafikis momsaxure-

baze. es iyo bunebrivi movlena saerTo sargeblobis homogenuri qselisaTvis. 

telekomunikaciis teqnologiebis swrafma ganviTarebam da momsaxurebis saxeo-

bebze moTxovnebis zrdam gamoiwvia axali saxeobebis Seqmnisa da maTi swrafi 

danergvis aucilebloba. am faqtorebis zegavleniT Camoyalibda heterogenuli 

paketuri Semdgomi Taobis (NGN – Next Generation Networks) qselis koncefcia, sadac 

sametyvelo signalebis gadacema ganixileba, rogorc momsaxurebis iseTi saxeo-

bebi, romlebic moiTxoven dayovnebebis kidev ufro mcire mniSvnelobebs, vidre 

sametyvelo signalis gadacema IP qseliT, dayovnebebis problemam moaxdina mniS-

vnelovani zegavlena NGN  qselis maxasiaTeblebze. [1] avtorebma aseTi qselebi 

gamoyves axal klasad da uwodes qselebi mcire dayovnebebiT.  

saerTo sargeblobis satelefono qselis daproeqteba xorcieldeboda 

kargvebiani sistemis modelis bazaze, erlangis formulebis gamoyenebiT da qa-

laqis satelefono qselisaTvis kargvebi (uarebi moTxovnebis momsaxurebaze) Se-

adgenda 5%-ze naklebs, xolo sasadguro mowyobilobebis SigniT normirebuli 
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iyo 5%0 (510-3) farglebSi. saerTo sargeblobis cifruli satelefono qselebis 

Seqmnam, momsaxurebis xarisxis (QoS  –  Quality  of  service) parametrebis normirebis 

TvalsazrisiT ar gamoiwvia axali principuli problemebi, vinaidan qseli iyo 

homogenuri – emsaxureboda mxolod satelefono trafiks.  

NGN koncefciis safuZvelze saerTo sargeblobis kavSirgabmulobis qse-

li gadavida paketuri komutaciis principebze, momsaxurebis mravali saxeobebis 

unariT, ramac moiTxova QoS‐is klasebisa da parametrebis diferenciacia [2]. 

garda amisa, QoS‐is ganzomilebebs daemata parametri – aRqmis xarisxi (QoE – Qua‐

lity of Experience), romelic Seesabameba momxmareblis subieqturi Sefasebis mniSvne-

lobas [3].  

satelekomunikacio qselebis klasi mcire dayovnebebiT xasiaTdeba momsa-

xurebis xarisxis Sesabamisi maxasiaTeblebiT, romlebic NGN  qselisaTvis gan-

sazRvrulia ITU‐T‐s rekomendaciebiT Рек.У.1541 [1]. 

cxrili 1. 

momsaxurebis klasi momsaxurebis xarisxis parametri 
0 1 2 3 4 5 

paketebis gadacemis dayovneba 
(IPTD ‐ IP Time Delay) 

100 mwm 400 mwm 100 mwm 400 mwმ 1 wm - 

dayovnebis cvalebadoba – varia-
cia (jiteri)  
(IPDV ‐ IP Delay Variance) 

50 mwm 50 mwm - - - - 

dakarguli paketebis wili  
(IPLR ‐ IP Loss Ratio) 

110-3 110-3 110-3 110-3 110-3 - 

SecdomebiT gadacemuli pakete-
bis wili  
(IPER ‐ IP Error Rate) 

110-4 110-4 110-4 110-4 110-4 - 

 

yvelaze mkacri moTxovnebi Seesabameba momsaxurebis nulovan klass, rom-

lis gamoyeneba gankuTvnilia sametyvelo signalebis drois realur masStabSi 

gadacemisaTvis aranakleb 4000 km manZilze da aq dayovnebebi dakavSirebulia 

kavSirgabmulobis arxSi signalis gavrcelebis xangrZliobasTan.  

amrigad, NGN  qselebis daproeqteba unda iTvaliswinebdes, rom dayovneba 

ar unda aRematebodes 100 mwm, xolo jiteri 50 mwm, rac Seexeba paketebis kar-

gvebis wilisa da SecdomebiT gadacemuli paketebis wilis mniSvnelobebs, mo-

Txovnili normebis dacva ar warmoadgens praqtikul sirTules [1]. 

trafikis axalma saxeobebma mniSvnelovnad gaamkacra moTxovnebi dayovne-

bebisa da kargvebis mimarT, romelTa gadacema xorcieldeba gansxvavebuli pri-

oritetebiT Tanamedrove mobiluri kavSiris qselSi, paketuri multimediuri 

IMS (IP Multimedia Subsystem)-is gamoyenebiT [4]. rogorc cxrili 2-dan Cans gansakuT-

rebulad prioritetuls warmoadgens SeerTebebis marTvis signalebisa da signa-

lizaciis trafiki, amis Semdgom safexurzea sametyvelo signalebis gadacemis 

trafiki da a.S. 

dayovnebis mniSvnelobebSi principuli cvlilebebi fiWuri mobiluri kav-

Siris sistemebSi ganxorcielda xangrZlivi evoluciis sistemis LTE  (Long  Term 

Evolution) danergvis Semdeg, momsaxurebis rigi saxeobebisaTvis dayovneba Seadgens 

20 mwm [1]. 

nax.1-ze mocemulia qselis fragmenti, romelic Sedgeba ramodenime kvanZi-
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sagan, sadac modelirebisaTvis gaTvaliswinebulia kvanZebs Soris SemaerTebeli 

xazebi gamtarunarianobiT 10gbit/wm, xolo mierTebis qselisaTvis, gamtarunaria-

nobiT 4 mbit/wm. 

cxrili 2. 

prioriteti 
dayovnebebi 

mwm. 
kargvebi momsaxurebis saxeoba 

1 100 10-6 IMS qvesistemis signalizacia 
2 100 10-2 sametyvelo signalebis gadacema (VoIP) 
3 50 10-3 TamaSebi drois realur reJimSi 
4 150 10-3 videokonferenc kavSiri 
5 300 10-6 nakaduri momsaxurebebi 
6 300 10-6 Web 
7 100 10-3 interaqtiuri TamaSebi 
8 300 10-6 E ‐mail 
9 300 10-6 failebis CatvirTva 

 

  

 

 

 

 

nax.1 multiservisuli qselis fragmenti 

[1]-Si, kvanZis modelisaTvis gamoyenebulia masobrivi momsaxurebis sistema 

lodiniT da momsaxurebis xangrZliobis ucvleli droiT. kvanZebs miewodeba 

trafikis foni, romelic Seesabameba kvanZis gamoyenebas, anu datvirTulobas, 

romelic momsaxurebis Semdeg gadis kvanZidan. garda fonuri trafikisa kvanZs 

miewodeba gamosacdeli trafiki, romelic momsaxurebis Semdeg gadaecema mom-

devno kvanZis Sesasvlels. fonuri trafikisaTvis SerCeulia moTxovnaTa nakade-

bis ori tipi: puasonis da TviTmsgavsi – xerstis koeficientiT H=08. eqsperimen-

tis Sedegad miRebulia dayovnebebis saSualo xangrZliobaTa damokidebulebebi 

datvirTvis sidideze [1]. 

 

       

       

      

      

       

      

       

 

 

 

nax.2. modelirebis Sedegebi, sadac mierTebis qselis  
gamtarunarianobaa 4 mbit/wm [1] 
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puasonis 
nakadi 

TviTmsgavsi nakadi 
H=0,8 

 

         

         

        

        

         

         

        

        

        

         

 

nax.3. modelirebis Sedegebi, rodesac mierTebis 
qselis gamtarunarianobaa 10 gbit/wm [1] 

 

nax.2-dan Cans, rom datvirTvis zrdiT mkveTrad izrdeba dayovnebis mniS-

vneloba, rac masze mouTiTebs, rom mierTebis qselis parametrebi ver uzrun-

velyofen momsaxurebis xarisxis moTxovnebs, rac dasturdeba nax.3-ze warmodge-

nili modelirebis Sedegebidan, sadac dayovnebebi izomeba ara aTeulobiT mili-

wamebSi, rogorc es Cans nax.2-dan, aramed miliwamebis meaTedebiT. 

puasonisa da TviTmsgavsi xasiaTis moTxovnaTa nakadebisaTvis NGN qselSi 

vRebulobT mniSvnelovan gansxvavebebs dayovnebebis mniSvnelobebisaTvis, rac 

imaze miuTiTebs, rom Rrmad unda iqnas gaanalizebuli TviTmsgavsi nakadis war-

moqmnis procesebTan dakavSirebuli sakiTxebi, raTa trafikis SemoTavazebuli 

modeli iyos zusti. 
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NEW TYPES OF TRAFFIC AND EVOLUTION TOWARDS THE DEMAND OF SERVICE QUALITY  
IN TELECOMMUNICATIONS NETWORK  

Mardaleishvili Z., Gelkhviidze P., Koplatadze M., Kupatadze T. 
Akaki Tsereteli State University, Georgian Technical University 

Summary 
As a result of rapid introduction of entirely new types of service, the indicator of service quality has been 

significantly improved. The index of delay should be considered in particular. The paper also presents the analysis 
of the impact of the flow of requirements' character on the significance of delays. 
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usadeno nanoqselebis ganviTarebis perspeqtivebi 
 

maxaraZe s., beriZe j. 

saqarTvelos teqnikuri universiteti 
 
moxsenebaSi ganxilulia telekomunikaciis sferoSi momavlis erTerTi yvelaze 

perspeqtiuli da Tanamedrove teqnologiis-nanoqselebis agebis, ganviTarebis sakiTxebi, 
qselis danergvasTan dakavSirebuli sakvlevi problemebi, mosalodneli dadebiTi da 
uaryofiTi Sedegebi. 

  
 dReisaTvis adamianis yoveldRiuri moRvaweoba warmoudgenelia kavSiris 

saSualebebis gareSe. bolo aTwleulis ganmavlobaSi mecnierebasa da teqnikaSi 

gakeTda didi naxtomi usadeno gadawyvetilebis mxriv. dRes yovel adamians sav-

sebiT SeuZlia isargeblos kavSiris xarisxiani momsaxurebiT da maRalsiCqaria-

ni SeRweviT internet qselSi. popularul momsaxurebas warmoadgens mobiluri 

SeRweva internetSi. aseT momsaxurebaze adamianTa moTxovna izrdeba yovelwli-

urad, amitom usadeno qselebi ganuxrelad viTardeba. 

 axali standartis da teqnologiis SemuSavebis paralelurad, romelic 

amaRlebs monacemTa gadacemis siCqares, mimdinareobs kavSiris organizebis axa-

li principis kvleva. erTerT maTgans warmoadgens usadeno TviTorganizebadi 

sensoruli qseli. es qseli Tavisi agebis unikaluri principis gamo saSualebas 

iZleva gaxdes maqsimalurad saimedo, myari sxvadasxva saxis wyvetebisadmi, amaR-

ldes momsaxurebis done da mniSvnelovnad gafarTovdes warmodgenili momsaxu-

rebis speqtri [1].  

 cotaxnis win ucnaurad miiCneoda sagnebis internetis koncefcia (Internet 

of Things,  IoT), magram dRes ukve saubaria nanosagnebis internetze (Internet of Nanot‐

hings, IoNT). Tu qselur elementad warmovidgenT nebismier “sagans” macivridan da-

wyebuli adamianiT damTavrebuli, ratom ar unda gavigoT ra xdeba macivris 

siRrmeSi an Tundac adamianSi. dRes IoNT ukve gamovida ganviTarebis konceptua-

luri stadiidan da msoflios umetesoba laboratoriisaTvis gaxda kvlevis sa-

gani. nanoteqnologiis aRmoCena da ganviTarebis progresi moicavs Tavdacvis, 

sahaerokosmosur, jadacvis, biomedicinis, garTobis, samrewvelo,  vaWrobis, 

energetikis da komunaluri momsaxurebis sferoebs. am teqnologiebiT aiZuleb 

mowyobilobas gacvalos informacia – ausrulebeli sanukvari ocnebaa umravle-

soba specialistebisaTvis, romelTac surT rogorc minimum icodnen sxvadasxva 

teqnologiuri procesebis mimdinareobaze an adamianis organizmSi mimdinare 

yvelanairi cvlilebis Sesaxeb. 

 IoNT warmoadgens usadeno kavSiriT dakavSirebul nanomowyobilobebs, ro-

melTac aqvT gasasvleli sxvadasxva kavSiris qselebSi, upirveles yovlisa in-

ternetSi. nanomaStaburi kavSiris qselebis CarTva internetSi, afarToebs IoT–is 

samyaros IoNT–mde. es lokaluri ganviTareba xdeba  globaluri, nanogadamwodi 

iqneba praqtikulad yovel myar Txevad da fxvier produqtSi, rom droulad 

moxdes informireba xom ar aris darRveuli receptura, klimati, webovneba da 

sxva Semadgenloba. mag.: Cveulebriv sunamoSi inteleqtualuri nanodamatebebis 

saSualebiT SesaZlebeli gaxdeba droulad moxdes signalizireba mocemuli su-

nis Sesabamisad, wamali – organizmze maTi realuri moqmedebis Sesaxeb informa-

ciis asaxvis saSualebas mogvcems. cifrul samyaroze moTxovna ormagdeba yo-
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vel 2 weliwadSi. 2013-2020 wlis prognozis mixedviT informaciis raodenoba ga-

izrdeba  aTeuljer an 4,4 trilionidan 44 trilion gigabitamde. Tu IoT – es mi-

liardi yoveldRiuri sagnebi da mowyobilobebia, romelTac gaaCniaT unikalu-

ri identifikatorebi da SeuZliaT avtomaturad daaregistriros, Seagrovos da 

miiRos monacemebi, maSin IoNT – es ukve rogorc minimum trilioni nanomowyobi-

lobaa. mosalodnelia rom struqturaSi cvlilebis da inovaciuri damatebebis 

moTxovna gamoiwveven seriozul moTxovnis gazrdas nanosagnebis bazarze uax-

loesi ramdenime wlis ganmavlobaSi. rogorc mosalodnelia IoNT‐dan miRebuli 

mogeba gaizrdeba 2016 wels 4260 milioni dolaridan 9690 milion dolaramde 

2020 wlisaTvis [2]. 

 adre warmodgenac ki ar arsebobda nanosagnebis internetze, ar iyo inter-

neti da ar iyo nanosagnebi. esaa kacobriobis mimdinare progresirebis gamowve-

vebi. Tanamedrove adamianisaTvis naklebad gasagebia risTvis SeiZleba gamoyene-

buli iqnas IoNT da ra sargebeli SeiZleba moitanos man. jerjerobiT es yvela-

feri imyofeba Casaxvis stadiaze, koncefciis da teqnologiis arCevis gamomuSa-

vebis etapze. zogierT winwasul kompaniebs amasTan dakavSirebiT gaaCniaT sxva-

dasxva markentiguli ocnebebi, specialistebisaTvis ki ufro sainteresoa, rogo-

ri iqneba es mowyobilobebi da rogor imuSavebs is. mowyobilobebi Seicvleba 

droTa ganmavlobaSi, es damokidebulia axali teqnologiis ganviTarebaze da 

Cvens cxovrebaSi maT SemoRwevaze, sagnebis raodenobaze da maT saxeobaze damo-

kidebulebiT SeiZleba gamoyenebuli iqnas informaciis Segrovebis, damuSavebis 

da gacvlisaTvis saWiro sxvadasxva teqnologiebi. nanoobieqtebi unda urTier-

Tqmedebdnen nebismier adgilze da nebismier dros. IoNT–ma Rirebulebebis  Seq-

mnis jaWvSi unda gaiaros revoluciuri cvlilebebi funqcionirebis optimiza-

ciis. miniaturul sensorebs, romlebic akavSireben nanoqsels, SeuZliaT warmo-

adginon wvrilstruqturuli monacemebi obieqtis Signidan an rTulad miRwevadi 

sferoebidan. mag.: sxeulszeda nanosensorebs SeuZliaT uzrunvelyon eleqtro-

kardiografiuli da sxva sicocxlisaTvis mniSvnelovani signalebis Segroveba 

da gadacema. mikrosensorebs, romlebic ganTavsebulia garemoSi SeuZliaT Seag-

rovon informacia paTogenebze da alergenebze, romlebic arseboben konkretul 

fizikur adgilze. Tu gavaerTianebT am or monacemTa wyaros IoNT safuZvelze 

SeiZleba miviRoT zusti diagnozi da Tvalyuri vadevnoT pacientebis janmrTe-

lobas. ramdenime nanokomponentebis integracia erTian organizmSi, nanoqselebs 

daexmareba ganviTardes sul axali da axali nanomanqanebi, rac saSualebas mog-

vcems Seiqmnas axali damatebebi biomedicinaSi, ekologiur, samrewvelo da sam-

xedro sferoebSi. Tumca dResdReisobiT bolomde jer ar aris naTeli nanoman-

qanebs rogori urTierToba eqnebaT erTmaneTSi, rogor gacvlian informacias 

ufro msxvil “sagnebTan” mocemuli gamowvevis sapasuxod bolo wlebSi nanoteq-

nologiis sferoSi gamoCnda axali mimarTuleba – nanokavSiri an nanomowyobi-

lobebs Soris komunikacia: nanosqemebis, nanorobotebis, nanomanqanebs Soris da 

sxva. 

 mowyobilobaTa umetesoba xdeba ufro metad miniaturuli da male fizi-

kuri obieqtebi, romlebic CarTulia internetSi SeuiaraRebeli TvalisaTvis ar 

iqneba SesamCnevi. namcecis zomis kompiuteri moicavs mzis batareas, Txelfirfi-

tian kvebis elements, operatiul mexsierebas, wnevis gadamwods, usadeno radio-
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mowyobilobas da antenas [3].  

 dRes erTerT realizebul (ganxorcielebul) nanokavSirs warmoadgens 

usadeno qselis SemuSaveba Cipze (Wireless Network Chip, WiNoC). multibirTvul Cipeb-

ze proeqtirebis meTodologiaze muSaoba mivida ideamde qseli-Cipze (Network on 

chip, NoC) da SesaZlo mimarTulebad - sistema kristalze (System on Chip, SoC). WiNoC‐

is realizacia iTvaliswinebs erT kristalSi rogorc usadeno, aseve tradiciu-

li gamtariani xaziT signalebis gadacemas. mTeli sistema kristalze pirobi-

Tad iyofa  birTvebis jgufiT Seqmnil qveqselebad, kristalis SigniT komunika-

cia xorcieldeba gamtariani xazebiT. yoveli aseTi qveqseli aRWurvilia minia-

turuli sabazo sadguriT, romelic uzrunvelyofs monacemTa paketebis gadace-

mas da miRebas radioarxiT sxva qveqselidan. yvela birTvi qveqselSi dakavSire-

bulia mis sabazo sadgurTan kavSiris gamtariani xaziT. sxvadasxva qsveqselebis 

monacemTa paketis gadacema birTvebs Soris xorcieldeba jer lokalurad Sesa-

bamis sabazo sadgurTan, Semdeg ki eTeriT – qvejgufis sabazo sadguramde, ro-

melSic imyofeba adresati da Semdeg gamtariani xaziT daniSnulebis punqtSi. 

sabazo sadgurebis gaerTianeba radioqselSi SeiZleba Sesruldes varskvlavuri 

topologiiT, mesh‐qseliT (nax.1, a, b).  

 
nax.1. sabazo sadgurebis gaerTianebis topologiebi (a-varskvlavuri, b- mesh‐qseliT) 

 

qseluri arqiteqtura da kavSiris protokolebi warmoadgens seriozul 

wyaros axali samecniero kvlevebisaTvis. muSavdeba kavSiris axali meqanizmebi 

eleqtromagnituri nanoqselebisaTvis, romlebic moicaven modulacias femtowa-

muri impulsebis gadacemis safuZvelze. nanoantenebi iyeneben aramarto radio-

sixSireebs, aseve optikur diapazonsac. momavalma radiosixSirulma eleqtro-

nulma nanomodulebma SeiZleba gamoiyenos Semdegi gamtari nanomasalebi: ver-

cxlis nanonawilebi, grafitis nanomilebi an grafenirebuli dafarva. grafeniT 

SeiZleba realizebuli iqnas plazmuri nanoantenebi, romelTa daxmarebiTac na-

no da mikrodonis aseuli da aTaseuli meqanizmi an mowyobilobebi SeiZleba ga-

erTiandes erTian qselSi usadeno kavSiris daxmarebiT. tradiciuli metalisa-

gan gansxvavebiT spilenZis saxiT an vercxlis grafenma SeiZleba imuSaos gaci-

lebiT naklebi energiis danaxarjebiT. es efeqti miiRweva zedapiruli eleqtro-

nuli talRebis gamoyenebis xarjze, romelic warmoiqmneba grafenis zedapirze 

gansazRvrul pirobebSi, roca eleqtronebi qmnian velis eleqtronul rxevas, 
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romelic xdeba eleqtromagnituri talRis wyaro, romelic vrceldeba grafenis 

zedapirze. es movlena cnobilia rogorc plazmuri-polaruli talRis zedapiri  

(Surface  Plasmon  Polariton,  SPP), romelic saSualebas aZlevs grafenul nanoantenebs 

imuSaon teraherculi diapazonis 0,1...10 thc-i qveda zolSi. teraherculi diapa-

zonis gamoyeneba uzrunvelyofs monacemTa gadacemas usadeno qselebSi ori 

TanrigiT meti siCqariT vidre arsebuli usadeno teqnologiis siCqarea, xolo 

grafenuli nanoantenebis gamoyenebiT kvebis wyarodan daxarjuli energia mcir-

deba oTxi TanrigiT. saerTod unda aRiniSnos, rom grafeni es aris  sauku-

nis masala, romlis aRmoCenisaTvis avtorebs mieniWaT nobelis premia, da igi 

Tanamedrove mikroeleqtronikaSi kremaniumis warmatebul alternativad ganixi-

leba. 

Seqmnilia miniaturuli eleqtro nanogeneratori (nanogeneratori vanga) 

nanogamtarebis piezoeleqtronuli Tvisebis gamoyenebiT, romelsac Seswevs una-

ri gamoimuSaos eleqtroenergia da awarmoos eleqtromagnituri talRebi sixSi-

ris farTo diapazonSi. msgavs nanogenerators SeuZlia gamoimuSaos eleqtroe-

nergia uSualod cocxali organizmis SigniT, wyaros saxiT  gamoiyeneba meqani-

kuri rxeva, magaliTad sunTqvis an guliscemis xarjze. am gziT SeiZleba uz-

runvelyoT energiiT medicinis gadamwodebi da implantebi, romlebic damzade-

bulia nanoteqnologiis safuZvelze da ar moiTxoven muSaobisaTvis energiis 

did raodenobas.  

jer ucnobia romeli teqnologia aRmoCndeba momavalSi ufro efeqturi. 

nebismier SemTxvevaSi mxedvelobaSi unda viqonioT rom dRes vimyofebiT IoNT  

sferos kvlevis Zalian adreul stadiaze da win mosalodnelia bevri sirTule-

ebi. 

IoNT damatebebi moicavs biohibridul implantebs, glukozis donis moni-

torings, gulis monitorings, tvinis paTologiis monitorings, epilefsiis an 

depresiis monitorings. wamali nano garsiT mizanmimarTuli iqneba simsivnemde 

miRwevisaTvis da mis ganadgurebaze. prioritetulia Tavdacvis sferosaTvis ra-

diaciuli, biologiuri da qimiuri dacvisaTvis, sagangebo situaciebis marTvi-

saTvis. IoNT damatebebs Teoriulad ar gaaCniaT sazRvrebi, magram sawyis etapze 

gamoyenebuli iqneba produqtis da wylis xarisxis kontrolisaTvis da aseve mo-

dificirebuli masalisa da qsovilis Sesaqmnelad. ekologiis sferoSi gamoyene-

buli iqneba kontrolisa da biologiuri ganawilebuli intensifikaciis intere-

sebisaTvis, mesaqonleobis, memcenareobis marTvisaTvis, haeris dabinZurebis kon-

trolisaTvis.  

Smart‐organoebis Seqmna – es paradigmebis didi winsvlaa jandacvaSi. qso-

viluri inJineriis ganviTarebas srulebiT SeuZlia Secvalos midgoma kanis, 

sisxlZarRvebis, Zvlebis da adamianis sxva organoebis diagnostikisa da mkurna-

lobisadmi. nanomasalebisa da nanogadamwodebis saSualebiT SeiZleba ujrede-

bis zrdis stimulireba. nanomanqanebs da nanosensorebs SeuZliaT mudmivad iy-

vnen organoSi da uzrunvelyon adre uxilavi funqciebi. mag.: Cveulebrivi Tvali 

SeiZleba integrirdes linzasTan romlis funqcionireba iqneba ufro farTo, 

vidre GoogleGlass saTvaleebi. IoNT saSualebiT SeiZleba Seiqmnas adamianis sxeul-

Si marTvis paraleluri sistema, Tu misTvis Tandayolil sistemas ar SeuZlia 

kargad Seasrulos Tavis funqciebi, romlis muSaobis koreqtireba SesaZlebe-
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lia. SesaZlebeli iqneba organizmis diagnostika, ise rogorc xdeba Tanamedro-

ve avtomobilebis diagnostika. amisaTvis sakmarisi iqneba “usadeno gziT” mivu-

erTdeT kompiuters da visargebloT Sesabamisi programebiT.  

aseTi ideebis ganxorcielebisaTvis zogierTi futurologi mivida im az-

ramde rom Seiqmnas e.w. sruliadplanetis neironeti adamianuri “tvinis” gaerTi-

anebis gziT, IoT/IoNT  kavSirebis saSualebebiT globaluri masStabiT. jerjero-

biT tvinidan signalebis gadacemisaTvis gamoiyeneba eleqtrodebi, magram odesme 

mis rols aiRebs Tavis Tavze adamianSi “CaSenebuli” IoNT fragmenti, romelsac 

gamosasvleli eqneba  IoT‐Si. SemuSavebuli iqneba komunikaciuri protokolebi, 

romelic dafuZnebuli iqneba fsiqikuri procesebis cifrul modelze da napov-

ni iqneba midgomebi “koleqtiuri Segnebis” organizebisaTvis, iseTi amocanebis 

amoxsnisaTvis, romlebic moiTxovs sxvadasxva moazrovneTa gaerTianebas. Tana-

medrove samyaroSi problemaTa umetesoba warmoiqmneba imitom rom adamianebi 

ver Tanxmdebian erTmaneTSi amaTuim resursebis erToblivad gamoyenebaze. “ko-

leqtiuri Segnebis” organizebiT neironeti daexmareba gadawydes problemebi. 

neironeti ganixileba sagnebis internetis erTerT qselur fragmentad, romlis 

“kvanZebs” warmoadgens ara smartfoni, planSeti da nouTbuqi, aramed adamianis 

tvini. 

IoNT-is  ganviTarebas moelis gasaocari warmatebebi, magram Tavs iCens ma-

namde uxilavi riskebi. SesaZlebelia adamianis mokvlac ki, fulisaTvis, qonebi-

saTvis, ZalauflebisaTvis, SurisZiebisaTvis. IoT gaxdeba kiberdamnaSaveebisaTvis 

logikuri mizani. rogorc specialistebi aRniSnaven kiberusafrTxoebis saf-

rTxe wlebis mixedviT izrdeba. Gartner–is SefasebiT 30 miliardi obieqti iqneba 

CarTuli 2020 wlisaTvis, IDC-s monacemebiT ki 212 miliardi dazvervis, ekonomi-

kuri, danaSaulis aRmoCenis da sxva miznebisaTvis. sporcmenebi gamoiyeneben 

sxvadasxva Cip-implantebs kunTebis stimulirebisaTvis dopingis nacvlad, rac 

darRvevaa sportul eTikaSi [4]. 

teqnologiis Seqmnisas unda vicodeT sworad misi gamoyeneba. arsebobs 

mosazreba rom erTis mxriv adamiani ar aris mzad axali SesaZleblobebis gamo-

sayeneblad planetaruli da personaluri aTvisebisaTvis. meores mxirv adamians 

sxva gamosavali ar aqvs unda dasZlios Tavis TavSi axali teqnologiis sasar-

geblo moqmedebis koeficientis gamoyeneba. axali teqnologiebi ki adamianis ar 

utovebs sxva gamosavals rom unda Seicvalos, es movlena ar iqneba martivi mag-

ram gardauvali procesia. 
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WIRELESS NANONETWORKS DEVELOPMENT PROSPECTS 
Makharadze S., Beridze J.,   

Georgian Technical University. 
Summary 

Technological progress is inevitable due to the latest challenges evasion. It is formed until now the dream 
and the incredible systems. One of them is the nanothings Internet, where devices are miniature, but it is equipped 
with a large capacity information collection, processing and transmission. Similar devices are projected to use less 
energy consumption, electricity produce directly to the inside of living organisms, based on mechanical vibration, 
what is positive for many areas of human activity. Due to the ongoing processes in the world  people have not other 
choice,  they are obliged to pay attention to the current challenges and cope with the inevitable related processes. 
 

 

 

 

monacemTa nakadebis regulirebis efeqturobis maxasiaTeblebi  
da Sefasebis kriteriumebi 

 
qurdaZe m.,  murjikneli g. 

saqarTvelos teqnikuri universiteti  
 
warmodgenilia  satelekomunikacio qselSi monacemTa nakadebis regulirebis 

efeqturobis maxasiaTeblebi funqcionirebis maRali warmadobis SenarCunebis Tvalsaz-
risiT. SemuSavebulia meTodi, romlis Tanaxmadac xorcieldeba monacemTa nakadebis 
kritikul maxsiaTeblebis mixedviT jgufebad dayofa situaciis  mixedviT. am jgufebs 
eniWebaT prioritetebi  da sruldeba am jgufebSi moqceul momsaxurebis xarisxis maxa-
siaTeblebis  gazomva alternatiuli marSrutebis gamoyenebiT, xorcieldeba jgufSi 
miRweuli monacemebis nakadebis gadarTva alternatiul marSrutze. iseTi midgoma, roca  
sistema Rebulobs gadawyvetilebas Catarebuli gazomvebis Sedegebis safuZvelze, uz-
runvelyofs kritikuli parametrebis mudmiv kontrols, rac  Tavis mxriv iZleva efqtu-
ri gadawyvetilebis swrafad  miRebis SesaZleblobas, rac Tavis mxriv mkveTrad aumjo-
besebs monacemTa nakadebis regulirebis xarisxs. 

 
  monacemTa gadacemis qselis mTavar amocanas safuZvelSive warmoadgens 

gaTvaliswinebul iqnes Semdegi principebi: zrdaze orientirebuli qselebi, qse-

lis stabiluroba, qselis mdgradoba maqsimaluri datvirTvebis reJimSi muSao-

bisas; qselis xelmisawvdomoba; marTvisa da kontrolisaTvis moqnili qseli; sa-

informacio nakadebis konfidencilauroba; gare safrTxebisagan qselis dacva; 

ucxo sainformacio nakadebis kontroli.  

    Tanamedrove satelekomunikacio qselebSi bevri kompania sargeblobs kampu-

sis tipis qseliT, romlebsac  gaaCniaT erTze meti arxi, romlebis meSveobiT 

isini anxorcieleben gare samyarosTan kavSirs. es arxebi warmoadgenen organi-

zaciebis kerZo sakuTrebas an warmoadgenen internet provaideris infrastruq-

turis nawils. bevr SemTxvevaSi, erTerTi arxi warmoadgens ZiriTad arxs, mag-

ram danarCeni arxebi arian damxmare. aseT SemTxvevebSi, ZiriTadi datvirTva mo-

dis pirvelad arxze, rodesac damxmare arxebis resursebi imyofebian gamoyene-

bis gareSe.  kampusis tipis  arqiteqtura  Tavis TavSi srulad moicavs inteleq-

tualuri komutaciisa da  marSrutizaciis infrastruqturas,  IP-komunikaciebis 
maRali  mwarmoeblurobis integrirebul teqnologiebs,   uzrunvelyofs mobi-

lurobasa da usafrTxoebis gazrdil dones. uzrunvelyofs imformaciul naka-

debTan  maRali siCqariT  wvdomas,  mdgradi mravaldoniani ierarqiuli kon-

struqciis xarjze,  aparaturuli da programuli uzrunvelyofis swori gamoye-

neba uzrunvelyofs  qselis datvirTvebis jerovan ganawilebas  da  qselSi Se-
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saZlo  Seferxebebisas sistemis  mdgradobas. usafrTxoebis kompleqsuri siste-

ma uzrunvelyofs  qselze Semtev zemoqmedebebs. miuxedavad amisa dRevandeli 

globaluri qselebis problemebi gamoixateba SemdegSi: trafikis zrda da cen-

traluri qselis internetTan damakavSirebeli arxebis datvirTvis gawonaswore-

bis mouqneli algoriTmebi; ZviradRirebuli damxmare arxebis resursebis gamou-

yenebloba Border Geteway Protokol   (BGP)-is rTuli meqanizmebi;  NetFlow statistikis, 

IP SLA da prefiqsebis xeliT Semowmebis aucilebloba. am problemebis gadawyve-

tis saSualebebad SeiZleba CaiTvalos: ZviradRirebuli arxebis da infrastruq-

turis sruli gamoyeneba; trafikis efeqturi ganawileba arxebis datvirTvis 

gaTvaliswinebiT; trafikis optimizireba arxebis safasuris profilebze day-

rdnobiT; ZviradRirebuli gamouyenebeli arxebis minimizireba. 

   monacemTa nakadebis regulirebis maxasiaTeblebi damokidebulni arian qsel-

Si paketebis kargvis  statistikaze, razec  marSrutizaciis protokolebs in-

formacia  ar gaaCniaT. am faqtma SeiZleba gamoiwvios momxmareblis qselSi mu-

Saobis efeqturobis gauareseba da monacemTa nakadebis warmadobis degradacia. 

aRsaniSnavia, rom aseT SemTxvevebSi marSrutizaciis protokolebi agrZeleben 

Cveulebriv muSaobas da msgavsi problemebi aranair miniSnebas ar axdenen dina-

mikuri marSrutizaciis prtokolebze.  

 problemis gadawyvetileba gvesaxeba inteleqtualuri marSrutizaciis algo-

riTmebis danergvaSi, romelic dayrdnobilia monacemTa nakadebis warmadobis 

monitoringze da gauaresebis SemTxvevaSi swraf reagirebaze. amis misaRwevad, 

saWiroa momsaxurebis xarisxis kritikuli parametrebis monitoringi. aseT para-

metrebs warmoadgenen: paketebis gadacemis dayovneba, paketebis danakargi, dayov-

nebebis variacia da gamtarunarianoba. am SemTxvevaSi yalibdeba algoriTmi, ro-

melsac safuZvled udevs Semdegi: marSrutizatorebs unda SeeZloT nakadebis 

marSrutizacia ara marto daniSnulebis prefiqsebis mixedviT, aramed monacemTa 

tipebze dayrdnobiT. marSrutizaciam unda airCios monacemisTvis saukeTeso 

marSruti da ara mxolod daniSnulebis prefiqsisaTvis, aramed yvela SesaZlo 

Sesasarulebeli variantisaTvis.  

zemoT gamosaxulebaze mocemulia  warmadobis gazrdis mikro modeli   sadac 

is ar  warmoadgenen avtomatur damoukidebel meqanizmebs da iTvaliswineben ad-
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ministratoris Carevas da parametrebis xeliT konfigurirebas. am problemis 

ufro moqnili gadawyveta xdeba Performance Routing. 
   tradiciuli marSrutizacia iyenebs statikur metrikas da ar gaaCnia aranai-

ri informacia arxebis datvirTvis, monacemTa gadacemis an arxebis Secdomebis 

Sesaxeb. Cisco Performance Routing(PfR) aumjobesebs marSrutizaciis algoriTms da 

SesaZlebeli xdeba  saukeTeso marSrutis arCeva   momxmareblis wesdebaze day-

rdnobiT. rac Tavis mxriv SeiZleba iyos dayrdnobili, rogorc arxebs Soris 

datvirTvis ganawilebaze aseve monacemTa nakadebisTvis saukeTeso da maqsimalu-

ri warmadobis mqone marSrutis arCevaze. trafikis marTvis inteleqtualur me-

Tods SeuZlia dinamikuri marSrutizaciis gadawyvetilebebis miReba korporaci-

uli qselis an internetis arxebis Secdomebze dayrdnobiT da marSrutizaciis 

koreqtireba kompleqsur kriteriumebze dayrdnobiT. aseT kriteriumebs  warmo-

adgendnen paketebis miwodebis dayovneba, paketebis danakargi, dayovnebis varia-

ciis faqtori, arxebis datvirTva da sxva wesdebebi. 

 
 
     sqemaze mocemulia  PfR protokolis, master kontrolerisa da  erTi sasazRvro 

marSrutizatoris realizacia, master kontroleris da sasazRvro marSrutizato-

ris funqciebi SeiZleba iyvnen SeTavsebuli, rogorc erT fizikur mowyobilobaSi 

aseve or calkeul marSrutizatorSi.  master kontroleri warmoadgens wesdebaze 

dayrdnobil, gadawyvetilebebis mimReb kvanZs. radganac PfR warmoadgens marSrutis 

arCevis teqnologias, am protokolis kontrolis qveS unda arsebobdes sul mcire 

ori an meti gare interfeisi da erTi Sida interfeisi mainc. aseve, sul mcire erTi 

sasazRvro marSrutizatori unda iyos gamarTuli.  imisaTvis, rom    PfR proto-

kolma moaxerxos prefiqsebis an monacemTa nakadebis kontroli, am trafikma un-

da gaiaros sasazRvro marSrutizatoris Sida interfeisi da gadamisamarTdes 

erTerT gare interfeisisaken. 

imisaTvis, rom monacemTa nakadebis efeqturobis maxasiaTeblebi ganvsazRvroT 

da Sefasebis kriteriumebi davadginoT,  PfR protokolis algoriTmis zogadi mo-

deli ase SeZleba warmovidginoT: 

VIII. miRwevadobis Semowmeba.-daniSnulebis prefiqsis dayovnebis, pakete-

bis danakargis da miRwevadobis informacia ufro detaluria da mona-

cemTa analizi naklebi cdomilebebiT xorcieldeba.   

IX. trafikis klasebi Seswavla.-moicavs, rogorc Seswavlis aseve konfigu-

rirebis meqanizmebs. 

X. monacemTa nakadebis warmadobis gazomva.-gazomvis faza iTvleba dasru-

lebulad, rodesac gazomvis trafikis nusxis yvela trafikis klasis 

Canawers gaaCnia Sesabamisi warmadobis metrikebis gazomvis Sedegebi.   

XI. wesdebis darTva.-axorcielebs gazomili warmadobis maxasiaTeblebis Se-

darebas arsebuli an konfigurirebuli barierebis mimarT, rodesac war-

madobis maxasiaTeblebi ar akmayofileben miRebul bariers, PfR protoko-
li iRebs gadawyvetilebas moaxdinos trafikis klasis gadamisamarTeba 

an mdgomareobis Secvla.  
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wesdebis darTva SesaZlebelia globalurad, trafikis klasis doneze an arxis 

mixedviT 

XII. marSrutis cvlilebis ganxorcieleba-.marSrutizatorebi ugzavnian 

master kontrolers moxsenebas imis Taobaze, Tu ra nakadebi iyo dadge-

nili, adgens yvela daniSnulebis misamarTisaTvis Semdeg parametrebs: 

aRmoCenili nakadebis gadacemis saSualo dayovnebas; paketebis danakar-

gis statistikas; daniSnulebis misamarTis miRwevadobas; gamtarunariano-

bas, gansazRvruls bitebi/wamSi 

    PfR protokolis yvela trafikis klass unda gaaCndes erTze meti wesdeba.  sa-

edanac protokolma unda moaxdinos sasurveli wesdebis arCeva da yvela wesde-

bas mieniWos prioritetis mniSvneloba. sawyis mdgomareobaSi,  PfR protokoli 

aniWebs prioritetebs Semdegi mimdevrobiT: umaRlesi prioriteti eniWeba dayov-

nebis wesdebas, Semdeg aris  datvirTulobis wesdeba. saWiroa aRiniSnos, rom 

yvela SemTxvevaSi daerTveba miRwevadobis wesdeba, romelsac aqvs prioriteti. 

am prioritetis Secvla SeuZlebelia da is mudmivad aris  erTi da igive  mniS-

vnelobis. 

PfR axorcielebs im marSrutis arCevas, romelic akmayofilebs wesdebas, da es 

procesi Seicavs Semdeg etapebs: 

8. yvela trafikis klasisaTvis arsebuli gamavali interfeisebis gamoyene-

biT  gazomili monacemebis Tavmoyra. 

9. yvela gare da Sida  interfeisebze monacemebis Tavmoyra 

10. im interfeisebis ignorireba romelzec ar arsebobs monacemebi,  

11. monacemebi  interfeisebis prioritetebis variaciiT dalageba 

12. variaciis mqone interfeisebi-kandidatebi 
    amrigad SemuSavebul algoriTms  safuZvlad udevs ZiriTadi moTxovna, rom 

marSrutizatorebs unda SeeZloT monacemTa nakadebis marSrutizacia ara marto 

daniSnulebis prefiqsebis mixedviT, aramed monacemis tipebze dayrdnobiT. mar-

Srutizacia irCevs monacemebisaTvis saukeTeso marSruts da ara mxolod daniS-

nulebis prefiqsisaTvis. kritikuli aplikaciebis marSrutizacia xorcieldeba 

ZiriTadi (maRalxarisxiani) arxis gamoyenebiT, rac xels uwyobs monacemTa naka-

dis efeqtur regulirebas. SemuSavebuli arlgoriTmi iyenebs trafikis marTvis 

inteleqtualur meTods, romelsac SeuZlia dinamikuri marSrutizaciis gadawy-

vetilebebis miReba qselis arxebis Secdomebze dayrdnobiT da aseve marSruti-

zaciis koreqtireba kompleqsur kriteriumebis gaTvaliswinebiT(paketebis miwo-

debis dayovneba, paketebis danakargi, dayovnebis variaciis faqtori, arxebis 

datvirTva da sxva) SemuSavebuli modelebis safuZvelze agebuli algoriTmi, 

iTvaliswinebs  arsebuli marSrutebis momsaxurebis xarisxis maxasiaTeblebis 

mniSvnelobebs da axorcielebs nakadebis jgufebad. 
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THE CHARACTERISTICS OF EFFECTIVENESS OF DATA FLOW REGULATION AND EVALUATION 

CRITERIA 
Qurdadze M.A.,  Murjikneli G.G. 

Georgian Technical University  
Summary 

The paper dwells on the characteristics of effectiveness of data flow regulation and evaluation criteria in tele-
communications network in terms of maintaining high performance. The method has been developed, according to 
which the data is separated into groups based on the situation of critical characteristics. These groups are given prio-
rities and are measured the characteristics of the service qualities within these groups using alternative routes, and 
then achieved data flow within group are switched to the alternative route. Such an approach, when the system ma-
kes a decision based on the measurement results, providing constant control of critical parameters, which in turn al-
lows for ability of making effective decision quickly, and which in turn improves the quality of the data flow regula-
tion.  
 

 

 
sacnobaro-samarTlebriv sistemebSi normatiul-samarTlebrivi  
dokumentebis urTierTkavSiris vizualizaciisa da analizis  

avtomatizebuli sistemis SemuSaveba   
 

Sonia o., yolbaia l., Corxauli n. 

saqarTvelos teqnikuri universiteti   
    
naSromSi warmodgenilia sacnobaro samarTlebrivi sistemis (kompiuteruli sacnoba-

ro samarTlebrivi sistema) mniSvneloba Tanamedrove sazogadoebisTvis, aRniSnuli sis-
temis daniSnuleba, masSi arsebuli samarTlebrivi dokumentebis vizualizaciisa da ana-
lizis saqmiani procesebis avtomatizebuli sistemis struqturis SemuSaveba da misi gav-
rcelebis ZiriTadi mimarTulebebi. 

  
sakanonmdeblo informaciis kolosaluri moculoba da misi cvlilebebis 

dinamika, saWiroebs iuristebisagan, ekonomistebisagan, biznesmenebisa da nebismi-

eri dainteresebuli pirebisagan Tanamedrove meTodebisa da instrumentebis ga-

moyenebas samarTlebriv informaciasTan muSaobis procesSi. dReisTvis aseT in-

strumentebad gvevlinebian sacnobaro samarTlebrivi sistemebi (SemdgomSi 

,,sss“), romelTa ZiriTadi amocanaa momxmarebelTa ganusazRvreli raodenobis-

Tvis utyuari samarTlebrivi informaciis formireba da operatiulad miwodeba. 

kanonSemoqmedebis ganviTarebis dinamika ganapirobebs sacnobaro-samar-

Tlebrivi sistemebis farTod gamoyenebis aucileblobas, raTa dakmayofilebul 

iqnas sazogadoebis moTxovnebi samarTlebrivi informaciis miRebis kuTxiT. sa-

marTalSegneba, kanonSemoqmedeba warmoadgens obieqturad arsebuli faqtorebs 

sazogadoebis mxridan samarTlebrivi informaciis moTxovnasTan dakavSirebiT, 

xolo sacnobaro-samarTlebrivi sistemebi ki – saSualebas am moTxovnebis dak-
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mayofilebisa.  

amdenad, sacnobaro-samarTlebrivi sistema aris kompiuteruli monacemTa 

bazebis gansakuTrebuli klasi, romelic Tavis TavSi moicavs saxelmwifo orga-

noTa da Tanamdebobis pirTa mier miRebul yvela saxis samarTlebriv aqtebs, sa-

erTaSoriso xelSekrulebebs, aseve specialistTa konsultaciebs samarTalze, 

sabuRaltro da sagadasaxado sakiTxebze da sxva. 

ukanasknel xanebSi SeimCneva kanonSemoqmedebiTi saqmianobis ganuwyveteli 

swrafi zrda. arsebiTad gaizarda miRebuli normatiul-samarTlebrivi aqtebis 

_ kanonebis, dadgenilebebis, gankargulebebis raodenoba. Zogadad SekiTxvebi, 

romlebic dakavSirebulia kanonSemoqmedebiT saqmianobasTan tradiciulad iwve-

ven aqtiur diskusiebs. yuradReba unda gamaxvildes xSirad CrdilSi myof ka-

nonSemoqdebiTi saqmianobis teqnikur aspeqtebze, romlebic mdgomareobs kanon-

proeqtebis gaformebis dros saTanado wesebisa da normebis dacvaSi da kanon-

mdeblobis procesis aqtualizaciaSi. Seqmnili praqtikidan gamomdinare, mo-

Txovnebi, romlebic wayenebulia sakanonmdeblo dokumentebis gaformebaze, mis 

struqturaze da Sinaarsze sakmaod maRalia.  

kanonSemoqmedebiTi saqmianobis procesSi, normatiul-samarTlebrivi doku-

mentebis miRebisas, maTi oficialurad gamoqveynebis dros Sesabamis sacnobaro-

samarTlebrivi sistemebSi umniSvnelovanesia am dokumentebis iuridiul-teqniku-

ri gaformebis wesebis zusti dacva, romelic zogadad moicavs: normatiuli aq-

tis struqturas, bmulebis gamoyenebis wesebs, dokumentis oficialurad gamoq-

veynebas, normatiul aqtebSi cvlilebebis Setanas da im aqtebis nusxas, romle-

bic eqvemdebarebian Zaladakargulad gamocxadebas.  

samarTlebrivi dokumentebis erTiani urTierTdakavSirebuli struqtura 

warmoadgens rTul obieqts, romelic saWiroebs axal maTematikuri da Teoriti-

kuli meTodebis kvlevas.  

normatiul-samarTlebrivi dokumentebis urTierTkavSiris vizualizaciisa 

da analizis avtomatizebuli sistemis mizania axali meTodebis gamovlena, ro-

melic mowodebulia aRmoaCinos kanonSemoqmedebiT saqmianobaSi, samarTlebrivi 

aqtebis iuridiul-teqnikuri gaformebis procesSi, kompiutrul sacnobaro-sa-

marTlebriv sistemebSi potenciurad saSiSi situaciebi, samarTlebrivi kolizi-

ebi da winaaRmdegobebi, normatiuli aqtebis dublireba. aRniSnuli meTodi ga-

moirCeva avtomatizebuli analizisa da urTierkavSiris vizualizaciis instru-

memtebis gamoyenebiT.  

potenciurad saSiSi sitaucia niSnavs kanonSemoqmedebiTi procesis wesebi-

sa da normebis gauTvaliswineblobas, xolo kolizia gulisxmobs SemTxvevas, 

rodesac identuri samarTlebrivi problema sxvadasxvagvarad regulirdeba ori 

an meti normatiuli aqtiT, ra drosac upiratesoba eniWeba ierarqiiT ufro ma-

Ral safexurze mdgom normatiul aqts. ierarqiis erTi da imave safexuris nor-

matiul aqtebs Soris winaaRmdegobis warmoqmnisas moqmedebs ufro gvian miRebu-

li (gamocemuli) aqtiT dadgenili norma. 

avtomatizebuli sistemis ZiriTadi amocanebis SemuSaveba iwyeba monaceme-

bis xeliT damuSavebis procedurebis gamokvleviT, raTa Seswavlili da ganzo-

gadebuli iqnas is sirTuleebi, romelsac awydeba momxmarebeli. aseTi gamok-

vleva zogadi xasiaTisaa da mdgomareobs siZneleebis gamovlenaSi da ara maTi 

mizezis dadgenaSi. Tavdapirvelad xdeba marTvis arsebuli procedurebis zoga-
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di gamokvleva, xolo SemdgomSi moxdeba marTvis im TiToeuli amocanis cal-

calke Seswavla, romlis avtomatizaciac aris gaTvaliswinebuli. 

    normatiul-samarTlebrivi dokumentebis urTierTkavSiris vizualizaciisa 

da analizis miznebis miRweva gulisxmobs Semdegi amocanebis gadawyvetas: 

    _ kanonSemoqmedebiT procesSi dReisTvis arsebuli problemebis mimoxilva; 

    _ samarTlebrivi aqtebis iuridiul-teqnikuri gaformeba da gadawyvetis me-

Todebis Zieba; 

_ im modelebis SemuSaveba, romlebic aRweren normatiul-samarTlebriv 

dokumentebs da maTi sxvadasxva saxis urTierTkavSirs;  

_ dokumentebis urTierTkavSiris struqturis potenciurad saSiSi adgile-

bis kriteriumebis formalizacia logikurad gamosaxuli formiT; 

_ normatiul-samarTlebrivi dokumentis teqstSi urTierTkavSiris aRmoCe-

nis algoriTmisa da urTierTdakavSirebuli struqturis agebisa da analizis 

algoriTmis SemuSaveba; 

_ samarTlebrivi dokumentebis urTierTkavSiris vizualizaciisa da anali-

zis avtomatizebuli sistemis SemuSaveba da realizacia, kanonSemoqmedebis rea-

lur pirobebSi misi danergva da aprobacia; 

_ normatiul-samarTlebrivi dokumentis usafrTxoebis uzrunvelyofa gare  

Setevebisgan. 

raTa moxdes dasaxuli amocanebis gadawyveta, aucilebelia ganisazRvros 

potenciurad saSiSi situaciebis Semdegi kriteriumebi. 

kriteriumi #1. normatiul-samarTlebriv dokumentSi cvlilebebis Setana, 

romelic Tavisive teqstSi Seicavs miTiTebas sxva normatiul-samarTlebrivi aq-

tis gauqmebis an masSi cvlilebebis Setanis Sesaxeb – potenciurad saSiSia. 

kriteriumi #2. normatiul-samarTlebriv aqtSi linkis (misamarTis) arsebo-

ba Zaladakargul dokumentebze – potenciurad saSiSia. 

kriteriumi #3. normatiul-samarTlebriv aqtis teqstSi linkis arseboba, 

romelic adgens axal samarTlebrivi regulirebas – potenciurad saSiSia.  

kriteriumi #4. normatiul-samarTlebrivi dokumentiT Zalis dakargva, ro-

melic cvlida an auqmebda noratiul-samarTlebriv aqtebs – potenciurad saSi-

Sia.  

kriteriumi #5. Tavisufali tipis normatiul-samarTlebriv dokumentze 

linki SeiZleba iyos potenciurad saSiSi, Tu SemdgomSi igi Secvlili an gauq-

mebuli iqna.  

kriteriumi #6. normatiul-samarTlebrivi dokumentebSi cvlilebebis sim-

ravle (gadatvirTuloba) SeiZleba warmoadgendes misi axali redaqciiT gamoce-

mis sababs.  

kriteriumi #7. Tu normatiul-samarTlebrivi aqtis moqmedeba ganisazRvre-

ba drois mixedviT, drois SualedSi, maSin masze moqedi linkebi SeiZleba iy-

vnen potenciurad saSiSi, Tuki drois am monakveTSi igi ar Sevida ZalaSi, an ki-

dev momavalSi misi moqmedeba Sewyda.   

normatiul-samarTlebrivi dokumentebis urTierTkavSiris vizualizaciisa 

da analizis sistemis realizaciisTvis gamoyenebul iqna agentur-orientirebu-

li midgoma.  

Cveulebriv iTvleba, rom agenti unda flobdes Semdeg Tvisebebs: 

• avtonomiuroba - damoukidebeli, avtonomiuri muSaobis unari; 
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• reaqtiuloba - gare samyaros SegrZnebis unari da cvlilebebze reagire-

ba, moqmedeba, romelic mimarTulia miznebis miRwevaze; 

• aqtiuroba - miznobrivi moqmedebis marTvis unari, iniciativis gamovlena, 

moqmedebis ganxorcieleba mimarTuli miznebis misaRwevad;  

• komunikabeluroba - miznebis misaRwevad gare samyaros sxva arsebebTan  

(sxva agentebTan, adamianebTan) urTierTmoqmedeba.  

agentTa SesaZlo, magram ara aucilebeli Tvisebebia:  

• xangrZlivoba - SedarebiT drois didi monakveTis manZilze; 

• mobiluroba - Sesrulebis dros qselebis sxvadasxva kvanZs Soris 

gadaadgilebis unari; agentebs, romlebsac ar gaaCniaT msgavsi Tviseba uwodeben 

statisturebs;  

• inteleqtualoba (aTviseba) - axali gadawyvetilebebis moZebis unari; aseT 

agentebs SeuZliaT Secvalon TavianTi moqmedeba, rogorc sakuTari, aseve, sxva 

agentebis gamocdilebis gamoyenebiT   

• adaptirebis unari - gare samyaros Seswavlisa da adaptaciis unari; 

• aqtiuroba - miznamimarTuli qcevebis aTviseba; 

• anticipacia - unari momxmareblis moTxovnis ganWvretisa. 

normatiul-samarTlebrivi dokumetebis urTierTkavSiris vizualizaciisa 

da analizis avtomatizebuli sistema warmoadgens ganawilebul sistemas. amgva-

ri sistemebis proeqtireba sakmaod rTuli amocanaa da saWiroebs gansakuTre-

bul midgomas. amitomac misi proeqtirebis dros, gaTvaliswinebul iqna msgavsi 

sistemebisTvis damaxasiaTebeli kriteriumebi. ase magaliTad, mTavari amocanis 

qveamocanebad da sistemis qvesistemebad daSlis dros, gaTvaliswinebul iqna 

rigi damatebiTi faqtorebi: komponentebis adgilobrivi avtonomiuroba, monacem-

Ta wyarosTan siaxlove, saerTo mwarmoebluroba. 

vizualizaciisa da analizis avtomatizebuli sistema agebulia agenturu-

li midgomis gamoyenebiT. sistemis ZiriTadi Semadgeneli erTeulebia: linkebis 

ganlagebis agenti; erTiani monacemTa baza, romelic Seicavs mravlobiT norma-

tiul-samarTlebriv dokumentebs; codnis baza, romelic Seicavs kanonSemoqmede-

bis normebis Seusruleblobis TvalsazrisiT potenciurad saSiSi situaciebis 

kriteriumebs da linkebis gamovlenis wesebs. 

linkebis ganlagebis agenti muSaobs mudmiv fonur reJimSi, romelic uz-

runvelyofs axali (erTian monacemTa bazaSi damatebuli) kanonebisa da kanon-

proeqtebis damuSavebas da tipebis gasazRvriT maT teqstSi sxva normatiul-sa-

marTlebriv aqtebze linkebis gamovlenas. linkebis ganlagebis agenti pirdapir 

urTierTmoqmedebs erTian monacemTa bazebis marTvis sistemasTan, codnis bazas-

Tan, analizisa da vizualizaciis agentTan, iribad sistemis administratorTan 

da axorcielebs safosto saoqmo angariSebis gagzavnas Secdomebisa da muSaoba-

Si Seferxebis Taobaze. linkebis ganlagebis agentisa da analizisa da vizuali-

zaciis agentis urTierTmoqmedeba Sedgeba pirvelis mier axlad Setanili da 

damuSavebuli dokumentebis Sesaxeb monacemebis meoresTvis gadagzavnaze. linke-

bis ganlagebis agentis arqiteqtura Seicavs funqcionalurad pirobiTad dayo-

fil 3 moduls: linkebis gamovlenis moduli, linkebis tipis gansazRvris modu-

li da Secdomebis damuSavebis moduli. 

vizualizaciisa da analizis avtomatizebuli sistemis gadawyvetis efeqtu-

roba damokidebulia sistemis algoriTmul uzrunvelyofaze. am sakiTxis opti-
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maluri gadawyvetisaTvis amocanas TiToeuli meTodisTvis vyofT calkeul al-

goriTmebad. 

TiToeuli algoriTmuli bloki gaTvaliswinebuli unda iyos avtomatize-

buli sistemis garkveuli funqciis Sesasruleblad. sistemis algoriTmizaciis 

etapze saWiroa movaxdinoT TiToeuli algoriTmuli blokis iseTi saxiT deta-

lizacia, rom SesaZlebeli da gaadvilebuli iyos programirebis procesi. al-

goriTmul blokebSi agreTve vrTavT im programebis erTobliobas, romlebic 

marTavs kompiuteris sxvadasxva nawilebis muSaobas da momxmarebels saSuale-

bas miscems Tavisi amocana gadawyvitos misTvis sasurveli saxiT. 

avtomatizebuli sistema Seqmnilia obieqt-orientirebuli daprogramebis 

enaze _ Borland Delphi-Si, romelic warmoadgens vizualuri gawyobis enas. am 

sistemas gaaCnia didi saSualeba marTos monacemTa bazebi, rogorc personalu-

ri kompiuterisTvis, aseve ganawilebuli lokaluri da globaluri qselebis-

Tvis.  

obieqt-orientirebuli daprogramebis enebidan erT-erTi yvelaze gavrcele-

buli da moqnili sistemaa _ Delphi, romelic dafuZnebulia object Pascal 

kodze. Delphi  dammuSavebels  aZlevs moqnilobis saSualebas. misi kompilato-

rebi, romlebic paskalis ojaxis enebidan aris warmoSobili, iTvlebian erT-

erT yvelaze swraf kompilatorebad.  

avtomatizebuli sistemis programuli kompleqsis damuSavebisas gamoyenebu-

lia ori ZiriTadi klasi: normatiul-samarTlebrivi dokumentis klasi _ TNPNo-

de da normatiul-samarTlebrivi dokumentebis kavSirebis klasi _ TNPReferen-

ce. 

TiToeuli klasisTvis Seqmnilia procedurebi, funqciebi da meTodebi da 

TiToeuli meTodis algoriTmisTvis damuSavebulia programuli kodebi, romle-

bic moyvanilia sqematurad da TiToeuli maTgani aRwerilia Tavisi funqciona-

luri daniSnulebiT. 

sabolood unda aRiniSnos, rom SemoTavazebuli sistemis agebis saerTo 

koncefcia, romelic Seicavs modulirebis princips da agentur midgomas, iZle-

va misi Semdgomi daxvewis mniSvnelovani SesaZleblobis saSualebas. ZiriTadad, 

potenciurad saSiSi situaciebis aRmoCenis sistemis SesaZleblobis gazrda 

xorcieldeba codnis bazaSi axali kriteriumebis damatebiT da Semoifargleba 

mxolod arsebuli SezRudviTi maTematikuri modeliT, xolo dokumentis teq-

stSi linkis aRmoCenis efeqturobis amaRleba SeiZleba miRweul iqnas sityva-ga-

moricxvis siis SevsebiT. 

garda aRniSnulisa aucilebelia aseve sacnobaro-samarTlebriv avtomati-

zebuli sistemebis informaciuli resursebis marTvis efeqturi meqanizmebis 

Seqmna, rac  SeuZlebelia informaciuli usafrTxoebis samecniero dasabuTebis 

da dabalansebuli politikis praqtikulad ganxorcielebis gareSe. 

Tanamedrove pirobebSi, saxelmwifo dawesebulebebSi da kerZo struqtureb-

Si inaxeba da muSavdeba didi raodenobis sxvadasxva monacemebi, romlebic da-

kavSirebulia aramarto maTi saqmianobis warmarTvasTan, aramed sxvadasxva kvle-

viTi da konstruqciuli proeqtebis ganxorcielebasTan, personalis piradi mo-

nacemebis damuSavebasTan, saxelmwifo komerciuli, piradi  da sxva saxis konfe-

dencialuri informaciis SenaxvasTan. 

maRali teqnologiebis sferoSi danaSaulebis zrdam ganapiroba moTxovne-
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bi saxelmwifo da kerZo dawesebulebebis samarTlebriv-saZiebo sistemebis mi-

marT gamoTvliTi qselebis resursebis dacvis kuTxiT. aqtualuri gaxda saku-

Tari usafrTxoebis sistemis Seqmnis aucilebloba, rac gulisxmobs samarTleb-

riv-normatiuli bazis arsebobas, usafrTxoebis koncefciis formirebas, specia-

luri RonisZiebebis SemuSavebas, usafrTxoebis mizniT procedurebis dagegmvas, 

proeqtirebas, informaciis dasacavi teqnikuri saSualebebis realizebas. yvela 

zemoT CamoTvlili sistemuri kompontebi gansazRvravs informaciuli usaf-

rTxoebis dacvis erTian politikas.  

saxelmwifo Tu kerZo dawesebulebebis sacnobaro-samarTlebriv-saZiebo 

sistemaSi informaciis dacvis specifika mdgomareobs imaSi, rom es dawesebule-

bebi xasiaTdebian mudmivad cvalebadi personaliT, momxmarebelTa farTo wriT, 

saWiro informaciis miRebis msurvelTa uzarmazari raodenobiT da maT Soris 

„damwyebi kiber kriminalebis“ aqtiuri zrdiT. 

saxelmwifo Tu kerZo dawesebulebebi rogorc informatizaciis obieqti, 

gamoirCevian mravalprofiluri saqmianobiT, dafinansebis wyaros mravalferov-

nebiT, damxmare qvedanayofebisa da servisebis arsebobiT (mSenebloba, warmoeba, 

sameurneo saqmianoba), saganmanaTleblo momsaxurebis bazarze mudmivi adaptaci-

iT, Sromis bazris moTxovnebis analiziT, zemdgom organizaciebTan eleqtronu-

li urTierTqmedebis aucileblobiT, TanamSromlebisa da momxmarebelTa statu-

sebis xSiri cvalebadobiT.  

samarTlebriv-saZiebo sistemis usafrTxoebis dacvaze mniSvnelovan gavle-

nas axdens _ informaciuli garemos arqiteqtura da informaciul resursebze 

xelmisawvdomobis uflebebis marTva. ganvixiloT TiToeuli donis struqtura: 

inforamciuli garemos aqriteqturaSi Sedis - infrastruqtura, romelic 

uzrunvelyofs samarTlebriv-saZiebo sistemis servisebis saimedo, usafrTxo da 

24 saaTian reJimSi funqcionirebas da sainformacio resursebi, romlebic uz-

runvelyofen nebismier adgilidan da nebismier dros samarTlebriv-saZiebo sis-

temis sainformacio resursebTan martiv da saimedo wvdomas. sadeniani qseluri 

(komutatorebi, marSrutizatorebi da a.S.) routerisa da komutatorebis adminis-

trireba, romlebic uzrunvelyofen rogorc gare internetTan wvdomas, aseve Si-

da resursebTan kavSirs. Sida kompiuteruli qselis samisamarTo sistemis menej-

menti, Sida qselis TviToeuli segmentis usafrTxoebis uzrunvelyofa da dacva 

rogorc gare aseve Sida arasanqcirebuli SeRwevisagan. aseve usadeno qseluri 

(usadeno komutatorebi da marSrutizatorebi) - usadeno routerebisa da komu-

tatorebis administrireba, romlebic uzrunvelyofs internetiT kavSirs moci-

lebuli momxmareblebisaTvis. usadeno qselis samisamarTo sistemis menejmenti, 

maTi usafrTxoebis uzrunvelyofa da dacva. aseve mniSvnelovania serverebis ad-

ministrireba, romelzec gaSvebulia yvela saWiro sainformacio resursis ga-

marTulad da Seuferxeblad muSaobisTvis Sesabamisi programuli uzrunvelyo-

fa. xdeba serverebis 24 saaTiani monitoringi da yvela SesaZlo xarvezis umok-

les droSi aRmofxvra da gasworeba. serverebze dayenebuli softis perioduli 

ganaxleba, sarezervo kopireba da dacva rogorc gare aseve Sida arasanqcirebu-

li SeRwevisagan. 

imisaTvis rom SesaZlebeli iyos informaciaze wvdomis kontroli, aucile-

belia rogorc aparaturuli, ise programuli saSualebebis efeqturad funqcio-

nireba.  
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kanonSemoqmedebiTi saqmianobis dinamika, normatiul-samarTlebrivi doku-

mentebis uwyveti sistematiuri zrda ganapirobebs am dokumentebis urTierT-

kavSiris vizualizaciisa da analizis aqtiurad gamoyenebis aucileblobas, am 

mizniT axali teqnologiebisa da sistemebis danergvis mizanSewonilobas, raTa 

kanonSemoqmedebiT procesSi Tavidan iqnas acilebuli samarTlebrivi kolizie-

bi, dublireba da winaaRmdegobebi da daixvewos normatiul-samarTlebrivi do-

kumentebis Seqmnis, sistematizaciis, kanonmdeblobis inventarizaciisa da misi 

monitoringis procedurebi. 
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DEVELOPMENT OF NORMATIVE-LEGAL DOCUMENTS IN DIRECTORY LEGAL SYSTEM 
Shonia O, Kolbaia L., Chorkhauli N.  

Georgian Technical University 
Summary 

The paper describes the directory legal system’s (computer directory legal system) development and impor-
tance for society, purpose of this system, the structure of intercommunication visualization and analysis of normati-
ve-legal documents, and the main directions of it’s distribution. 

 

 

 

 

modulaciis formatebi sxvadasxva Taobis DWDM sistemebisaTvis 
 

xoStaria k., modebaZe i. 
saqarTvelos teqnikuri universiteti 

 
statiaSi ganxilulia  DWDM sistemebis efeqturobis gazrdis SesaZleblobebi mo-

dulaciis sxvadasxva tipis formatebis gamoyenebiT. isini Sedarebulia erTmaneTTan da 
naCvenebia speqtruli efeqturobis gazrdisa da sxvadasxva tipis damaxinjebebisadmi 
mgrZnobiarobis Semcirebis gzebi მოდულაციის გაუმჯობესებული formatebis saSualebiT.  
საკვანძო სიტყვები: DWDM, ,speqtruli efeqturoba, modulaciis formatebi ASK, PSK, DPSK, NRZ,  
RZ, PSBT, ASK‐QPSK, DP QPSK 
 

optikuri satransporto qselebis fizikur baziss warmoadgens DWDM sis-

temebi, romelTa saSualebiTac SesaZlebeli gaxda optikuri boWkos gadacemis 

resursebis praqtikulad srulyofilad aTviseba. aRniSnuli sistemebis ganviTa-

rebis sami etapi SeiZleba gamovyoT pirobiTad. pirveli Taobis sistemebad movi-

azrebT  DWDM sistemebs, romelebSic saarxo siCqare ar aRemateba 10 gbt/wm-s. 

aseT sistemebSi ZiriTadad gamoyenebulia binaruli amplituduri modulacia – 

ASK   ( Amplitude Shift Keying). es ganpirobebulia misi realizaciis simartiviTa da ga-

damcem-mimRebi mowyobilobebis siiafiT. ZiriTadi problema, romelic damaxasia-

Tebelia aRniSnuli sistemebisaTvis, aris qromatuli da polarizaciul-moduri 

dispersiis arseboba, ris gamoc saWiroa gaZlierebis, praqtikulad, yvela uban-
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ze dispersiis kompensatorebis gamoyeneba. aseT sistemebSi xdeba optikuri sig-

nalis pirdapiri  deteqtireba mimRebSi.  

gadasacemi informaciis moculobisa da siCqaris moTxovnis mkveTrma 

zrdam aucilebeli gaxada axali midgomebis gamoyeneba DWDM sistemebis agebi-

sas. ZiriTadi amocana am SemTxvevaSi mdgomareobs gadacemis siCqaris gazrdaSi 

da gadasacemi informaciis erTeulis Rirebulebis SemcirebaSi, risTvisac saWi-

roa kavSiris DWDM  sistemebis speqtruli efeqturobis gazrda. arsebobs ori 

gza: 1. arxebs Soris manZilis Semcireba; 2. saarxo siCqaris gazrda. upiratesoba 

mieniWa meore gzas, romlis drosac siCqaris gazrda iwvevs gadasacemi informa-

ciis Rirebulebis Semcirebas, radgan speqtruli efeqturobis fiqsirebuli 

mniSvnelobisas izrdeba arxebs Soris manZili da mcirdeba  moTxovnebi laze-

rebis gamosxivebis talRis sigrZis stabilurobisadmi da multipleqserebis 

speqtruli maxasiaTeblebisadmi. magram gadacemis siCqaris gazrdasTan erTad 

matulobs damaxinjebebic. aqedan gamomdinare, DWDM sistemebis agebisas dgas Zi-

riTadad ori amocana: speqtruli arxebis gamoyenebis efeqturobis gazrda da 

informaciuli signalebis mgrZnobiarobis Semcireba dispersiiTa da arawrfivo-

biT gamowveuli damaxinjebebis mimarT.  speqtruli efeqturoba γ aris informa-

ciis gadasacemad kavSiris DWDM sistemis muSa speqtris gamoyenebis efeqturo-

bis zoma. igi ganisazRvreba  arxSi gadacemis B siCqarisa da DWDM  - is arxebs 

Soris  manZilis fardobiT [1,2]: 

                                                      = B/. 
signalebis gadasacemad gamoyenebuli  Δ muSa diapazonis speqtris fiqsi-

rebuli siganisas  maqsimaluri   jamuri siCqare iqneba: 

                                B� = Δ. 
aqedan gamomdinare, BB�    -s gasazrdelad saWiroa gavzardoT speqtruli 

efeqturoba. es SeiZleba ori gziT ganxorcieldes: arxebs Soris  manZilis 

SemcirebiT, an saarxo signalis siCqaris gazrdiT.  

ganxilulia 4 SemTxveva: a) saarxo siCqare aris B, speqtruli efeqturoba ‐  

, arxebis raodenoba N. Bb) arxebis raodenoba  gazrdilia simetriulad  imave 

Δ zolSi: Bb=B, Nb>N, b>, Δb=Δ. g) TiToeuli  arxis gadacemis siCqaris gaz-

rdisas: Bg>B,  Ng=N, g>, Δg=Δ. d) speqtruli diapazonis gafarToebisas: Bd=B, 

Nd>N, b=, Δg>Δ. 
B� SeiZleba gaizardos Δ speqtruli intervalis gazrdiT, axali arxebis 

damatebiT axal sixSireebze, magram es ar aris yovelTvis SesaZlebeli, radgan 

DWDM sistemis sixSiruli zoli SeiZleba SeizRudos gamoyenebuli maZliereb-

lebis maxasiaTeblebiT an sxva mizezebiT. aqve SeiZleba aRiniSnos, rom saarxo 

siCqaris 4-jer gazrda 2,5-jer amcirebs gadasacemi erTeulovani informaciis 

Rirebulebas, radgan -s fiqsirebuli mniSvnelobis dros izrdeba arxebs So-

ris manZili da mcirdeba moTxovnebi talRis sigrZis stabilurobisa da multi-

leqserebis speqtruli maxasiaTeblebis mimarT. 

informaciis gadacemis siCqaris zrdasTan erTad izrdeba cifruli signa-

lebis damaxinjebebi kavSiris xazebSi, gamowveuli qromatuli da polarizaciu-

li moduri dispersiebiT. xmauris simZlavre proporciulia bituri siCqaris. 

siCqaris gazrdisas dispersiiTa da arwrfivobiT gamowveuli damaxinjebebis mi-
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marT informaciuli signalebis mgrZnobiarobis Sesamcireblad aucilebeli gax-

da modulaciis sxvadasxva formatis Seswavla-kvleva [2,4,5,6]. radgan statiis 

SezRuduli moculoba ar iZleva metis saSualebas, vecdebiT, mokled mimovixi-

loT optikur sistemebSi gamoyenebuli modulaciis formatebi. cxadia, kodire-

bis meTodis (modulaciis) formatebis SerCevisas mTavari yuradReba unda mieq-

ces, aris  Tu ara formati speqtrulad efeqturi. modulaciis axali formatis 

gamoyeneba  mizanSewonilia, rodesac gadasacemi informaciis jamuri siCqaris 

gazrdis sxva saSualebebi amowurulia da aucilebelia gadacemis manZilisa an 

saarxo siCqaris gazrda  dispersiis an arwrfivobis damaxinjebebisadmi mgrZno-

biarobis Semcirebis gziT. marTlac, TiToeuli arxiT informaciis gadacemis 

siCqaris gazrdisas speqtrulad efeqturi formatebis gamouyeneblad xdeba sa-

arxo speqtris gafarToeba impulsebs Soris droiTi intervalebis Semcirebis 

gamo, Cndeba gardamavali xelSeSlebi mezobel arxebs Soris, rac gamowveulia 

speqtrebis gadafarviT  da Sesabamisad izRudeba  gadacemis maqsimaluri siCqa-

re. speqtrulad efeqturi formatis gamoyenebisas jvaredini xelSeSlebi ar iz-

rdeba, radgan speqtruli intervalebi arxebisa am dros ar izrdeba. 

DWDM sistemebis ganviTarebasTan erTad icvleboda modulaciis formate-

bi, romelTa klasifikacia xdeba modulaciisaTvis gamoyenebuli eleqtromagni-

turi talRis parametrebis mixedviT. farTo gamoyeneba hpoves amplitudurma 

(ASK, Amplitude Shift Keying) da fazurma (PSK, Phase Shift Keying) modulaciebma. amasTanave, 

zogierTi formati, romelic iyenebs amplitudur modulacias, Seicavs garkve-

ul fazur modulaciasac, romelsac ar gadaaqvs araviTari informacia da piri-

qiT, igive SeiZleba iTqvas fazur modulaciazec. aqve unda aRiniSnos, rom fa-

zur formatebSi iyeneben diferencialur fazur meTodebs, radgan aramizanSewo-

nilad iTvleba optikur diapazonSi miRebaze gadamtani sinaTlis talRis fazis 

absoluturi mniSvnelobis gamoyofa [2]. amis gamo informacia ganTavsdeba ori 

mimdevrobiTi impulsis fardobiT ZvraSi. es fazuri Zvra Semdeg unda gardaiq-

mnas amplitudur modulaciaSi dayovnebis optikuri xazebisa da interferenciis 

gamoyenebiT. aseT formatebs uwodeben DPSK (Differential Phase Shift Keying)  

rogorc maRla aRvniSneT,  yvelaze farTod gamoyenebulia amplituduri 

modulacia, e.w. binaruli ASK. arsebobs aseTi modulaciis ori varianti: pirda-

piri modulaciis gadamcemebSi informaciuli mimdevrobis Sesabamisad modu-

lirdeba datumbvis deni. am signaliT modulideba lazeris gamosxivebis sim-

Zlavre. es varianti gamoyenebulia SedarebiT dabalsiCqarian sistemebSi. maTi 

naklia parazituli sixSiruli da amplituduri modulaciebis arseboba, rac 

gamowveulia gardamavali procesebiT naxevargamtarul lazerebSi. parazituli 

sixSiruli modulacia (“Cirpi”-Cirp) iwvevs damaxinjebebis zrdas, romelic dakav-

Sirebulia qromatul dispersiasTan. Semdegi Taobis aseTive gadamcemebiT miiR-

weva 10 gbt/wm siCqare, Tumca gadacemis manZiliTa da speqtruli efeqturobiT 

Sorsaa optimalurisagan. mkveTrad gaumjobesebuli teqnikuri parametrebi aqvT 

gadamcemebs  uwyveti datumbviTa da gare modulaciiT. yvelaze gavrcelebuli 

formati aseTi modulaciisa aris NRZ. gamoiyeneba agreTve RZ formatic. farTod 

gamoiyeneba is 10gbt/wm sistemebSi, radgan maT gaaCniaT ufro maRali mdgradoba 

boWkos arawrfivobisa da polarizaciul-moduri dispersiis mimarT. wyalqveSa 

10 gbiti/wm sistemebSi iyeneben e.w. “Cirpirebul” RZ  (CRZ) formats, radgan ufro 
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mdgradia arawrfivi efeqtebis mimarT. is formirdeba RZ signalis gavlisas fa-

zur modulatorSi, romelsac miewodeba perioduli signali informaciuli sig-

nalis mimdevrobis sixSiriT. arsebobs ufro gaumjobesebuli formatebi: CSRZ  , 

RZ CaxSobili gadamtaniT (Carrier Suppresed RZ), romelic gamoiyeneba 40 gbt/wm siste-

mebSi, romlebic SeiZleba CavTvaloT meore Taobis DWDM sistemebad. arsebobs 

agreTve APRZ (Alternate Phase RZ), arxsSigniTa damaxinjebebis Sesamcireblad [4]. 

speqtruli efeqturobis gasazrdelad gansakuTrebiT mniSvnelovania mra-

valdoniani kodireba, mag. mravaldoniani amplituduri kodireba (M‐ary  ASK).  am 

formatSi N bitiani orobiTi signali gardaiqmneba mravaldonian signalad  (sim-

bolod) M doneTa ricxviT amplitudis mixedviT M=2N. sruli signali Sedgeba 

aseTi simboloebisagan da gardaiqmneba sityvad, romelic Caiwereba binaruli 

kodiT. TiToeul simboloSi gvaqvs N=log2M  biti informacia. imis mgivrad rom 

gadaices optikuri signalebi erTeulovani amplitudiTa da periodiT T=1/B, M 

doniani signali gadaicema intervalebiT TN=N/B=       =(log2M)/B  informaciis gada-

cemis siCqaris SenarCunebiT. radgan impulsis xangrZlivoba gaizarda T=1/B–dan 

TN=N/B–de, gadasacemi oTkuTxa impulsebis speqtri Semcirdeba 2B–dan 

2B/N=2B/log2M. cxrilSi mocemulia es cvlilebebi. 

 

sixSiruli zolis sigane  M doniani ASK – s dros 

                    doneebis ricxvi M    signalis speqtris sigane 

                2                 2 B 
                4                                                  B 
                8                2/3 B 
               16                1/2 B ½  

 

oTxdoniani signali iZleva  speqtruli efeqturobis 2-jer gazrdis sa-

Sualebas, amasTanave siCqaris orjer gazrdis–imave sixSiruli zolisas, an 

speqtris orjer Semcirebis, imave gadacemis siCqarisas. pirvel SemTxvevaSi 

DWDM sistemaSi  SeiZleba arxebis sawyisi raodenobis SenarCuneba TiToeul ar-

xSi siCqaris gazrdiT, meore SemTxvevaSi ki arxebis raodenobisa da gadacemis 

manZilis gazrda gadacemis siCqaris SenarCunebiT. 

rogorc zemoT aRvniSneT, optikur sistemebSi gamoiyeneba diferencialu-

ri fazuri modulacia – DPSK. am SemTxvevaSi informacias Seicavs or mimdevro-

biT impulss Soris fazaTa sxvaoba. aseTi kodirebisas gamosxivebis simZlavre 

informacias ar Seicavs. ufro xSirad iyeneben Max‐Zender  modulacias. is isea 

awyobili, rom simboloebis “1” da “0” intensiobebi erTnairi iyos. radgan in-

formacias Seicavs fazis cvlileba simbolodan simbolomde, saWiroa signali, 

romelic marTavs fazur modulators, gardaiqmnas, risTvisac iyeneben diferen-

cialur kodirebas [2]. 

 kodirebis Semdeg impulsebis mimdevroba   gardaiqmneba fazuri Zvrebis 

mimdevrobad, sadac “1” warmodgenilia -s toli daZvriT,  xolo “0” – fazis nu-

lovani daZvriT. deteqtorSi xdeba mirebuli signalis sayrden signalTan Seda-

reba. es ukanaskneli warmoadgens erTi bitiT dagvianebul signals misaRebTan 

SedarebiT. drois TiToeul T intervalSi miRebuli signalis faza dardeba wina 

signalis fazasTan. Tu fazebs Soris sxvaoba -s tolia gvaqvs logikuri “0”, 
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Tu isini emTxveva erTmaneTs, maSin deteqtirdeba logikuri “1”. xSiria SemTxve-

vebi, roca DPSK modulatori gamoyenebulia RZ da CSRZ impulsebis maformirebel-

Tan erTad.  

optikur sistemebSi sakmaod gavrcelda ormagi binaruli (e.w. duobinaru-

li) gadacema (DBT – Duobinary Transmission) – signalis gadacema samdoniani kodirebis 

sqemis gamoyenebiT (kvazisamobiTi signalis nairsaxeoba) cnobili 60-iani wlebi-

dan lenderis kodis saxelwodebiT [3,5]. maSin zogierTi amtkicebda, rom am ko-

dis gamoyeneba orjer amcirebs gadasacemi signalis saxazo speqtrs orobiT 

kodTan SedarebiT, magram Semdgomma gamokvlevebma aCvenes, rom realurad mas 

SeuZlia mxolod erTnaxevarjer Seamciros sixSiruli zoli. optikur sistema-

Si gamoyenebulia erTerTi saxeoba – ormagi fazamodulirebuli gadacema (PSBT‐ 

Phase Shaped Binary Transmission). masSi gamoyenebulia kodirebis sqema doneebiT “0”, 

“-1”, “+1”, erTmaneTisagan gansxvavdebian fazis  - s toli daZvriT. aRniSnuli 

formati samjer ufro mdgradia qromatuli dispersiis mimarT, vidre NRZ  an 

Tundac duobinaruli kodi. eqsperimentebiT dadasturebulia, rom PSBT  koduri 

formatis gamoyenebisas mcirdeba arxis Siga arawrfivi efeqtebi 40 gbt/wm siCqa-

riT gadacemisas. ufro dawvrilebiT [4]. 

ASK formatebis gamoyeneba ar iZleva gadacemis xazebis gatarebis unaris 

Semdgomi gazrdis SesaZleblobas, radgan eleqtruli signalis modulaciis 

sixSire SezRudulia 40gbt/wm sididiT. amas garda maRalsiCqariani binaruli 

modulacia xasiaTdeba  dabali speqtruli efeqturobiTa da naklebi mdgrado-

biT dispersiis mimarT. signalebis mravaldoniani kodirebiT SeiZleba aRniSnu-

li problemebis nawilobrivi gadaWra, mag., formatiT QPSK (Quoternary Phase Shift Ke‐

ying).  magram oTxdoniani sqemebis ganxorcieleba rTulia, radgan doneebis gaz-

rda auaresebs garCevis unars mimRebSi. speqtruli efeqturobis gazrdis  uke-

Tes meTodad iTvleba mravaldoniani amplitudur-fazuri modulacia, rodesac 

xdeba informaciis rogorc amplituduri, aseve fazuri kodireba. amplitudur-

fazuri modulacia cnobilia kvadratuli modulaciis saxeliT, ASK‐QPSK. mag. 8 

simboloiani ASK‐QPSK formatis dros xdeba binaruli amplituduri ASK‐ sa da 4 

simboloiani fazuri QPSK formatebis Serwyma [6]. 8 simbolodan  TiToeuli sim-

bolo Seicavs sam bit informacias da bitis gadacemis siCqare 3-jer maRalia 

kodirebuli simbolos gadacemis siCqaresTan SedarebiT. signals aqvs ori done 

amplitudis (E1, E2) da 4 done fazis (0, /2, , 3 /2).) 

 statiaSi [4] Sedarebulia 40 gbt/wm sistemebis ZiriTadi parametrebi, 

romlebSic gamoyenebulia modulaciis gaumjobesebuli formatebi pirdapiri 

deteqtirebiT. mag. (PSBT, NRZ ADSK, RZ DPSK, NRZ DQPSK, RZ DQPSK ). dadgenilia, rom RZ 

formatebis SemTxvevaSi OSNR – is moTxovnili mniSvneloba daaxloebiT 2 db–iT 

naklebia, vidre analogiuri NRZ formatisaTvis. ZiriTadi upiratesoba diferen-

cialuri fazuri formatebisa (DPSK) aris mogeba OSNR–is mniSvnelobis Tvalsaz-

risiT modulaciis amplitudur formatebTan SedarebiT. yvelaze mdgradi araw-

rfivi damaxinjebebis mimarT aRmoCnda modulaciis formatebi NRZ  ADPSK  da  RZ 

DPSK. maTi gamoyenebisas SesaZlebelia  informaciis yvelaze grZel manZilze ga-

dacema.  

Tanamedrove koherentul sistemebSi ZiriTad problemad gvevlineba araw-
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rfivobiT gamowveuli xelSeSlebi, romelTa gavlenac sxvadasxvanairad vlinde-

ba, imisda mixedviT Tu rogor aris organizebuli es sistemebi. axlidan Seq-

mnil sistemebSi, sadac ar xdeba dispersiis kompensacia, arawrfivi efeqtebis 

zemoqmedeba vlindeba arawrfivi xmauris dagrovebis saxiT, xolo sistemebSi, 

sadac 100 gbt/wm arxebi iqmnebian 10 gbt/wm arxebis garemocvaSi dispersiis kom-

pensaciiT arawrfivi efeqtebi vlindeba gadasacemi optikuri signalebis formis 

damaxinjebiT. miuxedavad aRniSnulisa, sistemebis agebis orive  varianti gamoi-

yeneba situaciis mixedviT. es sakiTxebi sakmaod detaluradaa ganxiluli [7]-Si. 

koherentul sistemebSi ZiriTadad gamoyenebulia modulaciis formatebi DP 

nQAM (Dual Polarization, Quadrature Amplitude Modulation), sadac TiToeul orTogonalur 

polarizaciaSi gamoiyeneba kvadratuli amplituduri modulacia signalis n Se-

saZlo mniSvnelobiT. maT Soris yvelaze didi energetikuli efeqturobiT ga-

moiრჩევა formati DP QPSK (DP 4QAM) [3,8]. 

                            
literatura: 
1. Peter J. Winzer. Modulation and multiplexing in optical communication systems. // IEEE LEOS 

NEWSLETTER.2009. pp. 4-10.  
2. Величко, М.А.,  Наний О.Е., Сусьян А.А.. Новые форматы модуляции в оптических системах связи 

//LIGHTWAVE   Russian Edition. 2005.№ 4. с. 21-30. 
3. Хоштария К.А. К вопросу выбора стуктуры линейного кода в цифровых ТВ системах //Тр. ГПИ.Тбилиси, 

1974, №8(172), с 40-44. 
4. О.Е. Наний, В.Н. Трещиков. Анализ форматов модуляции  для систем DWDM со скоростью 40 Гбит/с. 

//Вестник связи. 2012. № 1. с. 35-38. 
5. М.А.Величко, А.А. Сусьян. Двойной фазомодулированный бинарный формат// LIGHTWAVE   Russian 

Edition, 2004, № 4,с. 26-29. 
6. Hayase S. et al. Proposal of 8 – State per Symbol (Binary ASK and QPSK) 30-Gbit/s Optical Modulation / De-

modulation Scheme // ECOC_IOOC  Proceedings, 2003.vol.4. pp. 1008-1009. 
7. Леонов А. Наний О., Трещиков В. Нелинейные искажения и нелинейный шум в когерентных системах 

связи//Первая миля. 2014. с. 50-55. 
 

MODULATION FORMATS FOR DIFFERENT GENERATIONS OF WD SYSTEMS. 
Khoshtaria K., Modebadze I., 
 Georgian Technical University. 

Summary 
The paper dwells on the possibility of increasing the efficiency of DWDM system using different types of 

modulation formats. They are compared with each other and achieve ways of increasing the spectral efficiency and 
to reduce the sensitivity to different types of distortion with the enhanced modulation formats. 
 

 
 

 

saqarTveloSi informaciul-sakomunikacio teqnologiebis (ist) gan-
viTarebis mzadyofnis indeqsis Sefaseba 

 
cixisTavi T., svaniZe r. 

saqarTvelos teqnikuri universiteti 
 

naSromSi warmodgenilia saqarTveloSi informaciul-sakomunikacio teqnologiebis 
(ICT - ist) mzadyofnis indeqsis Sefasebis sakiTxebi. dadgenilia ICT-is ganviTarebis in-
deqsis, IDI-is indikatorebis mniSvnelobebi da Sedarebulia ITU-s monacemebTan. gamotani-
lia daskvna, rom sxvaoba Sefasebebs Soris ganpirobebulia erTis mxriv sxvadasxva wya-
rodan aRebuli monacemebiT, xolo meores mxriv rig qveynebSi dadgenili mosaxleobis 
gansxvavebuli asakobrivi kriteriumebiT. 
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 saqarTveloSi ist-is ganviTarebis mzadyofnis indeqsis Sefasebas, indeqsis 
amaRlebis faqtorebis gamokveTas uaRrsad didi mniSvneloba eniWeba am mimarTu-
lebiT qveynis ganviTarebis, sainformacio teqnologiebis danergvis da mTlia-
nad qveyanaSi ekonomikis ganviTarebisaTvis.  

naSromSi /1/, warmodgenlili iyo ist-is mzadyofnis indeqsis gaangariSebis 

safuZvlebi da principebi. winamdebare naSromSi miTiTebuli gaangariSebebis sa-

fuZvelze Sefasebulia saqarTveloSi ICT-is (Information and communications technology, 

informaciuli da sakomunikacio teqnologiebi - ist) ganviTarebis indeqsis, IDI‐

is (ICT Development  Index, ICT-is ganviTarebis indeqsi), misi indikatorebisa da su-

bindeqsebis mniSvnelobebi, romlebic Semdgom Sedarebulia ITU-s (International Tele‐

communication Union, eleqtrokavSiris saerTaSoriso organizacia) mier gaangari-

Sebul monacemebTan. 

ITU-is 2014 wlis angariSSi /2, gv. 42- 45, 53, 112-124, 132, 134, 137, 138, 142, 244- 

246/ saqarTvelosTvis warmodgenili monacemebi Sedarebulia avtorebis mier mi-

Rebul monacemebTan (ix. cxrili 2). indikatorebis gaangariSebis-Tvis monacemebi 

aRebulia: saqarTvelos statistikis erovnuli samsaxuris (saqstati) /5/ da sa-

qarTvelos komunikaciebis erovnuli komisiis (skek) /6/ veb-gverdeb idan, angari-

Sebidan da dokumentaluri saxiT. 

qvemoT moyvanilia ICT-is ganviTarebis indeqsis indikatorebis mniSvnelobe-

bis gaangariSebis principi ITU-is mixedviT da Sesabamisi gaangariSeba saqarTve-

los SemTxvevaSi. 

fiqsirebuli satelefono kavSiri 100 mosaxleze - skek-is monacemebiT 2013 

wlisTvis fiqsirebuli satelefono kavSiris mqone abonetebis raodenoba Sead-

gens 1 171 250, xolo, saqstatis monacemebis mixedviT potenciuri abonentebis ra-

odenoba Seadgens 4 190 200 kacs (5 wlisa da meti asakis mqone mosaxleoba), Se-

sabamisad,  

momxmareblebis raodenoba / potenciuri mosaxleobis raodenobaze * 100 

1 171 250 / 4 190 200 * 100 = 27.95 % 

indeqsis etalonuri mniSvnelobis gaTvaliswinebiT, romelic 60-is tolia 

/1, cxr.1/, indeqsis mniSvneloba iqneba  

27.95 / 60 * 100 = 0,47 

amrigad, I1 = 0,47 

mobiluri satelefono kavSiri 100 mosaxleze - skek-is monacemebiT 2013 

wlisTvis mobiluri satelefono kavSiris abonetebis raodenoba Seadgens sul 

4 993 119, xolo, saqstatis monacemebis mixedviT sul abonentebis raodenoba Se-

adgens 4 190 200 kacs (5 wlisa da meti asakis mqone mosaxleoba), Sesabamisad  

momxmareblebis raodenoba / mosaxleobis raodenobaze * 100 

4 993 119 / 4 190 200 * 100 = 119.16 % 

indeqsis etalonuri mniSvnelobis gaTvaliswinebiT, romelic 120-is tolia 

/1, cxr.1/, indeqsis mniSvneloba iqneba  

119.16 / 120 * 100 = 0,99 

amrigad, I2 = 0,99  

saerTaSoriso internet-trafiki (siCqare) (bit/wm) internetis 1 momxmare-

belze. skek-is monacemebiT Seadgens 82 094-s. indeqsis etalonuri mniSvnelobis 

gaTvaliswinebiT, romelic 787 260 -is tolia /1, cxr.1/, ramdenadac aRniSnuli 

maCvenebeli mkveTrad gansxvavebulia sxvadasxva qveynebSi, miRebulia etalonur 
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mniSvnelobaTa logariTmuli mniSvnelobebis Sedareba:  

Log(82 094) / Log(787 260) * 100 = 0,83 

amrigad, I3 = 0,89 

kompiuterebis mqone ojaxebis wili - saqstatis monacemebis mixedviT Sead-

gens 39.58 %/.  

ojaxebis raodenoba / kompiuterebis mqone ojaxebis wili * 100 

1 120 950 / 39.6 * 100 = 39.58 

indeqsis etalonuri mniSvnelobis gaTvaliswinebiT, romelic 100-is toli 

/1, cxr.1/, indeqsis mniSvneloba iqneba:  

39.58 / 100 * 100 = 0,4 

amrigad, I4 = 0,4 

internetTan wvdomis mqone ojaxebis wili - skek-is mixedviT 2013 wlisTvis 

internetTan wvdomis mqone fizikuri pirebis (ojaxebis) raodenoba Seadgens 411 

211, xolo, saqstatis monacemebis mixedviT saSualod oTxsuliani ojaxebis rao-

denoba Seadgens 1 120 950 ojaxs, Sesabamisad:  

internetTan wvdomis mqone ojaxebis wili f/p raodenoba / ojaxebis raodenoba-

ze * 100 

4 993 119 / 1 120 950* 100 = 36.68% 

indeqsis etalonuri mniSvnelobis gaTvaliswinebiT, romelic 100-is tolia 

/1, cxr.1/, indeqsis mniSvneloba iqneba:  

36.68 / 100 * 100 = 0,37 

amrigad, I5 = 0,37 

interenetis momxmarebeli pirebis wili - saqstatis monacemebis mixedviT 

Seadgens 43.14 %-s. indeqsis etalonuri mniSvnelobis gaTvaliswinebiT, romelic 

100-is tolia /1, cxr.1/, indeqsis mniSvneloba iqneba:  

43,14 / 100 * 100 = 0,43 

amrigad, I6 = 0,43 

fiqsirebuli (sadeniani)-farTozolovani abonenti 100 mosaxleze - saqar-

Tvelos skek-is monacemebiT fiqsirebuli (sadeniani)-farTozolovani abonente-

bis raodenoba Seadgens 465 668 da da saqstatis monacemebis mixedviT sul po-

tenciuri abonentebis raodenoba Seadgens 5 wlisa da meti asakis mqone mosax-

leobas 4 190 200 kaci, Sesabamisad: 

abonentebis raodenoba / mosaxleobis raodenoba * 100 

465 668 / 4 190 200 * 100 = 11.11 % 

indeqsis etalonuri mniSvnelobis gaTvaliswinebiT, romelic 60-is tolia 

/1, cxr.1/, indeqsis mniSvneloba iqneba: 

11,11 / 60 * 100 = 0,185 

amrigad, I7 = 0,185 

ukabelo farTozolovani kavSiri 100 mosaxleze - skek-is monacemebiT uka-

belo farTozolovani abonentebis raodenoba Seadgens 760 292 da da saqstatis 

monacemebis mixedviT sul potenciuri abonentebis raodenoba Seadgens 5 wlisa 

da meti asakis mqone mosaxleibas 4 190 200 kaci, Sesabamisad  

abonentebis raodenoba / mosaxleobis raodenoba * 100 

760 292 / 4 190 200 * 100 = 18,14 

indeqsis etalonuri mniSvnelobis gaTvaliswinebiT, romelic 100-is tolia 

(pirveli statia cxrili 1), indeqsis mniSvneloba iqneba:  
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18,14 / 100 * 100 = 18,14 

amrigad, I8 = 18,14 

zrdasrulTa (15 wlis da meti asakis) ganaTlebis koeficienti (xvedriTi 

wili %). saqstatis mixedviT Seadgens - 86.8 %, etalonuri mniSvnelobis gaTva-

liswinebiT es indeqsi aris - 0,87. 

saSualo skolebSi registrirebuli, meoradi, CarCenili moswavleebis 

(xvedriTi wili % ). saqstatis mier mowodebuli monacemebiT aris 0,3%. 

umaRles saswavleblebSi registrirebuli, mesameuli, zrdasrulTa ganaT-

lebis koeficienti. saqstatis mier mowodebuli monacemebiT Seadgens 99,1%, eta-

lonur mniSvnelobis gaTvaliswinebiT es indeqsi aris - 0,99. 

cxrili 1-Si mocemulia IDI-is indikatorebis avtorebis mier miRebuli da ITU-s 

mier gamoqveynebuli /2/ mniSvnelobebi, aseve, maT Soris sxvaoba.  

cxrili 1 

IDI-is indikatorebis avtore-
bis mier miRebuli da ITU-s 
moancemebis  /2/ Sedareba 

       

         

ICT-is wvdoma   
avtoreb-is 
mier miRe-
buli 

ITU 
sxva-
oba 

1 
fiqsirebuli satelefono kav-
Siri 100 mosaxleze 

0.47  0.4  -0.01 

2  mobiliri satelefono kavSiri 
100 mosaxleze 

 0.99    
0.97 

0.02 

3  saerTaSoriso internet-trafi-
ki (siCqare) (bit/wm) internetis 
1 momxmarebelze  

0.83   0.817 0.02 

4  kompiuterebis mqone ojaxebis 
wili  

 0.40    
0.40 

0.00 

5  internetTan wvdomis mqone 
ojaxebis wili  

 0.37    0.33 0.04 

ICT-is gamoyeneba            
6  interenetis momxmarebeli pi-

rebis wili  
 0.43    0.41 

0.02 

7  fiqsirebuli (sadeniani)-far-
Tozolovani abonenti 100 mo-
saxleze  

 0.185   0.187 
0.00 

8  ukabelo farTozolovani kav-
Siri 100 mosaxleze  

 0.18   0.181 
0.00 

ICT-is SesaZleblobebi            
9  zrdasrulTa (15 wlis da meti 

asakis) ganaTlebis koeficien-
ti (xvedriTi wili%)  

 0.87    
0.90 -0.03 

10  saSualo skolebSi registri-
rebuli, darCenili moswavlee-
bis (xvedriTi wili%) 

 0.30    
0.32   -0.02 

11  umaRles saswavleblebSi re-
gistrirebuli, mesameuli 
(xvedriTi wili %) 

 0.99   1.00  
-0.01 

 

nax. 1-ze naCvebia IDI-is indikatorebis mniSvnelobebi diagramis saxiT. mocemulia 

a) avtorebis mier miRebuli monacemebi; b) ITU-s monacemebi, g) monacemebis Seda-
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reba.  

 
a      b 

 
g 

nax. 1 IDI-is indikatorebis mniSvnelobebi diagramis saxiT a) avtorebis mier miRebuli; 
b) ITU-s monacemebi, g) monacemebis Sedareba  

 

indikatorebis mniSvnelobebis gansazRvris Semdeg iangariSeba subindeqsebi. ram-

denadac TiToeul subindeqsSi indikatorebi Sedis Tanabari wiliT maTi mniS-

vnelobebia (nax. 3): 

13. ICT-Tan wvdomis sub-indeqsi - 6,11;  

I1/100*20+I2/100*20+I3/100*20+I4/100*20+I5/100*20 

IDI_SUB1 = 0.93 + 1.99 + 1.67 + 0.79 + 0.79 = 6.11 

II.  ICT ‐is gamoyenebis sub-indeqsi - 2,65; 

I6/100*33.33+I7/100*33.33+I8/100*33.33 

IDI_SUB2 = 1.44 + 0.62 + 0.6 = 2.65 

III. ICT‐is SesaZleblobebis sub-indeqsi - 7,2; 

I9/100*33.33+I10/100*33.33+I11/100*33.33 

IDI_SUB3 = 2.90 + 1 + 3.3 =7.203 

cxril 2-Si mocemuli sxvaobebidan gamomdinare gansxvavebebi dafiqsirda sub-in-

deqsebis avtorebis mier daangariSebul da ITU-is 2014 wlis angariSSi /2/ moce-

mul mniSvnelobebs Soris (ix. cxrili 3): 
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cxrili 2 

ICT-is ganviTarebis indeqsis sub-indeqsebis mniS-
vnelobebi avtorebis mier miRebuli da ITU-s mo-
nacemebiT 

       

ICT-is ganviTarebis indeqsis sub-indeqsebi    avto-
rebi  

ITU  sxva-
oba 

1  ICT-Tan wvdomis 
sub-indeqsi  

6.11   5.99 0.12 

2  ICT-is gamoyene-
bis sub-indeqsi  

2.65   2.58 0.07 

3  ICT-is gamoyene-
bis sub-indeqsi  

7.203   7.40 -0.203 

 

 
nax. 2. ICT-is ganviTarebis indeqsis sub-indeqsebi avtorebis mier gamoTvlili da ITU-s 

monacemebiT. 

 

subindeqsebis wonebis gaTvaliswinebiT (/1/ pirveli statia cxrili 1) iangariSe-

ba ICT-is ganviTarebis indeqsi,  

IDI_SUB1 * 40 / 100 + IDI_SUB2 * 40 / 100 + IDI_ SUB3 * 20 / 100 

6.11 * 40 /100 + 2.65 * 40 / 100 + 7.203 * 20 / 100 = 2.444 + 1.06 + 1. 441 = 4.95 

amrigad, ICT-is ganviTarebis indeqsis ITU-s da avtorebis mier gaangariSebuli in-

dikatorebis mniSvnelobebs Soris mcire sxvaobebis miuxedavad, maT mainc mniS-

vnelovani gavlenis moxdena SeuZliaT IDI indeqsis saboloo Sedegze, rac mTli-

anobaSi gansazRvravs qveynis reitings ICT-is ganviTarebis sferoSi;  

ganviTarebis indeqsis gaangariSebisTvis ITU monacemebs moipovebs sxvadasxva 

wyaroebidan, maT Soris gaeros veb-gverdidan, rodesac romelime monacems ver 

miiRebs uSualod qveynidan, igi Tavisi meTodologiiT axdens gaangariSebas. er-

Tis mxriv zemoT miTiTebuli sxvaobebi SeiZleba gamowveuli iyos arasrulfa-

sovnad miwodebuli informaciiT, xolo meores mxriv imiT, rom skolamdeli 

asakis bavSvebi rig qveyanaSi sxvadasxva asakobrivi kriteriumis mxedviT aris 

diferencirebuli. Sesabamisad, Tu is indikatorebi, romlebic damokidebulia am 

maCvenebelze da aseTi monacemebi ar iqna saqarTvelos Sesabamisi uwyebebidan 

miwodebuli, maSin, cxadia Sedegic gansxvavebuli iqneba. 

2013 wels reitingSi /2, gv 42/ saqarTvelos 4,86 quliT ukavia 78-e adgili, xolo 

avtorebis monacemebze dayrdnobiT gaangariSebuli indeqsis mniSvneloba Sead-

gens 4,95-s, anu 0,09-iT metia da amiT is gauTanabrdeboda (an gauswrebda kidec, 

measiaTasedis sizustiT) kolumbias romelsac 4,95 qula aqvs /2, gv 42/ da ika-

vebs 77 adgils. Tu am reitings gadavxedavT, vnaxavT, rom indeqsSi mcireoden 

sxvaobasasc ki SeuZlia Secvalos qveynis pozicia. amitom saWiroa sistemetiuri 

Tvalyuris devneba ICT-is ganviTarebis indeqsis indikatorebisa da maTi mdgene-
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li maCveneblebis cvlilebis dinamikaze da dakoreqtirebuli maCveneblebi dro-

ulad miwodos ITU-Tvis, raTa maT moaxdinon Sesabamisi Sesworebebi raitingSi.  

amasTan erTad, cxadia, saWiroa saxelmwifos mxridan SemuSavebul iqnas qveyana-

Si ICT-is ganviTarebis specialuri programa da Sesabamisi RonisZiebebi.   
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ESTIMATE OF INFORMATION-COMMUNICATION TECHNOLOGIES READINESS INDEX TO DE-
VELOPMENT IN GEORGIA. 

Tsikhistavi T., Svanidze R., 
Georgian Technical University. 

Summary 
The paper dwells on the evaluation issues of preparedness index of Information-Communication Technologi-

es in Georgia according to the data of 2013. The comparison was made between calculated values by the authors and 
ITU towards ICT Development Index, IDI indicators. It’s established that the difference between the results obtai-
ned on the one hand due to the data from different sources and on the other hand with the different age criteria of 
population set in some countries. The different tactics may play a certain role in determining the rating of the coun-
tries.  
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naSromSi warmodgenilia ICT-is (informaciuli da sakomunikacio teqnologiebi - 
ist) ganviTarebis indeqsis gaangariSebis principebi. vinaidan winamdebare naSromi, am 
TemasTan dakavSirebiT, saqarTveloSi warmoadgens pirvel precendents, amitom masSi de-
talurad aris ganxiluli ICT-is indikatorebis, IDI-is (ICT-is ganviTarebis indeqsi) da mi-
si sub-indeqsebis gaangariSebis meTodologia da maTi ganviTarebis mokle istoria 2005 
wlidan, ITU-is (eleqtrokavSiris saerTaSoriso organizacia) mixedviT. 
 

ICT  (Information  and  communications  technology, informaciuli da sakomunikacio 

teqnologiebi - ist) da maTi gamoyeneba sul ufro metad xdeba erovnuli ganvi-

Tarebis strategiis ganuyofeli nawili. ICT  warmoadgens qveynis mTliani Sida 

produqtis erT-erT mniSvnelovan mdgenels. ekonomikis zrda da ganviTareba, mis 

potenciur doneze dabla darCeba, Tu is ar gamoiyenebs axali, inovaciuri teq-
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nologiebisa da teqnikis upiratesobebs. bolo perodSi, acnobiereben ra ICT  -is 

gavlenasa da mniSvnelovan rols qveynis ekonomikaSi mTavrobebi ufro metad 

cdiloben am sferosTan adaptirebas da xels uwyoben mis ganviTarebas.  

moTxovna ICT statistikis mimarT sul ufro swrafad izrdeba, imis kvalobaze 

rom qveynebi miiswrafian am mimarTulebiT SeimuSaon monitoringis sistema da 

moaxdinon nacionaluri politikisa da strategiis Sefaseba, raTa gamoiyenon 

msoflioSi mimdinare informaciuli tenologiebis ganviTarebis mizanswrafuli 

progresi. 

ICT-is indikatorebi da statistikuri monacemebi umniSvnelovanesia ICT-is 

ganviTarebis, mtkicebulebeze dafuZnebuli da Sedegze orientirebuli, politi-

kis SemuSevebisaTvis. gansakuTrebiT sayuradReboa ICT-is gamoyenebisa da gavle-

nis xewlmisawvdomobis gansazRvra, rogorc ICT-is seqtorSi ise masTan dakavSi-

rebul sferoebSi. 

ICT-is statistika unda iyos saimedo, SedarebisTvis Tavsebadi da drouli. maT-

ze dayrdnobiT SesaZlebelia: 

• ganisazRvros ICT-is mzadyofnis done (determine  the  level of  ICT  readiness) saku-

Tar qveyanaSi; magaliTad im adamianebis raodenobisa da tipis aRricxviT, 

visac aqvs internetTan wvdoma, da ra daniSnulebiT iyeneben isini mas; 

• ჩასმოყალიბდეს  miznobrivi politika (formulate policy objectives) raodenobriv 

da xarisxobriv indikatorebis monitoringze dayrdnobiT; 

• შედარდეს  ICT-is wvdoma, gamoyeneba da gavlena (compare ICT access, use, and  im‐

pact) mosaxleobis sxvadasxva socialur segmrntebsa da ekonomikuri seqto-

rebis Soris ICT-is politikuri moqmedebisTvis yvelaze Sesaferisi miznebis 

dasadgenad (identificirebisaTvis); 

• შფასდეს  ICT-is mobilizebis gavlena ICT-is mzadyofnaze (assess  the  impact of 

ICT policies on ICT readiness), aseve socialur da ekonomikur ganviTarebaze; 

• დადგინდეს  ICT-is sferoSi gatarebuli politikis niSnuli (benchmark  the 

results of their ICT policies) sxva qveynebis mimarT, მოხდეს  am Sedarebebis Seafaseba 
da daskvna gamotana.  

2003 wlis Jenevis msoflio sainformacio sazogadoebis samitze (World Sum‐

mit on the  Information Society  ‐ WSIS) xazi gaesva SedarebiTi analizisa da sainforma-

cio sazogadoebis ganviTarebis progresis Sefasebisas Sesadarebeli statisti-

kuri monacemebis gamoyenebis mniSvnelobas. mogvianebiT msoflios qveynebSi am 

sferoSi mimdinare procesebis koordinirebisaTvis Seiqmna partnioroba ICT-is 

ganviTarebisa da SefasebisaTvis (The Partnership on Measuring ICT for Development) /1/. 

sainformacio sazogadoebis Jenevis msoflio samitis (WSIS) periodSi, par-

tiniorobis wevrebma muSaoba daiwyes statistikis da politikur organizacieb-

Tan, raTa SeemuSavebinaT ICT-is ganviTarebisaTvis maCveneblebis e.w. “ZiriTadi 

sia”. Catarda rigi Sexvedrebi ICT-is Sefasebis da indikatorebis sakiTxebze, rac 

warmoadgenda politikosTa interesebs. ICT-is indikatorebis “ZiriTadi sia” sa-

boloo saxiT miiRes Jenevis informaciuli sazogadoebis Sefasebis (WSIS-is) am 

Tematur Sexvedraze.  

2005 wlis ZiriTadi sia moicavs ICT‐is 41 ZiriTad indikators, romelic 

dajgufebulia Semdeg mimarTulebebad: sainformacio teqnologiebis infras-
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truqtura da xelmisawvdomoba; ICT Sinameurneobebisa da kerZo pirebis mier 

xelmisawvdomoba da gamoyeneba; ICT-is gamoyeneba biznesSi; ICT mrewvelobis dar-

gebSi da ICT-is saqoneliT vaWroba. 

WSIS-is msoflio sainformacio sazogadoebis samitze (2005 wlis Teberva-

li) gamoqveynda ”ZiriTadi sia”, rogorc ICT-is indikatoreibis ZiriTadi sia (Co‐

re  ICT  Indicators  (Partnership, 2005)) /1/. WSIS-is meore etapze, romelic Catarda 2005 

wlis noemberSi, tunisSi, informaciuli sazogadoebis Sefasebis paraleluri 

Sexvedris (Parallel Event) dros, oficialurad ZalaSi Sevida ”ZiriTadi sia”, rome-

lic safuZvlad daedo da miCeulia sabazisod ICT-is Sefasebaze partniorobis 

muSaobisTvis, Tumca misi daxvewa kvlav mimdinareobs. 

2010 wlisTvis ganaxlebuli sia Seicavs ICT-is 46 ZiriTad da 2 damatebiT 

maCvenebels /1 /, romelic dajgufebulia 6 jgufad: 

I. ICT-is - infrasturqtura da masTan wvdoma, gansazRvrulia 10 maCvenebliT; 

II. ICT-Tan wvdoma da misi gamoyeneba ojaxebisa da kerZo pirebis mier, gansaz-

Rvrulia 12 ZiriTadi da 1 damatebiTi maCvenebliT; 

III. ICT-is gamoyeneba sawarmoebis mier, gansazRvrulia 12 maCvenebliT; 

IV. ICT-is Semqmneli seqtori, gansazRvrulia 2 maCvenebliT; 

V. ICT-is saqonliT saerTaSoriso vaWroba, gansazRvrulia 2 maCvenebliT; 

VI. ICT-is ganaTlebaSi, gansazRvrulia 9 ZiriTadi da 1 damatebiTi maCvenebliT;

  

ICT-is ganviTarebis donis gamoTvlis maxasiaTeblebis cvlileba Tavis mxriv 

pirdapir kavSirSia IDI-is (ICT Development Index, ICT-is ganviTarebis indeqsi) gaanga-

riSebasTan, rac miuTiTebs, rom aRniSnuli maCveneblebi ar warmoadgenen IDI-is 

indeqsis gamoTvlis mudmiv da ucvlel mdgenelebs, isini icvlebian ICT teqno-

logiebis daxvewa-ganviTarebasTan da maTi moxmarebis sferoebis gafarToebas-

Tan erTad. amasTan, aRsaniSnavia isic, rom maxasiaTeblebi SemuSavebuli unda 

iqnes da dadgindes maRalganviTarebuli qveynebis mier gamoyenebuli ICT teqno-

logiebisa da mis mier moculi sferoebisa da dargebis mixedviT Seqmnil baza-

ze. Tumca, gasaTvaliswinebelia is dargebi da sferoebic romelic SeiZleba 

warmatebulad iqnas danergili ganviTarebad qveynebSi, radgan SesaZlebelia ma-

Ti roli am qveynebisaTvis mniSvnelovani aRmoCndes.  

IDI ganisazRvreba 11 indikatoris mixedviT da is emsaxureba saxvadasxva 

qveynebsa Tu regionebSi ICT-Si mimdinare procesebis Sedarebasa da kontrols. 

igi dadginda ITU-is (International Telecommunication Union, eleqtrokavSiris saerTa-

Soriso organizacia) sruluflebian konferenciaze 2006 wels (rezolucia 131) 

/2, gv.194 /. msoflios qveynebis IDI -is reitingebi pirvelad gamoqveynda 2009 wels 

da mas Semdeg qveyndeba yovelwliurad ITU Measuring the Information Society Report-is 

saxiT (ITU-is sainformacio sazogadoebis gazomvis angariSi). IDI warmoadgens 

msoflio maStabiT ICT-is progresis Sefasebis yvelaze farTod aRiarebul maCve-

nebels.  

IDI indeqsis gansazRvrisaTvis mTavari amocanebia: 

• ITC-s ganviTarebis dros, donisa da evoluciis gansazRvra, qveynebSi da sxva 

qveynebTan mimarTebaSi;  

• progresi ITC-is ganviTarebaSi, rogorc ganviTarebul, ise ganviTarebad qvey-



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  171

nebSi. indeqsi unda iyos globaluri da asaxavdes, ITC-is ganviTarebis mxriv 

sxvadasxva safexurze mdgar qveynebSi mimdinare cvlilebebs; 

• cifrobrivi dayofa, anu ICT-is ganviTarebis gansxvavebuli donis mqone qveyne-

bis diferencireba; 

• ITC-is ganviTarebis potencialis, an xarisxis mixedviT, romel qveynebs SeuZ-

liaT TavianT SesaZleblobebze dayrdnobiT ICT-is gamoyeneba TavianTi ekono-

mikis zrdisa da ganviTarebisaTvis. 

nax. 1-ze mocemulia qveynebis informaciul sazogadoebad trasformaciis 

sametapiani modeli, saidanac gamokveTilad Cans, rom ICT-is efeqturi gamoyeneba 

mWidrod aris damokidebuli imaze, Tu ramdenad daxvewilia teqnologiebi da 

ramdenad Seesabameba momxmarebelTa inteleqti an momzadebis done am teqnolo-

giebis gamoyenebis SesaZleblobas, ra intensivobiT xdeba maTi gamoyeneba da 

ramdenadaa igi xelmisawvdomi sazogadoebisTvis (momxmareblisTvis).    

 

 
nax.1 qveynebis informaciul sazogadoebad trasformaciis sametapiani modeli 

 

ITU-is angariSebSi /3-8/, ICT ganviTarebis indeqsis (IDI) ricxvobrivi mniSvne-

lobis dadgenisaTvis gamoyenebul 11 indikators aqvs gansazRvruli etalonuri 

mniSvnelobebi (rac wlidan wlamde SeiZleba Seicvalos). cxril 1-Si mocemulia 

ITU-is 2014 wlis angariSis mniSvnelobebi /8/. aRniSnuli indikatorebi Tavis Tav-

Si moicaven zemoT xsenebul 46 maxasiaTebels. Tavis mxriv 11 indikatori (ix. 

cxrili 1, svetebi - I da II) dajgufebulia 3 jgufad:  

I. ICT‐Tan wvdoma, gansazRvrulia 5 indikatoriT; 

II. ICT-is gamoyeneba, gansazRvrulia 3 indikatoriT; 

III. ICT-is SesaZleblobebi, gansazRvrulia 3 indikatoriT;     
cxrili 1 

ICT-is ganviTarebis in-
deqsi: indikatorebi, 

etalonuri mniSvnelobe-
bi da wonebi 

         

           

ICT-is wvdoma   
etalonuri 
mniSvnelo-

ba 
% 

 
wo-
na 

ICT-is gan-
viTarebis 
indeqsi 
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1 
fiqsirebuli satelefono 
kavSiri 100 mosaxleze 

60  20  40   

2 
mobiliri satelefono kav-
Siri 100 mosaxleze 

120  20   
 
 

3 

saerTaSoriso internet-
trafiki (siCqare) (bit/wm) 
internetis 1 momxmarebel-
ze 

787'260*  20   
 
 

4 
kompiuterebis mqone oja-
xebis wili 

100  20   
 
 

5 
internetTan wvdomis mqone 
ojaxebis wili 

100  20   
 
 

ICT-is gamoyeneba          40   

6 
interenetis momxmarebeli 
pirebis wili 

100  33   
 
 

7 
fiqsirebuli (sadeniani)-
farTozolovani abonenti 
100 mosaxleze 

60  33   
 
 

8 
ukabelo farTozolovani 
kavSiri 100 mosaxleze 

100  33   
 
 

ICT-is SesaZleblobebi          20   

9 

zrdasrulTa (15 wlis da 
meti asakis) ganaTlebis 
koeficienti (xvedriTi wi-
li %) 

100  33   
 
 

10 

saSualo skolebSi regis-
trirebuli, darCenili 
moswavleebis (xvedriTi 
wili %) 

100  33   
 
 

11 
umaRles saswavleblebSi 
registrirebuli, mesameu-
li (xvedriTi wili %) 

100  33   
 
 

 
TiToeul jgufSi Semavali indikatorebis mixedviT xdeba Sesabamisad sami su-

bundeqsis gamoTvla: 

I. ICT-Tan wvdomis sub-indeqsi; 

II. ICT-is gamoyenebis sub-indeqsi; 
III. ICT-is SesaZleblobebis sub-indeqsi;       

jgufSi Semaval TiToebul indikators gaaCnia sakuTari etalonuri mniS-

vneloba (ix. cxrili 1, sveti - III), aseve maT aqvT Tanabari wiliT sub-indeqsSi 

(ix. cxrili 1, svetebi - IV). 

TiToeul sub-indeqss gaaCniTa wona (ix. cxrili 1, svetebi - V) ICT-is ganvi-

Tarebis saboloo indeqsis IDI-is mniSvnelobaSi (ix. cxrili 1, svetebi - VI), rom-

lic ganisazRvreba aTbaliani sistemiT. 

ITU am indikatorebis gaangariSebisTvis saWiro monacemebs iRebs sxvadasxva 

wyarodan, esenia: ITU-is msoflio satelekomunikacio ICT-indikatorebis (WTI  ‐ 

World Telecommunication/ICT Indicators (WTI)) Semoklebuli kiTxvari, ITU-is sayofacxov-

rebo Semoklebuli kiTxvari da iuneskos statistikis instituti (UNESCO Institute 

for Statistics (UIS)).  

aRniSnuli kiTxvarebi Sesavsebad egzavneba TiTeuli qveyanis Sesabamis or-
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ganizaciebs, saqarTveloSi saqarTvelos komunikaciebis erovnul komisias. kiTx-

varebis ar an/da arasrulfasovnad Sevsebis SemTxvevaSi ITU Tavad poulobs mo-

nacemebis moZiebis alternatiul wyaros (qveyanaSi moqmedi sxva samsaxurebi da 

gaero) da iRebs saWiro monacemebs. 

amrigad, naSromSi warmodgenili ICT-is indikatorebis, IDI-is (ICT-is ganviTa-

rebis indeqsis) da misi sub-indeqsebis gaangariSebis meTodologia, romelic Ta-

visTavad eyrdnoba ITU mier SemuSavebul koncefcias, safuZvlad unda daedos 

qveyanaSi ist-is ganviTarebis mzadyofnis indeqsis Sefasebas, rac erTis mxriv 

ganapirobebs sxva qveynebis mimarT aseTive indeqsis swor Sedarebas, xolo meo-

res mxriv orientirs mogvcems am mimarTulebiT swaori politikis gansazRvraSi.  

 
literatura. 
1.Core ICT Indicators 2010, Partnership on Measuring ICT for Development http://www.uis.unesco.org/Communi-
cation/Documents/Core_ICT_Indicators_2010.pdf.  
2.Final Acts of the Plenipotentiary Conference (Antalya, 2006) - ITU, International Telecomnication Union. 
3.3Measuring the Information Society Report 2009 - ITU, https://www.itu.int/ITU-D/ict/publications/idi/materi-
al/2009/MIS2009_w5.pdf . 
4.Measuring the Information Society Report 2010 - ITU, https://www.itu.int/ITU-D/ict/publications/idi/materi-
al/2010/MIS_2010_without_annex_4-e.pdf. 
5.Measuring the Information Society Report 2011 - ITU, http://www.itu.int/net/pressoffice/backgrounders/gene-
ral/pdf/5.pdf. 
6.Measuring the Information Society Report 2012 - ITU, http://www.itu.int/en/ITU-D/Statistics/Documents/publica-
tions/mis2012/MIS2012_without_Annex_4.pdf. 
7.Measuring the Information Society Report 2013 - ITU, https://www.itu.int/en/ITU-D/Statistics/Documents/publi-
cations/mis2013/MIS2013_without_Annex_4.pdf. 
8.Measuring the Information Society Report 2014 - ITU, https://www.itu.int/en/ITU-D/Statistics/Documents/publi-
cations/mis2014/MIS2014_without_Annex_4.pdf. 
 

PRINCIPLES OF CALCULATION OF  INFORMATION-COMMUNICATION TECHNOLOGIES 
readiness index to development. 

Tsikhistavi T., Svanidze R.,  
Georgian Technical University. 

Summary 
The paper describes principles of calculation for ICT (Information and communications Technology) development 
index. Here is a detailed review of a brief history and methodology of calculation of ICT indicators, IDI (ICT Deve-
lopment Index) and its sub-indexes according to ITU (International Telecommunication Union). Because a number 
of countries have different approaches for calculating these indexes, the methodology represented by ITU would be-
come evaluation principle of ICT Development Preparedness Index for all countries that finally leads to a validity of 
comparison similar indexes between the countries and determines the proper policy towards this direction. 
 
 

 

 

satelekomunikacio qselebis ganviTarebis Semdgomi etapebi. 

momavlis FN qseli 

 
jRamaZe m.*, xunwaria j.** 

satelekomunikacio kompania “axali qselebi”* 
saqarTvelos teqnikuri universiteti** 

 
warmodgenilia satelekomunikacio qselebis ganviTarebis Semdgomi etapebi da sa-

momavlo tendenciebi. naCvenebia momavlis FN qselis gamosakvlevi doneebi da maTi 
struqturuli ganawileba.  
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bolo wlebis tendenciebidan gamomdinare xdeba  satelekomunikacio qse-

lebis globalizacia, rac ukve asaxulia  Semdgomi etapis qselebis struqtura-

Si.  

optikuri qselebis ganviTarebam SeasaZlebeli gaxada sxvadasxva klasisa 

da tipis momxmarebelma  miiRos maRali siCqariT wvdoma sainformacio teqno-

logiebTan, ramac, Tavis mxriv, SesaZlebeli gaxada momavlis FN qselis,   egreT 

wodebuli Wkviani SG  (Smart  Grids)  qselebis, monacemTa BD  (Big  Date) qselebisa da 

Wkviani yvelgan SeRwevadi SUN  (Smart  Ubiquitous  Networks) qselebis  ganviTareba da 

maTi axal etapze ayvana. aseT qselebs eZaxian hibridul qselebs, romlebSic ga-

erTianebulia ramdenime axali da wina Taobis qselebi (magaliTad, inteleqtua-

luri qseli, axali generaciis NGN qseli, TDN, Private Network, 2G, 3G, 4G, CDMA, GPRS, 

FN, SG, BD, SUN da a.S.  aseTi qselebi ukve naklebad damokidebulebi arian fizikur 

doneze da SeerTebis saxeobebze. maTi urTierqmedeba xdeba ufro maRal me-3 da 

me-4  doneebze. zogierTi qselis urTierTqmedeba SesaZlebelia moxdes agreTve 

yvelaze maRal me-7 doneze, rac metyvelebs axali qselebis ganviTarebis maRal 

doneze.  

mimdinare etapze yvelaze aqtualuria momavlis FN qselis   struqtura. 

igi gulisxmobs mravalSriani rogorc fizikuri aseve virtualuri  NV  (Network 

Virtualization)  qselebis Seqmnas. aseTi qselebis marTvisaTvis damatebiT Seqmnilia 

saidentifikacio struqturuli done IF  (Identification Framework), D‐aN  (Data‐aware net‐

working) qselis struqturuli organizebis monacemTa Setyobinebis qseli da aseve 

sxvadasxva damatebiTi doneebi (magaliTad, ID  configuration,  Identifiers,  Autonomic  net‐

work management da sxva).  

FN  qselis  ganviTarebisaTvis saWiroa misi struqturuli doneebis gamok-

vleva. gamosakvlevi struqtura iyofa oTx ZiriTad mimarTulebad (Data awareness – 

monacemTa mimarTuleba, Social and economic  awareness – socialuri da ekonomiuri mi-

marTuleba, Environmental awareness – ekologiuri mimarTuleba, Service awareness – ser-

visis mimarTuleba), romlebic, Tavis mxriv, iyofian da qmnian kidev damatebiT 12 

gamosakvlev struqturul erTeuls, romelTa Sorisaa: funqcionaluri Tavseba-

doba, servisis mravalferovneba, mobiluroba, resursebis virtualizacia, qse-

lis menejmenti, usafrTxoeba, energoefeqturoba, optimizacia, servisis univer-

saloba, identifikacia, monacemTa bazebTan SeRwevadoba da sxva (sur. 1).  

2012 wels, ITU‐T SG13 konferenciaze JenevaSi, miRebuli iqna gadawyvetileba 

dawyebuliyo aRniSnuli qselisaTvis standartebisa da rekomendaciebis SemuSa-

veba. amJamad ukve miRebulia ramdenime standarti da rekomendacia.  

momavlis FN qsels SemdgomSi gamoiyenebs iseTi zednaSeni qselebi, rogo-

ricaa SG, BD, SUN da sxva. aRniSnuli qselebis erTobliobiT SesaZlebeli iqneba 

rogorc satelekomunikacio, aseve marTvisa da kontrolis sxvadasxva sistemebis 

momsaxurebebis gaerTianeba, kerZod ki iseTi momsaxurebebisa, rogoricaa ,,Wkvia-

ni saxli” (nebismieri adgilidan saxlSi temperaturis, sxvadasxva sayofacxov-

rebo aparaturisa da ganaTebis marTva da kontroli).  

Wkviani qselebis ganviTarebis erT-erT prioritetul mimarTulebas war-

moadgens  SG (Smart Grids), monacemTa BD qselebis da Wkviani yvelgan SeRwevadi SUN 

qselebis ganviTareba. SUN qseli warmoadgens egreT wodebul xids ukve arsebul 
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NGN da momavlis FN  qsels Soris. igi awarmoebs am or qsels Soris trafikis 

kontrols da asrulebs agreTve menejmentis funqciasac. SUN qselis standarti-

zacia da misi ganviTarebis doneebad dayofa da TiToeuli donisaTvis funqio-

naluri daniSnulebis gawera ukve dawyebulia. am procesis damTavreba dagegmi-

lia 2020 wlisTvis.  

 

 
sur. 1. oTxi ZiriTadi da 12 damatebiTi gamosakvlevi struqturuli 

erTeuli 

 

zogadad momavlis qselebis erT-erT dadebiT mxares warmoadgens energo-

efeqturoba, rac aixsneba im garemoebiT, rom xdeba bevri didi qselis gaerTia-

neba erT qselSi da Sesabamisad am qselebis rogorc fizikuri aparaturis, ase-

ve damatebiTi kontrolis, marTvisa da menejmentis rogorc aparaturuli nawi-

lis aseve programuli nawilis Semcireba.  

paralelurad mimdinareobs ukve arsebuli qselebis ayvana ufro maRal 

doneze, rac ar uSlis xels momavlis qselis ganviTarebas, radgan mimdinare 

qselebis optimizaciis dros ukve gaTvaliswinebulia maTi integracia momavlis 

qselSi.    

am etapze momavali aTwleulebis yvelaze pespeqtiul mimarTulebas mainc 

warmoadgens 4G Taobis LTE teqnologia, romelTa dakavSirebiTac ukve miRebulia 

mravali saerTaSoriso standarti da rekomendacia. 2016 wlisaTvis ukve igegmeba 

5G Taobis LTE teqnologiis standarticazia, rac, Tavis mxriv, gulisxmobs misi 

danergvis perspeqtiulobas. 
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FURTHER DEVELOPMENT STAGES OF TELECOMMUNICATION NETWORKS. 
FN FUTURE NETWORK. 

JGAMADZE M.S.*, KHUNTSARIA J.M.** 
“New Net” Telecommunication Company* 

Georgian Technical University** 
Summary 

Work provides Futher development stages of telecommunication network and future tendences. FN (Future 
Network) research levels and their stuctural distributions are indicated. 
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saqarTvelos energo usafrTxoebis gansazRvra 
da misi miRwevis gzebi 

 

axvlediani n., samsonia n. 
saqarTvelos teqnikuri universiteti 

 
energo usafrTxoeba Cveulebriv ganisazRvreba rogorc „sando miwodeba gonivrul 

fasad.“ energo usafrTxoeba aris qveynis mTlianad energo sistemis mTavari elementi. 
iseTi qveynisTvis, rogoric aris saqarTvelo, romelic warmoadgens tranzitul qveyanas 
da Zalian mniSvnelovania arsebobdes zustad gansazRvruli energo usafrTxoebis stra-
tegia, raTa man daZlios energetikasTan dakavSirebuli politikuri da ekonomikuri 
problemebi.  

 
energo usafrTxoebis koncefciaze msjelobis dawyebamde, unda ganisaz-

Rvros termini „energo usafrTxoeba.“ saerTaSoriso saagento energetikis saki-

TxebSi gansazRvravs energo usafrTxoebas rogorc energo resursebis uwyvet 

wvdomas misaReb fasebSi. energo usafrTxoebas aqvs mravali aspeqti: grZelvadi-

ani energo usafrTxoeba ZiriTadad ukavSirdeba droul investiciebs energo mo-

maragebis mizniT, ekonomikis ganviTarebasTan da garemo moTxovnebTan parale-

lurad. meores mxriv, moklevadiani energo usafrTxoeba yuradRebas amaxvilebs 

energo sistemis SesaZleblobaze moaxdinos myisieri reagireba uecar cvlile-

bebze energiis miwodebasTan dakavSirebuli moTxovnebis dabalansebis proces-

Si.“ energetikis sakiTxebSi saerTaSoriso saagento ganmartavs sxvaobas grZel-

vadian da moklevadian energo usafrTxoebas Soris. upirveles yovlisa, unda 

aRiniSnos is, rom koncefcia „energo usafrTxoeba“ aris krebsiTi termini, rad-

ganac is moicavs energiis warmoebisa da ekonomikur zrdas da politikur aspeq-

tebs, agreTve arsebobs ramdenime tradiciuli elementi, rogoric aris energiis 

miwodebis wyaro, geopolitikuri mdgomareoba da sabazro struqtura. 

kvlavac, debatebi energo usafrTxoebis Sesaxeb kvlavac mimdinare procesad 

rCeba da warmoadgens erT-erT yvelaze sakamaTo Temas mTels msoflioSi. ener-

go usafrTxoebis erTi aspeqti aris qveynis SesaZlebloba Tavisuflad gadavi-

des energiis erTi wyarodan meoreze. amis mizezi ki aris garemo pirobebi, rad-

ganac energo rezervi Zalian swrafad iwureba. arsebobs saWiroeba imisa, rom 

Camoyalibdes energo usafrTxoebis strategia, raTa uzrunvelyofil iqnas ener-

giis wvdoma da sazogadoebis ekonomikuri kuTxiT ganviTareba. energo usaf-

rTxoebis umartivesi ganmarteba aris „energo resursebis uwyveti wvdoma misa-

Reb fasad“. es ki niSnavs imas, rom energia unda iyos fizikurad xelmisawvdomi 

da amavdroulad misi fasic gonivruli. yvela sazogadoeba aris damokidebuli 

energiaze, dawyebuli saSinao meurneobebiT dasrulebuli samrewvelo dargebiT, 

maSasadame sazogadoebis efeqturi funqcionireba didad aris damokidebuli 

energiis wvdomis SesaZleblobaze. magram, energo usafrTxoebis mravalmxrivoba 

arTulebs energo usafrTxoebis uzrunvelyofs, ise, rom yvelasTvis misaRebi 

iyos.  

energo usafrTxoebis Sefasebisas yvelaze mniSvnelovani aspeqtia imis gan-

sazRvra, Tu rogor unda Sefasdes energo usafrTxoeba. energo usafrTxoebis 

Sefaseba 21-e saukuneSi SeiZleba ganxorcieldes im mdgomarebisa da probleme-

bis analiziT, ris winaSec dgas axla mTeli msoflio. energo usafrTxoebis 

koncefciis Sefasebis sami mTavari faqtoria gamokveTili: balansirebadi mdgra-
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di ganviTareba, konkurentunarianoba da miwodebis usafrTxoeba. unda aRiniS-

nos, rom evropis gaerTianebaTa komisiam Seqmna mwvane wigni „evropis strategia 

mdgradi, konkurentunariani da usafrTxo energiisaTvis,“ sadac aRwerilia is 

mdgomareoba, rac dResdReobiT arsebobs evropaSi da prioritetebi, rac saWi-

roebs qmedebas raTa gavumklavdeT evropaSi arsebul problemebs. upirveles 

yovlisa, problemebi aris Semdegi: 

• upirveles yovlisa, problema mdgomareobs investiciebis saswrafo mozid-

vaSi, radgan qveyanas sWirdeba mzardi energo moTxovnis dakmayofileba da moZ-

velebuli infrastruqturis ganaxleba. 

• Semdegi problema ris winaSec dgas evropa da saqarTvelo aseve aris da-

mokidebuleba energo importze. arsebobs moTxovna qveynis sakuTari resursebis 

ganviTarebasa da konkurenciis pirobebis Seqmnaze Sida energo bazarze. sxva 

SemTxvevaSi, es Seamcirebs usafrTxoebas regionebSi. 

• erT-erTi udidesi problemaTagania mwiri energo rezervi, razedac yura-

dReba gamaxvilebulia mxolod ramdenime qveyanaSi. dResdReobiT, uxeSad rom 

vTqvaT evrokavSiris gazis importis naxevari modis mxolod sami qveynidan: ru-

seTi, norvegia da alJiri. msgavsi situaciaa saqarTveloSic, sadac gazisa da 

navTobis importi modis mxolod ori qveynidan, azerbaijanidan da ruseTidan. 

• radganac mosaxleoba izrdeba wlidan wlamde, logikuri iqneba vTqvaT, 

rom energo moTxovna aseve gaizrdeba. 2030 wlisaTvis, energo moTxovna CO2 ga-

moyofasTan erTad mosalodnelia gaizardos 60%. ufro metic, navTobis globa-

luri moxmareba gaizarda 1994 wlidan 20% da mosalodnelia rom zrdis maCvene-

beli gaizardos kidev 1,6% yovel wels.  

• energiaze fasis xelmisawvdomoba aris seriozuli safrTxis qveS, radga-

nac navTobisa da gazis fasebi izrdeba. es ki Tavis mxriv gavlenas axdens uSua-

lod momxmareblebze. situacia, rac Tavis iCens ukve dResdReobiT aris mzardi 

moTxovna sawvav-saTbobze, maRali damokidebuleba importze da mzardi fasi 

navTobsa da gazze, rac ar aris patara problema. 

• sxva problemac arsebobs, imaze metad rTuli vidre CamoTvlilia, es aris 

klimaturi cvlileba. Tanaxmad saxelmwifoTaSorisi komisiisa klimaturi cvli-

lebis sakiTxebSi aRiniSneba daTboba, es ki gamowveulia sasaTbure airis gamo-

yofiT, ramac klimati daaTbo 0,6 gradusiT. 

• moTxovna ganviTarebul, konkurentunarian Sida energo bazarze aris ga-

damwyveti evropisaTvis. rac Seexeba energiis maRal fasebs da miwodebis usaf-

rTxoebas, SeiZleba mogvardes efeqtur samarTlebriv CarCoebSi moqceviT da Se-

sabamisi regulaciebiT, rac bolomde unda iyos gamoyenebuli praqtikaSi. 

„es aris 21-e saukunis axali energo landSafti. es aris is, sadac msoflios 

ekonomikuri regionebi damokidebulia erTmaneTze energo usafrTxoebisa da 

mdgradi ekonomikuri pirobebis da efeqturi qmedebis uzrunvelyofisaTvis kli-

maturi cvlilebis mimarT.“  

bolos, rom SevajamoT yovelive zemoxsenebuli unda iTqvas, rom ZiriTadi 

sakiTxebi, rac unda iqnas mogvarebuli energo usafrTxoebis pirobebSi saqar-

Tvelos SemTxvevaSi aris: 

• energo resursebisa da energo miwodebis wyaroTa diversifikacia 

• satransporto energo resursebis infrastruqturis ganviTareba aRmosav-

leT-dasavleTsa da Crdilo-samxreTSi qveynis satranzito potencialis gaz-
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rdis mizniT; 

• energo efeqturobis uzrunvelyofa; 

• garemo pirobebis usafrTxoebis dacva; 

• ucxouri investiciebis mozidva energo seqtorSi qveynis energo infras-

truqturis ganviTarebisaTvis; 

• eleqtroenergiiT sasazRvro vaWrobis gafarToeba mezobel qveynebTan 

• saerTaSoriso organizaciebTan TanamSromlobis gafarToeba im mizniT, 

rom daCqardes saqarTvelos evropasa da evro-atlantikur organizaciaSi integ-

racia. 

 

saidumlos ar warmoadgens is faqti, rom saqarTvelo daucvelia ucxo qvey-

nis energo mimwodeblebis mxridan politikur manipulaciebSi da im procesSi, 

sadac ori aucilebeli ram unda Sesruldes am daucvelobis Semcirebis mizniT: 

miwodebis diversifikacia da efeqturi Sida regulirebis sistema. mTavrobas, 

romelic movida saTaveSi 2003 wlis vardebis revoluciis Semdeg, unda Camoeya-

libebina strategia im sistemis Seqmnisa, romelic damoukidebeli iqneboda. da-

moukidebeli strategiis mizani iyo Sida energo potencialis gazrda, sarezer-

vo maragebis ganviTareba da arsebuli gadacemis infrastruqturis gaumjobese-

ba. magram, energo damoukidebloba ar unda iqnas gagebuli rogorc izolireba 

saerTaSoriso energo sistemisgan. eWvgareSea is, rom arcerTi qveyana ar SeiZ-

leba iyos izolirebuli da bolomde TviTdakmayofilebadi energiis miwodebis 

uzrunvelyofis saqmeSi. diversifikaciis mniSvnelovani saSualebebi da miwode-

bis usafrTxoeba SeiZleba uzrunvelyofil iqnas gangrZobiTi regionaluri ko-

munikaciebiT energo importis, eqsportisa da satranzito mdgradobidan gamom-

dinare. gasul wlebSi saqarTvelos mTavrobis mizani energo seqtorSi iyo ga-

dacemis infrastruqturisa da zogadad, energo sistemis gaumjobeseba. am miznis 

misaRwevad wina mTavrobas dagegmili hqonda gazis miwisqveS Senaxvis pirobebis 

Seqmna, saqarTvelos hidroenergo potencialis gaumjobeseba arsebuli hidroe-

nergo sadgurebis reabilitaciisa da axlebis aSenebis gziT. navTobisa da ga-

zis sabadoebis Sida ganviTareba aseve warmoadgenda mis erT-erT mizans, rac 

aris yvelaze bolo prioriteti saqarTvelosaTvis gamomdinare misi sakuTari 

mcire navTobisa da gazis rezervebisa.  

saqarTvelo aris Savi zRvis regionis nawili romelic mdebareobs energo 

momxmarebelsa da energo mimwodebel qveynebs Soris. is gansakuTrebul rols 

asrulebs energo usafrTxoebis garantirebis saqmeSi evraziis kontinentze. sa-

qarTvelos aqvs didi potenciali gaxdes ZiriTadi samarSruto gza gazisa da 

navTobisaTvis kaspiis zRvidan, Sua aRmosavleTidan da aseve centraluri azii-

dan evropis mimarTulebiT. samxreT kavkasias, ufro konkretulad ki saqarTve-

los, aqvs potenciali gaxdes mTavari qveyana energo satranzito marSrutis di-

versifikaciis pirobebSi energo momxmarebelsa da energo mimwodebel qveynebs 

Soris. ufro metic, evrokavSiri gaxda ukve Savi zRvis nawili da saqarTvelos 

aqtiuri TanamSromloba da CarTva axali milsadenebis proeqtebSi gazisa da 

navTobis miwodebis mizniT kaspiis zRvidan evropis mimarTulebiT, gvTavazobs 

SesaZleblobas imisa, rom kidev ufro metad mWidro urTierTobebi Camoyalib-

des da aman migviyvanos mdgrad integraciamde evropisaken. 
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GEORGIA’S ENERGY SECURITY AND WAYS FOR ITS ACHIEVING. 
Akhvlediani N., Samsonia N.,  
Georgian Technical University. 

Summary 
Energy Security is usually defined as “reliable supplies at reasonable price”. Energy security is the milestone 

of the whole energy system of the country. The problem is that, achieving energy security is a hard task for the go-
vernment. For such country as Georgia, which is a transit country, it is highly important to have a precisely defined 
energy security strategy, in order to overcome the political and economic problems related to energy. Moreover, Ge-
orgia has a strategic goal to integrate into the European Union. Therefore, Georgia has to fulfill the obligations taken 
during the past years. Based on literature review, case studies and interviews carried out with the government offici-
als, the problems were set, solutions found and the conclusions drawn. In conclusion, it turned out that some areas 
should be more prioritized, the Directives/Regulations of the European Union should be implemented in the Georgi-
an legislation and practically applied in order to secure the energy sector in the future. However, overcoming the 
problems which nowadays exist in the Georgian energy sector and integrating in the European internal energy mar-
ket, means being close to the integration into the European Union. 

 
 
 
 

energetikis ekonomikuri problemebi saqarTveloSi 
 

ComaxiZe d.*, cxakaia q.**, bibilaSvili l.*** 

* saqarTvelos teqnikuri universiteti, 
**akaki wereTlis saxelmwifo universiteti, 

*** goris saxelmwifo saswavlo universiteti 
 

mosxenebaSi gaanalizebulia saqarTvelos energetikuli kompleqsis (eleqtroener-
getika, naxSiris mopoveba, navTobis mrewveloba) ganviTarebis teqnikur-ekonomikuri maC-
veneblebis done da dinamika bolo wlebSi. aRniSnulia, rom, miuxedavad saanalizo 
wlebSi momxdari dadebiTi raodenobrivi da xarisxobrivi Zvrebisa, dargSi aRiniSneba 
mniSvnelovani probelemebi. maT Soris yuradReba gamaxvilebulia energetikuli balan-
sis deficitze, argilobrivi energetikuli resursebis aTvisebis dabal doneze. eleq-
trifikaciis maCvebelebis CamorCenaze, energetikuli simZlavreebis gamoyenebis gaumjo-
besebis aucileblobaze, produqciis energotevadobis Semcirebis saWiroebaze da a.S. Ca-
moyalibebulia winadadebebi mdgomareobis gaumjobesebisaTvis. 
 

cnobilia energetikis uzarmazari roli  msoflio civilizaciis ganviTa-

rebaSi. igi udides gavlenas axdens ekonomikisinfrastuqturis formirebasa da 
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Sazogadoebrivi warmoebis efeqtianobaze. meurneobaSi energetikis mniSvelovani 

roli ganisazRvreba im garemoebiT, rom nebismieri sawarmoo procesi mrewvelo-

bis yvela dargSi, soflis meurneobaSi, transportze, mosaxleobis momsaxure-

bis yvela sferoSi da a.S. dakavSirebulia energiis sul ufro da ufro mzard 

gamoyenebasTan, xolo sazogadoebrivi  Sromis nayofierebis zrdis ZiriTadi ma-

terialuri safuZvelia Sromis eleqtro- da energoaRWurviloba. energetikis 

ganviTarebis done did gavlenas axdens qveynis sawarmoo Zalebis ganviTarebis 

dinamikasa da ganlagebaze, qmnis aucilebel winamezRvrebs cxovrebis  donis 

amaRlebasa da Sromis pirobebis gasaumjobeseblad. 

 energetikis ganviTarebis tempebi da masStabebi ganmsazRvrel gavlenas ax-

dens nebismieri qveynis ekonomikuri ganviTarebis saboloo Sedegebze, TiToeu-

li moqalaqis cxovrebis doneze. sakmarisia iTqvas, rom aSS, romelic msofli-

os erT-erTi yvelaze ufro ganviTarebuli qveyanaa, mosaxleobis 1 sulze awar-

moebs 5,72 tps da 42,3 aTasi dolaris Rirebulebis mSp-s (2011 w.); maSin, roca 

msoflioSi saSualod es maCveneblebi Seadgens Sesabamisad 1,9 da 7,54-s; aziaSi 

– 0,6 da 1,46-s; afrikaSi – 1,05 da 1,21-s da a.S. 

 saqarTveloSi energetika wrmodgenilia eleqtroenergetikisa da saTbobi 

mrewvelobis TiTqmis yvela ZiriTadi dargiT. gvaqvs hidroeleqtrosadgurebi, 

Tboeleqtrosadgurebi, eleqtrogadacemis, gamanawilebeli da Tboqselebi, nav-

Tobis mrewveloba, naxSirisa da Termuli wylebis mopoveba. mimdinareobs samu-

Saoebi qarisa d mzis energiis gamosayeneblad. 

 energetika saqarTvelos  mrewvelobis erT-erTi wamyvani dargia. 2013 

wlis monacemebiT, energetikaSi Tavmoyrilia mTeli mrewvelobis ZiriTadi fon-

debis 52,9%, dasaqmebulia 17% da iwarmoeba produqciis 14,8%. masze modis qvey-

nis mTliani Sida produqtis (mSp) 4,00%. 

 ukanasknel wlebSi saqarTvelos energetikaSi mniSvnelovani raodenobrivi 

da xarisxobrivi Zvrebi moxda. bolo xuTi wlis manZilze (2009-2013 ww.) energe-

tikul kompleqsSi produqciis warmoeba gaizarda  52,5 %-iT. warmoebis ZiriTa-

di nawili  (70%) modis eleqtroenergetikaze; Semdeg modis gazis mrewveloba 

(12%), navTobis mrewveloba (7%) da naxSiris mrewveloba (5%). 2005-2012 wlebSi 

eleqtroenergetikis produqcia gaizarda 68,6%-iT. gazis mrewveloba 3,6-jer, 

navTobmopoveba – 80,8%-iT da naxSiris mopoveba 85-jer. maSin, roca mTlianad 

energetikul kompleqsSi zrda 91% udrida. 

 naturalur maCveblebSi 2099-2013 wlebSi SedarebiT swrafi zrda hqonda 

naxSiris mopovebas (3,2-jer), SedarebiT naklebi eleqtroenergetikas (19,1%-iT), 

rac Seexeba navTobis mopovebas, igi Semcirda kidec 11,3%-iT (cxrili 1). 

cxrili 1. 

saqarTvelos energetikis ganviTarebis teqnikur-ekonomikuri maCveneblebi. 

 

      
         maCveneblebi 

2009 2011 2012 2013 2013 w. 5-iT 
2009 w-Tan 

produqciis warmoeba, mln.lari 706,3 765,6 1022,3 1077,5 152,5 
dasaqmebulTa raodenoba, adamiani 23221 19293 22033 19123 82,3 
ZiriTadi fondebis Rirebuleba, mln.la-
ri 

1646,0 1729,1 2352,2 3052,1 185,4 

Sromis nayofiereba, aTasi lari 30,4 39,7 46,4 56,3 185,2 
fondukugeba, TeTri 0,43 0,44 0,44 0,35 81,4 
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produqciis warmoeba naturalur gamosa-
xulebaSi: 

     

eleqtroenergia, mln. kvtsT. 8278,1 9912,2 9471,9 9860,6 119,1 
maT Soris:      
           hesSi 7314,6 7788,7 7122,1 8163,5 111,6 
           TesSi 963,5 2123,5 2349,8 1697,1 176,1 
navTobi, aT.tona 54,0 49,9 49,0 47,9 88,7 
naxSiri, aT.tona 110,0 352,0 395,0 350,0 318,2 
eleqtroenergiis warmoeba mosaxleobis 
1 sulze, kvtsT 

1887,6 2203,8 2112,5 2193,9 116,2 

adgilobrivi warmoebis energiaSemcvele-
biT dakmayofilebis done, % 

45,5 39,6 36,7 37,1 -8,4 

 

saqarTvelo Tavis moTxovnilebas eleqtroenergiaze ZiriTadad ikmayofilebs 

da energiis garkveuli nawili eqsportzec gaaqvs. xolo mTliani energetikuli 

balansi, wlebis manZilze Rrmad deficituria. qveyanas garedan Semoaqvs saWiro 

energetikuli resursebis ZiriTadi  nawili (daaxloebiT 2/3). es aris bunebrivi 

gazisa da navTobproduqtebis udidesi nawili. nela umjobesdeba eleqtrifika-

ciis mnaCveneblebi, Sromis nayofierebis  da fonukugebis doneebi. energetikuli 

maCveneblebis gauareseba  gansakuTrebiT reliefurad Cans sxva qveynebTan Seda-

rebiT (cxrili 2). 

saqarTveloSi mosaxleobis 1 sul iwarmoeba (2011 w.) energiaSemcvelebi 

msoflios saSualo maCvenebelTan SedarebiT 7,6-jer da aSS-Tan SedarebiT 23-

jer naklebi. xolo moixmareba Sesabamisad 2,4-jer da 8,9-jer naklebi. amitom ga-

sakviri ar aris, rom saqarTveloSi TiToeul mosaxleze iwarmoeba mSp- cxovre-

bis donis mTavari maCvenebeli, 21,6-jer naklebi, vidre aSS-Si da 3,8-jer naklebi, 

vidre saSualod msoflioSi. analogiuri mdgomareobaa eleqtroenergiis warmo-

eba-moxmarebis mxrivac. 

cxrili 2.  

saqarTvelos energetikis ekonomikuri maCveneblebis Sedareba saerTaSoriso pa-

rametrebTan (2011 w.) 

 

# maCveneblebi saqarTvelo msoflio 
saSualod 

aSS 

warmoeba mosaxleobis 1 sulze:    
 - energiaSemcvelebi sul, tps 0,249 1,897 5,721 
- eleqtroenergia, kvtsT 2204 2933 13227 

 - mSp, aTasi lari 1,962 7,543 42,387 

1 

    
moxmareba mosaxleobis 1 sulze:    
 - energiaSemcvelebi sul, tps 0,79 1,88 7,02 
 - eleqtroenergia, kvtsT 2058 2933 12947 

2 

    
3 mSp-is energotevadoba, kgps 0,4 0,25 0,17 
4 mSp-is eleqtrotevadoba, kvtsT 0,97 0,39 0,31 

warmoeba-moxmarebis Tanafardoba, %    
 - energiaSemcvelebi, sul 39,6 100,6 81,5 

5 

 - eleqtroenergia 107,1 100,0 102,2 

 

  saqarTvelo energetikuli resursebiT mdidari ar aris, magram mis teri-

toriaze met-naklebi zomiT am resursebis TiTqmis  yvela saxe moipoveba. qveyana 
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gansakuTrebiT mdidaria hidroenergoresursebiT; maRalia aratradiciuli ener-

getikuli wyaroebis potenciali. Tumca maTi aTvisebis done jer-jerobiT kvlav 

dabalia. 2014 wels saqarTvelos hesebma gamoimuSaves  8281 mln. kvtsT eleq-

troenergia, anu misi teqnikuri SesaZleblobis mxolod 12,1 %. Wianurdeba  ener-

giis aratradiciuli wyaroebis aTviseba. 

 miuxedavad imisa, rom saqarTveloSi energiaSemcvelebis  warmoebis mas-

Stabebi dabal donezea, SeiZleba iTqvas, mflangveluria misi gamoyeneba. Cvens 

qveyanaSi mSp-is Rirebulebis erTeulze (dolarze) ixarjeba 2,4-jer meti ener-

gia, vidre aSS-Si da 1,6-jer meti, vidre saSualod msoflioSi. mSp-is eleqtro-

tevadoba ki Sesabamisad 3,1-jer da 2,5-jer maRalia. 

 mudmiv yuradRebas da gaumjobesebas saWiroebs arsebuli energetikuli 

simZlavreebis gamoyeneba. es, pirvel rigSi, exeba moqmed eleqtrosadgurebSi 

saproeqto maCveneblebis aTvisebas, gadamcem da gamanawilebel qselebSi energi-

is  danakargebis SEmcirebas, energodazogvas da a.S. aucilebelia garemos dac-

vis moTxovnaTa gaTvaliswinebiT farTod gamoviyenoT qveyanaSi arsebuli saT-

bob-energetikuli resursebis mTeli kompleqsi. unda Camoyalibdes saqarTvelo-

saTvis Sesaferisi energetikuli kompleqsis optimaluri struqtura. masSi Tavi-

si kiTvnili adgili unda daiWiros rogorc hidro, ise Tbo simZlavreebma. saWi-

roa saimedo da xelsayreli sagareo energetikuli kavSirebis damyareba msof-

lios mowinave da, pirvel rigSi, mezobel saxelmwifoebTan. Seunelebeli yura-

dReba unda  mieqces dargis  menejmentis srulyofas da ekonomikuri  reforme-

bis ganxorcielebas, evropul gamocdilebasTan Cveni sakanonmdeblo bazis  har-

monizacias, damatebiTi investiciebis mozidvas, Tanamedrove miRwevebis daner-

gvas energiis rogorc warmoebis, ise moxmarebis sferoSi. 

 qveynis winaSe energetikis maRali socialur-ekonomikuri pasuxismgeblo-

bidan gamomdinare, sasicocxlod aucilebelia zemoT aRniSnul problemaTa 

drouli gadaWra; uwinares yovlisa, unda moxerxdes dargis intensiuri da uwy-

veti dafinanseba, raTa man SeinarCunos funqcionirebis unari da, amavdroulad, 

miaRwios progress makroekonomikuri garemos moTxovnaTa Sesabamisad. 

 
literatura. 
1. ComaxiZe d. saqarTvelos energetika: ekonomika, regulireba, terminologia, statisti-

ka. Tbilisi, “teqnikuri universiteti”, 2014.- 187 gv. 
2. 2013. Key World Energy Statistics. International Energy Agency (IEA). – p.80 
3. “saqstatis” statistikuri krebulebi, 2005-2014 wlebi. 

 
ECONOMIC PROBLEMS IN THE ENERGY SECTOR OF GEORGIA 

Chomakhidze D., Tskhakaia K., Bibilashvili L. 
Summary 

The paper dwells on the analysis of the level of technical-economic indicators of the development of Georgi-
an energy complex (power industry, coal production, oil industry), as well as its dynamic in recent years. It has been 
emphasized that despite positive quantitative and qualitative shifts during the analyzed years, there are some signifi-
cant problems in the sector. Among them, the emphasis is placed on the energy balance deficit, low level of local 
energy resources utilization, underrun of electrification parameters, the necessity of improving generating capacities 
utilization, needs for reducing energy consumption in the production and so on. There are formulated the improving 
proposals as well.       
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energomomaragebis imedianobis amaRleba, rogorc  
energousafrTxoebis Semadgenili nawili 

 
uflisaSvili n.   

saqarTvelos teqnikuri univrsiteti 
 

saqarTvelos  energousafrTxoebis ganmtkicebis  mizniT SesamuSavebelia  axali stra-
tegia da normatiuli baza, romelic amJamad ar Seesabameba energoefeqturobisa da ganaxle-
badi energiebis mimarTulebiT saerTaSoriso xelSekrulebebis moTxovnebs. statiaSi gaana-
lizebulia energetikaSi arsebuli safrTxeebi da mocemulia rekomendaciebi mdgomareobis 
gasaumjobesablad. 

 
saqarTvelos energetikuli usafrTxoebis (eu) mTavari aspeqtebi 

saqarTvelos  parlamentis  2015 wlis  24  ivnisis dadgenilebiT  miRebulia sa-

qarTvelos energetikis dargSi saxelmwifo politikis ZiriTadi mimarTulebebi, sa-

dac dasawyisSive naTqvamia, rom `saqarTvelos energetikuli politikis mizania qvey-

nis  energetikuli usafrTxoebis gaumjobeseba, rac uzrunvelyofs  erovnuli  inte-

resebis  ganxorcielebas  sakmarisi  raodenobis,  maRali  xarisxis,  sxvadasxva  saxis 

energiis uwyvetad da misaReb fasad miwodebiT.  

saqarTvelos eu gansazRvravs sxvadasxva faqtorebis farTo CamonaTvali, romelic 

warmodgenilia qveynis energetikuli resursebiT da sawarmoo baziT, ekonomikis gan-

viTarebis doniT da sameurneo kavSirebiT. amaTgan, rogorc gazrdili xifaTebis ma-

tareblebi, umniSvnelovanesad isaxeba: 

a) qveynis energetikuli sistemebis funqcionaluri Tvisebebi; 

b) energetikuli interesebis daculoba Sida da gare safrTxeebisagan. 

Tu pirveli mimarTulebis uzrunvelyofa xorcieldeba teqnikuri reglamentebiT da 

wesebiT, meore regulirdeba saxelmwifos mxridan saTanado qmedebebiT. 

eu xifaTebs miekuTnebian xanmokle an grZelvadiani movlenebi, romlebsac SeuZliaT 

moaxdinon energokmpleqsis destabilizacia, SezRudon an moSalon energomomarage-

ba, gamoiwvion avariebi an sxva negatiuri Sedegebi energetikaSi, ekonomikaSi da sazo-

gadoebaSi. 

pirobiTad safrTxeebi dayofilia jgufebad: 

‐   Sida ekonomikuri; 

‐   socialur‐politikuri; 

‐   gare ekonomikuri da gare politikuri; 

‐   teqnogenuri da bunebrivi safrTxeebi;  

‐  samarTlebliv‐marTviTi safrTxeebi. 

yvela am jgufebs pirdapiri kavSiri aqvT saqarTvelos energetikasTan. 

ekonomikuri safrTxeebi 

1.  sainvesticio resursebis  mwvave deficiti,  saproeqto,  samSeneblo‐samontaJo 

da sarekonstruqcio samuSaoebis arasakmarisi finansireba. Sedegi: 

a) mowyobilobebis fizikuri da mo‐raluri cveTa, misi mwyobridan ga‐mosvla an Sem-

dgomi eqspluataciis   gagrZelebis gazrdili riski; 

b) axali simZlavreebis Seyvanis CamorCena, moTxovnis winswrebiTi zrda, rezervebis 

Semcireba; 

g) danadgarebis avariulobis zrda, momxmareblisaTvis energiis miuwode‐bloba (maT 
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Soris gansakuTrebiT sapasuxismgebloebze) 

d) saavario‐aRdgeniTi da saremonto samuSaoebis mzardi moculobebi; 

e) gare momwodeblebisagan miRebuli energoresursebis gazrdili moxmareba; 

v) avariebiT gamowveuli, araoptima‐luri gadawyvetilebebis ricxvis zrda. 

2. saTbob‐energetikuli resurse‐bis araekonomiuri gamoyeneba. Sedegi: 

energetikuli resursebis da maT SesaZenad finansuri saxsrebis gadaxarjva. 

3.  araefeqturi satarifo politikis, Sromis dabali nayofierebis da bunebrivi 

resursis  araefeqturi  gamoyenebis  gamo,  saTbob‐energetikul  resurseb‐ze  fasebis 

disproporcia. Sedegi: 

warmoebaSi  da  sabazro  urTierTobebSi  dabali  konkurencia.  energoresursebis 

arasrulad miReba, saTbobis sxva saxeebze gadasvlis aucilebloba, sawarmoo efeq-

tis Semcireba, produqciaze fasebis zrda, inflacia. 

4.  sameurneo kavSirebis sisuste. Sedegi: 

resursebis mowodebis arasakmarisoba, dabali xarisxi da vadebis darRveva 

5.  mowodebul energoresursebze davalianebis zrda. Sedegi: 

finansuri jaWvuri destabilizacia: xelfasebis gaucemloba, sagadasaxado ga‐daxa-

debis da sabiujeto davalianebis zrda, momatebuli  socialuri daZabuloba 

teqnogenuri safrTxeebi. 

1.  mowyobilobis dabali teqnikuri done, misi cveTis maRali xarisxi, eqsplua-

taciis, samSeneblo‐samontaJo da saremonto samuSaoebis ukmarisoba Sedegi: 

a) avariebis da teqnologiuri darRve‐vebis raodenobis da moculobebis zrda, sare-

monto momateb. danaxarjebi; 

b) miuwodebeli energoresursebis, avari‐ebiT da teqnologiuri darRvevebiT gamow-

veuli ekonomikuri uaryofiTi Sedegebis raodenobis da moculobis zrda; 

g) garemos gazrdili dabinZureba; 

d) adamianebis sicocxlisaTvis momate‐buli safrTxeebi.    

2. samrewvelo  Zalebis araracio‐naluri ganTavseba, momatebu‐li riskis mqone war-

moebebis erT adgilas koncentrireba. Sedegi: 

a) araenergetikuli avariebis SedegebiT gamowveuli zaralis momateba; 

b) kaskaduri avariebis ricxvis zrda; 

g) avariebiT gamowveuli, araoptima‐luri gadawyvetilebebis ricxvis zrda. 

3. sistemaTaSoriso an magistraluri xazebis dazianeba. Sedegi: 

a)  momxmareblebisaTvis  (maT  Soris  pasuxismgeblebisaTvis)  eleqtroenergiis  sru-

lad miwodebis Seferxeba; 

b) momxmareblebis xSiri gamorTvebi 

4. ruseTidan an azerbajanidan magistraluri gazsadenebis dazianeba (dabali tempe-

raturebis periodSi). Sedegi: 

a) TboeleqtrosadgurebSi eleqtroenergiis warmoebis Semcireba da momxma‐rebelis 

maraoisebuli gamorTva; 

b) dabali xarisxis saTbobis gamoyene‐bis saWiroeba. 

5. magistraluri Sida gazsadenebis dazianeba. Sedegi: 

a) eleqtroenergiis moxmarebis zrda; 

b) mosaxleobis SeSiT gaTbobaze gadasvla 
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6. saTbob‐energetikuli kompleqsis teqnikuri usafrTxoebis daqveiTeba. Sedegi: 

resursamowuruli  energetikuli  mowyobiloba‐danadgarebis  zvaviseburad  ga‐mos-

vla mwyobridan (ZiriTadaT eleqtro‐saqselo seqtori. 

7.ekologiuri usafrTxoebis daqveiTeba. Sedegi: 

gamonabolqvebis da dabinZurebis zrda. 

8. stiqiuri movlenebi: wyaldi‐dobebi, zvavebi, qariSxali. Sedegi: 

a) danadgarebis avariulobis zrda; 

b) miuwodeblobis moculobis zrda 

samarTlebriv‐marTviTi safrTxeebi 

1. energetikuli politikis da kanonmdeblob.  araefeqturoba. Sedegi: 

ekonomikuri safrTxeebis p.1‐is Sesabamisad. 

2.  energodazogvis dabali done. Sedegi: 

energoresursebis da saxsrebis gadaxarjva 

3.  bunebrivi monopoliebis dabali samarTlebrivi regulireba. Sedegi: 

energetikuli bazris monopolizireba, biznesis kriminalizacia 

4.  xelisuflebis energetikis marTvaSi zedmetad Careva.Sedegi: 

energomomaragebeli kompaniis dakninebuli menejmenti 

socialur‐politikuri safrTxeebi. 

1.  saTbob‐energetikuli kompleqsis sawarmoebSi SromiTi konfliqtebi. Sedegi: 

energiis miwodebis SezRudvebi. 

2.  sazogadoebrivi moZraobebis antienergetikuli qmedebebi. Sedegi: 

energetikis ganviTarebis proeqtebis ganxorcielebis dablokva. 

3. regionaluri  politikuri konfliqtebi, saTbob‐energetikuli kompleqsis obieq-

tebze Tanxvedri diversiul‐teroristuli aqtebiT. Sedegi: 

danadgarebis dazianebebi, energiis miwodebis SezRudvebi. 

4. regionaluri xelisuflebis organoebis arasamarTlebrivi qmedebebi, energetiku-

li baz‐ris Tavisuflebis SezRudvebi. Sedegi: 

a) arsebuli investiciebis gayinva, axlebis Semotanis SeCereba; 

b) tarifebis zrda; 

g) energetikis ganviTarebis SeCereba.   

2013  ‐  14  ww  maCveneblebiT  msoflio  konkurentunarianobis  indeqsis  gansazRvris 

dros,  saqarTvelo  eleqtroenergiis  miwodebis  xarisxiT  imyofeboda  52‐e  adgilze 

(5.3  qula).  es,  SedarebiT  mokrZalebuli  maCvenebeli  ganisazRvra  eleqtroenergiis 

ori Zi‐riTadi parametris: Zabvis da sixSiris (sul 14 sidide) mixedviT. 

gasuli wlis SefasebiT dafiqsirda am indeqsis gauareseba: eleqtroenergiis miwo-

debis xarisxis Sefaseba 52‐e adgilidan 57‐ze gadainacvla, rac momxmareblis xSiri, 

ukontrolo gamorTvebiTaa gamowveuli da metyvelebs momsaxurebis Sesustebaze ma-

gistraluri xazebis, gamanawilebeli qselis da eleqtro‐energiis warmoebis wyaro-

ebis gaumarTobaze da aramdgradobaze. 

 sadReisod arsebuli mdgomareobis gamosworebis mizniT, SemuSavda da uaxloesi 3‐4 

wlis ganmavlobaSi ganxorcieldeba ramodenime  `Semarbilebeli~  proeqti, romlis 

ganxorcielebas xuTi  ‐ eqvsi weli dasWirdeba. manamde, avariuli situaciebis Tavi-

dan asacileblad, saswrafod gasatarebelia organizaciuli da teqnikuri RonisZie-



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  189

bebi, maT Soris: 

damoukidebeli auditis saSualebiT Sesaswavlia arsebuli teqnikuri mdgoma-

reoba dargis yvela segmentSi (warmoeba, gadacema‐ganawileba, distribucia), gasaax-

lebelia da mosayvania wesrigSi saTanado Sidasasistemo avtomatika;    

dasaxvewia  sakanonmdeblo  baza.  `aRmosavleT  partniorobis~  parafirebuli 

dokumentis preambulaSi miniSnebulia, rom  CvenTvis prioriteti unda iyos energo-

dazogva da  energoefeqtianoba.  im faqtis  gaTvaliswinebiT,  rom  mTlianad,  qveynis 

energetikul  seqtorSi  Semavali  sawarmoebi  Tavisi  mowyobiloba‐danadgarebiT  da 

nagebobebiT mniSvnelovan wilad amortizirebulia, am moTxovnebis realizaciisaT-

vis, kanonebis radikaluri cvlilebebis garda, aucilebelia energetikuli sistemis 

yovlismomcveli teqnikuri  monitoringis  modelis  Camoyalibeba, realuri  mdgoma-

reobis da usafrTxoebis meqanizmebis inspeqtirebis CaTvliT. 

 
gamoyenebuli literatura: 
1. saqarTvelos parlamentis 2015 wlis 24 ivnisis dadgenileba energetikuli politikis 

damtkicebis Sesaxeb. 
2. germaniis ekonomikuri gundi ,,saqarTvelo~. kvleviTi naSromebis seria. georg zaCmani 

saqarTvelos energo usafrTxoeba 

3. Методика диагностики экономической и энергетической безопасности государства. Российская 

академия наук. Уральское отделение. Институт экономики. Москва-Екатеринбург, 2003 г. 
 

Increasing energy supply reliability as part of energy security 
Uplisashvili N.,  

Georgian Technical University 
Summary 

To enhance the energy security of Georgia needs to develop a new energy strategy and regulatory framework 
that does not meet international standards of energy efficiency and renewable energy. The article analyzes the dan-
gers in the energy sector of Georgia and offered Guiding improve energy security. 
 

 

 

 

 

energetikuli resursebi, maTi aTvisebis perspeqtivebi   
da problemebi 

 
zivzivaZe o., zivzivaZe l., gvetaZe n. 

akaki wereTlis saxelmwifo universiteti 

 
ganxilulia eleqtruli energiis warmoebis arsebuli, tradiciuli da aseve per-

speqtiuli xerxebi da maTi aTvisebis  problemebi. naCvenebia, rom adamiani iZulebulia 
eZebos eleqtruli energiis miRebis axali inovaciuri gzebi. es mosazreba gansakuTre-
biT TvalsaCinoa im fonze, rom msoflioSi organuli sawvavis maragi SezRudulia, xo-
lo maTi wviT miRebuli energia ki, Zviri. statiaSi moyvanili mosazrebebi, romelebic 
konkretul avtorebs eyrdnoba, xSir SemTxvevaSi sadiskusioa, rasac TviT es avtorebic 
ar uaryofen, magram ZiriTadi daskvnebi mainc erTia _ energiis Tanamedrove wyaroebi 
sasrulo da amowurvadia, rac ar iZleva imis garantias, rom orientacia aRebuli iqnes 
mxolod maT gamoyenebaze. specialistebi Tanxmdebian imazec, rom am wyaroebis farTo-
masStabiani gamoyeneba mniSvnelovnad abinZurebs garemos. statiaSi aseve naCvenebia, rom 
msoflio saTbob-energetikul balansSi TandaTan ufro mniSvnelovan adgils daikaveben 
aradammatebeli energiebi da upirvelvs yovlisa qaris, mzisa da geoTermuli energiebi. 
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mecnierebisa da teqnikis ganviTarebis Sesabamisad izrdeba civilizaciis 

done yvela qveyanaSi da masTan erTad moTxovnilebac sufTa anu eleqtrul 

energiaze. es ki TavisTavad sawindari xdeba adamianis komfortuli cxovrebis. 

aRniSnulidan gamomdinare adamiani iZulebulia eZebos eleqtruli energi-

is miRebis axali gzebi, vinaidan tradiciuli meTodebi dReisaTvis aSkarad ara-

sakmarisia. aseTi mosazreba upirveles yovlisa ganpirobebulia imiT, rom msof-

lioSi organuli sawvavis maragi SezRudulia, xolo maTi wviT miRebuli ener-

gia ki, Zviri, vinaidan yvelaze srulyofil TecebSic ki m. q. k. 40%-s ar aRemate-

ba. es ki imas niSnavs, rom wvis Sedegad miRebuli siTbos udidesi nawili ikar-

geba da `Tburi dabinZurebis~ gamo damRupvel gavlenas axdens garemoze. is, rom 

Tecebs garkveuli naklovanebebi gaaCniaT, jer kidev ar niSnavs, rom isini aRar 

unda aSendnen. piriqiT, uaxloes momavalSi isisni Seucvlelebi iqnebian da ami-

tom saWiroa maTi teqnologiuri sqemebisa da Termodinamikuri ciklis kidev 

ufro daxvewa. 

Zalian did imedebs amyarebs kacobrioba atomur sadgurebze, rac pirvel 

yovlisa imaSi gamoixateba, rom male maTi wili el. sadgurebis saerTo simZlav-

reSi naxevars, anu 50%-s miaRwevs, magram unda aRiniSnos isic, rom yvelaze Ta-

namedrove atomur sadgurebSic ki, sruliad ver xerxdeba im ZiriTadi principu-

li naklovanebisgan ganTavisufleba, rac damaxasiaTebelia TbosadgerebisaTvis. 

Zalian bevr qveyanaSi, maT Soris saqarTveloSic, farTod gamoiyeneben he-

sebs, romlebic mdinaris, anu ganaxlebad energiaze muSaoben. es mimarTuleba 

Zalzed Tanamedrove da mimzidvelia dResac, vinaidan hesebi `sufTa~ sadgurebis 

kategorias ganekuTvnebian, rac ase aqtualuria atmosferos globaluri dabin-

Zurebis pirobebSi. 

amrigad, civilizaciis ganiTarebasa da teqnikur progresTan erTad moxde-

ba energiebis gardaqmnis tradiciuli, klasikuri meTodebis kidev ufro srul-

yofa da daxvewa. magram, samwuxarod, arc hidroenergetika da arc Tanamedrove 

birTvuli energetika ar ganekuTvnebian energiis im msxvilmasStabian wyaroebs, 

romelTac ZaluZT aTaswlobiT uzrunveyon adamianebis moTxovna energiaze or-

ganuli sawvavis sanacvlod. 

aseTi pesimisturi daskvnis safuZvels iZleva is faqti, rom Tanamedrove 

atomuri sadgurebi, romlebic muSaoben Tbur neitronebze, sawvavad iyeneben bu-

nebriv urans, romelic sakmaod gavrcelebulia liTosferoSi. Tvlian, rom mi-

wis qerqis kontinentalur nawilSi saSualod 1 tona grunti Seicavs 1 gram 

urans, anu misi masis 10-4 %-s. Tuki SevZlebdiT 500 metramde siRrmidan amogveRo 

uranis mTeli maragi, miviRebdiT sakmaod STambeWdav cifrs _ daaxloebiT 200 

miliard tonas, rac kacobriobas energiis misaRebad eyofoda ramodenime aTasi 

weli. magram ekonomiuri TvalsazrisiT dReisaTvis gamarTlebulia mxolod 

gruntis sakmaod mcire nawilis gadamuSaveba, iseTis, sadac uranis Semcveloba 

aWarbebs 0,1 %-s anu sabadosi, sadac uranis koncentracia 1000-jer aRemateba 

liTosferoSi uranis koncentracias. 

 situaciidan gamosvlis erT-erT variantad SeiZleba ganxilul iqnes ato-

muri sadgurebi, romelTa reaqtorebic muSaoben swraf neitronebze. aseT reaq-

torebze bunebrivi uranis gamoyenebis efeqturobam SeiZleba miaRwios 30-45 %-s. 

amis garda am reaqtorebze garkveuli upiratesobebis gamo eleqtroenergiis Ri-

rebuleba praqtikulad ar aris damokidebuli gamoyenebuli uranis Rirebuleba-
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ze, rac saSualebas iZleva uranis misaRebad gamoyenebuli iqnes Raribi sabadoe-

bi, sadac uranis Semcveloba 0,1 %-ze maRalia. 

uaxloes momavalSi ganviTarebas daiwyebs TermobirTvuli energetika. Ter-

mobirTvul reaqtors, ekologiuri TvalsazrisiT garkveuli upiratesoba gaaC-

nia birTvul reaqtorTan SedarebiT, rac upirveles yovlisa imaSi gamoixateba, 

rom birTvuli usafrTxoeba aq gacilebiT didia. ar arsebobs namsxvrevuli aq-

tivoba, mokle droSi xdeba birvuli sawvavis warmoqmna. miuxedavad amisa Tburi 

dabinZureba mainc rCeba. 

Cvens mier zemoT moyvanili mosazrebebi, romelebic konkretul avtorebs 

eyrdnoba, xSir SemTxvevaSi sadiskusioa, rasac TviT es avtorebic ar uaryofen, 

magram ZiriTadi daskvnebi mainc erTia _ energiis Tanamedrove wyaroebi sasru-

lo da amowurvadia, rac ar iZleva imis garantias, rom orientacia aRebuli iq-

nes mxolod maT gamoyenebaze. specialistebi Tanxmdebian imazec, rom am wyaroe-

bis farTomasStabiani gamoyeneba mniSvnelovnad abinZurebs garemos. 

 rogorc aRvniSneT, energiis tradiciuli wyaroebis sasruloba SeiZleba 

daZleuli iqnas TermobirTvuli reaqciis gamoyenebiT, magram, TermobirTvuli 

energia, iseve rogorc organuli sawvavis energia, ganekuTvneba energiaTa im ka-

tegoriebs, romlebic damatebiT energias warmoqmnian planetaze mzis energiis 

zemoT, ramac saboloo jamSi SeiZleba gamoiwvios garemos dauSvebeli gadaxu-

reba Sesabamisi globaluri katastrofuli SedegebiT. 

aseT pirobebSi gasagebi xdeba adamianebis miswrafeba gadavidnen iseTi 

energiebis miRebaze, romlebic ar iwveven dedamiwis damatebiT gadaxurebas, ara-

med axdenen energiaTa mxolod gadanawilebas. 

 energiaTa aseT saxeobebs ganekuTvnebian hidro, qaris, mzis, Termuli, oke-

anis moqcevis, talis da nawilobriv geoTermuli energiebi. miuxedavad imisa, 

rom CamoTvlili energiebi ar iwveven dedamiwis damatebiT gadaxurebas, maTi ga-

moyenebis areali mainc mkacrad SezRudulia ekologiuri pirobebiT. ase maga-

liTad, Tuki energiis warmoebis zRvrad aviRebT mzis energiis 0,1 %-s anu 1014 

vt-s da CavTvliT, rom gardaqmnis m. q. k. 25%-ia, maSin moxdeba planetis zedapi-

ris 0,8%-s daCrdilva. Tuki energiis warmoebis zRvars 1%-mde gavzrdiT, maSin 

daCrdilvis farTi Sesabamisad 8%-mde gaizrdeba. es ki planetis energiaTa iseT 

gadanawilebas gamoiwvevs, romelic sakmarisi iqneba arsebuli klimaturi zone-

bis Sesacvlelad, fotosinTezis moculobis Sesamcireblad da saerTod, uaryo-

fiTad imoqmedebs mTel biosferoze. 

zemoTxsenebuli sxva energiebis (qaris, okeanis) xvedriTi wilic 0,1 %-ze 

anu 1014 vt-ze meti ar unda iyos TiToeuli energiis saxeobisaTvis. amasTan er-

Tad aucilebeli piroba unda iyos planetaze am energiebis Tanabari gadanawi-

leba, vinaidan uTanabroba klimaturi pirobebis damatebiT darRvevebs warmo-

Sobs. 

eqspertebi xSirad aRniSnaven, rom sakvebi produqtebis SezRudulobis ga-

mo planetis mosaxleoba ar SeiZleba usasrulod gaizardos da asaxeleben ki-

dec mosaxleobis zRvrul cifrs 12-18 miliardi adamiani, magram saocari is 

aris, rom mosaxleobis am zRvrul cifrs ufro mkacrad swored Cvens mier ze-

moTxsenebuli da gaanalizebuli energiis warmoebis zRvari gansazRvravs da 

ara kvebis resursebi. 

sinamdvileSi ganviTarebul qveynebSi arsebuli energomoxmarebis niSnuls 
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_ 12 kvt erT sul mosaxleze, adre Tu gvian yvela qveyana miaRwevs, rac sabo-

loo jamSi gansazRvravs kidec planetaze mosaxleobis zRvrul raodenobas, 

daaxloebiT 10 miliardi adamiani. sxvaTaSoris es cifri srul TanxmobaSia ga-

ro-s eqspertebis demografiul prognozTan. 

Cvens mier moyvanili msjeloba sruliadac ar niSnavs imas, rom civiliza-

ciis ganviTarebis kvalobaze adamianebi ver monaxaven situaciidan gamosavals. 

kerZod, aseTi gamosavlis erT-erTi varianti SeiZleba iyos dedamiwidan gamoye-

nebeli dammatebeli energiis gatyorcnis praqtikuli xerxebis moZebna an kidev 

el. energiis warmoebis axali teqnologiebis SemuSaveba. 

garda aRniSnulisa, dasamSvideblad isic unda iTqvas, rom Tburi globa-

luri dabinZurebis Teorias bevri mecnieri ar iziarebs da dabejiTebiT amtki-

cebs, rom aseTi ram ar moxdeba. 

dResdReobiT udavod unda miviCnioT mxolod is faqti, rom ekologiuri 

TvalsazrisiT dammatebeli energiebi naklebad misaRebia, vidre nebismieri sxva 

saxis energia. aqedan gamomdinare, msoflio saTbob-energetikul balansSi Tan-

daTan ufro mniSvnelovani adgili unda daikavon aradammatebelma energiebma da 

upirvelvs yovlisa qaris, mzisa da geoTermulma energiebma, miTumetes, Tuki ga-

viTvaliswinebT imasac, rom maTi maragebi mravaljer aRemateba kacobriobis yve-

la perspeqtiul moTxovnebs. 

msoflio literaturaSi sxvadasxvagvari Sefasebebi arsebobs msoflio 

energoresursebis maragebis Sesaxeb, magram nebismier maTganSi ucvlelia erTi 

daskvna _ ganaxlebadi energiebis maragi mniSvnelovnad aWarbebs araganaxlebadi 

energiebis marags. 

zemoTaRniSnulTan erTad ar SeiZleba ar aRiniSnos ganaxlebadi energie-

bis zogierTi naklovanebis Sesaxeb. maTgan yvelaze mniSvnelovania is, rom maTi 

koncentracia erTeul farTze Zalzed dabalia, rac saboloo jamSi zrdis er-

Teul dadgmul simZlavreze gaweul xarjebs. garda aRniSnulisa (geoTermulis 

garda) es wyaroebi droSi aramedegni arian da xSir SemTxvevaSi damokidebuli 

arian amindze. 

miuxedavad aRniSnuli seriozuli naklovanebebisa, bevr qveyanaSi am wyaro-

ebis gamoyenebam moipova garkveuli gavrceleba da savaraudod am procesis mas-

Stabebi sul ufro gaizrdeba. 

ukanasknel periodSi gansakuTrebul interess iwvevs Tburi energiis eleq-

trul energiad gardaqmnis pirdapiri meTodebi. dReisaTvis cnobilia sami aseTi 

meTodi: magnitodinamiuri, Termoeleqtruli da Termoemisiuli. am meTodebis ga-

moyeneba SesaZlebeli gaxda mecnierebisa da teqnikis dargSi bolodroindeli 

miRwevebis gamo, magram maTi praqtikuli gamoyenebis areali garkveuli sirTu-

leebis gamo dReisaTvis Zalzed SezRudulia.  
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ENERGY RESOURCES, PROSPECTS AND PROBLEMS OF THEIR DEVELOPMENT  
Zivzivadze O., Zivzivadze L., Gvetadze N. 

Akaki Tsereteli State University 
Summary 

 The paper dwells on the existing, traditional and perspective methods for electric power generation, as well 
as the problems of their development. There is shown that man is forced to find new innovative ways for electric po-
wer generation. This opinion is especially prominent against the background of fact that the organic fuel world re-
serves are limited, but the energy generated by its burning is expensive. The considerations described in a given pa-
per, which are based on the opinions of some authors, are often of polemical character that is not denied by these 
authors themselves. However, there is only one main conclusion – the modern energy sources are finite and exhaus-
tible that cannot be a way to ascertain that the orientation must be directed only towards their consumption.  The ex-
perts are also agreed that large-scale utilization of these sources causes considerable environmental pollutions. The 
paper also describes that the greater prominence in the world fuel and energy balance will be gradually given first of 
all to wind, solar and geothermal energies.          

 
 

 

 

Keleqtroenergetikuli seqtoris bunebrivi monopoliebis  

danaxarjebis auditi maregulirebeli miznebisaTvis 
 

gvazava l. 

ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 

qveyanaSi arsebuli socialuri Tu ekonomikuri viTarebis gaTvaliswinebiT, eleq-
troenergetikuli seqtoris bunebrivi monopoliebis, eleqtroenergiis gamanawilebeli 
sawarmoebis satarifo regulireba, sazogadoebis maRali interesis gamo gansakuTrebiT 
aqtualuria da maregulirebeli organos mier dadgenili tarifebi mudmivi gansjis da 
davis sagani xdeba, rogorc gamanawilebeli sawarmos, aseve mosaxleobis didi nawilis-
Tvis. swored mregulirebeli organos mier gansazRvruli gonivruli, racionaluri da 
mizanSewonili saoperacio da kapitaluri danaxarjebis moculobazea metwilad damoki-
debuli eleqtroenergiis ganawilebis licenziatisTvis dasadgeni tarifis odenoba. aR-
niSnulidan gamomdinare, winamdebare naSromi warmoadgens im aucilebeli da saWiro 
qmedebebis erTobliobas, romelic saWiroa maregulirebeli auditis gansaxorcieleb-
lad konkretulad gawerili principebis gansazRvrisaTvis. 

 
“eleqtroenergetikisa da bunebrivi gazis Sesaxeb” saqarTvelos kanonis 

erT-erT ZiriTad mizans warmoadgens konkurenciis ganviTarebis safuZvelze, ar-

sebuli arakonkurentuli bazris regulirebis meqanizmebis gamoyenebiT saqar-

Tvelos eleqtroenergetikuli bazrisa da tarifebis sistemis Camoyalibebis 

uzrunvelyofa da aRniSnulis gaTvaliswinebiT eleqtroenergiis ganawilebis 

da moxmarebis gansaxorcieleblad gaweuli, ekonomikurad mizanSewonili xarje-

bis zusti asaxva trifebis sistemaSi, xolo erT-erT mniSvnelovan amocanas - 

saqrTvelos eleqtroenergetikul seqtorSi satarifo regulirebis samarTleb-

rivi bazis Seqmna, romelic daicavs momxmarebels monopoliuri tarifebisagan 

da amave dros xels Seuwyobs energetikuli dargis grZelvadian finansur 

mdgradobas da ganviTarebas. 

aRniSnul procesSi mniSvnelovania eleqtroenergiis ganawilebis licen-

ziati sawarmos mier gaweuli im racionaluri da gonivruli xarjebis gansaz-

Rvra, romelic erTi mxriv, daicavs momxmareblebs monopoliri fasebisagan, xo-

lo meore mxriv, sawarmos miscems SesaZleblobas uzrunvelyos ganxorcielebu-

li investiciebis ukugeba gonivrul vadebSi, dafaros sakuTari mimdinare da ka-
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pitaluri xarjebi, romlebis moicavs ekonomikurad gamarTlebul fasad SeZe-

nil saqonelsa da momsaxurebas, saeqspluatacio danaxarjebs, Sromis anazRau-

rebas, sabrunavi kapitalis saxiT, investiciisTvis aRebuli sesxis saprocento 

gadasxads da sxva.  

Sesabamisad, aqtualuri xdeba erTiani standartis saxelmZRvanelos Semu-

Saveba da maregulirebeli miznebisaTvisKeleqtroenergetikuli seqtoris buneb-

rivi monopoliebis danaxarjebis audirebis principebis gansazRvra, raTa zoga-

di mniSvnelobis Canaweri - tarifSi asasaxi “racionaluri da gonivruli xar-

jebi” moqceuli iqnes konkretuli ganmartebebis qveS da licenziati sawarmo 

TavSive informirebuli iyos nebadarTuli, mizanSewonili an/da aramizanSewoni-

li xarjebis Taobaze. 

satarifo regulirebis procesSi maregulirebeli organo cxadia eyrdno-

ba licenziati sawarmos mier warmodgenil, damoukidebeli auditoris mier sa-

erTaSoriso standartebis dacviT Sedgenil wliuri Sedegebis amsaxvel finan-

sur angariSs, Tumca am konteqstSi damoukidebeli auditoris mier dadasture-

bulia sawarmos mier gaweuli xarjebi da ara maTi mizanSewoniloba mareguli-

rebeli miznebidan gamomdinare. 

arsebuli sakanonmdeblo normiT, saqarTvelos energetikisa da wyalmoma-

ragebis maregulirebeli erovnuli komisia valdebulia 2016 wlis bolomde uz-

runvelyos etapobrivad daamtkicos erTiani sabuRaltro-saaRricxvo sistema 

energetikuli seqtoris yvela licenziatisTvis, romelic warmoadgens maregu-

lirebeli auditis ganxorcielebis sawyis etapze sawarmos danaxarjebis gan-

calkevebulad aRricxvis saWiroebas. ufro zustad ki erTiani sabuRaltro-sa-

aRricxvo sistema moicavs: 

XIII. angariSTa gegmas; 

XIV. angariSTa gegmis gamoyenebisa da aRricxvis warmoebis instruqciebs; 

14. regulirebis miznebisaTvis warmosadgeni perioduli angariSgebis formasa 

da Sinaarss; 

● angariSgebis periodulobas; 

● piris mier erTze meti salicenzio saqmianobis an/da salicenzio saqmianobas-

Tan erTad erTad sxva samewarmeo saqmianobis ganxorcielebis SemTxvevaSi 

Semosavlebis, xarjebis, aqtivebis, valdebulebebis, safinanso Sedegebis da 

sakuTari kapitalis sabuRaltro aRricxvis gancalkevebulad warmoebis we-

sebs (vinaidan Tu piri eweva erTze met salicenzio saqmianobas da sxva same-

warmeo saqmianobas igi valdebulia zemoT aRniSnuli aRricxva awarmoos 

gancalkevebulad). 

 sxvadasxva qveynebSi moqmedi sakanonmdeblo norebis Sesabamisad, maregu-

lirebeli auditis ganxorcielebis gansxvavebuli meTodologiebi SeiZleba ar-

sebobdes, Tuca amosavali wertili da misaRwevi Sedegi nebismieri maregulireb-

li organosTvis erTia, romlis farglebSic didi roli aqvs Sesabamis qveyanaSi 

arsebul konkurentul garemos da licenziti sawarmos mier ganxorcielebuli 

nebismieri saqonlis, momsaxurebis da samSeneblo-sarekonstruqcio samuSaoebis 

Sesyidvaze gaweul danaxarjebs, romelic Tavis mxriv gulisxmobs konkurenciis 

pirobebSi minimaluri danaxarjiT saWiro saqonlisa da Tu momsaxurebis miRe-

bas. 

 evrokavSirTan Rrma da yovlismomcveli Tavisufali savaWro sivrcis Se-
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saxeb SeTanxmeba (DCFTA) asocirebis Sesaxeb SeTanxmebis umniSvnelovanis nawi-

lia IV kari (vaWroba da vaWrobasTan dakavSirebuli sakiTxebi), romlis me-8 Ta-

vi eTmoba sajaro Sesyidvebs. maT Soris komunaluri momsaxurebis mimwodebeli 

kompaniebis, maT Soris eleqtroenergiis gamanawilebeli sawarmoebis mier samu-

Saos, saqonlis miwodebis da momsaxurebis sajaro xelSekrulebebs. 

 aRniSnuli Tavi iTvaliswinebs erovnul, regional da adgilobriv done-

ze rogorc tradiciuli seqtoris, aseve komunaluri momsaxurebis seqtoris sa-

jaro xelSekrulebebisa da koncesiebisaTvis erovnuli reJimis principis sa-

fuZvelze, sajaro Sesyidvebis bazrebis ormxriv xelmisawvdomobas. aseve iTva-

liswinebs saqarTveloSi sajaro Sesyidvebis kanonmdeblobis etapobriv daax-

loebas evrokavSiris sajaro Sesyidvebis mmarTvel principebze, terminebisa da 

ganmartebebze dayrdnobiT, romlebic mocemulia evropis parlamentisa da sab-

Wos 2004 wlis 31 martis #2004/18/EC direqtivaSi samuSaos, saqonlis miwodebisa 

da momsaxurebis sajaro xelSekrulebis dasadebad gamarjvebulis gamovlenis 

procedurebis koordinaciis Sesaxeb da evropis parlamentisa da sabWos 2004 

wlis 31 martis #2004/17/EC direqtivaSi energetikis seqtorSi moqmedi organiza-

ciebis mier Sesyidvebis procedurebis koordinaciis Sesaxeb. 

 aRniSnulis farglebSi TiToeulma mxarem unda daafuZnos an SeinarCunos 

sajaro Sesyidvebis sistemis saTanado funqcionirebisa da ganxorcielebisTvis 

aucilebeli Sesabamisi instituciuri CarCo, meqaniznebi da saqarTvelom konkre-

tulad unda gansazRvros: 

● centraluri aRmasrulebeli organo, romlis amocana iqneba Tanmimdevruli 

politikis uzrunvelyofa da misi ganxorcieleba sajaro SesyidvebTan dakav-

Sirebul yvela sferoSi. aRniSnulma organom xeli unda Seuwyos da koordi-

nireba gauwios evrokavSiris kononmdeblobasTan etapobrivi daaxloebis 

process; 

● miukerZoebeli da damoukidebeli organo, romlis amocana iqneba Semsyidveli 

saxelmwifo organoebis an Semsyidveli organizaciebis mier xelSekrulebis 

dasadebad gamarjvebulis gamovlenisas miRebuli gadawyvetilebebis gadasin-

jva. am konteqstSi “damoukidebeli” gulisxmobs imas, rom es organo unda 

iyos sajaro dawesebuleba, romelic gancalkevebulia yvela Semsyidveli 

organizaciisadan da ekonomikuri operatorebisagan (potenciuri mimwodeble-

bisagan). 

 aRniSnul procesSi TiToeuli mxare uzrunvelyofs adgilobrivi kanon-

mdeblobis darRvevasTan dakavSirebuli ekonomikuri operatorebis saCivrebis 

ganmxilveli organos mier miRebuli gadawyvetilebis efeqtian aRsrulebas. 

M mocemul periodSi saqarTveloSi moqmedi sakanonmdeblo regulaciebis 

Sesabamisad (“saxelmwifo Sesyidvebis Sesaxeb” saqarTvelos kanoni), Sesyidvis 

monetaruli zRvrebis gaTvaliswinebiT, erTiani eleqtronuli sistemiT ganxor-

cielebaze dadgenili wesebi da procedurebi vrceldeba energetikul seqtorSi 

moqmed (gadacemisa da dispetCerizaciis saqmianobis licenziatebi), mxolod im 

sawarmos saxsrebiT gansaxorcielebeli saqonlis, momsaxurebisa Tu samSeneblo 

samuSaoebis Sesyidvaze, romlis aqciaTa an wilis 50%-ze mets flobs saxelmwi-

fo garda im SemTxvevebisa, roca aseTi sawarmo Tavisi saqmianobis specifikas-

Tan dakavSirebuli Sesyidvisas xelmZRvanelobs saqarTvelos mTavrobis mier 
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dadgenili specialuri wesiT (aseTis dadgenis SemTxvevaSi). moqmedi regulacie-

bi ki uzrunvelyofs: 

● fuladi saxsrebis racionalur xarjvas; 

● saqonlis warmoebis, momsaxurebis gawevisa da samSeneblo samuSaoebis Sesru-

lebis sferoSi jansaRi konkurenciis ganviTarebas (Sesabamisad konkurentu-

li fasiT warmoebuli saqonlisa Tu momsaxurebis realizacias); 

● Sesyidvebis monawileTa mimarT samarTliani da aradiskriminaciuli midgo-

mis uzrunvelyofas; 

● sajaroobas; 

● erTiani eleqtronuli sistemis SeqmniT sazogadoebis ndobis Camoyalibebas 

(da sazogadoebis cnobierebis amaRlebas) 

 im SemTxvevaSi Tu zemoT aRniSnuli principebis gaTvaliswinebiT, moxdeba 

eleqtroenergiis ganawilebis licenziatis mier momxmareblebisaTvis srulyo-

fili da maRali xarisxiT misawodebeli komunaluri momsaxurebisTvis aucile-

beli/saWiro Sesyidvebis ganxorcieleba aRniSnuli uzrunvelyofs SemdgomSi ma-

regulirebeli auditisTvis (dokumenturi Semowmebis) jansaRi winapirobis Seq-

mnas, raTa Semdgom etapze ganisazRvros Sinaarsobrivad, konkurentunarian fa-

sebSi Sesyiduli saqonlisa Tu momsaxurebis saWiroeba da mizanSewoniloba ma-

regulirebeli miznebidan gamomdinare. 

 amasTan, sajaroobisa da gamWvirvaleobis kuTxiT, licenziati sawarmos 

mier faqtobrivad gaweuli danaxarjebis dokumenturi Semowmebis/audirebisTvis-

Tvis saWiro pirveladi dokumentacia (xelSekrulebebi, miReba-Cabarebis aqtebi, 

sagadasaxado angariS-faqturebis, sasaqonlo zednadebebi, Cekebi da sxva) gan-

Tavsebulia saxelmwifo Sesyidvebis oficialur veb-gverdze (www.procure‐

ment.gov.ge) da xelmisawvdomia nebismieri dainteresebuli pirisTvis. 

 aqve aRsaniSnavia saqarTvelos energetikisa da wyalmomaragebis mareguli-

rebel erovnul komisiasa da miCiganis komunaluri momsaxurebis maregulire-

bel komisias Soris me-13 sapartnioro Sexvedris farglebSi maregulirebel au-

ditTan dakavSirebiT miCiganis da ohaios Statebis maregulirebeli organoebis 

mier gaziarebuli gamocdileba, romlebic aseve calsaxad adastureben maregu-

lirebeli miznebisaTvis licenziati sawarmoebis auditis ganxorcielebis saWi-

roebas. aseve, Sesyidvis priocesSi monawile yvela piris mimarT samarTliani da 

aradiskriminaciuli midgomebis, sawarmos SesyidvebTan dakavSirebuli informa-

ciis gamWvirvaleobis uzrunvelyofisa da mimdinare procesebis mimarT sazoga-

doebrivi ndobis mopovebis mizniT “Sesyidvebis unificirebuli eleqtronuli 

sistemis” Seqmnis mizanSewonilobas. 

 yovelive zemoT aRniSnulis gaTvaliswinebiT, eleqtroenergiis ganawile-

bis licenziatebisTvis samarTliani tarifebis dadgenis mizniT, mizanSewonili 

da gonivruli danaxarjebis gansazRvrisaTvis saWiroa sistemuri midgoma sawar-

mos danaxrjebis Seswavlisa da analizis mimarT, romelic saboloo jamSi ga-

moixateba, rogorc maregulirebeli miznebisaTvis ganxorcielebuli auditis 

procesi da moicavs Semdeg etapebs: 

1. sawarmosaTvis saWiro Sesyidvebis erTiani eleqtronuli sistemis saSuale-

biT ganxorcieleba, romelic uzrunvelyofs finansuri saxsrebis raciona-

lur xarjvas, konkurentunarian fasebSi Sesyidvis sajarod da gamWvirvaled 
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ganxorcielebas; 

2. erTiani sabuRaltro-saaRricxvo sistemis danergva, romelic uzrunvelyofs 

sawarmos Semosavlebis, xarjebis, aqtivebis, valdebulebebis, safinanso Sede-

gebis da sakuTari kapitalis sabuRaltro aRricxvis gancalkevebulad aR-

ricxvas, piris mier erTze meti salicenzio saqmianobis an/da salicenzio 

saqmianobasTan erTad erTad sxva samewarmeo saqmianobis ganxorcielebis pi-

robebSi; 

3. maregulirebeli miznebisTvis eleqtroenergetikuli seqtoris bunebrivi mo-

nopoliebis danaxarjebis auditi, romlis farglebSic ganxorcieldeba ze-

moT CamoTvlili racionalurobis principis dacviT, konkurentul garemoSi 

sajarod ganxorcielebuli Sesyidvebis gziT gaweuli danaxarjebis auditi. 

zemoT CamoTvlili TiToeuli etapi miRwevadia Semdegi principebis dac-

viTa da mizanmimarTuli aqtivobebis ganxorcielebis gziT, romlis farglebSic 

uzrunvelyofili unda iqnes: 

1. sajaro Sesyidvebis Sesaxeb erTiani wesebisa da regulaciebis SemuSavebis 

gziT, proceduruli nawilis detaluri gawera; 

2. dainteresebul mxareTa informirebuloba sajaro Sesyidvebis procedurebis 

Sesaxeb sakanonmdeblo da administraciuli aqtebis gamoqveyneba/xelmisaw-

vdomoba; 

3. Sesyidvis gamocxadebis Sesaxeb informaciis efeqtiani gavrceleba; 

4. xelSekrulebis dasadebad gamarjvebulis gamovlena gamWvirvaled da miuker-

Zoebeli procedurebis gamoyenebiT, rac xels SeuSlis korufciuli garige-

bebis arsebobas; 

5. Semsyidveli organizaciis mier Sesasyidi saqonlis an momsaxurebis maxasia-

Teblebis aRwerisas Sesyidvis obieqtis funqciebis zogadi aRweris gamoyene-

ba saerTaSoriso, evropuli an erovnuli standartebis Sesabamisad; 

6. Semsyidvelma organizaciis mier ar unda iqnes dawesebuli iseTi piroba, 

romlis Sedegi iqneba meore mxaris (potenciuri mimwodeblebis) pirdapiri an 

arapirdapiri diskriminacia; 

7. interesis gamosaxatad da satendero winadadebis warsadgenad dawesebuli 

unda iqnes gonivruli vada; 

8. yvela monawiles unda qondes saSualeba winaswar gaecnos moqmed wesebs, 

SerCevis kriteriumebs, romlebic Tanabrad iqneba gamoyenebuli yvela monawi-

lis mimarT; 

9. Semsyidveli organizaciebis mxridan Sesyidvis proceduris farglebSi SesaZ-

lebeli unda iyos garkveuli molaparakebebis warmoeba, im SemTxvevaSi Tu 

aseTi qmedebiT ar izRudeba konkurencia; 

10. Semsyidvelis mxridan gamoyenebuli unda iqnes Sefasebis sistema, romlis sa-

SualebiTac gamarjvebulis gamovlena unda moxdes aseve aradiskriminaciul 

safuZvelze; 

11. gamWvirvale procedurebis gziT xelSekrulebis dasadebad unda moxdes im 

pretendentis gamovlena, romelmac warmoadgina ekonomikurad yvelaze momge-

biani winadadeba an yvelaze dabali fasi SerCevis kriteriumebisa da proce-

durebis gaTvaliswinebiT; 

12. erTiani sabuRaltro saaRricxvo sistemis farglebSi eleqtroenergetikis 

sferoSi moqmedi licenziati kompaniebisTvis  samarTlebrivi bazis Seqmna da 
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Sesabamisi wesebis miReba; 

13. angariSTa gegmisa da saxelmZRvanelo instruqciebis damtkiceba, romelSic 

aRwerili iqneba buRaltruli aRricxvis angariSTa gegmasi mocemuli angari-

Sebis ganmartebebi da maTi gamoyenebis wesebi; 

14. ZiriTadi saSualebebis buRaltruli aRricxvis politikis damtkiceba Sesa-

bamisi wesebiTa da procedurebiT, romlis mizani iqneba moxdes ZiriTadi sa-

Sualebebis klasificireba saqmianobis, funqicuri danisnulebis, tipis, teq-

nologiuri parametrebis mixedviT; 

15. Semosavlebis, danaxarjebis da xarjebis buRaltruli aRricxvis saxelmZRva-

nelo principebis gansazRvra, romelic moicavs Semosavlebis, danaxarjebis 

aRwerilobas da maTi aRricxvis principebs; 

16. angariSgebis formebis saxelmZRvanelo principebis dadgena, romelic gansaz-

Rvravs sawarmoebis mier kvartaluri da wliuri angariSebis Sedgenis stan-

dartebsa da principebs (SemdgomSi maregulirebeli auditis ganxorciele-

bisTvis). 

17. maregulirebeli auditis ganxorcielebis saxlemZRvanelo wesebisa da debu-

lebebis SemuSaveba, romelSic gawerili unda iqnes auditis dawyebis/dasru-

lebis vadebi, auditis dagegmvis da sxva mimdinare procesebTan dakavSirebu-

li regulaciebi. 

18. ganisazRvros pirveladi dokumentaciis nusxa, romelic gamoyenebuli iqneba 

auditis procesSi; 

19. saboloo auditis angariSis struqturis gansazRvra, romelSic warmodgeni-

li iqneba auditis procesSi gamovlenili, yvela garemoeba, mopovebuli mtki-

cebulebebi, SeniSvnebi, dazusteba-ganmartebebi da sxva. 
 

literatura:  
1. saqarTvelos ekonomikisa da mdgradi ganviTarebis saministro, www.economy.ge 
2. saqarTvelos sakanonmdeblo macne, www.matsne.gov.ge 
3. Danelia N., and Hovhannisyan G., Uniform System of Accounting//Instructions to the Chart of Accounts for 

Georgian Power Market Companies, Tbilisi, October 2014. 
 

Regulatory cost audit of the electricity sector natural monopolies 
Gvazava L.,  

Tbilisi State University 
Summary 

Considering country’s social-economic situation, the tariff regulation of the electricity sector natural mono-
polies, the electricity distribution companies, is particularly actual topic due to the increased interest from the soci-
ety and the tariffs are often subject to the constant discussion both for the company and the large part of the consu-
mers. The tariff amount for the electricity distribution licensees depends on the prudent, rational and reasonable ca-
pital and operational expenditures defined by the regulatory commission. The following paper provides the set of all 
the necessary actions in order to define the particular pinciples required for the execution of the regulatory audit. 
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Kkonkurentuli bunebrivi gazis bazari rogorc bunebrivi gazis  

miwodebis usafrTxoebis gaumjobesebis saSualeba 
 

pirveli i. 
saqarTvelos teqnikuri universiteti 

 
saqarTvelos energetikuli moTxovnis dakmayofilebisTvisbunebrivi gazis mzar-

di rolis fonze gansakuTrebiT mniSvnelovani xdeba qveynis uwyveti gazmomarageba da 
miwodebis usafrTxoebis gaumjobeseba.aRsaniSnavia, rom dResdReobiT naklebi yuradRe-
ba eTmoba bunebrivi gazis konkurentuli bazris ganviTarebis gaazrebas rogorc miwo-
debis usafrTxoebis gaumjobesebis erT-erTi qmediT meqanizms. saqarTvelos bunebrivi 
gazis seqtoris Taviseburebidan da saerTaSoriso gamocdilebidan gamomdinare mizanSe-
wonilia seqtorSi konkurenciis ganviTareba ganxilul iqnes, rogorc miwodebis usaf-
rTxoebis gaumjobesebis erT-erTi mniSvnelovani saSualeba. swored aRniSnulis ganxor-
cielebis mcdelobas warmoadgens winamdebare naSromi.  

 
bunebrivi gazs pirveli adgili ukavia saqarTvelos energetikul balan-

sSi[1]. pirveladi energoresursebis miwodebaSi bunebrivma gazis Wilma 2013 

wels 37% Seadgina. amavdroulad, ukanasknel wlebSi saxezea bunebrivi gzis 

moxmarebis yovelwliuri zrda. 2014 wels wina welTan SedarebiT bunebriv gaz-

ze moTxovna gaizarda 14%-iT da 2.18 mlrd. m3 Seadgina [2]. gazrdili moTxovna 

ZiriTadad avtogazgasamarTi sadgurebis moxmarebis zrdiT iyo ganpirobebuli, 

romlebmac moixmares daaxloebiT 80 mln. m3-iT meti gazi wina welTan Sedare-

biT. gasul welTan SedarebiT 2014 wels 70 mln. m3-iT gaizarda Tboeleqtro-

sadgurebis moxmarebac.qveyanis masStabiT aqtiurad mimdinare gazifikaciis samu-

Saoebis fonze aseve izrdeba sayofacxovrebo seqtoris mier bunebrivi gazis 

moxmarebac.  

Sesabamisad qveynis energetikuli moTxovnilebis dakmayofilebisTvis di-

di mniSvneloba eniWeba uwyvet gazmomaragebas da miwodebis saimedoobas. saqar-

Tvelos SemTxvevaSi, gansakuTrebiT sasicocxloa energetikis seqtorisaTvis bu-

nebrivi gazis saimedo miwodeba zamTris periodSi, radgan bunebriv gaze momuSa-

ve Tboeleqtrosadgurebs mniSvnelovani roli akisriaT uwyvet eleqtromomara-

gebaSi.   

sxvadasxva qveynebi gansxvavebul meTodebs mimarTaven bunebrivi gazis mi-

wodebis saimedoobis gazrdisTvis da ramdenadac empiriuli dakvirveba aCvenebs, 

ar arsebobs erTiani unificirebuli midgoma. metic, ar arsebobs bunebrivi ga-

zis miwodebis usafrTxoebis erTiani ganmarteba. bunebrivi gazis miwodebis 

usafrTxoeba warmoadgens energousafrTxoebis erT-erT mniSvnelovan elements.  

qveynebi gansxvavdebian energetikuli usafrTxoebis doniT, Sesabamisad 

erovnuli energetikuli usafrTxoebis aRqma da gaanalizeba gansxvavebulad 

xdeba. amitomacaa, rom literaturaSi arsebobs  energetikuli usafrTxoebis 

gansxvavebuli ganmartebebi. energetikuli usafrTxoebis ganmartebis gansxvave-

bulobis Sesamcireblad,  mizanSewonilia energetikuli usafrTxoebis raode-

nobrivad Sefaseba sxvadasxva qveynebis usafrTxoebis donis Sedarebis mizniT. 

Tumca es ukanaskneli didi gamowvevaa mkvlevarebisTvis, vinaidan is damokidebu-

lia ara marto bunebrivi, teqnologiuri da ekonomikuri aspeqtebis kompleqsur 

Sefasebaze, aramed aseve sxvadasxva jgufebis sxvadasxva damokidebulebaze da 

Sexedulebebze.  

saerTaSoriso energetikuli saagento energousafrTxoebas ganmartavs, 
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rogorc misaReb fasad energo resursebis uwyvet xelmisawvdomobas. energou-

safrTxoebas mravali aspeqti gaaCnia: grelvadian periodSi energousafrTxoeba 

niSnavs drouli investiciebis ganxorcielebas raTa moxdes energiis miwodeba 

ekonomikuri ganviTarebisa da garemosdacviTi moTxovnebis paralelurad. meo-

res mxriv, moklevadian periodSi energousafrTxoeba yuradRebas amaxvilebs 

energetikuli sistemis SesaZleblobaze myisierad moaxdinos reagireba miwode-

ba-moTxovnis disbalansis SemTxvevaSi [3].  

ZiriTadi aspeqtebi romlebic energousafrTxoebis ganmartebSia mocemuli 

aris miwodebis uwyvetoba, saimedooba, ekonomikurad misaRebi fasi da garemos 

mdgradoba.energetikuli usafrTxoebis koncefciis gaazreba energetikuli re-

sursis - bunebrivi gazis doneze warmoadgens aRniSnuli kriteriumebis dakmayo-

filebas bunebrivi gazis miwodebis procesis dros. Tumca resursis fiziko-qi-

miuri Tvisebebidan gamomdinare bunebrivi gazis miwodebis usafrTxoeba xasiaT-

deba TaviseburebebiT. 

qveynis bunebrivi gazis miwodebis usafrTxoebis mdgomareoba ganisaz-

Rvreba im xarisxiT, romliTac qveynas SeuZlia gaumklavdes gazis miwodebis 

Sewyvetas sxvadasxva RonisZiebebis saSualebiT. saqarTvelos SemTxvevaSi, buneb-

rivi gazis miwodebis usafrTxoebis gaumjobesebis meqanizmebidan SeiZleba gamo-

iyos Semdegi RonisZiebebi: 

1) gazsacavis mSenebloba da operireba; 

2) alternatiuli mowodebis wyaroebis moZieba; 

3) adgilobrivi resursebis kvleva-Zieba;  

4) gazsadenebis sistemis gaZliereba da reversuli nakadebisTvis infrastruq-

turis Seqmna;  

5) energoefeqturoba da energodazogva; 

6) alaternatiul energiis wyaroebze gadarTvis infrastruqturis arseboba;  

Tumca, zemoaRniSnuli ganmartebis mixedviT energousafrTxoebis (Sesabami-

sad gazis miwodebis usafrTxoebis) erT-erTi mniSvnelovani aspeqtia ekonomiku-

rad misaReb fasad energomomsaxurebis miReba.Sesabamisad, aRniSnul RonisZie-

bebTan erTad aucilebelia konkurentuli bunebrivi gazis bazris ganviTareba, 

radganac konkurencia saukeTeso saSualebaa xelmisawvdomi fasebis formirebis-

Tvis.amitomac, bunebrivi gazis miwodebis usafrTxoebis gaumjobeseba unda gu-

lisxmobdes konkurentuli faswarmoqnis gziT yvela tipis momxmarebelTaTvis 

(sayofacxovrebo, komerciuli) xelmisawvdomi energoresursis miwodebas.  

winamdebare naSromis momdevno nawilSi gaanalizebulia arsebuli bazris 

naklovanebebi, warmodgenilia konkurentuli bunebrivi gazis modeli da konku-

renciis xelSewyobis mizniT gansaxorcielebeli RonisZiebebi.  

konkurentulibunebrivi gazis bazris ganviTarebis xedva  

miuxedvad imisa, rom bunebrivi gazis bazarze arsebuli sabazro urTierTo-

bebis sakanonmdeblo CarCo ar zRudavs konkurencias, sabazro specifikidan, 

kerZod, miwodebis wyaroebis SezRudulobidan gamomdinare, bazarze praqtiku-

lad konkurencia SezRudulia.  

aRsaniSnavia, rom deregulirebuli bazari ufro metad moiTxovs sakanon-

mdeblo normatiuli bazis daxvewasa da mkacrad gawerili TamaSis wesebis arse-

bobas, raTa daculi iqnes konkurentuli pirobebi bunebrivi gazis bazarze, me-

same mxaris daSveba qselze aradiskminaciul pirobebSi  da aRkveTil iqnes mo-
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nopliuri Zalauflebis borotad gamoyeneba.  amitomac, bunebrivi gazis seqto-

ris ganviTareba moiTxovs sakanonmdeblo-normatiuli bazis aramrto daxvewas 

aramed damatebiTi wesebis Seqmnasa da srulyofas. 

bunebrivi gazis seqtoris ganviTarebis xedva gulisxmobs saukeTeso  saerTa-

Soriso praqtikis qveynis bunebrivi gazis seqtoris Taviseburebze morgebasa da 

danergvas. kerZod, evropis energetikuli gaerTianebis bunebrvi gazis Sida baz-

ris mowyobis ZiriTad principebis gatarebas. grZelvadiani mizani bunebrivi ga-

zis bazrTan mimarTebaSi aris xelsayreli garemos Seqmna bunebrivi gaziT kon-

kurentunariani vaWrobisaTvis, rac SesaZleblobas miscems momxmareblebs airCi-

on sakuTari sacalo mimwodeblebi. am gziT qveyana daicavs evrokavSiris mesame 

energetikul paketi moTxovnebs, uzrunvelyofs liberaluri faswarmoqmnis po-

litikas da  mowyvladi momxmareblis dacvas bazris gaxsnis procesSi. gamWvir-

vale da konkurentunariani energobazrebi ganviTarebul saxelmwifoebSi, ro-

gorc dasturdeba, xangrZlivi periodis ganmavlobaSi inarCuneben energoresur-

sebze  dabal fasebs da xels uwyoben saWiro struqturebsa da infrastruqtu-

raSi kerZo investiciebis ganxorcielebas. 

bunebrivi gazis bazarze unda Camoyalibdes damoukidebeli sajaro movaW-

re, romlis ZiriTadi daniSnuleba iqneba qveynis tranzitis safasurad miRebuli 

iafi bunebrivi gaziT vaWroba. unda Camoyalibdes gadacemis sistemis operatori, 

romlis erTerTi mTavari mizani iqneba bunebrivi gazsi transportirebis siste-

mis grZelvadiani ganviTarebis gegmis SemuSaveba da maregulirebeli organosaT-

vis wardgena dasamtkiceblad. qselis mesakuTreebi ar unda eqvemdebarebodnen 

araviTar kontrols sacalo momwodeblebis an mwarmoebeli obieqtebis mxridan. 

naxazi 1 gviCvenebs saqarTvelos gazis bazris SemoTavazebul struqturas. 

 

 
nax. 1: gazis bazaris ganviTarebis  xedva: samomavlo gazis bazris struqtura. 

 

 miuxedvad imisa, rom arasayofacxovrebo momxareblebis tarifebi deregu-

lirebulia da maTTvis bazari gaxsnilia, mimwodeblebis raodenobis SezRudu-

lobidan gamomdinare aucilebelia bunebrivi gazis seqtorSi gamWvirvaleobis 

gazrda. bunebrivi gazis garkveuli moculoba xelmisawvdomi unda iyo nebismie-
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ri dainteresebuli komerciuli momxareblisaTvis sajarod gamocxadebuli auq-

cioniT, xolo mimwodeblebis mier uzrunvelyofil unda iqnes  bunebrivi gazis 

fasebisa da pirobebis sajarod SeTavazeba.   

bunebrivi gazis seqtoris rogorc teqnikur, ise komerciul sferoSi sa-

Wiroa Sesabamisi institutebis ganviTareba - kerZod, aucilebelia gadacemis 

sistemis operatorisa da bazris operatorebis Camoyalibeba, gazis mimwodebel-

Ta da movaWreTa  mier momxmarebelTa moTxovnebis dakmayofilebis xelSesawyo-

bad. gazis gadacemis sistemis operatori imuSavebs gazis gadamcemi sistemis 

operatorTa evropuli kavSiris (ENTSO‐G) standartebis Sesabamisad, xolo baz-

ris operatori SeimuSavebs sabazro urTierTobis standartebsa da uzrunvel-

yofs sabiTumo vaWrobis monacemTa sajaroobas, romelic SesabamisobaSi iqneba 

moyvanili evrokavSiris mesame energetikul paketTan.  

dasaxuli miznis misaRwevad, saqarTvelos mTavrobam unda SeimuSaos da 

ganaxorcielos bunebrivi gazis seqtorebis gardamavali gegma. qselis mesakuT-

reebma unda uzrunvelyon, regulirebadi da konkurentunariani energomimwodeb-

lis Tanabari xelmisawvdomoba uflebamosili momxmareblisaTvis. bunebrivi ga-

zis bazari etapobrivad gaixsneba da SesaZleblobas miscems momxmareblebs Se-

arCion konkurentunariani mimwodeblebi. saqarTvelos mTavrobam unda Seqmnas 

gardamavali organizacia ‘sajaro movaWris’ saxelwodebiT, romelic ganaxorci-

elebs da gaakontrolebs saqarTvelos mTavrobis saxeliT dadebul da xelmo-

weril grZelvadian gazis mowodebis xelSekrulebebs, miwodebis usafrTxoebis 

miznebidan gamomdinare.  

yovelive zemoTqmulis misaRwevad, unda gadaidgas Semdegi ZiriTadi nabi-

jebi:  

 saqarTvelos pirveladma da meoradma kanonmdeblobam unda asaxos   gazis 

seqtorSi gansaxorcielebeli reformebi evrokavSiris  energetikuli seqto-

ris normatiul aqtebTan mis SesabamisobaSi mosayvanad. SesabamisobaSi moyva-

na ganxorcieldeba evrokavSirsa da saqarTvelos Soris asocirebis xelSek-

rulebisa da  energetikul gaerTianebaSi gawevrianebis  xelSekrulebis Ta-

naxmad da man aseve unda moicvas  regionaluri bazrebis Taviseburebebi; 

 xeli unda Seewyos konkurenciis ganviTarebas bunebrivi gazis seqtorSi. ker-

Zod, SemuSavebul unda iqnes sakanonmdeblo normatiuli baza konkurenciis 

sawinaaRmdego qmedebis SemTxvevaSi sanqcirebis mizniT; 

 unda SemuSavdes axali energoinfrastruqturis mSeneblobisa da ganxorcie-

lebis gegmebi; 

bunebrivi gazis seqtorSi misaRwevia Semdegi ZiriTadi amocanebi: 

 pirvel rigSi aucilebelia uzrunvelyofil iqnes gamWvirveloba bunebrivi 

gazis bazarze; 

 bunebrivi gazis transportirebisa da ganawilebis sistemam unda uzrunvel-

yos momxmarebelTa gazmomarageba saimedoobisa da momsaxurebis konkretuli 

standartebis mqone bunebrivi gaziT; 

 Seswavlili da SemuSavebuli unda iqnas samarTlebrivi da maregulirebeli 

baza, romelic uzrunvelyofs aratradiciuli bunebrivi gazis adgilobriv 

bazarze Sesvlas; 

 unda ganmtkicdes da gaZlierdes  maregulirebeli meqanizmebis damoukideb-

loba. 
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 saqarTvelos navTobisa da gazis korporacia da saqarTvelos gazis tras-

nportirebis kompania imoqmedeben evrokavSiris direqtivebis Sesabamisad gan-

mxoloebis sakiTxebSi; 

 ganmxoloeba transportirebisa da ganawilebis seqtorSi ganxorcieldeba 

bunebrivi gazis mTlian seqtorSi; 

 bunebrivi gazis Senaxva axlad aSenebul gazsacavSi ganxorcieldeba evro-

kavSiris moTxovnebis Sesabamisad. aseve SemuSavdeba gazsacavis regulirebis 

wesebi semekis mier;  

 bunebrivi gazis bazris gaxsna gadamcemi qselis mesame mxaris mier aradis-

kriminaciul safuZvelze daSvebis garantirebis gziT, da momxmarebelTa di-

di raodenobis mimwodebelTan, maT Soris ucxo qveynebis mimwodeblebTan, 

pirdapiri kontraqtis dadebis SesaZleblobis uzrunvelyofiT. 

dasaxuli miznebisa da amocanebis miRwevisaTvis bunebrivi gazis seqtorSi 

gatardeba Semdegi ZiriTadi aqtivobebi: 

 bunebrivi gazis qselis wesebis  SemuSaveba da danergva; 

 bunebrivi gazis gamanawilebeli qselis wesebis SemuSaveba da danergva; 

 transportirebis sistemisa da gamanawilebeli qselis aTwliani ganviTarebis 

gegmebis SemuSaveba da damtkiceba; 

 bunebrivi gazis momsaxurebis xarisxis gaumjobesebis indikatorebis SemuSa-

veba, Sesabamisi wesebis danergva da monitoringi; 

 bolo instanciis mimwodebelis institutis Camoyalibeba da Sesabamisi mare-

gulirebeli wesebis SemuSaveba da danergva; 

 wamaxalisebeli satarafo regulirebis danergva da qseluri kompaniebis 

stimulireba danakargebis Semcirebis samizne maCveneblebis dawesebis gziT;  

 samoqalaqo sazogadoebis CarTulobis gazrda gadawyvetilebis miRebis pro-

cesSi da sajaroobis gazrda; 

 bazris gaxsna da gazis seqtoris komercializacia 

 adamianuri da instituciuri resursebis ganviTareba; 

 gazis bazris operatoris rogorc semekis regulirebis sferos qveS moqceu-

li institutis Camoyalibeba; 

 
gamoyenebuli literatura:  

1. saqarTvelos statistikis erovnuli samsaxuri, www.geostat.ge 

2. semekis wliuri angariSi, 2014, www.gnerc.org 

3. saerTaSoriso energetikuli saagento www.iea.org 
4. goCitaSvili T., javaxiSvili T., saqarTvelos magistraluri navTob - da gazsadenebi, 

Tbilisi: meridiani, 2012. – 664 gv.,    
5. Silve F., and Noël P., Cost Curves for Gas Supply Security: The Case of Bulgaria//Cambridge Working Paper in 

Economics  1056, Septmeber 2010, 
 

Competitive natural gas market for improving security of natural gas supply  
Pirveli I., Georgian Technical University 

Improving security of natural gas supply (SoS) is becoming increasingly important in Georgia as the role of 
this energy resource is progressively growing to meet the country’s energy demand.   It should be noted that at pre-
sent less attention is paid to the development of a competitive natural gas market as an efficient mechanism to im-
provesecurity of natural gas supply. Taking into considerations specificities of the Georgian natural gas sector and 
international experience in this area, the competition in the sector should be considered as one of the important me-
ans of improving security of supply. The present work reviews SoS concepts, describes competition as an important 
tool to improve SoS and introduces EU regulations complaint Georgian natural gas market model.  
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telekomunikaciis saSualebebi _ axali ekonomikis ZiriTadi  
mamoZravebeli Zala 

 
RibraZe n. xaxutaSvili e.  

saqarTvelos teqnikuri universiteti 
 

naSromSi saubaria telekomunikaciis saSualebebis mniSvnelobis Sesaxeb, rogorc 
ekonomikis ZiriTadi mamoZravebeli Zala, ganxilulia oTxi specifikuri faqtori am ma-
moZravebeli Zalebisa. esenia: 1. cifruli teqnologiebis gavrceleba da SeerTebis Se-
saZlebloba; 2. SuamavalTa CamoSoreba da axali tipis Suamavloba; 3. kastomizacia da 
kastomerizacia; 4. dargobrivi konvergencia. 

dRevandeli ekonomika Zveli da axali ekonomikis hibridia. Tanamedrove sabazro 
sivrce Sedgeba tradiciuli momxmareblisagan, kibermomxmarebelis da hibriduli mo-
mxmareblisagan. 

momxmarebelTa umetesoba hibridulia, sargebloben damatebiT internets, cifrul 
teqnologias, romelic warmoadgens dargobriv konvergencias. 

aRniSnulia faqtorebis danergva gaaumjobesebs saxelmwifos finansur mdgo-
mareobas, gadaiyvans saxelmwifos ekonomikas axal relsebze da aamaRlebs mo-
mxmarebelTa momsaxurebis xarisxss. 

 
msoflio ekonomikis reformirebaSi mniSvnelovan rols TamaSobs mravali 

Zala, romelTa Sorisac aris teqnologia, globalizacia da bazris gansaxel-

mwifoebrioba. Cvens naSromSi ganvixilavT oTx specifikur faqtors, romlebic 

arian axali ekonomikis mamoZravebeli Zalebi: 

1. cifruli teqnologiebis gavrceleba da SeerTebis SesaZlebloba; 2. Su-

amavalTa CamoSoreba da axali tipis Suamavloba; 3. kastomizacia da kastomeri-

zacia; 4. dargobrivi konvergencia. 

Tanamedrove biznesi mTels msoflioSi iwarmoeba ZiriTadad qselebis sa-

SualebiT, romlebic akavSireben adamianebs erTi kompaniis SigniT, erTmaneTTan 

da saTao kompiuterTan da uwodeben internets; qselebi romlebic akavSireben 

kompanias momwodebelTan da distributorTan aris eqstraneti. interneti akav-

Sirebs momxmarebels msoflio `informaciis sacavTan~. rodesac vawarmoebT in-

ternetis saSualebiT saqonlis Sesyidvas, kompaniebi urTierTqmedeben momwodeb-

lebTan da klientebTan. 

usadeno komunikaciebis saSualebis gamoyenebis Semdeg sagrZnoblad far-

Tovdeba globaluri SeerTebis SesaZlebloba. momxmareblebi da firmebi evro-

paSi da iaponiaSi ukve Zalian Rrmad arian CarTuli mobilur vaWrobaSi. 

axali tipis Suamavloba da arsebuli Suamavlebis CamoSoreba ganpirobebu-

lia internet firmebis (dot coms) uCveulo warmatebebiT (rogoricaa AO L, Amazon, 

e Bay, Yahoo da sxv.). am firmebma SiSi Causaxes sakmaod sapativcemulo mwarmoeb-

lebsa da sacalo movaWreebs. magaliTad, Compag, romelic vaWrobda sacalod 

Tavisi kompiuterebiT xelebi hqondaT Sekruli, maSin roca firma Dell Computer-s 
romelic vaWrobda aseTi kompiuterebiT pirdapir uSualod momxmarebelTan 

swrafad viTardeboda onlain gayidvebisaTvis internetis wyalobiT. onlain 

konkurentebis gamoCeniT mravali tipiuri Suamavlebi _ gansakuTrebiT wignebisa 

da musikaluri maRaziebi, samogzauro turistuli biuroebi, sabrokero firmebi 

_ ganicdian mZime wnexs. mravali saSuamavlo firmebi gamovidnen TamaSidan. mra-

valma tradiciulma cnobilma formebma pirvelad ar moaxdines reaqcia axali 

tipis Suamavlebze, magram Semdgom maTac Seqmnes TavianTi sakuTari savaWro in-
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ternet-arxebi da Seuxames qselur da qselis gareSe operatorebs, raTa Seenar-

CunebinaT sacalo gamyidvelebis, brokerebis da agentebis loialoba. 

mesame umniSvnelovanesi mamoZravebeli Zala axali ekonomikis, rogorc ukve 

iyo aRniSnuli zemoT aris kastomizacia da kastomerizacia, rac niSnavs rom 

kompanias Seswevs Zala uzrunvelyos TiToeuli klienti adaptirebuli specia-

lurad misTvis produqtiT, momsaxurebiT, fasebiT da miwodebis arxebiT. qsel-

Si momxmareblebi xdebian mwarmoebel-momxmareblebad, romlebsac SeuZliaT da-

moukideblad produqtis SemuSaveba, xolo kompaniebma miiRes SesaZlebloba Ti-

Toeul klientTan uSualo urTierTqmedebisa personalizirebuli Setyobinebis, 

produqtis da momsaxurebis saSualebiT. funqcionaluri kastomizaciisa da mar-

ketingis kastomizaciis SeTavsebam miiRo kastomerizaciis dasaxeleba. 

kastomizaciis gamoyeneba rTuli produqtebis mimarT, iseTi rogoricaa av-

tomobili Zalian problematuria da amave dros zrdis fass da aRemateba kli-

entis gadaxdis survils, kidev erTi potenciuri problema aris imaSi, rom kli-

entma ar icis konkurentulad ra unda, vidre ar naxaven saqonels realurad. 

sxva mxriv kastomizacia Zalian miesadageba zogierT produqtsa da saqonels. 

magaliTad, mini-kompiuterebs, kosmetikur sacxebs da losionebs da agreTve Za-

lian kargi poligonia kvlevebisaTvis. 

mesame ZiriTadi mamoZravebeli Zala axali ekonomikis aseve aris dargobri-

vi konvergencia, vinaidan dargobrivi sazRvrebi iSleba. magaliTad, farmacevtu-

li kompaniebi, romlebic adre miekuTvnebodnen qimiur mrewvelobas. 

dReisaTvis atareben biogenetikur kvlevebs, romlebic saSualebas iZleva 

ara mxolod wamlebis axali formulebis Seqmnisa, aramed kosmetikuri saSuale-

bebisac (kosmonevtika); agreTve sakvebi produqtebisa (nutritevtika), fotofire-

bis mwarmoebloba iseTi rogoricaa Kodak, aseve miekuTvneboda qimiur mrewvelo-

bas, xolo dReisaTvis, gamosaxulebis dasamuSaveblad cifruli teqnologiebis 

aTvisebisas moZraoben eleqtronikis dargisaken. yvela am kompaniebma ician da 

aRiareben, rom erTmaneTTan ori da meti dargis gadakveTa saSualebas iZleva 

mravali da farTo axali SesaZleblobebisa teqnologiebSi da ekonomikaSi. 

cvlilebebi avlenen Teoriuli warmodgenis axal nakrebs da praqtikul meTo-

debs, romlebic gamoiyeneba komerciuli firmebis mier. `Zveli da axali ekono-

mikis~ Sedareba mocemulia cxrilSi (cx. 1.). 

dRevandeli ekonomika da kompaniaTa umravlesoba Zveli da axali ekonomi-

kis hibridebia. kompaniebi, romlebic unda ganviTardes, saWiroeben aramarto Zve-

li unar-Cvevebis da codnis SenarCunebas, romlebmac gauZles mraval da xan-

grZliv periods warsulSi, aramed axali codnisa da unarebis aTvisebas. analo-

giurad Tanamedrove sabazro sivrce Sedgeba tradiciuli momxmareblisagan 

(romlebic ar awarmoeben savaWro urTierTobebs qselis saSualebiT), kibermom-

xmareblebisa (momxmareblebi, romlebic umetesad savaWro urTierTobebs awar-

moebs internetis saSualebiT) da hibriduli momxmareblisagan (momxmareblebi 

iyeneben orive meTods). 

dReisaTvis saqarTveloSi momxmarebelTa umetesoba miekuTvneba hibriduls: 

isini dadian sasursaTo maRaziebSi da zogjer gansakuTrebul SemTxvevebSi ake-

Teben SekveTebs Peapod internetis saSualebiT; yiduloben wignebs wignebis maRa-

ziebSi da iSviaTad ukveTaven imave kompaniaSi saitis saSualebiT. amitom auci-

lebelia yvela kompaniam gamoiyenos orive saxis momsaxureba, imisaTvis rom da-
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akmayofilos momxmareblis moTxovnilebebi, riTac sagrZnoblad gaaumjobeseben 

TavianT ekonomikur da finansur mdgomareobas. amis misaRwevad saWiroa Tanamed-

rove meTodebis gamoyeneba. 

cxrili 1. Zveli da axali ekonomikis urTierTSedareba 

 

exla ki ganvixiloT sami Tanamedrove marketinguli meTodi, romlebic un-

da aiTvison kompaniebma da maT specialistebma marketingis kuTxiT. esenia: 

e -biznesi, web -gverdebi (saitebis da klientTan urTierTqmedebis marTva). 

_ rogor icvleba marketingis praqtika: e -biznesi, eleqtronuli biznesis 

qveS igulisxmeba eleqtronuli saSualebebis da platformebis gamoyeneba biz-

nes kompaniebis wasamarTavad. interneti kompaniebs exmareba swrafi saqmianobis 

ganxorcielebaSi, naklebi danaxarjebiT saqmianobis gafarToebasa droSi da 

sivrceSi, saSualebas aZlevs kastomizirebas da personalizebas moaxdinos 

momxmarebelTa moTxovnebi. organizaciebi xsnian web –gverdebs informaciis 

gavrcelebis saqonlis da momsaxurebis swrafad gavrcelebis mizniT, aseve ga-

moiyeneben internets Sida komunikaciebis gasamartiveblad da iyeneben eqstra-

nets monacemTa gacvlis, SekveTebis da disributorebsa da momwodeblebTan an-

gariSsworebisaTvis. E -vaWroba _ aris saqmianobis SedarebiT viwro mimarTu-

leba, vidre e –biznesi. es termini niSnavs rom kompaniis istoriis Sesaxeb in-

formaciis, politikis, produqtisa da vakansiebis garda web –gverdi (saiti) sa-
Sualebas iZleva transaqciebis gamoyenebisa an saqonlis da momsaxurebis, an 

onlain  gayidvebisa, Tavis mxriv e – vaWrobam biZgi misca e – SeZenebs da e – 

marketings. E –Sesyidvebisas kompaniebi iyeneben internets produqtebis, infor-

maciaTa da momsaxurebis efeqtur SesaZenad onlain mimwodeblebisagan. E – mar-
ketingi _ es aris kompaniis Zalisxmeva Tavisi saqonlis da momsaxurebis Sesa-

xeb, internetiT informirebasa, komunikaciasa da gavrcelebaze. 

aRniSnulis farTo danergva saqarTveloSi gaaumjobesebs ara marto kompa-

Zveli ekonomika axali ekonomika 

1. mowyobilia sawarmoo erTeulebis saSua-
lebiT. 

1.  mowyobilia momxmarebelTa segmentebis 
mixedviT. 

2. fokusirdeba klientis momgebian trans-
aqciebze. 

2.  fokusirdeba mudmiv faseulobebze. 

3.  afasebs upiratesad finansur Sedegebs. 3.  agreTve afasebs marketingis Sedegebs. 

4. fokusirdeba aqcionerebze. 4.  fokusirdeba dainteresebul pirebze. 

5. marketingiT dakavebulia marketingis spe-
cialistebi. 

5.  marketingiT dakavebulia yvela. 

6.  savaWro niSnebi aigeba sareklamo saSua-
lebebiT. 

6.  savaWro niSnis SeqmnaSi mTavaria profe-
sionalizmi. 

7. ZiriTadi yuradReba _ klientebis mozid-
vaa. 

7.  ZiriTadi yuradReba _ klientebis Se-
narCunebaa. 

8. ar arsebobs Sefaseba klientebis kmayofi-
lebebis da maTi SenarCunebis Taobaze. 

8.  izomeba klientis dakmayofileba. 

9. Seusrulebeli valdebulebebi, zedmetad 
gadaWarbebuli urTierTobebi. 

9.  valdebulebebis Sesrulebis gadaWarbeba 
da gonieri urTierTobebi. 
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niaTa finansur mdgomareobas, aramed sruliad axal relsebze gadaiyvans sa-

xelmwifos ekonomikas da aamaRlebs momxmarebelTa momsaxurebis xarisxs. 

amrigad, telekomunikaciis saSualebebi warmoadgenen axali ekonomikis Zi-

riTad mamoZravebel Zalas. 

 

TELECOMMUNICATION MEANS IS THE MAIN DRIVING FORCE OF NEW ECONOMIC  
N. Ghibradze, E.E Khakhutashvili 
Technical University of Georgia 

Summary 
The paper dwells on telecommunications means – the main driving force of new economic. These are four 

special factors of the driving forces: 1) Spread of digital technologies and connection capability; 2) To move away 
mediators and to create new type of mediation; 3) Customization and customerization; 4) Sectoral  convergension. 

Present economy is hybrid of old and new economics. The modern market space consists with traditional 
customers, cyber customers and hybrid customers. 

Most of the customers belong to hybrid. They visit food markets, or sometimes in special cases make orders 
from the Internet. Exactly specific factors are the spread of digital technologies, which are sectoral convergension. 

The usage of the mentioned factors and their wide introduction will improve not only financial condition of 
the companies but also will move the state economy on new rails and increase the customers’ service level.  

 
 

 

 

srulyofili sakanonmdeblo baza – eleqtroenergetikis ganviTarebis 
safuZveli 

 
AzivzivaZe a. 

akaki wereTlis saxelmwifo universiteti 
 

statiaSi gaanalizebulia saqarTvelos eleqtroenergetikaSi moqmedi kanonebi, pir-
vel rigSi `eleqtroenergetikisa da bunebrivi gazis Sesaxeb~, agreTve kanonmdebare aq-
tebi. gamoTqmulia winadadebebi maTi srulyofisaTvis. am TvalsazrisiT mTavari yura-
dReba gamaxvilebulia Cveni kanonmdeblobis evropis energetikul kanomdeblobasTan da-
axloeba-harmonizaciaze. gamoTqmulia mosazreba `ganaxlebadi energiis wyaroebis Sesa-
xeb~ da `energoefeqtianobisa da energodazogvis Sesaxeb~ axali kanonebis miReba-amoqme-
debis aucileblobis Taobaze. 

 
qveynis   energouzrunvelyofis TvalsazrisiT didi mniSvneloba aqvs 

srulyofili sakanonmdeblo da normatiuli bazis arsebobas. damoukideblobis 

wlebSi am mimarTulebiT mniSvnelovani winsvla aRiniSneba. miRebulia aucile-

beli kanonebi da kanonqvemdebare aqtebi. 

saqarTvelos eleqtroenergetikaSi moqmedi kanonebi eyrdnoba saqarTvelos 

konstitucias, qveynis kanonebs da kanonqvemdebare normatiul aqtebs, agreTve 

saerTaSoriso SeTanxmebebs da xelSekrulebebs. saxelmwifoebrivi damoukideb-

lobis pirobebSi dargis pirveli ZiriTadi normatiuli dokumenti iyo saqar-

Tvelos kanoni `eleqtroenergetikis Sesaxeb~, romelic qveynis parlamentma 1997 

wlis 27 ivliss miiRo. Mmas Semdeg kanonSi ramdenjerme Sevida cvlilebebi da 

damatebebi; Seicvala misi saxelwodebac da amJamad iwodeba rogorc saqarTve-

los kanoni `eleqtroenergetikisa da bunebrivi gazis Sesaxeb~. 

       kanoni awesrigebs individualuri mewarmeebis, fizikuri da iuriduli pi-

rebis saqmianobasa da urTierTobebs eleqtroenergetikuli sistemis marTvis, 

eleqtroenergiiT (simZlavriT) sabiTumo vaWrobis, eleqtroenergiis warmoebis, 

gadacemis, dispetCerizaciis, ganawilebis, importisa da moxmarebis, agreTve bu-
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nebrivi gazis miwodebis, importis, eqsportis, transpotirebis, ganawilebis da 

moxmarebis sferoebSi da uzrunvelyofs saqarTvelos eleqtroenergetikisa da 

bunebrivi gazis dargebis funqcionirebasa da ganviTarebas sabazro ekonomikis 

principebis Sesabamisad. ZalaSia 1999 wlis 21 wlis maisidan. 2007 wlidan kanoni 

agreTve aregulirebs wyalmomaragebis seqtorsac.  

       `eleqtroenergetikisa da bunebrivi gazis Sesaxeb~ saqarTvelos kanoni 

warmoadgens am sferos maregulirebel CarCo samarTlebriv normas da emsaxure-

ba qveyanaSi eleqtroenergetikisa da bunebrivi gazis dargebis normaluri fun-

qcionirebisa da Semdgomi ganviTarebisaTvis Sesabamisi pirobebis Seqmnas. ker-

Zod, misi mizania eleqtroenergiisa da bunebrivi gazis bazrebisa da tarifebis 

sistemis Camoyalibeba, momxmarebelTa stabiluri momaragebisaTvis samarTleb-

rivi safuZvlebis Seqmna da dargis reabilitaciisa da ganviTarebisaTvis inves-

ticiebis mozidvis, aseve ganaxlebadi da adgilobrivi resursebis upiratesi ga-

moyenebis xelSewyoba. 

       am kanonis miRebiT ganisazRvra urTierToba eleqtroenergetikis struq-

turul erTeulebs Soris, Seiqmna samarTlebrivi safuZvlebi dargSi sabazro 

urTierTobebis danergvisaTvis, investiciebis mozidvisaTvis, eleqtroenergiis 

konkurentuli bazris CamoyalibebisaTvis da sxva. 

       am kanonma dasabami misca fizikuri da iuridiuli pirebis saqmianobis mo-

wesrigebas eleqtroenergiis warmoebis, gadacemis, dispetCerizaciis, ganawilebi-

sa da moxmarebis sferoebSi, saqarTvelos eleqtroenergetikis ganviTarebis uz-

runvelyofas sabazro ekonomikis principebis Sesabamisad. 

ganvlil periodSi, rogorc ukve iTqva, am kanonSi dargis ganviTarebisaTvis 

ramdenjerme Sevida mniSvnelovani cvlilebebi da damatebebi, romlebmac didad 

Seuwyo xeli eleqtroenergetikis ukeT marTvasa da regulirebas, misi strategi-

uli safuZvlebis Camoyalibebas. maT Soris aRsaniSnavia:  

 ekonomikis da mosaxleobis energoresursebiT momaragebis uzrunvelyofa, 

riskis faqtorebisa da energouzrunvelyofaSi krizisuli situaciebis war-

moqmnis albaTobis minimumamde Semcireba; 

 sawarmoo da sayofacxovrebo seqtorSi eleqtroenergiis moxmarebis xvedri-

Ti xarjis Semcireba da energoresursebis racionaluri moxmareba, energo-

damzogavi teqnologiebisa da mowyobilobebis gamoyeneba, eleqtroenergiis 

warmoebis, gadacemis da ganawilebis xarjebis Semcireba; 

 qveynis socialur-ekonomikuri ganviTarebis uzrunvelyofis miznebidan ga-

momdinare, eleqtroenergetikis sawarmoTa finansuri mdgomareobis gaumjobe-

seba da energetikuli potencialis efeqtiani gamoyeneba; 

 garemoze energetikis teqnologiuri gavlenis minimizaciisaTvis eleqtroe-

nergiis warmoebis struqturis srulyofa. 

     kanonma gacilebiT ukeTesi SesaZlebobebi Seqmna dargSi arsebuli prob-

lemebis gamovlenisa da gadaWrisaTvis, sawarmoTa TviTdafinansebisaTvis. kargi 

pirobebi Seiqmna am sferoSi konkurenciis ganviTarebisaTvis; ganisazRvra li-

cenziatTa da momxmarebelTa uflebebi da valdebulebebi, eleqtroenergiis aR-

ricxvis, miwodebis Sewyvetis da aRdgenis wesebi da procedurebi, bunebrivi mo-

nopoliis pirobebSi myof licenziatTa urTierTobaTa savaldebulo qcevis we-

sebi. stimuli mieca dargSi kerZo investiciebis ganxorcilebas, dawesda gamok-
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veTili da samarTliani `TamaSis wesebi~ seqtorSi Semavali yvela subieqtisaT-

vis; erTmaneTisagan gaimijna saxelmwifo, sameurneo da maregulirebeli funqci-

ebi; Seiqmna Cveni qveynis saerTaSoriso organzaciebSi integrirebis xelsayreli 

pirobebi da a.S. 

      rogorc vxedavT, `eleqtroenergetikisa da bunebrivi gazis Sesaxeb~ sa-

qarTvelos kanonma didi roli Seasrula dargis warmatebuli ganviTarebisaT-

vis. magram, cxadia, droTa ganmavlobaSi icvleba dargis prioritetebi, misi 

mdgomareoba, saerTaSoriso urTierTobebi da a.S. yovelive es ki aucileblad 

moiTxovs dargis sakanonmdeblo da normatiuli bazis, misi samarTlebrivi ba-

zis srulyofas Tanamedrove moTxovnaTa Sesabamisad. am sakiTxis aqtualobas 

kidev ufro zrdis is garemoeba, rom saqarTvelos eleqtroenergetikaSi amJamad 

mimdinare reformebis fonze mwvaved dgas Cveni sakanonmdeblo bazis harmoniza-

ciis valdebulebebi evropul gamocdilebasTan. 

        zemoaRniSnulis gaTvaliswinebiT, saqarTvelos eleqtroenergetikuli 

seqtoris ganviTarebis erT-erT prioritetad rCeba evrokavSiris energetikul 

TanamegobrobaSi gawevrianeba da bazris arsebuli struqturisa da sakanonmdeb-

lo bazis evropis energetikul kanonmdebobasTan daaxloeba-harmonizacia. Sesa-

bamisad, 2014 wels gaformebuli `erTi mxriv, saqarTvelosa da meore mxriv, ev-

rokavSirsa da evropis atomuri energiis gaerTianebas da maT wevr saxelmwifo-

ebs Soris asocirebis Sesaxeb SeTanxmebis~ farglebSi saqarTvelom aiRo val-

debuleba, Seusabamos qveynis energetikuli seqtoris normatiuli aqtebi evro-

kavSirisa da energetikuli gaerTianebis regulaciebis da direqtivebis moTxov-

nebs. 

        eleqtroenergetikuli seqtorisaTvis asocirebis SeTanxmebis farglebSi 

erT-erTi umniSvnelovnesia evroparlamentisa da evrosabWos direqtiva eleq-

troenergiis Sida bazrisaTvis saerTo wesebis Sesaxeb, romelic miznad isaxavs 

eleqtroenergiis warmoebis, ganawilebis da miwodebis Sesaxeb saerTo wesebis 

SemoRebas. masSi aseve mocemulia debulebebi momxmarebelTa uflebebis, qselze 

mesame mxaris daSvebisa da konkurenciis Sesaxeb da regulirebadi da konkuren-

tuli sferoebis erTmaneTisagan gamijvnis moTxovna. 

        saqmianobis gamijvnis Tematika aqtualuri gaxda iqidan gamomdinare, rom 

qselis damoukidebloba da qselze mesame mxaris miukerZoebeli daSveba gadam-

wyvetia eleqtroenergetikul biznesSi CarTuli subieqtebisaTvis. . 

aqedan gamomdinare, Cveni kanonmdeblobis Semdgomi srulyofis saqmeSi erT-erTi 

mTavari mimarTuleba unda iyos evropis energetikul kanonmdeblonasTan daax-

loeba-harmonizacia. garda amisa, didi yuradReba unda mieqces dargis saSinao 

problemis gadaWras, agreTve mTlian energetikul seqtorSi amJamad moqmedi sa-

kanonmdeblo da normatiuli bazis srulyofas, maT Sorisaa kanonebi: `navTobi-

sa da gazis Sesaxeb~, `licenzirebisa da nebarTvebis Sesaxeb~, `erovnuli mare-

gulirebeli organoebis Sesaxeb~, `saqarTvelos energetikul seqtorSi saxel-

mwifo politikis ZiriTadi mimarTulebebi~, normatiuli dokumentebi: `eleqtro-

energiis (simZlavris) bazris wesebi~; `bunebrivi gazis bazris wesebi~, `usaf-

rTxoebis teqnikis wesebi eleqtrodanadgarebis eqspluataciisas~, `Tavisufali 

vaWrobisa da konkurenciis Sesaxeb~, `eleqtroenergiis (simZlavris) balansis 

damtkicebis Sesaxeb~ da sxv. misaRebi da asamoqmedebelia kanonebi, pirvel rig-

Si `ganaxlebadi energiis wyaroebis Sesaxeb~, `energoefeqtianobisa da energoda-



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  210

zogvis Sesaxeb~. 

        srulyofili sakanonmdeblo da normatiuli baza uzrunvelyofs eleq-

troenergetikis jerovan ganviTarebas, qveynis socialur-ekonomikuri ganviTare-

bis saWiro tempebsa da masStabebs. 
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THE IMPROVED LEGAL FRAMEWORK – A BASIS FOR POWER INDUSTRY DEVELOPMENT 
Zivzivadze A. 

Akaki Tsereteli State University 
Summary 

The paper dwells on Georgia’s energy legislation in force, first of all the Law on Power Industry and Envi-
ronmental Protection, as well as legislative acts. There are made suggestions on their improvement. From this point 
of view, the emphasis is placed on approximation and harmonization of our legislation with European energy legis-
lation. There is expressed the opinion on renewable energy sources, as well as on energy efficiency and energy con-
servation, and on the necessity of adoption and enactment of new laws in this field.      
 

 

 

 

hidroenergetikis ganviTarebis  tendenciebi msoflioSi 
 

nemswveriZe m. 

saqarTvelos teqnikuri universiteti 
 

Tanamedrove pirobebSi energetika nebismieri qveynis ekonomikis mamoZravebeli Zalaa. 
energetikuli infrastruqturis ganviTareba da energetikuli resursebis aTviseba ki, yvela 
qveynis da maT Soris saqarTvelos erT‐ erTi ZiriTadi mimarTulebaTagania. 

msoflioSi  energetikul  resursebs  Soris  wamyvani  adgili  hidroenergoresursebs  
uWiravs, magram maTi aTvisebis done jer kidev dabalia, Tumca arian lideri qveynebic: CineTi 
,brazilia,  kanada,amerika  da  aS,  sadac  eleqtroenergias  ZiriTadad  gamoimuSaveben  hesebi 
.naSromSi ganxilulia  am qveynebSi hidroenergetikis potenciali da energetikuli seqto-
ris Tanamedrove mdgomareoba. 
 

hidroenergetika   warmoadgens,   ganaxlebadi  energo resursebis  yvelaze gan-

viTarebul sferos. eleqtroenergetikis ganviTareba gasuli saukunis 80 ‐ ian wleb-

Si   swored  hidroenergetikiT daiwyo.  hidroagregatebis simZlavre   yovelwriurad  

5% ‐iT izrdeboda, xolo 15‐20 weliwadSi  es simZlavreebi   gaormagda. 

1980 wlisaTvis msoflio hidroeleqtrosadgurebis   jamurma dadgmulma sim-

Zlavrem  500  000  mgvt Seadgina.  yvelaze  mZlavri  hidroeleqtrosadgurebi    aSenebu-

lia CineTSi, samxreT amerikaSi,afrikaSi,  indoeTSi ruseTSi  da aS. 

hidroenergetikuli resursebiT    iseT    mdidar  qveynebSi rogoricaa:  Sveica-

ria, SvedeTi, norvegia, kanada, safrangeTi da sxva  am resursebis aTvisebis done bev-

rad maRalia vidre saqarTveloSi.   am qveynebSi    hesebSi gamomuSavebuli eleqtroe-

nergiis   odenobam, jer kidev 60‐ian   wlebSi( am resursebis aTvisebis sawyis etapze)  

qveynis  mTliani  gamomuSavebis  udidesi  nawili  Seadgina.Semdeg  ki  moxda  energiis  
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sxva  saxeobebis    ganviTarebac  kerZod Tbo da  atomuris. Tumca  axlac    norvegiaSi 

eleqtroenergias TiTqmis mTlianad gamoimuSaveben  hesebi.   
aRniSnuli    hidroenergetikul    mimoxilvasTan dakavSirebiT   SeiZleba  mivi-

RoT  warmodgena maSindeli  msoflios zogierT  qveyanaSi    garkveul    etapze  eleq-

troenergiis gamomuSavebis struqturis Sesaxeb  (1989 wlis monacemebi (cxrili 1)). 

 
cxrili1.msoflios zogierT  qveyanaSi  eleqtroenergiis warmoebis  struqtura maT 
Soris procentulad   

                                                                                                                                        
qveynis dasaxeleba  maT Soris %-Si         

     sul  mlrd kvt.sT              hesi  Tesi  aesi  sxva 

aSS  3832,6  8,4  70,7  18,7  2,2 
CineTi  1166,2  17,8  81,0  1,2  - 
iaponia  1046,3  9,8  56,0  31,8  2,4 
ruseTi  827,1  19,3  68,2  12,5  - 
kanada  561,8  59,1  27,0  12,7  1,1 

germania  556,4  3,8  64,7  29,0  2,4 
safrangeTi  510,9  12,9  10,5  75,9  0,6 
SvedeTi  158,3  47,0  4,4  46,5  2,1 
norvegia  117,0  99,4  0,3  -  0,3 
TurqeTi  111,0  38,0  61,7  -  0,2 

azerbaijani  18,0  11,1  88,9  -  - 
saqarTvelo  8,1  79,0  21,0  -  - 

somxeTi  6,2  24,2  50,0  25,8  - 

 

dedamiwaze   hidroresursebi  gansazRvrulia,  rogorc  32,9 trln.kvt.sT  rom-

lis 25%  SeiZleba gamoyenebuli  iqnas ,rogorc teqnikur  ekonomikurad dasabuTebu-

li. msoflioSi 2010 wlisaTvis hesebSi   gamomuSavda   3427 milrdi kvsT eleqtruli 

energia, ramac Seadgina  msoflio  gamomuSavebis 16%. 

prognozis Tanaxmad,  2050  wlisaTvis  hidroeleqtrosadgurebis    gamomuSave-

bam unda  Seadginos   5‐5,5 trln.kvts. 

dReisaTvis msoflios   bevr qveyanaSi funqcionirebs   mZlavri   hesebi, magali-

Tad  CineTSi  simZlavriT 22,5 gvt. wliuri  gamomuSavebiT 2010  wlisaTvis  721 mlrd  

kvt sT, rac Seadgens  CineTSi   el. energiis  gamomuSavebis  17%.  aseve  brazilia  pa-

ragvais   sazRvarze  ‐ 14 gvt simZlavris, venesuelaSi10,2 mgvt, braziliaSi  8,37.   aSS ‐

Si  6,809 gvt.krasnoiarskis‐ 6gvt  ruseTSi.  
giganturi   hesebis garda intensiurad mimdinareobs   saSualo da mcire   hese-

bis mSeneblobac . dadgenilia ,rom  mcire mdinareebis hidroenergetikuli potencia-

li  Seadgens 150‐200 mgvt.‐ s. mcire hesebis simZlavre  msofloSi  2005‐2008 wlebSi ga-

izarda  28% ‐iT da Seadgina 85 gvt.  saqarTveloSi   hidroresursebi uzrunvelyofen  

moxmarebul el. energiis  daaxloebiT  80% ruseTSi  20,5%.   

msoflioSi el energiis   moxmareba maRalia   CineTSi   da aSS‐Si  , isini   msof-

lio moxmarebis 26% ‐s da 21% ‐s xolo  saqarTveloSi aRniSnuli  maCvenebeli 2024,97 

kvt.sT‐s Seadgens. 

            msoflioSi 1992-2012 wlebSi fiqsirdeba eleqtroenergiis warmoebis mudmivi 

zrda, saSualo wliuri 3,2%-is odenobiT.eleqtroenergiis mTliani warmoeba msof-
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lioSi 2011 wels 1992 welTan SedarebiT 80.1%-iT gaizarda 12,223.1 mlrd.kvts.sT-

dan 22,018. mlrd.kvt.sT-mde (grafiki1 ). 

 
grafiki1.msoflioSi eleqtroenergiis warmoebis tendencia,1992-2012ww. 

  
msoflioSi  eleqtroenergiis  yvelaze  didi  mwarmoebeli  da  momxmarebeli 

qveynebi arian CineTi,  aSS, iaponia,ruseTi, indoeTi, kanada, germania, safrangeTi, bra-

zilia da samxreT korea. 2012 wlis  1 ianvris  mdgomareobiT, am qveynebSi gamomuSave-

buli da moxmarebuli  eleqtroenergia Semdegnairad gadanawilda: (grafiki 2). 

 
grafiki2. msoflioSi eleqtroenergiis moxmareba  erT sul mosaxleze ,2012 wlis 1 ianvris 

mdgomareobiT. 

 
2011 wlis monacemebiT, regionSi eleqtroenergiis yvelaze didi  eqsporti ga-

naxorciela ruseTma 17,700 mln. kvt.sT‐is  odenobiT  (cxrili2).  

      
  cxrili 2. eleqtroenergiis balansi Savi zRvis auzis qveynebSi. 2011w.      

 
qveynebi  warmoeba         

(mlrd kvt.sT) 
moxmareba 
(mlrd kvt.sT) 

eqsporti 
(mln.kvt.sT) 

importi 
(mln.kvt.sT) 

ruseTi          92590          857.6         17.700        14,630 
TurqeTi          185.2          161          1.550          737 
ukraina          172.9          134.6          4.000        6.730 
rumineTi           60.98          51.46          3,850          767 
bulgareTi           34.31           28.3          7,735         5.073 
azerbaijani           22.55           18.8            812           596 
saqarTvelo            10.1           9.26            931           471 
somxeTi            7.43            5.8           1,36            17 
moldova            3.41           4.46              0          2,958 
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    ganaxlebadi  wyaroebidan  miRebul    eleqtroenergia    msoflio   warmoebis  23%‐s 

(45588,52 mlrd kv.sts) Seadgens. aqedan   77% (3516,00mlrd.kvt.sT)   hidroeleqtrosad-

gurebze modis da danarCeni   23%  (1072.52 mlrd.kvt sT) nawildeba qaris geoTermul, 

biomasis,  miqcevisa da  mzis  energiaze. msoflioSi eleqtroenergiis yvelaze didi 

mwarmoebeli da momxmarebeli qveynebi 2011 wlis mdgomareobT  arian Semdegi qveyne-

bi (grafiki3). 

     

 
grafiki3. msoflioSi  eleqtroenergiis  yvelaze didi mwarmoebeli da momxmarebeli  qveyne-

bi. 2011    wels(mlrd.kvt.sT) 

 

msoflio warmoebaSi  hidroenergetikis wili    17%‐ia,xolo sxva ganaxlebadi 

energiis ‐ 5%. 

 msoflios  10  udidesi    hidroeleqtroenergiis  mwarmoebeli  qveynebis  siaSi 

2004   wlidan   CineTi liderobs, romelic 2010 wlis   monacemebiT.   hidroeleqtroe-

nergiis  msoflio warmoebis 20,5%‐s gamoimuSavebs ( cxrili 3).        

 cxrili3. hidroeleqtroenergiis mwarmoebeli 10 udidesi qveyana 

 
hidroeleqtroenergiis  10 udidesi mwarmoebeli qve-
yana 

mlrd.kvt.sT  msoflio warmoebis 
% 

CineTi           722           20,5 
brazilia           403           11,5 
kanada           352           10,0 
amerika           286            8,1 
ruseTi           168            4,8 
norvegia           118            3,4 
indoeTi           114            3,3 
iaponia            91            2,6 
venesuela            77            2,2 
safrangeTi            67            1,9 
danarCeni  msoflio           1,118           31,7 
sul  msoflio           3,516          100,0 

 

zemoT  moyvanili  monacemebi  gvCvenebs,  rom  hidroenergetika    yvela  qveynis  

prioritetia. 

am fonze saqarTvelo, romelic mdidaria hidroenergoresursebiT, eleqtroe-

nergetikuli seqtoris generaciis simZlavreebis 80% hidrogeneraciaze modis. didi 

da saSualo sididis mdinareTa Teoriuli hidroenergoresursebi daaxloebiT 136 
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mlrd. kvt.sT‐ia, maT Soris teqnikuri 68, xolo ekonomiuri (ganviTarebis Tanamedro-

ve etapze gamoyenebisaTvis ekonomikurad mizanSewonili) 32 mlrd. kvt.sT-ia. miuxeda-

vad amisa, saqarTvelos hesebma 2014 wels gamoimuSaves 8221 mln.kvt.sT  eleqtroener-

gia, anu teqnikuri SesaZleblobis mxolod 12,1%. mdgomareobis gamosworebis mizniT 

uaxloes  momavalSi  saqarTveloSi dagegmilia    mniSvnelovani  proeqtebi, romelTa 

ganxorcielebis  Semdeg,  qveynis  generaciis  simZlavreeebi    mniSvnelovnad  moima-

tebs(cxrili 4). 

              cxrili 4. saqarTvelos energosistemis energiis saprognozo balansi (mlrd. 

kvt. sT. )               
weli  generacia  hesebi  Tbosadgurebi  moxmareba  eqsporti 

2014  10.37  8.34  2.04  10.62  -0.25 
2015  11.57  9.48  2.09  11.15  0.42 
2016  12.79  10.34  3.00  11.71  1.08 
2017  13.99  10.99  2.30  12.29  1.70 
2018  14.03  11.72  2.65  12.91  1.12 
2019  16.39  13.73  3.64  13.55  2.84 
2020  19.94  16.30  2.18  14.23  5.71 
2021  24.52  22.34  1.37  14.94  9.58 
2022  26.78  25.42  1.85  15.69  11.09 
2023  27.26  25.42  2.38  16.48  10.78 
2024  27.80  25.42  2.97  17.30  10.50 
2025  28.42  25.42  3.64  18.16  10.26 

   Sedegad, igi ara mxolod  daakmayofilebs qveynis moxmarebis da misi zrdis maCvene-

bels, aramed am simZlavris naWarbi gava eqsportzec. 
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6. energetikis saerTaSoriso saagentos statistikuri krebulebis ,,key word energy           statis-

tics” 2011-2014.  
7. ,,saqarTvelos gadamcemi qselis ganviTarebis aTwliani gegma 2015-2025.“ saqarTvelos sa-

xelmwifo eleqtrosistema.2015 weli 
 

HYDROPOWER DEVELOPMENT TRENDS IN THE WORLD 
Nemstsveridze M.,  

Georgian Technical University 
Summary 

In modern conditions the energy sector is the driving force of any country's economics. The development 
of Energy infrastructure and energy resource utilization is one of the major areas of all countries including Georgia.  

The world's energy resources are among the leading position in the development of the hydropower resour-
ces, but their development level is still low. Though there are the leader countries such as: China, Brazil, Canada, 
USA and etc., which generate electricity mainly from hydroelectric power plants. The paper deals with the hydropo-
wer potential of these countries and the current state of the energy sector. 
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saxelmwifo politikis roli ganaxlebadi  
energetikis ganviTarebaSi 

 
bibilaSvili l. 

goris saxelmwifo saswavlo universiteti 
                                                   
     saxelmwifo miznobrivi politikis rols ganaxlebadi energiebis ganviTarebisa da 
danergvis saqmeSi gansakuTrebuli mniSvneloba aqvs. rom ara energetikis saerTaSoriso 
saagentos wevri qveynebis mizandasaxuli saxelmwifo  politika, ganaxlebadi energiis 
wyaroebis ganviTareba SeuZlebeli iqneboda, radgan es energiebi Zviri jdeba da naxSir-
wyalbadebs saTanado konkurencias ver uwevs. 
 
      ekonomikaSi ganaxlebadi energoresursebis gamoyenebis saWiroeba obieqtu-

ri aucileblobiTaa ganpirobebuli. axla msoflios TiTqmis yvela qveyana saT-

bob-energetikuli resursebis deficits ganicdis. Tu kacobrioba momavalSic 

Seecdeba am energodeficitis Sevsebas mxolod arsebuli tradiciuli energore-

sursebis warmoebis gazrdiT, es araTu miuRweveli  iqneba, aramed mkveTrad ga-

amwvavebs ekologiur viTarebas. amas ganapirobebs is garemoeba, rom saTbob-

energetikuli kompleqsis dargebi ekonomikis sxva dargebTan SedarebiT yvelaze 

ufro metad aWuWyianebs garemos. buneba binZurdeba energoresursebis aramarto 

mopovebis, warmoebis da moxmarebis dros, aramed aseve irRveva garemos siTburi 

wonasworoba.                                        

saqarTvelos ganaxlebadi energiis wyaroebis didi potenciali aqvs.  mi-

axloebiTi daTvlebiT, qaris, mzis, geoTermul da bio masis energetikuli po-

tenciali wliurad15-17mld kv/sT-s Seadgens.amaTgan qaris energiis wliuri po-

tenciali 3-4 mld kv/sT-ia, mzis-3-5 mlrd. kv/sT, xolo geoTermuli energiis -

2mld kv/sT. 

amJamad saqarTvelo wliurad daaxloebiT 10 miliard kv/sT eleqtroener-

gias, 2 miliard kubur metr bunebriv gazs da 1100 aTas tona navTobproduqts 

moixmars. moxmarebuli resursebis 71% mezobeli qveynebidan aris importirebu-

li. am mxriv gamonakliss warmoadgens eleqtroenergia, romlis ZiriTadi wili 

(71%) did, saSualo da mcire hidroeleqtrosadgurebze modis. danarCeni 29% im-

portirebul bunebriv gazze iwarmoeba. 

dRevandeli moxmareba bevrad CamorCeba rogorc sabWoTa periodis, ise 

ganviTarebul qveynebSi erT sul mosaxleze moxmarebis maCvenebels (es maCvene-

beli wliurad 5000-7000 kv/sT-s Seadgens) Tumca, savaraudoa, rom ekonomikis gan-

viTarebasTan da mosaxleobis msyidvelobiTunarianobis zrdasTan erTad moma-

valSi energoresursebze moTxovna gaizrdeba. Sesabamisad, saqarTvelos xeli-

suflebam  unda daiwyos zrunva imaze, Tu rogor dakmayofildeba gazrdili mo-

Txovna - mezobeli qveynebidan  resursebis importis gazrdiT, Tu saqarTvelos-

Tvis specifiuri ganaxlebadi resursebis maqsimaluri gamoyenebiT da energoe-

feqturobis amaRlebiT.  

bunebrivia, sasurvelia,rom saqarTvelom, rogorc energoresursebis suf-

Ta importiorma qveyanam, evrokavSiris ganviTarebuli importiori qveynebis 

msgavsad, energoefeqtianobis gazrdisa da adgilobrivi ganaxlebadi wyaroebis 

maqsimaluri aTvisebis gza airCios,miT umeTes, rom evropuli da saerTaSoriso 

masStabis energetikul da garemosdacviT organizaciebSi gawevrianebiT da ev-

rokavSirisaken oficialurad gacxadebuli miswrafebiT mas es valdebuleba uk-

ve aRebuli aqvs. 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  216

evrokavSiris samezoblo politika am procesSi monawile  qveynebs pirda-

pir avaldebulebs, TavianTi energopolitikis da energetikis sferos mareguli-

rebeli sakanonmdeblo aqtebis evrokavSiris qveynebis Sesabamis sakanonmdeblo 

aqtebTan da energopolitikis ZiriTad debulebebTan  harmonizacia  moaxdinon. 

evrokavSiris  energetikuli  usafrTxoebis  politika oTx ZiriTad mimarTule-

bas moicavs. esenia (1) importirebul  resursebze damokidebulebis Semcireba, 

(2)energoefeqtianobis  amaRleba, (3)adgilobrivi ganaxlebadi wyaroebis maqsima-

luri gamoyeneba da (4) atmosferoSi saTburi gazebis (romlebsac ZiriTadad 

naxSirwyalbadebis gamoyeneba warmoSobs)1 gasrolis Semcireba.  ganaxlebadi 

wyaroebis gamoyeneba xels uwyobs importirebul resursebze damokidebulebis 

Semcirebas. 

evrokomisiis gadawyvetilebiT, evrokavSiris qveynebis energetikul balan-

sSi ganaxlebadi energiis wyaroebis (qari,mze,biomasa, geoTermuli) wili 2010 

wlisaTvis 10%-s, 2015 wlisaTvis 15%-s 2020 wlisaTvis 20 %-s unda Seadgendes. 

amis miRweva advili ar aris, radgan ganaxlebadi energiis wyaroebisa da geo-

Termuli energiis TviTRirebuleba aRemateba naxSirwyalbadebis TviTRirebule-

bas da Sesabamisad, mas konkurencias jer ver uwevs,Tumca saerTaSoriso energe-

tikul bazarze fasebis koniuqturis cvalebadoba ukve qmnis xelsayrel piro-

bebs ganaxlebadi energiis wyaroebis ganviTarebisaTvis. 

1973 wlis pirveli navTobis krizisis Semdeg ganviTarebuli qveynebi nav-

Tobis importis Semcirebis da ganaxlebadi  wyaroebis  ganviTarebis aucileb-

lobis winaSe aRmoCndnen. 90-ian wlebSi  importze damokidebulebis Semcirebis 

aucileblobas daemata  sazogadod naxSirwyalbadebis amowurvadobis SesaZleb-

lobis  gacnobiereba, saerTaSoriso energetikul  bazarze  arsebuli fasebis 

cvalebadoba da garemoze mavne zemoqmedebis  mqone emisiebis  Semcirebis auci-

lebloba. 

ganaxlebadi energiebis ganviTarebis waxalisebis mizniT energetikis sa-

erTaSoriso saagentos wevri qveynebi 1975 wlidan dawyebuli sxvadasxva midgo-

mebs mimarTavdnen. am midgomebs Soris iyo garantirebuli fasebi4, savaldebulo 

kvotebi5, investiciebis waxaliseba, xelsayreli  sagadasaxado reJimi da sxv. 

amasTan erTad, TiToeuli qveyana Tavad irCevda, Tu rogor ganeviTarebina ga-

naxlebadi  energiis esa Tu is wyaro. 

hidroenergetikuli resursebiT mdidar saqarTveloSi SesaZlebelia aSen-

des 1200-ze meti mcire hidroeleqtrosadguri, 3700mgvt. jamuri simZlavriT,ro-

melTa saSualowliuri gamomuSaveba 16 mlrd.kvt.sT-ia. 

saqarTveloSi arsebobs Termuli wylebis mopovebis gazrdis perspeqtiva, 

rasac adasturebs qveyanaSi Termuli wylebis arsebuli maragi. Termuli wylebi 

ZiriTadad, SeiZleba gamoviyenoT sasoflo-sameurneo da samrewvelo sawarmoTa 

TbomomaragebaSi, agreTve nawilobriv qalaqebisa da dasaxlebuli punqtebis ko-

munalur-sayofacxovrebo saWiroebisaTvis. saqarTvelos pirobebSi gansakuTre-

buli mniSvneloba eniWeba mzis energiis gamoyenebis gafarToebas. analizi gviC-

venebs,rom uaxloesi perspeqtivisaTvis saqarTveloSi mzis energiis gamoyenebiT 

SesaZlebeli iqneba wliurad daizogos daaxloebiT 40-50 aTasi tona pirobiTi 

saTbobi. amisaTvis aucilebelia am mxriv samecniero-kvleviTi da sameurneo-or-

ganizaciuli samuSaoebis gaZliereba da rac mTavaria, kerZo kapitalis mozidva. 

saqarTveloSi kargi perspeqtivebia qaris energiis gamoyenebisaTvis. ro-

gorc gamokvlevebma gviCvena, energetikuli danadgarebis gamoyeneba SedarebiT 

yvelaze ukeTes ekonomikur maCveneblebs iZleva im raionSi, sadac qaris saSua-
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lo wliuri siCqare wamSi 5 m-ia (quTaisi, yazbegi, mamisoni, mTa-sabueTi da sxv.) 

biologiuri gadamuSavebis Sedegad mniSvnelovani energetikuli gamoyene-

ba SeiZleba mivceT mrewvelobis, soflis meurneobis,  komunaluri da sayofa-

cxovrebo seqtoris narCenebs. aseTi gadamuSavebiT miRebuli biogazi gansakuT-

rebiT efeqturi SeiZleba gamodges sasoflo-sameurneo raionebisaTvis. aris ma-

galiTebi, roca mecxoveleobis mowinave fermebSi, TavianTi energetikuli  mo-

Txovnilebis mniSvnelovan nawils swored nakelis gadamuSavebiT ikmayofileben. 

Tu saqarTvelo realurad miiswrafvis evrokavSirisken, importirebul 

energoresursebze damokidebulebis Semcirebis da garemoze mavne zemoqmedebis 

Semcirebis mizniT, man unda: 

 gaataros mkacri energodazogviTi da energoefeqtianobis politika; 

 maqsimalurad xeli Seuwyos qveynisTvis specifiuri ganaxlebadi  wyaroebis 

maqsimalurad gamoyenebas; 

amisTvis saqarTvelom unda gaiTvaliswinos evrokavSiris qveynebis gamoc-

dileba da Seqmnas ganaxlebadi energetikis wyaroebis ganviTarebis xelSewyobi-

saTvis saWiro sakanonmdeblo baza da samoqmedo gegma, romelic detalebSi asa-

xavs saqarTvelosaTvis specifiuri ganaxlebadi energiis wyaroebis bazarze 

daSvebis gzebs da saSualebebs. 

 
gamoyenebuli literatura: 
1. ComaxiZe d . saqarTvelos energetikuli potencialis gamoyenebis ekonomikur-ekologi-
uri problemebi  Tbilisi Tergi .2002 272gv. 
2.kapanaZe S.  mikro da mcire hesebi praqtikul magaliTebSi  Tb.2000w. 
3.dadiani m. cabaZe n. saqarTvelos mdinareebis mcire hidroenergetikuli teqnikuri po-
tencialis katastri Tb.2006 
4.erisTavi e. ComaxiZe d. cincaZe p. energetikis regulirebis safuZvlebi  Tbilisi 2001  
395gv. 
5.bibilaSvili l. ganaxlebadi energetikis ganviTarebis perspeqtivebi saqarTvelo-
Si//erovnuli ekonomikis mdgradi ganviTarebis aqtualuri problemebi. saerTaSoriso 
samecniero-praqtikuli konferenciis masalebis krebuli Tbilisi 2015w.  367-369gv. 
 

THE ROLE OF STATE POLICY IN THE DEVELOPMENT OF RENEWABLE ENERGY. 
Bibilashvili L.,  

Gori State Educational University. 
Summary 

The paper dwells on the prospects for the use of local renewable energy resources. The share of renewable 
energy in the total electricity production of 92%. 

 

 

ОБ ИТОГАХ ОПРОСА ОБЩЕСТВЕННОГО МНЕНИЯ ПО ВОПРОСАМ 
ЭНЕРГОЭФФЕКТИВНОГО ПОТРЕБЛЕНИЯ ЭНЕРГОРЕСУРСОВ,  

ПРОВЕДЕННОГО В Г.КУТАИСИ 
 

Пурцеладзе И.*, Ионанидзе А.**, Дзадзамия Д.* 
*Государственный университет им.А.Церетели, **НПО «Студенты за энергоэффективность» 

 
Представлены итоги опроса населения по вопросам потребления энергоресурсов и использования 
энергосберегающих средств в условиях домохозяйств на примере г.Кутаиси. Для опроса использован метод 
стихийного отбора. Опрос показал низкий уровень использования энергоэффективных подходов, что, в 
первую очередь, обусловлено недостаточным информированием населения и недоступностью дорогого 
оборудования.  
  



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  218

Как известно, на локальном уровне энергоэффективность помогает увеличить социальное 
благосостояние и конкурентоспособность экономики посредством уменьшения счетов за энергию 
и создания рабочих мест. Сбережение единицы энергии в результате  изоляции зданий, 
оптимизации или обновления энергетических систем конечных потребителей менее затратное 
мероприятие [1]. Для таких стран, как Грузия,  энергоэффективность может способствовать 
урегулированию проблемы с балансированием мощности, пока не будут построены или созданы 
новые генерирующие мощности. 

Как известно, улучшение энергоэффективности конечного потребителя играет важную 
роль в политике энергоэффективности. Спрос на электроэнергию  в домохозяйствах составляет ----
% потребности в конечной энергии, что свидетельствует о росте потребления энергии в Грузии. С 
этой точки зрения, особый интерес представляет отношение населения к энергопотреблению с 
учетом энергосбережения и внедрения энергоэффективных принципов. 

С этой целью в рамках проекта  “ЭСКОМ” неправительственной организацией  “Студенты 
за энергоэффективность”  был проведен опрос конечных энергопотребителей, в частности, 
домохозяйств в г.Кутаиси. Кутаиси по величине является вторым городом в Грузии, большая 
часть населения проживает в частных домах с приусадебным участком. Участники опроса были 
отобраны  в результате стихийного отбора, часть респондентов была опрошена с помощью 
Интернета. Среди опрошенных 24,3% семьи с тремя и менее членами, 44% - семьи  из 3-5 членов, 
31,7% -семьи из 5 и более членов. 

Интересно, что участники опроса  проживали в домах следующих 4 типов: 
1. Частный дом с приусадебным участком (44,7%). 
2.  Частный дом без приусадебного участка (5,7). 
3.  Квартира в современном здании (3,3%). 
4.  Квартира в здании старого типа (46,3%). 

Как показал опрос, только  4,3%  конечных энергопотребителей  использует теплоизоляцию 
строений. Большинство опрошенных использует металлопластмассовые окна (55,7%), хотя 
необходимо отметить и тот факт, что часто аналогичные средства используются ввиду низких цен, 
а не с целью эффективного использования энергоресурсов.  

Особый интерес представляет вопрос обогрева помещения в отопительный период. 
Согласно данным опроса, чаще всего обогревается лишь часть площади или одна  жилая комната. 
Так, 52% обогревает половину площади жилого помещения, 20,7 % - только две комнаты. 
Полностью все помещение обогревает только 13,7% опрошенных.  85% опрошенных в качестве 
топлива использует газ. Примечательно, что за последние годы значительно сократилось 
использование дров для обогрева помещений, что является важнейшим достижением с учетом 
того факта, что в начале века население, в основном, в качестве источника энергии использовало 
только дрова. 

Вид топлива, используемого для обогрева 
помещения

природный газ
83%

дрова
5%

электроэнергия
11%

др.
1%
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Во время отопительного  сезона расходы на электроэнергию  составляют менее 10% семейного 
бюджета  для 51,3% опрошенных, менее 20% - для 34% опрошенных, менее 30% -  для 8,3% 
опрошенных, 40% и более – для 1,7% опрошенных.  
 Тогда, как в остальное время, аналогичные расходы составляют следующие значения: 
менее 10% семейного бюджета расходуется на оплату электроэнергии  для 85,7% опрошенных, 
менее 20% - для 9,3% опрошенных, менее 30%- для 3,7% опрошенных. 
 Опрос показал, что население  активно использует природный газ, что является 
положительным фактором. Расходы, связанные с использованием природного газа, во время 
отопительного периода следующие: менее 10% семейного бюджета – для  39,4% опрошенных, 
менее 20% - для 43,1%. В остальное время  расходы на природный газ для 90,9% опрошенных 
составляют менее 10% семейного бюджета. 

56% опрошенных пользуются ли энергоэффективными средствами. 

Пользование энергоэффективными средствами

56%

19,00%

25%

0% 10% 20% 30% 40% 50% 60%

да

нет

не знаю

 
 

Основная часть опрошенных считает, что необходимо экономить энергию. Однако, 
причины неоднозначны.Часть опрошенных считает, что, в первую очередь, это необходимо  для 
сокращения расходов на энергопотребление. Для другой части поводом для экономии энергии 
является  ограниченное количество природных ресурсов.  “Очень важно сокращение потребления 
энергоресурсов, как для сокращения оплаты так и для избавления от тяжелых последствий 
глобального потепления и климатических изменений”. 

Участники опроса также считают, что у них нет достаточной информации о том, как 
сократить потребление  энергоресурсов, ввиду чего не могут повысить эффективность 
собственного энергопотребления.    “Очень важно, хотя не можем предпринять каких-либо мер. Во 
первых, у нас нет информации об эффективных методах  сокращения потребления 
энергоресурсов. Также недоступна техника, которая потребляет меньше энергии или работает на 
солнечной энергии”. 

Большинство опрошенных не в курсе эффективного использования энергоресурсов, хотя 
имеет желание получить больше информации, как с целью улучшения бюджета семьи, так и 
охраны окружающей среды, что подчёркивает необходимость доступности информации о 
энергоэффективности для широких слоев населения, что способствует достижению эффективных, 
с точки зрения затрат, энергосбережений.  
 
Литература. 
1.Регуляторные аспекты политик энергоэффективности. 2011. Учебник, разработанный по программе 
INOGATE. Проект «Наращивание потенциала для устойчивого регулирования энергетики в Восточной 
Европе и Центральной Азии» под  руководством Региональной ассоциации органов регулирования 
энергетики (ERRA). 
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ABOUT THE RESULTS OF PUBLIC OPINION POLL ON ENERGY-EFFICIENT CONSUMPTION 
OF ENERGY RESOURCES CONDUCTED IN KUTAISI CITY . 

 Purtseladze I., Ionanidze A., Dzadzamia D., 
 Akaki Tsreteli State University, NGO “Students for Energy Efficiency” 

Summary 
The paper dwells on the results of public opinion poll on energy-efficient consumption of energy resources 

and using energy-saving facilities under conditions of households by the example of Kutaisi City.  For this poll there 
has been used the method of spontaneous selection.  Poll has shown a low level of using the energy-efficient appro-
aches, that is conditioned in the first place by insufficient provision of information to the public and inaccessibility 
of the expensive equipment.     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  221

 

 

energiisa da resursebis damzogavi 
teqnologiebi energetikaSi, 

mrewvelobaSi, mSeneblobasa da 
transportSi 
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saavtomobilo gzebis  mSeneblobis  da eqspluataciis energo teva-
doba da misi Semcirebis gzebi 

 
baraTaSvili m. 

ak.wereTlis saxelmwifo universiteti 
 

asfaltbetonis safariT mowyobili, saavtomobilo gzebis mSenebloba da eqspluatacia 
mniSvnelovani energo tevadi procesia, statiaSi warmodgenilia asfaltbetonis safaris 
mowyobisa, masalis warmoebidan mis dagebamde da eqspluatasiisas savaraudo energo da-
naxarjebi, da maTi analizis safuZvelze warmodgenilia maTi Semcirebis gzebi 
 
       saqarTvelos ekonomikis zrda da misi rogorc stabilurad mdgradad  

ganviTarebadi   qveynis perspeqtivebi damokidebulia misi, rogorc satranzito 

qveynis potenciis efetur gamoyenebaze. bolo aTwleulebSi saqarTvelos ro-

gorc tranzituli qveynis mimarT interesebi mniSvnelovnad gaizarda es ki Sesa-

bamisad zrdis am rolis efeturad Sesrulebisatvis saWiro  infrastruqturis 

mimarT moTxovnebs.  

satranzito gadazidvebis meti wili avtotransportze modis da bunebrivia 

saavtomobilo gzebi satransporto infrastruqturis mniSvnelovan saxeobas 

warmoadgens. gadazidvebis moculobebis zrda da gadazidvebis usafrTxoebis 

standartebi, iTxovs gzebis maRal teqnikur ekonomikur parametrebs da xSirad 

gzebis usafrTxo monakveTebis mSenebloba qveynis ganviTarebis prioritetul 

mniSvnelobas iZens. gansazRvrulia qveynis saerTaSoriso da Siga saxelmwifoeb-

rivi daniSnulebis gzebis nusxa.  

-saerTaSoriso daniSnulebis saavtomobilo gza-1455km.                         

-Siga saxelmwifoebrivi daniSnulebis gza–5446km.                               

-adgilobrivi mniSvnelobis gza –15425km.                                    

oTx zoliani saavtomobilo gzis monakveTi 125km.   

      saavtomobilo gzebis mSeneblobisas, remonteze da sarekonstruqcio samu-

Saoebis warmoebisas mniSvnelovania maqsimaluri sizustiT iqnas gansazRvruli 

sxvada sxva mimarTulebiT energo danaxarjebis mniSvnelobebi, raTa sworad iq-

nas Sefasebuli ama Tu im obiqtis mosalodneli energo tevadoba mSeneblobisa 

da eqspluataciis stadiaze energo efeqturobis mniSvnelovnad gazrdis mizniT. 

obieqtis energo efeqturobis maCveneblis Sefaseba unda warmoebdes proeqtire-

bis etapze, sxva teqnikur ekonomikuri maCveneblebisa da garemos dacvis Ronis-

Ziebebis gaTvaliswinebiT. yvelaze efeqturi resurs da Sesabamisad energo dam-

zogi teqnikuri gadawyvetis gamovlenis mizniT, aucilebelia mSeneblobisas mo-

salodneli materialuri, energetikuli da finansuri resuresebis SedarebiTi 

obieqtuRi analizi. obieqtis teqnikuri parametrebis SedarebiTi analizisas fa-

sebis cvalebadobiT gamowveuli uzustobebis Tavidan acilebis mizniT yvelaze 

efeqturi energo danaxarjebis maCveneblebis daTvla da teqnikuri gadawyvetis 

variantebis Sesabamisad maTi SedarebiTi analizi. am dros energo danaxarjebis 

Sefaseba warmoebs vat/sT-Si an pirobiT sawvavis xarjiT tonebSi. ase magaliTad 

asfaltbetonis safaris mowyobisas procesis energo danaxarjebis Sefasebisas 

cxadi xdeba rom danaxarjebi aris mSeneblobis calkeuli etapze gaweuli ener-

go danaxarjebis jami. asfaltbetonis safaris mowyobamde warmoebs asfaltbe-

tonis narevis warmoebisaTvis saWiro inertuli da blanto organuli masalebis 

warmoeba da transportireba, am masalebis narevis warmoebisaTvis momzadeba, ma-
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salis warmoebis da mza masalis moxmarebis adgilamde transportirebis proce-

si. asfaltbetonis narevis adgilze mowyoba da misi tkepna. energo danaxarje-

bis mSeneblobis procesSi calkeuli etapebis mixedviT analizisas cxadi xdeba 

rom danaxarjebis 25-45% modis masalebis momzadebisa da maT transportirebaze. 

magaliTisaTis adgilobrivi daniSnulebis 1 km sigrZis da 7 m. siganis 10 sm sis-

qis orzoliani safaris mowyobisTvis saWiroa 1650 t-mde asfaltbetonis narevi. 

maT Soris 850 t, RorRi, 580 t, sila, da 90 t. minaraluri fxvnili. Sesabamisi 

mowyobilobebisa da manqanebis teqnikuri maCveneblebis Sesabamisi informaciis 

arSebobis SemTxvevaSi  didi sizustiTaa SesaZlebeli energo danaxarjebis Se-

faseba. arsebuli MmeTodikiT arsebobs litrebSi pirobiT sawvavis raodenobis 

mixedviT 1 tona asfaltbetonis warmoebisas danaxarjebi Semdegnairad gamoiyu-

reba; portlandcementi-7,63, bitumi-0,62, RoRri-0,062, sila-0,016, mineraluri 

fxvnili-0,6. angariSebis mixedviT 1 km sigrZisa da 7 metr siganis saavtomobilo 

gzis asfatbetonis safariT mowyobisas ixarjeba 125 g.joul energia, imave para-

metebis gzis safarisTvis masalebis warmoebaze da transportirebaze ki 680 

g,joul energia. c015  gare temperaturis pirobebSi narevis momzadebisaTvis sa-

Wiro temperaturamde gaTbobisaTvis saWiroa 2,5 g.joul energia. RorRis teqno-

logiis mixedviT saWiro c0160    temperaturamde gaxiurebaze ixarjeba 150  g.jo-

ul energia. 25-50 t/sT moculobis asfaltbetonis narevis mwarmoeblobis mqone 

saSrobi dolis muSaobisas energiis xarji Seadgens 250-300 kg/sT. el,Zravis 

dadgmuli simZlavre 60-11 kvt-ia. zogadad mineraluri masalebs saSrob dolSi 

gaTbobaze da Srobaze energiis xarJi masalis saerTo masis 0,8-1,2%-s Seadgens. 

asfaltbetonis safaris momzadebaze energo danaxarjebi iyofian daniSnulebis 

mixedviT: bitumis Senaxvaze da momzadebaze 0.007 g.joul/t-ze. qarxnis SigniT 

mineraluri inertuli masalis transportirebaze 0,005 g.joul/t-ze. saSrobi 

dolis muSaobaze  0,005 g.joul/t-ze. Semrevi dolis muSaobaze 0,021 g.joul/t-

ze. 1600 tona asfaltbetonis narevis momzadebaze saSualod ixarjeba 57-60 

g.joul energia.  asfaltbetonis safaris adgilamde 20-25 km manZilze saSua-

lod transportirebaze Seadgens 0,07-0,1 g.joul/t-ze. 1 kv.m farTobze narevis 

dagebaze  ixarjeba 0,125-0,170 g.joul energia. analizi aCvenebs rom narevis mom-

zadeba gadtanaze ixarJeba saerTo danaxarjebis  25-30%, mza masalis obieqtamde 

transportirebaze saerTo danaxarjebis 10-15%. asfaltbetonis narevis momzade-

baze ixarjeba moxmarebuli energiis 40-45%, uSualod datkepnis procesze ki 5% 

energia modis. arsebuli monacemebis analizi iZleva asfaltbetonis safaris 

mowyobisas, energiis dazogvis  gzebis gamoZebnis saSualebas. saerTo procesi-

dan is energo danaxarjebis Semcirebis mniSvnelovani mimarTulebebi unda gan-

vixiloT im stadiebze sadac energiis xarjvis meti wili modis, aq mniSvnelova-

nia asfaltbetonis narevis momzadebis procesi, axali Tanamedrove mowyobilo-

bebi iZlevian narevis momzadebisas energiis mniSvnelovnad Semcirebis SesaZleb-

lobebs, adgilobrivi axlo mdebare karierebze masalis daZieba da maTi gamoye-

neba energo danaxarjebis Semcirebis saukeTeso saSualebaa. magram energo dana-

xarjebis Semcirebis yvelaze efeqturi saSualeba, safaris dagebisas inovaciu-

ri teqnologiebis da Tanamedrove axali teqnikuri saSuaebebis maqsimaluri ga-

moyenebaa, raTa mniSvnelovnad gaizardos safaris mowyobis xarisxi, misi xangam-

Zleobis gazrdis mizniT. amisaTvis proeqtirebis stadiazeve sworad unda iqnas 
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gansazRvruli gzis mzidi fenebi, adgilobrivi specifikis, klimaturi pirobe-

bis, gruntis wylebis mdgomareobis, maqsimalurad gaTvaliswinebiT. asfaltbe-

tonis gzis rekonstruqciis an kapitaluri remontisas, safaris mowyobis energo 

danaxarjebis Semcirebis mizniT, gzidan aRebuli asfaltbetonis masalis meora-

di gamoyenebis SesaZleblobebi maqsimalurad unda iqnas gaTvaliswinebuli. sa-

yuradReboa energo danaxarjebis Semcirebis kide erTi mniSvnelovani mimarTu-

lebis gaTvaliswineba, energo danaxarjebis xvedriTi wili modis asfaltbeto-

nis safaris adgilamde transportirebaze, aq arsebobs mobiluri asfaltbeto-

nis qarxnebis an Tanamedrove axali tipis did tevadobis satransporto saSua-

lebebis gamoyenebis SesaZleblobebi, es gansakuTrebiT mniSvnelovania roca 

gzebis mSenebloba warmoebs mTiani reliefis pirobebSi sadac transportirebze 

mniSvnelovnad izrdena energo danaxarjebis maCveneblebi.  aRniSnuli mimarTu-

lebebiT energiis dazogvis mizniT swori gadawyvetilebis miReba iZleva energo 

danaxarjebis 15-25%-iT Semcirebis saSualebas. amiT ki mniSvnelovnad izogeba 

resursebi, mcirdeba garemoze negetiuri zemoqmedebis safrTxeebi, da mniSvne-

lovnad mcirdeba finansuri danaxarjebi xarisxis SenarCunebis da rig SemTxve-

vaSi gazrdis pirobebSic.   
 

literatura  A  
1.Аринушкина Наталья Сергеевна.  Усовершенствование технологии устроиство асфалтобетонных 
покрытии Всестник Харьковского национального автомобильно-дорожного университета. Строительное и 
дорожное машиностроение ст. 30-2005, ст 45.-67 
2 .Зубков А.Ф. Технология устройства дорожных покрытий с учетом температурных режимов асфальтобетонных 
смесей. Тамбов, 2006. ст 27-32 
                                           

ROADS CONSTRUCTION OF ENERGY COST-REDUCTION OPPORTUNITIES 
M. Baratashvili 

Akaki Tsereteli State University 
Summary 

Asphalt roads requires a large amount of energy. Large energy is needed, both in the production, transporta-
tion and the construction stage. A large share of energy consumption, material production and asphalt Satsire trai-
ning. It is important to asphalt paving process. Separate analysis of the process makes iстpossible to reduce energy 
costs. At this time it is important to maintain the quality and increase their environmental impact. 

 

 

 

 

wnevis qveS momuSave gazis rezervuaris fizikuri afeTqebis energia 
 

ananiaSvili g. 

visol petrolium jorjia 
 

naSromSi warmodgenilia dawnexili bunebrivi gazis rezervuaris fizikuri afeT-
qebis energiis Teoriuli sididis gamosaTvleli ramdenime meTodi. warmodgenilia am me-
Todebis SedarebiTi monacemebi. zogadad, ganxilulia fizikuri afeTqebis dartymiTi 
talRis destruqciuli zemoqmedeba adamiansa da garemoze. mocemulia wnevis qveS momu-
Save WurWlis fizikuri afeTqebis feTqebadi nivTierebis eqvivalenturi masebis dasaan-
gariSebeli formula da magaliTi. 

 
zogierTi SefasebiT, saqarTveloSi dawnexil bunebriv gazze gadawyobili 

avtomobilebis ricxvi 250 aTass aWarbebs [1]. 

TbilisSi, ramodenime gazsavseb sakompresoro sadgurze avtomobilebze 
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xangrZlivi dakvirvebis Sedegebma cxadhyo, rom gazze momuSave daaxloebiT yo-

vel 10 aTas avtomobilze modis erTi avtomobili, romlis gazbaloniani mowyo-

biloba aRWurvilia avariulad damcleli sarqveliT (PRD  ‐ Pressure Relief   Device). 

avariulad damcleli sarqvelebi saavtomobilo gaz-baloniani sistemis usaf-

rTxoebis umniSvnelovanes nawils warmoadgens [2]. 

wnevis qveS momuSave WurWlis swor gamoyenebaze kontrolis ararseboba 

mkveTrad zrdis aseTi balonebis gaskdomis safrTxes. 

wnevis qveS momuSave balonis gaskdoma warmoadgens fizikur afeTqebas. 

gaskdomis Sedegad gaTavisuflebuli gazis gafarToeba myisierad mimdinareobs 

da es moZraoba dartymiT talRas warmoqmnis. dartmiTi talRa warmoadgens hae-

ris moZrav ubans, romelSic naxtomiseburad icvleba haeris simkvrive, wneva da 

moZraobis siCqare. dartymiTi talRis frontze Warbi wnevis sidide gansaz-

Rvravs talRis simZlavres. gavrcelebisas dartymiTi talRa destruqciul ze-

moqmedebas axdens adamianis organizmsa da Senoba-nagebobebze. afeTqebis sim-

Zlavre izomeba qimiuri feTqebadi nivTierebis eqvivalenturi masis gamoyenebiT. 

aseT feTqebad nivTierebas, rogorc wesi, warmoadgens trotili, romlis afeT-

qebis energia 4.184 megj/kg-ia [3]. WurWlidan gaTavisuflebuli dawnexili gazi 

gafarToebisas asrulebs samuSaos, romlis gamoTvlis ramdenime meTodi arse-

bobs. simboloebiT  da  aRniSulia, Sesabamisad, WurWelSi sawyisi da sa-

boloo wneva (megpa);  aRniSnavs avzSi gazis moculobas, m3;  aris 1 kilomo-

li gazis moculoba normalur pirobebSi, 0.022414 m3;  aris adiabaturi kon-

stanta, romelic udris 1.27-s bunebrivi gazisTvis1;  - airis mudmivaa, 8.314 

j/(moli. );  garemos temperaturaa gradusebSi kelvinis skaliT;  - gaskdomi-
sas gaTavisuflebuli energia, megj. 

a. adiabaturi gafarToebis meTodi: 

 
b. izoTermuli gafarToebis meTodi [4]: 

 
c. broudis meTodi (H.L. Brode, 1959), [4]: 

 
d. qroulis analizis Sedegad miRebuli Termodinamikuri gantoleba 

(D.A. Crowl, 1992), [5]: 

 
  1.5 frius meTodi (R. W. Prugh, 1991), [6]:  

 
mocemul gantolebaSi megpa-is erTeulSi Sedegis misaRebad gamoiyeneba 

                                                            

1 informaciis wyarod aRebulia teqnikur monacemTa internet baza Engineering ToolBox, 
http://www.engineeringtoolbox.com/specific‐heat‐capacity‐gases‐d_159.html 
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0.000008314 megj/(moli. ), romelic warmoadgens 8.314j/(moli. ).10-6 sidides.  

aRniSnavs garemos wnevas normalur pirobebSi, megpa.  dawnexili gazis tempe-

raturaa. 

  1.6 qinis meTodi (G.F. Kinney) [7]:  

 
sadac,  aRniSnavs gazis molebis ricxvs. am gantolebaSic, iseve, rogorc wina 

SemTxvevaSi megpa-is erTeulSi Sedegis misaRebad gamoiyeneba sidide 0.000008314 

megj/(moli. ). 

1.7 aslanovi - golinskis meTodi (Aslanov, S.K.,‐ Golinsky, O.S) [7]:  

 

gantolebaSi  aRniSnavs gazis saboloo moculobas.   aris gazis adia-

baturi mudmiva sawyis pirobebSi. 

praqtikaSi dawnexili gazis potenciuri energiis  mxolod 60% ixarjeba 

dartymiTi talRis warmoqmnaze. danarCeni 40% avzis garsis namsxvrevebis kine-

tikur energiad gardaiqmneba [8].  

zemoT mocemuli gantolebebis gamoyenebiT miRebuli Sedegi gamosaxulia 

grafaze 2.0, saidanac Cans, rom qinis meTodis gamoyenebiT yvelaze maRali Sede-

gebi miiReba. aslanov-golinskis gantolebiT gaangariSebebSi gamoyenebulia me-

Tanis adiabaturi konstanta 1.31 normalur pirobebSi da 1.96 garemos temperatu-

rasa da 20megpa wnevis pirobebSi2. 

 

  
 

WurWlis afeTqebis saerTo energia, ZiriTadad, gardaiqmneba namsxvrevebis 

kinetikur da dartymiTi talRis energiebad. magaliTad, ruseTis federaciaSi 

1988 wels moxda 5.25m radiusis mqone sferosebri gazgolderis (airebis Sesana-

                                                            

2 informaciis wyarod aRebulia meTanis fizikur-qimiuri maxasiaTeblebis onlain 

kalkulatori peace software. http://www.peacesoftware.de/einigewerte/methan_e.html 
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xi rezervuari) afeTqeba. gazgolderi damzadebuli iyo foladisgan da misi 

kedlis sisqe Seadgenda 16mm-s. gazgolderi gaTvlili iyo 0.8megpa samuSao wne-

vaze dawnexili haeris SenaxvisTvis, magram kompresoris teqnikuri gaumarTaobis 

gamo wneva gaizarda 2.3megpa-mde. gazgolderze ar iyo damontaJebuli avariulad 

damcleli sarqveli. afeTqebis Sedegad daimsxva 1000-1500 metris manZilze mdeba-

re Senobebis fanjrebi srulad, 2500 metris manZilze ki fanjrebis 10%. 300 met-

ris manZilze dangreulia naklebad mtkice samSeneblo konstruqciebi da gamo-

vardilia sakare budeebi. 225 metris manZilze gazgolderis kedlis namsxvreve-

biT dangreulia rkina betonis kolonebi. 230 metris manZilze gatyorcnili iyo 

daaxloebiT 20kg masis gazgolderis namsxvrevi [8]. SeiZleba gamovTvaloT afeT-

qebis simZlavre trotilis eqvivalentiT. avzis sferoseburi formis radiusis 

gaTvaliswinebiT, moculoba tolia:  

1.8   604.3m3 
1.3 gantolebaSi gazgolderSi sawyisi (2.3megpa) da saboloo (0.101megpa) wnevis da 

haeris adiabaturi konstatis (1.40) CasmiT miiReba: 

   megj 
miRebuli mniSvnelobis 1kg trotilis afeTqebis energiasTan SefardebiT miiRe-

ba mocemuli afeTqebis trotilis eqvivalenti: 

   794kg trotili. 

 cilindruli formis WurWlis gaskdomisas, umravles SemTxvevaSi, nam-

sxvrevebis didi nawili balonis grZivi ganlagebis mimarTulebiT ifanteba [9].  

 dawnexili gazis rezervuaris gaskdomisas warmoqmnili dartymiTi tal-

Ris frontSi Warbi wnevis mniSvneloba SeiZleba gamoiTvalos m.a. sadovskis gan-

tolebiT [10]:  

1.9   39 1.3  

sadac,  aRniSnavs Warb wnevas talRis frontSi, megpa.  aris afeTqebis 

trotilis eqvivalenti, kg. R ‐ manZili afeTqebis epicentridan, m. koeficienti 0.6 

warmoadgens saerTo gaTavisuflebuli energiis im nawils, romelic ixarjeba 

dartymiTi talRis warmoqmnaze. wnevis qveS momuSave WurWlis afeTqebis daanga-

riSebis pirdapiri trotilis eqvivalentis meTodi afeTqebis cetridan axlo 

manZilis areSi marTebul Sedegebs ar iZleva, radgan feTqebadi nivTierebebis-

gan gansxvavebiT, rezervuari dartymiTi talRis wertilovan wyaros ar warmo-

adgens. talRis frontSi Warbi wnevis zusti daagariSebisTvis, gamoiyeneba uf-

ro rTuli, mravaletapiani gamoTvlebi [11]. 

grafaze (2.1) mocemulia 25, 50 da 100 litris moculobis avzis  gaskdomi-

sas dartymiTi talRis frontSi Warbi wneva, romelic daangariSebulia 1.9 for-

mulis gamoyenebiT. ubnebi A,B,C,D,E aRiSnavs sxvadasxva fizikuri masalis medego-

basa da adamianis organizmis mgrZobelobas mocemuli talRis wnevis zemoqmede-

bis mimarT [12]. dabali Warbi wnevis pirobebSi Senobebis dangreuli masaliT 

(mag., fanjris minis natexebi) dazianebis radiusma SeiZleba gadaaWarbos dar-
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tymiTi talRiT dazianebis radiuss. 

 

     
 

15. ubani A  moicavs 0 - 0.02megpa wnevis diapazons. mocemuli wnevis zemoqmedeba 

adamianisTvis ar aris saSiSi. fanjris mina imsxvreva, SesaZloa, moxdes ada-

mianis mfrinavi minis natexebiT dazianeba. 

16. ubani B   moicavs 0.02 - 0.04megpa wnevis diapazons. mniSvnelovnad ziandeba Se-

nobebi. adamiani mZime dazianebas iRebs. zogierT SemTxvevas SesaZloa leta-

luri Sedegic mohyves. SeimCneva yurebSi xmauris efeqti. adamianTa 1%-Si fiq-

sirdeba dafis apkis gaskdoma. sainJinro komunikaciebi srulad ingreva. 

17. ubani C moicavs 0.04 - 0.06megpa wnevis diapazons. Senobebis umetesoba ingreva. 
ingreva, agreTve gazsadenebic. adamiani Zalian mZime travmebs iRebs. 

18. ubani D moicavs 0.06 – 0.1megpa wnevis diapazons. adamianisTvis letaluri Se-

degis gamovlena xSiria. Zlierad ziandeba rkinabetonis Senoba-nagebobebi. 

19. ubani E  moicavs > 0.1megpa wnevis diapazons. adamianisTvis letaluri Sedegi 

99%-s Seadgens. 

grafaze Cans, agreTve, rom 25 litris moculobis WurWlis gaskdomisas 

dartymiT talRas 2 m radiusSi sasikvdilo zianis miyeneba SeuZlia adamianis 

organizmisTvis, maSin, roca 5 m manZilze talRis zemoqmedeba usafrTxoa. es 

faqti, Tavis mxriv, wnevis qveS momuSave obieqtebis momsaxure personalis swav-

lebis aucileblobaze miuTiTebs.   

kidev ufro did saSiSroebas warmoadgens gaTavisuflebuli sawvavi gaze-

bis  haerTan warmoqmnili feTqebadi narevebi, radgan am dros wnevis qveS momu-

Save rezervuaris gaskdomasTan erTad SeiZleba TiTqmis erTdroulad moxdes 

haer-sawvavis qimiuri afeTqebac. aseT SemTxvevaSi ngrevis masStabebis prognozi-

reba SesaZlebeli xdeba wnevis qveS momuSave WurWlis fizikuri energiisa da 

gaTavisuflebuli gazis qimiuri afeTqebis energiis SejamebiT [8]. 

amrigad, wnevis qveS momuSave WurWelTan dakavSirebuli avariis riskis 

prognozireba gvaZlevs saSualebas, metad usafrTxo gavxadoT am WurWlis eq-

spluatacia, rogorc momsaxure teqnikuri personalisTvis, ise garemosTvis. 
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ENERGY RELEASED FROM THE PHYSICAL EXPLOSION OF GAS TANKS OPERATING UNDER 

PRESSURE. 
Ananiashvili G., 

Wissol Petroleum Georgia. 
Summary 

 The article discusses risks associated with incorrect exploitation of storage tanks for compressed natural gas 
for vehicles that are being used nowadays in Georgia and many other countries in the world. The theoretical energy 
released when such tanks are accidentally damaged is evaluated. Several methods for calculating the above noted 
energy are provided. 
 

 

 

wnelismagvari namzadebis dasamuSavebeli avtomatis  
energoefeqtianoba 

 
 saxanberiZe n. 

akaki wereTlis saxelmwifo universiteti 
 

naSromSi warmodgenili masala  exeba wnelismagvari namzadebis dasamuSavebeli 
avtomatis  warmadobis gazrdiT energodanaxarjebze miRebul efeqts 

 
     warmoebaSi energomomaragebis potencialis 2/3 ze meti imyofeba energomo-

culobiTi dargebis moxmarebis sferoebSi, kerZod mZime,  qimiur, samSeneblo, 

msubuq da a.S. warmoebebSi.  aRniSnul dargebSi energiis ekonomiis mniSvnelova-

ni rezervebis arseboba, rig sxva mizezebTan erTad, ganpirobebulia teqnologi-

uri procesebisa da mowyobilobebis arasrulyofiT, aseve axali energo kvebis 

sqemebis, energodazogvisa da unarCeno teqnologiebis danergvis arasakmariso-

biT.  

     mZime mrewvelobaSi meqanikuri damuSavebis muSa procesi, rogorc wesi xor-

cieldeba teqnologiuri sistemis manqana-samarjvi –iaraRi-detali meSveobiT, 

amitom misi efeqtianobis kriteriumebi damokidebulia iaraRis, samarjvisa da 
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manqanis maxasiaTeblebisagan, anu mTlianad teqnologiuri sistemis srulyofis 

xarisxisagan.  

     zogadad, miznobrivi muSa procesis Sesrulebis Sefasebis ZiriTad krite-

riumebad [1] gvevlinebian: warmadoba, teqnologiuri TviTRi- rebuleba, damuSave-

bis misaRwevi sizuste da xarisxi. aRniSnulTan erTad miznobrivi muSa procesi 

unda xasiaTdebodes: 

1. namzadebisa da detalebis damuSavebuli zedapirebis sizustisa da xaris-

xis miRebis saimedobiT da stabilurobiT; 

2. damzadebis procesisa da  sistemis: manqana-samarjvi–iaraRi-detali uni-

versalurobiTa da moqnilobiT; 

3. procesis avtomatizaciis ganxorcielebis simartiviT; 

4. procesis kontrolis SesaZleblobiT didi danaxarjebis gareSe; 

5. momsaxure personalis keTilmowyobili Sromis pirobebiT. 

     efeqtiani iaraRis, mowyobilobis da RWurvilobis Seqmna, romelic zrdis 

damuSavebis warmadobas da iZleva masalis da energiis ekonomiis saSualebas, 

aseve miekuTvneba muSa procesis efeqtianobis gazrdis saSualebas. 

     wnelismagvari namzadebis gare zedapirebis dasamuSavebel avtomatSi [1,2], 

romelzedac damuSaveba xorcieldeba konturuli iaraRebiT, Cadebulia   muSa 

procesis efeqtianobisaTvis  damaxasiaTebeli zemoT CamoTvlili yvela para-

metri. aRniSnul avtomatze xorcieldeba namzadis gamowelva konturul iaraR-

Si, cilindruli, Slicuri, mravalkuTxedis da sxva saxis profilebiT (nax.1).  

      Wris procesis kinematika avtomatze gansxvavdeba misi prototipebisagan 

(ucentro saxarato Carxebi).  masze damuSavebisas wnelismagvari namzadi gadaad-

gildeba RerZis gaswvriv mWrel iaraRSi, romelic uZrav mdgomareobaSia. damu-

Savebis diametraluri sizuste damokidebulia konturuli iaraRis profilis 

sizustisagan. damuSavebis sisufTave ki warmoqmnili burbuSelis saxisagan, ro-

melic Tavis mxriv damokidebulia Wris reJimebis, mosaxsneli fenis parametre-

bisa da damuSavebis pirobebisagan. burbuSelis yvelaze misaReb formas, proce-

sisaTvis damaxasiaTebeli burbuSelis saxeebidan, warmoadgens lentismagvari 

burbuSela  [3],  romlis drosac damuSavebuli zedapiris sisufTave Ra=1.25 ÷0.63 

mkm.-s. RniSnuli Wris sqemiT muSaobisas iaraRis mier gavlili manZili dasamu-

Savebeli namzadis sigrZis, xolo mosaxsneli fenis sigane   dasamuSavebeli 

profilis sigrZis  tolia, amitom  ucentro saxarato CarxebTan  SedarebiT   

avtomatze sxvadasxva masalebis damuSavebisas adgili aqvs teqnologiuri warma-

dobis  mniSvnelovan zrdas [1]. ase, magaliTad P6M5 saiaraRo swrafmWreli fo-

ladisagan  damzadebuli iaraRiT ШХ15  markis 80-100 mm-is diametris foladis 

naglinis damuSavebisas warmadoba izrdeba 2 ÷8 jer; 30-50 mm-de ЭИ437Б mxurval-

mtkice Senadnobis  namzadebis damuSavebisas _ 5 ÷6 jer, xolo 20 mm diametris 

ВТ 1‐0 titanis Senadnobis wnelismagvari namzadebis damuSavebisas 8 ÷10 jer. 

     damuSavebis maRali warmadoba iZleva SedarebiT dabali Wris siCqareebiT 

muSaobis SesaZleblobas, rac mniSvnelovnad zrdis mWreli iaraRis medegobas 

da saSualebas iZleva zogierTi masalebis damuSavebisas (BT00, BT1‐0, ПТ‐17, ЭИ437Б, 

ШХ15   da sxva) saiaraRo masalad liTonkeramikuli sali Senadvnebis nacvlad 

gamoyenebuli iqnas SedarebiT (3-jer) iafad Rirebuli swrafmWreli foladi 

P6M5. aseTi saiaraRo masalis gamoyenebisas Wris temperatura imyofeba saiara-
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Ro masalisaTvis dasaSveb wiTelmedegobis zRvrebSi. 

 

 

 

 

 

 

 

 

     aRniSnulis sailustraciod nax. 2-ze warmodgenilia konturuli iaraRis 

cveTis, gavlili manZilisagan damokidebulebis grafiki, rodesac cveTis krite-

riumad miRebulia cveTa ukana zedapirze  hu, =0.8 mm.   

     zemoTxsenebul avtomatze damuSavebis erTi diametridan sxva diametrze ga-

dasasvlelad sakmarisia mxolod mWreli iaraRisa da satacis muStebis Secvla. 

mniSvnelovnad gamartivebulia avtomatis momsaxureoba [2]. igi Semoifargleba 

namzadebis maRaziaSi CatvirTviT da gamSveb Rilakze TiTis daWeriT. 

      

      

 

 

 

 

 

 

 

 

 

 

 

                

     avtomatze damuSavebis warmadobis zrda da SedarebiT iafi saiaraRo masa-

lis gamoyenebis SesaZlebloba saSualebas iZleva erTi avtomatiT Secvlili 

iqnas warmadobis zrdis Sesabamisi ucentro saxarato Carxebis raodenoba da  

Semcirebuli iqnas danaxarjebi xelfasze, mWrel iaraRze, saamortizacio anari-

cxebze da eleqtroenergiaze. 

     eleqtroenergiis wliuri danaxarjebi specialur avtomatze da mis konku-

rent ucentro saxarato Carxze  erTi da igive parametrebis mqone namzadebis 

damuSavebisas SesaZlebelia ganisazRvros formuliT 

 [lari],              (1) 

     sadac: =3901 _ mowyobilobis muSaobis wliuri drois fondia, [sT]; 

             =0.16 _ 1kvt.sT eleqtroenergiis Rirebuleba [lari]; 

                   Carxis eleqtroZravis jamuri simZlavre [kvt]; 

             =0.85 _ mowyobilobis datvirTvis koeficienti; 

                   _ specialuri avtomatis wliuri programis Sesru- 

                      lebisaTvis saWiro ucentro saxarato Carxebis 

 nax.2. L = f (hu)  damokidebulebis  grafiki  20 mm.  diametris  wnelis 

       damuSavebisas P6M5 swrafmWreli foladis konturuli iaraRiT, 

       roca a= 1mm., v=10m/wT.  dasamuSavebeli masala: 1-ЭИ437Б,  2‐ВТ 1‐0. 

                                                       iaraRis geometria: α=20, γ=00. 

    500    1000    1500   2000    2500   3000  L, m. 

hu, mm. 
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 nax.1. konturul iaraRSi namzadis gamowelvis sqema: 1-iaraRi; 2-namzadi 
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                      raodenoba, [cali]. 

     ucentro saxarato Carxze gamoyenebuli eleqtroZravis jamuri simZlavre 

Seadgens 56, xolo specialur avtomatze – 100 kilovats. 

     rogorc zemoT iyo aRniSnuli, erTma avtomatma SesaZlebelia Secvalos 

warmadobis zrdis Sesabamisi ucentro saxarato Carxebis garkveuli raodenoba. 

sxva Tanabari pirobebis SemTxvevaSi wliuri programis SesrulebisaTvis ucen-

tro saxarato Carxebze daxarjuli eleqtroenergiis jamuri simZlavre  tolia 

N1×n kvt., xolo specialur avtomatze ki _ N2=100 kvt., Sesabamisad,   specialuri 

avtomatis warmadobis magaliTad 5 jer gazrdis SemTxvevaSi eleqtroenergiaze 

wliuri danaxarjebi: 

                                            lari; 

                                           lari; 

      eleqtroenergiaze wliuri danazogi ki         

                                                                14855‐53053=95497lari. 

        naxazze 3 warmodgenilia ucentro saxarato Carxebis specialuri avtoma-

tiT  Canacvlebisas eleqtroenergiis wliuri danazogis E, warma- dobis zrdisa-

gan λ damokidebulebis grafiki. 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

 

 

ZiriTadi daskvnebi 

1. specialur  avtomatze konturuli iaraRiT sxvadasxva konstruqci- 

uli parametrebisa da masalebis  wnelismagvari namzadebis damuSavebisas, 

mosaxsneli fenis siganis gazrdiT da iaraRis mier gavlili manZilis Semci-

rebiT, mis prototipTan SedarebiT miiRweva teqnologiuri warmadobis 2 ÷10 

zrda; 

2. warmadobis zrda proporciulad  uzrunvelyofs eleqtroenergiis wliuri 

danaxarjebis Semcirebas. 
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                specialuri avtomatiT Canacvlebisas  
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ENERGY-EFFICIENCY OF  AUTOMATIC MACHINE  FOR  MACHINING ROD-SHAPED BILLET. 

Sakhanberidze N.,  
Akaki Tsereteli State University. 

Summary 
The paper dwells on the technological process for machining rod-shaped billet  with contour tools on the 

automatic machine, which in contrast to its prototype is characterized by high wear resistance of the cutting tool and 
Energy-Efficiency. It has been experimentally established, on the optimal cutting regimens,   the productivity increa-
ses by 2-10 times which in contrast to its prototype, that ensures the electric power saving proportionally to produc-
tivity.                                         
 

 

 

РАЗРАБОТКА ЭНЕРГОСБЕРЕГАЮЩЕЙ ТЕХНОЛОГИИ С ПРИМЕНЕНИЕМ 
ПОСЛЕСВАРОЧНОЙ ПЛАСТИЧЕСКОЙ ДЕФОРМАЦИИ ПРИ СВАРКЕ И 

НАПЛАВКЕ ВЫСОКОПРОЧНЫХ СТАЛЕЙ 
 

Кипиани П.Н., Миндадзе С.О.,* Булекбаева Г.Ж. ** 
*Государственный университет Акакия Церетели 

**Каспийский государственный университет технологий и инжиниринга 
имени Ш.Есенова 

 
В работе рассматривается послесварочная пластическая деформация как энергосберегающая технология, 
позволяющая устранить образовавшиеся  трещины  в сварном соединении стали. 

 
Основное затруднение при решении проблемы сварки и наплавки высокопрочных сталей 

заключается в поиске путей предотвращения образования дефектов типа трещин. 
В результате местного нагрева свариваемого металла концентрированным источником 

теплоты в сварном соединении, в различных участках зоны термического влияния, неизбежно 
появление неоднородных структур, в том числе и закалочных, что может сопровождаться 
существенным изменением механических свойств металла и возникновением трещин. Заметное 
изменение свойств может происходить и при отсутствии видимых структурных изменений 
участков зоны термического влияния. Негативное влияние упомянутых выше факторов на 
сварную конструкцию не всегда удается минимизировать с помощью досварочных, а также 
выполняемых в процессе сварки мероприятий, т.е. подогревом - предварительным, 
сопутствующим и даже послесварочным, что связано с большими затратами энергии. Поэтому во 
многих случаях прибегают к послесварочной обработке, которая обычно заключаектся в отпуске 
или других видах термической обработки сварных конструлций. 

Недостатки сварки с подогревом общеизвестны. Они настолько ощутимы, что непрерывно 
изыскиваются способы, исключающие подогрев. Часто наиболее реальным путем решения 
возникшей задачи может быть применение аустенитных сварочных материалов, но в этом случае, 
с повышением ударной вязкости сварных соединений, заметно снижается прочность [1]. 

Одной из энергосберегающих технологий, позволяющих устранить трещины в сварном 
соединении высокопрочных сталей, является послесварочное пластическое деформирование 
наплавленного в процеесе сварки металла [2]. Полученные в лабораторных условиях результаты 
экспериментов свидетельствуют об отсутствии трещин в сварных соединениях после их 
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пластического деформирования. 
Во всех случаях получения сварных соединений исследуемых сталей в металле шва в 

лабораторных условиях происходило измельчение структуры и исчезновение грубых 
кристаллитов, но в производственных условиях это не всегда удобно из-за сложной конструкции 
ударного инструмента периодического действия и необходимости помощи второго сварщика, 
который должен следить за этим устройством. Кроме этого, в процессе наплавки из-за нарушения 
работы этого устройства в некоторых случаях были обнаружены отдельные трещины. 

При восстановлени наплавкой изношенных гребней цельнокатанных вагонных колес 
грузовых вагонов по технологии допускается наличие отдельных трещин малого размера. Один из 
авторов статьи при  мониторинге наплавленных колес обнаружил, что при эксплуатации таких 
вагонов на участках дороги малого радиуса и при частых торможениях такие трещины исчезают 
[3]. Эти результаты навели на мысль, что, если после сварки и наплавки в сварном соединении 
возникли трещины, можно разработать энергосберегающую технологию послесварочной 
обработки пластическим деформированием, т.е. сразу после сварки или наплавки при температуре 
500-6000С, например, можно провести проковку металла шва сварных соединений молотом. 

Эксперименты проводились на стали 45 и стали 60. Пластины толщиной 16-18 мм жестко 
закреплялись на сварочном столе с помощью зажимов. Были наплавлены образцы в один и в два 
слоя под флюсом АН-348А и проволокой Св-08ХГ2СМФ на режимах: 

Iсв – 300-320 А, Uсв – 30-32 В, Vсв – 20 м/час, dэл – 3 мм, вылет электрода 40-45 мм. 
Как видно из рисунков (рис.1,2), количество трещин и их размеры гораздо больше при 

однослойной наплавке, что вероятно связано с тем, что в этом случае доля участия основного 
металла в наплавленном металле гораздо больше, чем при двухслойной. 

 

 
Рис.1. Количество трещин и их размеры при однослойной наплавке стали. 

 

 
 

Рис.2. Количество трещин и их размеры при двухслойной наплавке стали. 
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После пластической деформации трещины исчезают только в таких образцах, где были 

наплавлены отдельные валики (рис.3). В образцах, где было наплавлено восемь и больше валиков, 
количество трещин после пластической обработки снижается, но полностью они не исчезают, что 
связано с понижением температуры в процессе эксперимента до 200-2500С, что недостаточно для 
дальнейшей обработки. 

 

 
Рис.3. Исчезновение трещин при наплавке отдельных валиков. 

 
Во всех образцах в металле шва в разной степени происходило измельчение структуры и 

исчезновение грубых кристаллитов.  
Полученнные результаты показывают, что в дальнейшем эксперименты для образцов 

больших размеров нужно продолжать на прокатных станах. 
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DEVELOPMENT OF ENERGY-SAVING TECHNOLOGIES WITH THE USE OF POST-WELD PLASTIC 
DEFORMATION DURING WELDING AND SURFACING OF HIGH-STRENGTH STEELS 

P.Kipiani, S.O.Mindadze,* Bulekbayeva G.Zh.* 
*Akaki Tsereteli State University 

Summary 
**The Kaspian State University of Technologies and Engineering named after Sh. Esenov 

One of the major problems in welding and surfacing of  high-strength steels, is the formation of cracks, for pre-
venting of which  there is mainly used heat treatment. However, this method can not completely eliminate the possi-
bility of cracking and at the same time the processing is associated with significant power costs. 

The paper dwells on the energy-saving technology, based on post-weld plastic deformation of weld-in connecti-
on, allowing for even eliminating cracks formed during welding. There are given the operating modes in terms of o 
structural steels 45 and 60. 
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К ВОПРОСУ РАЗРАБОТКИ ЭНЕРГОСБЕРЕГАЮЩЕЙ ТЕХНОЛОГИИ СВАРКИ 
АРМАТУРЫ ИЗ ПЕРЕКРЕЩИВАЮЩИХСЯ КРУГЛЫХ СТЕРЖНЕЙ 

 
С.М. Оспанова, Л.Б. Зивзивадзе, М.Ш. Шаламберидзе 
Государственный университет им. А. Церетели 

 
 В статье рассматриваются проблемы электроконтактной сварки металлической сетки, 
используемой в строительной железобетонной конструкции.  
 Предложен метод для расчета тока  электроконтактной сварки металлической сетки. 
  
 В связи с расширением области применения железобетонных конструкций в народном 
хозяйстве и строительстве, все большее внимание уделяется изготовлению методом 
электроконтактной сварки на специализированных заводах по изготовлению арматуры 
железобетонных конструкций.  
 Изготовленные заводским способом металлические сетки отгружают на предприятия  по 
изготовлению железобетонных конструкций.  
 Сравнительно редко встречаются исследования электроконтактной сварки металлической 
сетки из перекрещивающихся круглых стержней диаметром до 10 мм. Это значительно осложняет 
решение проблем, связанных с разработкой энергосберегающей технологии сварки металлической 
сетки.  
 В сетках металлические стержни укладываются в двух взаимоперпендикулярных 
направлениях, и места их пересечения свариваются электроконтактной сваркой [1].  
 Электроконтактная сварка осуществляется переменным током промышленной частоты и с 
постоянным давлением на электроды в месте сварки. Соответственно, при сварке сеток со 
стержнями диаметром до 10 мм, основными параметрами режима сварки являются: сварочный ток 
Iсв, усилие сжатия между электродами Fсж и продолжительность сварки tсв. 

 В литературе отсутствуют также статистические материалы о более распространенных 
режимах технологии электроконтактной сварки металлических сеток, применяемых на 
предприятиях-изготовителях.  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

 
 

Рис. 1. Зависимость между прочностью электроконтактного сварного соединения 
металлической сетки со сварочным током 
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 На рис. 1 приведена зависимость между прочностью электроконтактной сварки 
металлической сетки и сварочным током.  
 Образцы перекрещивающихся стержней диаметром 5+3 мм приваривали на сварочном 
токе, соответствующем точкам C, D эксперимента сварочный ток меняли для построения 
остального участка зависимости/ 
 В строительных ненапряженных железобетонных конструкциях, где применяется сварная 
металлическая сетка, на сварное соединение действуют как отрывающие, так и срезающие усилия 
вследствие протекания физико-механических воздействий бетона. В связи с этим, критерием 
качества электроконтактной сварки сетки могут быть результаты механических испытаний 
сварных соединений на отрыв и на срез [2]. Из них наиболее целесообразную схему испытания 
можно выбирать исходя из ее чувствительности к изменению основных факторов процесса сварки. 
В качестве такого фактора при электроконтактной сварке металлической сетки, мы выбрали 
сварочный ток, как один из основных параметров режима сварки, существенно влияющих на 
прочность сварного соединения. Следовательно, чувствительность схемы испытания к изменению 
этого параметра должна быть основным критерием выбора показателя качества сварного 
соединения металлической сетки.  
 Для сопоставления схем испытаний были сварены при различных значения сварочного 
тока 20 образцов. Сварка проводилась при оптимальных и постоянных остальных параметрах 
режима и усилиях. По 10 образцов из каждой партии были испытаны на прочность по двум 
исследуемым схемам. При этом, критерием оценки чувствительности схем испытания был принят 
коэффициент корреляционной связи между прочностью и сварочным током. В обоих случаях 
испытания обнаружена корреляционная связь между током и усилием отрыва и среза. Однако, 
некоторое преимущество можно отдать испытанию на срез, т.к. при этом коэффициент 
корреляционной связи больше и составляет 0,94.  
 Эта схема испытания будет более чувствительной к изменению режима сварки, что 
особенно важно при обработке математической модели по параметрам режима сварки для оценки 
качества электроконтактной сварки металлической сетки.  
На рис. 2 приведен характер разрушения электроконтактных сварных соединений элементов сетки 
при их испытании на срез. Видно, что с увеличением сварочного тока увеличивается площадь 
контактирования между свариваемыми стержнями. 
 Однако, сварные соединения, соответствующие точкам C, D в опытах разрушаются не в 
зоне сварки, а по основному металлу.  
 Сопоставление данных из Рис. 1 и Рис. 2 показывает: 1. с увеличением сварочного тока от 
2,0 кА до 4,0 кА, т.е при удвоении сварочного тока, прочность сварного соединения от 3,3 даН до 
3,6 даН, т.е около 10%. При этом, испытываемые образцы разрушаются по основному металлу, т.е 
с увеличением тока от 2,0 кА до 4,0 кА, практически не возрастает прочность сварного 
соединения. Поэтому не имеет смысла получать сварные соединения при режиме сварки, когда 
сварочный ток больше 2,0 кА. Тогда экономия электроэнергии при изготовлении 
электроконтактной сваркой металлической сетки для ненапряженных железобетонных 
конструкций составит 50%. Методика определения такого оптимального тока рассмотрена ниже 
[3]. 
 Сущность определения наименьшего тока, необходимого для сварки заключается в том, 
что в зоне контакта допускается нагрев металла до температуры плавления, т.к. перегрев контакта 
больше температуры плавления материала свариваемых стержней связан с нарушением линейной 
связи между сварочным током и прочностью сварного соединения (Рис. 1 и Рис. 2), и сварочный 
ток несущественно влияет на прочность сварного соединения. 
В контакте перекрещивающихся стержней необходимая максимальная температура 

                                              maxmax

1
QT


 ,                                                   (1) 

где maxQ - максимальная безразмерная температура, 
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         - температурный коэффициент, 1/0C. 

 Уравнение предельного стационарного состояния процесса распространения 
теплоты при нагреве стержней пространственно-радиальным током 

                                                   0)1(2
2

2

 
 Q

dV

Qd
 .                                              (2) 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Рис. 2. Характер разрушения сварных соединений на срез 
- Площадь на месте разрушения 
- Разрушение по основному металлу 

 
   

Решение этого уравнения при граничных условиях 
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 Область ограниченности предельной температуры )(vQ  определяется условием 

0cos  . При 0cos  , т.е при )12(
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 , где m=0; 1; 2; 3;…, температура везде, 
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C

A

B D

40

30

0 1.0 2.0 3.0 4.0 I,KA0

20

10

P, дaH



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  240

 Наименьшее критическое значение 
2

   определяет предельную нагрузку по 

току, вызывающую неограниченное повышение температуры.  
 Наблюдаемая максимальная температура в контакте vNt =1 равна температуре 
предельного состояния 
                                                    Qmax=Qпр                                                       (5) 
 В этих условиях на основании уравнения 
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cos1
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Q ,                                                (6) 
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T ,                                           (7) 

тогда параметр  , характеризующий интенсивность источников теплоты 

                                                  max1

1
arccos
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 .                                          (8) 

 Зная значение  , при котором достигается заданная температура в контакте 

свариваемых стержней, зная теплофизические коэффициенты для данной марки стали, из 
выражения (8) находим отношение  

прсв FI /2 , 

где 2
свI - наименьший ток, необходимый для нагрева в контакте до заданной температуры; 

        прF - площадь сварной точки в тот момент, когда температура в контакте достигает 

предельного значения. Подставив в выражение (8) вместо  его значение 
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 Выразив прF через диаметр стержня, получим 
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Из выражения (10) имеем 
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где m - отношение площади прF  к  площади поперечного сечения стержня 
4

2d
. 

 Коэффициент  для данной марки стали определяется из опыта. Для 

малоуглеродистой стали mmin=0,6. Чем больше m, тем относительно позже наступает 
предельное состояние в контакте, и тем выше необходимый для сварки ток.  
 Ниже приведен пример определения минимального тока, необходимого для сварки 
стержней диметром 3+3 мм из малоуглеродистой стали: 

смd 3,01  ; 36
0 1051013    смом  1/0C 

Tmax=1500 0C,  λ= 0,1 кал/см · сек · 0C   mmin= 0,6 

AI 1945
15001051
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2
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 Расчетное значение минимального тока ZkAI min разделяет зоны линейного от 

нелинейного участков зависимости.  
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ON THE ISSUE OF DEVELOPING ENERGY-SAVING TECHNOLOGIES OF WELDING  
OF INTERSECTING ROUND IRON ARMOR   

Ospanova S., Zivzivadze L., Shalamberidze M. 
Akaki Tsereteli State University 

Summary 
The paper describes the problems of electric-contact welding of metal gauze used in the building reinforced 

concrete frame. 
There is proposed the method for calculation of electric-contact welding current for metal gauze.   
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В статье рассматриваются обобщенные геометрические характеристики плоского сечения при 
термомеханическом нагружении упругих  стержней. Они используются для прочностного расчета 
лопаток турбин.  Приведены формулы для вычисления обобщенных моментов инерции и статических 
моментов, а также формулы для определения координат приведенного центра тяжести. В этих формулах 
учитывается модуль упругости материала в зависимости от температуры. Дана методика для 
численного расчета. Приведенные формулы и методику можно использовать  и для неоднородных 
материалов, в том числе для композиционных материалов. Даны результаты численного  расчета. 

 
Обеспечение длительной и надежной работы рабочих лопаток основная задача на стадии 

проектирования турбин. В период эксплуатации на напряжения и деформации рабочих лопаток 
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влияют вращение ротора, действие газовых нагрузок и температурное поле.  
Рабочие лопатки турбин рассчитывают по стержневой модели используя гипотезу плоских 

сечений [1]. Расчет стержня ведется на растяжение и изгиб. Для определения напряженно-
деформированного состояния необходимо ввести обобщенные геометрические характеристики 
поперечного сечения с учетом физических свойств материала. 

В работе [2] введены обобщенные геометрические характеристики плоского сечения при 
термомеханическом нагружени материала в интервале температур термо упругих мартенситных 
превращений: 

 
A

xy

A

y

A

x dAyxxyFIdAyxFxIdAyxFyI ),(,),(,),( *2*2*            ( 1 ) 

где: **, yx II  обобщенные  моменты инерции относительно осей yx,  соответ-ственно, 

*
xyI обобщенный центробежный момент. 

Координаты приведенного центра тяжести сечения определяются из условий [2]: 

                                   **** /,/ ASxASy ycxc                               (2) 

Здесь *A обобщенная площадь поперечного сечения, **, yx SS  обобщенные статические 

моменты относительно осей x  и y соответственно: 
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Функция ),( yxF  при термомеханическом нагружении упругого материала (например 

конструкционная сталь) представляет собой модуль упругости, который зависит от температуры, а 
для композиционного материала представляет собой модуль упругости в обычных условиях. Для 
конструкционных материалов: 

                        ),()(),( yxETEyxF                                          (4) 

С учетом выражения (4), из формул (1) получим соотношения приведенные в [1]. Когда 
модуль упругости постоянная величина, из (1), (2), (3) получим обычные геометрические 
характеристики плоского сечения в относительных величинах. 

В качестве примера рассмотрим расчет обобщенных характеристик прямоугольного 
сечения в котором температура меняется только в дол оси симметрии y . Зависимость модуля 

упругости от температуры примем в виде: )/()( 0
kk

S TTETE   , где kTE S ,,0  - постоянные 

величины, T текущая температура, которая меняется по закону: 
nhyTTTT )/)(( 010   

Здесь 0T  и 1T  температуры в поперечном сечении при 0y  и hy   соответственно.  

В таком случае, используя формулы (2) имеем: 
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Очевидно, что .0Cx  

Обобщенный момент инерции относительно оси  x  согласно формулам (1) вычисляется 
как: 

 
h

kk
Sx dyTTydEI

0

2
0

* )/(                                 (6) 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  243

Обобщенный момент инерции относительно оси cx проходящей через приведенный центр 

тяжести параллельно оси x определяем по формуле [2]: 
*2** AyII Cxxc

                                                    (7) 

где:  
h

kk
S TTdydEA

0

0
* )/( . 

Из приведенных выше формул видно, что для определения обобщенных характеристик 
плоского сечения необходимо вычислить интеграл дифференциального бинома, что достаточно 
объемно. Поэтому, указанные интегралы целесообразно вычислить численно. Для этого введем 
безразмерные величины: 
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Численный расчет был проведен для следующих значений постоянных: 

3/1,7.1,40,30,46 0
1

0
0

0  nkCTCTCTS . В результате расчета получили значения 

приведенных геометрических характеристик плоского сечения: 

561.3,284.0,385.1,556.0 ***  AIIy XcxC . В качестве тестовой задачи был проведен расчет 

для равномерного распределения температуры по сечению. В результате расчета получили точное 

значение координаты приведенного центра тяжести 5.0Cy , который совпадает с 

геометрическим центром тяжести. 
Для композиционной балки прямоугольного поперечного сечения из n  количество слоев 

(рис.1) с модулями упругости nEEE ,...,, 21 координаты приведенного центра тяжести поперечного 

сечения, на основе формул (2) и (3) определяются следующим образом: 
               y  
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Используя формулы (1) обобщенные моменты инерции определяются  как: 
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THE GENERALIZED GEOMETRICAL PROPERTIES  FOR CALCULATION OF SHOVELS OF 
TURBINES 

Kikvidze O.G., Baisarova G.G , 
Akaki Tsereteli State University, Kutaisi 

Esenov Caspian State University of Technologies and Engineering ,Aktau, Kazakhstan. 
Summary 

Working shovels of turbines are counted on rod model using a hypothesis of flat sections [1]. Calculation 
of a core is conducted on tensile and a bend. For definition of the stress-strine state it is necessary to enter the gene-
ralized geometrical characteristics of cross section taking into account physical properties of material. 

The aim of the article is to consider generalized geometrical properties of flat section at thermomechanical 
loading of elastic beam. They are used for strength calculation of shovels of turbines. Formulas for calculation of the 
generalized moments of inertia and the static moment are given. Also, the formulas for  the definition of coordinates 
of centroid are given. In these formulas the module of elasticity of material depending on temperature is considered. 
The technique for numerical calculation is given. The given formulas and a technique can be used and for nonuni-
form materials, including for composite materials. As an example we will consider calculation of the generalized 
characteristics of rectangular section in which temperature changes only in a coordinate y. Results of  
numerical calculation are yielded. 

 

 

 

 

magistralur milsadenSi gardamavali procesis gaangariSeba,  
tumbos myisi gaTiSvisas 
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siTxis dawneviani moZraobis aRmwer diferencialur gantolebebze dayrdnobiT Seqmni-
lia Teoriuli baza და magistraluri milsadenebis hidravlikuri procesis aRwerebis 
ricxviTi algoriTmi. SemuSavebulia ricxviT-analizuri meTodi, romlis saSualebiT 
SesaZlebelia magistralur milsadenebSi daumyarebeli moZraobisas hidravlikuri wina-
Robis koeficientis dadgena procesis realizaciebis mixedviT. meTodi damyarebulia 
stoqastikur procesebze da splain-funqciebis gamoyenebaze. 
 

magistraluri milsadenebis ganviTareba dRis wesrigSi ayenebs marTvisa 

da gadawyvetilebebis miRebis principulad axali tipis amocanebs, romelTa 

amosaxsnelad aucilebelia Tanamedrove maTematikuri aparatis gamoyeneba. magis-

traluri milsadenebis xangamZleobis gasazrdelad yuradReba unda mieqces 

aseT sistemebSi mimdinare arastacionarul hidravlikur procesebs. es procese-

bi iwveven magistraluri milsadenebis elementebis daRlilobas, xels uwyoben 

koroziul procesebs da SeuZliaT gamoiwvion an daaCqaron sistemis elemente-

bis rRvevis procesi. cxadia, rom rac ufro xanmokle da gluvi iqneba gardama-

vali procesebi, rac ufro swrafad iqneba miRebuli optimaluri gadawyvetile-

ba, miT metia magistraluri milsadenebis xangamZleoba. amitom metad mniSvnelo-

van momentad gvesaxeba gardamaval hidravlikur procesSi gare Careva da misi 

optimizacia rogorc drois, aseve rxevis amplitudis mixedviT. ramdenadac xan-
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gamZleoba magistraluri milsadenebis saimedoobisa da xarisxis erT erTi gan-

msazRvreli komponentia, aRniSnuli niSnavs xarisxis marTvis organizaciasa da 

ganxorcielebas magistraluri milsadenebis sasicocxlo ciklis sxvadasxva 

etapze. 

hidravlikur gaangariSebas magistralur milsadenebSi, ganurCevlad si-

Txis moZraobis saxisa, awarmoeben siTxis damyarebuli moZraobidan gamomdinare, 

Tumca xSir SemTxvevaSi milsadenebSi siTxis moZraoba droSi cvladi, anu ara-

damyarebulia. es niSnavs, rom siTxis wneva da xarji icvleba rogorc milsade-

nis gaswvriv, aseve droSic. am cvlilebebis, anu aradamyarebuli moZraobis ga-

momwvevi mizezebi SeiZleba iyos sxva da sxva. kerZod: xarjis cvladi moxmareba, 

satumbi agregatebis da maregulirebeli da Camketi mowyobilobis CarTva da ga-

morTva, sxvadasxva mizeziT gamowveuli hidravlikuri dartymis movlena, milsa-

denis  avariuli gaJonva da sxva [1-7].  

dasaxuli miznis misaRwevad formulirebuli iyo Semdegi samecniero amo-

cana - Seiqmnas mecnierulad dasabuTebuli, naturul da eqsperimentul monace-

mebze dayrdnobili medTodika, romlis saSualebiT SesaZlebelia magistralur 

milsadenebSi arastacionaruli hidrodinamikuri procesebis gaangariSeba da 

marTva, gadasatumbi siTxis reologiuri maxasiaTeblebis da saimedoobis gaTva-

liswinebiT, sistemis efeqturobis da xangamZleobis gazrdis mizniT. 

 naSromSi vixilavT sigrZeze winaaRmdegobis koeficientis [8]-Si moyvanili 

meTodologia. 

 magaliTisaTvis ganvixiloT tumbos myisi gaTiSvis gardamavali procesi, 

tumbos gaTiSvam SesaZloa gamoiwvios amZravis eleqtroenergiis Sewyveta. Cvens 

SemTxvevaSi vixilavT ordiafragmiani (membranuli) tumbos, erT diuimiani diaf-

ragmis sisqiT, modeli Flow (GMP) 45 № S1FB1ABWAN5000. maqsimaluri wneva 800 54,4 

at [9]. 

 ganvixiloT magistraluri navTobsadenis ubani, romlis parametrebi Sem-

degia: ubnis sigrZe 2500L  m; navTobsadenis Siga diametri 5,0D  m;  navTobsa-

denis cocxali kveTis farTobi 1963,0 m2; xarji 45,0Q  m3/wm; nominaluri sa-

Sualo siCqare 8V  m/wm; siTxeSi dartymis talRis siCqare 1392c  m/wm; sawyisi 

wneva ubnis dasawyisSi 12p  at 51012  pa; 0133,0k  1/wm; siblantis kinematikuri 

koeficienti 52 mm2/wm 5,0 sm2/wm; reinoldsi ricxvi 18000Re  ; sigrZeze wina-

aRmdegobis koeficienti 02427,0 ; faza 5,3c/L2  wm. 

nax. 1(a da b)-ze naCvenebia sigrZisa da drois mixedviT wnevis realizacie-

bi, xolo igive naxazis g da e-ze gvaqvs wnevis zedapirebi milsadenis gaswvriv 

da drois mixedviT. nax. 1e-ze naCvenebia 
^

 -s mniSvnelobebi gaangariSebuli gar-

damavali procesebisaTvis (procesis saSualo mniSvnelobaa 005738,01  ). 

sxvadasxva orientaciisas (g,d); 
^

 -s mniSvnelobebi gaangariSebuli gardamavali 

procesebisaTvis (e) 

 nax. 2 (a da b)-ze naCvenebia ordiafragmiani tumbos gaTiSvisas, nav-

Tobsadenis Sesabamisi wnevis mniSvnelobebi, (rogorc droSi, aseve sigrZis mi-

xedviT), romlebic miiReba axali realizaciebi zemoT aRniSnuli meTodologi-
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is mixedviT. nax. 2(g da d)-ze naCvenebia  t,xp  funqciis axali zedapiri, ornai-

ri orientaciisas. 

 

 

 

 
nax. 1. gardamavali procesis wnevis nazrdis mniSvnelobebi drois da sigrZis Sesabami-
sad (a,b); gardamavali procesis dawnevis mniSvnelobebis zedapirebi,  

 

 
nax. 2.  procesis Sesabamisi wnevis mniSvnelobebi, navTobsadenis gaswvriv da drois gan-

mavlobaSi (a,b).  t,xp  funqciis zedapiri, ornair orientaciisas (g da d) 
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gadavideT sigrZeze winaaRmdegobis koeficientis gansazRvraze. mi-

Rebuli arastacionaruli procesis zedapirebis agebis Semdeg, 
^

 -s gaan-

gariSeba analogiurad mimdinareobs [8]-s Sesabamisad, romlebic moyvani-

lia 
^

 -s mniSvnelobebi gaangariSebuli gardamavali procesebisaTvis. 

nax. 3 (a,b)-ze naCvenebia  t,L
^

 -s  zedapiri,  ori orientaciis SemTxvevi-

saTvis. 

 

nax. 3 (a,b).  t,L
^

 -s  funqciis zedapiri, ori orientaciis SemTxvevisaTvis 

 

 sigrZeze winaaRmdegobis koeficientis saSualo koeficientis mniSvneloba 

tolia: 007676,02  . amgvarad, gansxvaveba 005738,01   da 007676,02   Soris 

mniSvnelovnad gansxvavebulia  da igi Seadgens 30%-mde. 

amgvarad, siTxis dawneviani moZraobis aRmwer diferencialur gantole-

bebze dayrdnobiT Seqmnilia Teoriuli baza magistraluri milsadenebis hid-

ravlikuri procesis aRwerebis ricxviTi algoriTmi. SemuSavebulia ricxviT-

analizuri meTodi, romlis saSualebiT SesaZlebelia magistralur milsadeneb-

Si daumyarebeli moZraobisas hidravlikuri winaRobis koeficientis dadgena 

procesis realizaciebis mixedviT. meTodi damyarebulia stoqastikuri proce-

sebze da splain-funqciebis gamoyenebaze. 
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Calculation of transition process in a amin pipeline during sudden outage of pump. 
Namgaladze D., Mandaria G.,   
Georgian Technical University. 

Georgia’s National Energy and Water Supply Regulatory Commission. 
Summary 

Theoretical base, numerical algorithm of hydraulic process descriptions of pipelines has been created on the basis of 
differential equations describing pressurized motion of liquid. Numerical-analytical method has been collaborated 
which can be applied for estimating hydraulic resistance factors during motion in pipelines according to process rea-
lization. Method is based on stochastic processes and on application of spline functions.  
 

 
 

 

gazgamanawilebeli qselis elementebis droSi mtyunebis  
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gazgamanawilebeli qselis eqspluataciis marTvas gansazRvravs umtyunoba da xangam-

Zleoba, xolo qselis mniSvnelovan maxasiaTebels warmoadgens mtyunebis safrTxe. naSrom-
Si ganxilulia dinamikuri sistemis mtyunebis da aRdgenis droebis procesi, koordinatul 
fazur sivrceSi. miRebulia gazgamanawilebeli qselis elementis albaTobis ganawilebis 
narevis simkvrive, ris gamoc SesaZloa procesis nebismieri parametris dadgena da saimedoo-
bis procesis marTva. 
 
 gazgamanawilebeli qselis eqspluataciis marTvas gansazRvravs umtyunoba 

da xangamZleoba. umtyunoba aris gazsadenis produqtis saangariSo parametrebiT 

(wneva, xarji, Tviseba da a.S.) uwyveti mowodebis Tviseba da unarCunebs hermetulo-

bas mocemuli drois intervalSi. xangrZlivoba warmoadgens gazgamanawilebeli 

qselis mier funqciis Sesrulebas SesaZlo gamorTvebiT remontebis Catarebisas 

zRvruli mdgomareobisas. umtyunobis raodenobrivi maxasiaTeblebi efuZnebian um-

tyuno muSaobis ganawilebis albaTobis funqcias, rac gviCvenebs rom  t,0  inter-

valSi gazsadenis mtyunebis albaToba ar moxdeba da mas gaaCnia namuSevari X : 

   tXPtF  .  

 metad mniSvnelovani maxasiaTebeli warmoadgens mtyunebis safrTxes. es aris 

gazgamanawilebeli qselis obieqtebis (xazovani nawili, armaturis detalebi da 

a.S,) drois erTeulSi mtyunebebis raodenoba, Sefardebuli muSa mdgomareobaSi 

myof obieqtebTan. sxvagvarad mtyunebis safrTxe aris drois erTeulSi mtyunebebis 

raodenobis Sefardeba kvanZebis raodenobasTan: 

     
  

 
 tP

tf

ttnN

tn

Nt

tn
t 





 ,      (1) 

sadac N  aris yvela kvanZis raodenoba;  tn  - mtyunebis raodenoba intervalSi  

 2/tt  -dan  2/tt  -mde; t - drois intervali; N  -  muSa mdgomareobaSi myo-
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fi kvanZebis raodenoba  t  intervalSi; 
2

NN
N 1ii 
 ; iN  - umtyuno mdgomareobaSi 

myofi kvanZebi t  intervalis dasawyisSi; 1iN   - umtyuno mdgomareobaSi myofi kvan-

Zebi t  intervalis boloSi;  tf  - albaTobis ganawilebis simkvrivis funqcia;  tP  

- umtyuno albaTobis ganawilebis funqcia. 

 gazgamanawilebeli qselis eqspluataciis klasikuri sqemis Tanaxmad gvaqvs 

umtyunobis analizis saSualeba [1], romelic Seicavs sam ZiriTad etaps: misaxmarisi 

periodi (am dros Cndeba qarxnuli da montaJiT gamowveuli defeqtebi), normaluri 

muSaobis periodi (SemTxveviTi zemoqmedebebi) da daRliloba (cveTa) (nax. 1). 

 
nax. 1. mtyunebis safrTxes tipiuri funqcia 

 

  drois intervalSi  0tt  gvaqvs e.w. misaxmarisi periodi anu adreuli mtyune-

bis periodi. misaxmirisi droisaTvis miiReba Semcirebis intensivobis safrTxe, rom-

lebic miiReba adreuli mtyunebebis periodSi, romelic ganpirobulia kostruqciu-

li an sawarmoo defeqtebiT, agreTve ganpirobebulia mowyobilobis montaJiT. 

 mtyunebis safrTxes  12 tt   periods uwodeben normaluri muSaobis periods. 

es periodi iwyeba misaxmarisi periodis bolodan, daRlilobis dasawisidan. imis ga-

mo, rom gazgamanawilebel qsels gaaCnia didi raodenobis mqone kvanZebi, amitom 

calkeuli maTgani damoukidebelni arian. amitom, a. xinCinis da b. grigolionisis 

Teoremis gamo [1], Tu arseobs gegmiuri remontebi, amitom mtyunebis jamuri nakadi 

iswrafvis stacionarulisken:   tetP  . aseTi gamartivebuli procedura, miiReba 

gazgamanawilebeli qselis mtyunebebis monacemebis statistikuri damuSavebis Sede-

gad miRebuli koreqtuli Sedegebis, renovaciis, simZlavris da materialur-teqni-

kuri saavario samsaxurebis prognozirebisaTvis. 

 daRlilobisas, iwyeba periodi, rodesac kvanZma gamoimuSava resursi, ris ga-

moc mkveTrad izrdeba mtyunebis raodenoba. amgvarad, statistikuri damuSavebis Se-

degad, SesaZlebelia miviRoT saWiro moculobebis prognozireba koreqtuli Sede-

gebis Sesabamisad. 

ganvixiloT SemTxveva, rodesac garkveuli elementi mzaddeba n  sxvadas-

xva sawarmoebSi. cnobilia, rom k -ur sawarmoSi damzadebuli elementis umtyu-

nod muSaobis albaTobas gaaCnia eqsponencialuri kanoni, parametriT k , e.i.  

  t
kk

ketp  . 
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 sxvadasxva sawarmoebidan Semosuli elementebi Semodian dasasawyobeblad 

(qselSi) da iq xdeba maTi Sereva (magaliTad gazgamanwilebel qselSi – vTqvaT 

urdulebi, fasonuri armatura an gazgamanawilebeli punqtebis elementebi). 

qselSi k -ur sawarmodan Semosuli produqciis wili aRvniSnoT kw . maSin ele-

mentis umtyunod muSaobis albaToba ganisazRvreba Semdegi formuliT [1]. 

  


 
k

1j

t

jj
t

33
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t
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j321 ew...ewewewtG .   (2) 

xSirad gamoiyeneba albaTobis ganawilebis simkvrivis normaluri funqciebis nare-

vis: 
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   (3) 

 nax. 2-ze magalisaTvis, naCvenebia calkeuli albaTobis ganawilebis sim-

kvrivis eqsponencialuri da normaluri funqciebi (sami funqcia) da albaTobis gana-

wilebis simkvrivis narevis  tG -s funqcia. 

 

 
nax. 2. a. albaTobis ganawilebis simkvrivis eqsponencialuri funqciebi da albaTobis ganawi-

lebis simkvrivis narevis  tG -s funqcia: ;003,0;002,0;001,0 321   

;2,0p;3,0p;5,0p 321   b.  albaTobis ganawilebis simkvrivis eqsponencialuri 

funqciebi da albaTobis ganawilebis simkvrivis narevis  tG -s funqcia: 

;5122;3054 21   ;154;1333 21   49,0w;49,0w 11   

 

ganvixiloT albaTobis ganawilebis simkvrivis funqciebis narevebis simkvri-

vis funqciis dadgena. 

 vTqvaT gvaqvs dinamikuri sistemis mtyunebis (namuSevrebis) da aRdgenis droe-

bis procesi,  t  da    koordinatul fazur sivrceSi (nax. 3). 

 ganvixiloT gazgamanawilebeli qselis garkveuli sruli amonakrebi, 

sadac miRebulia, rom sruli amonakrebi warmoadgens qselis garkveuli ele-

mentis namuSevaris (mtyunebis dro) da aRdgenis droebis monacemebs, garkveu-

li drois periodis ganmavlobaSi da SesaZloa, rom amonakrebSi iyos igive, 

magram sxvadasxva qarxnuli warmoebis elementebi (kerZod, miltuCebi) [2]. vi-

zualizaciis Sedegad, vcadoT monacemebis garkveuli dajgufeba (nax. 3b). mo-
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vaxdinoT jgufebis Sesabamisad statistikuri damuSaveba da movaxdinoT al-

baTobis ganawilebis simkvrivis funqciebis aproqsimacia. aSkarad Cans ori 

jgufis tendencia, I da II  jgufi. amonakrebis sruli raodenoba tolia: 

324N  . 

 
nax. 3. a) namuSevrebis da aRdgenis droebi t  da  , fazur sivrceSi; b) fazur sivrceSi namu-

Sevrebis da aRdgenis droebis ( t  da  ) dajgufeba 

 

ganvixiloT I jgufebisaTvis. namuSevaris aproqsimacia aRiwereba eq-

sponencialuri, xolo drois aRdgena - normaluri kanoniT. amonakrebis para-

metrebi Semdegia: amonakrebis raodenoba 117N 1  ;  mtyunebis safrTxe 

000286,0  sT-1; Sesabamisad maTematikuri molodini da saSualo gadaxra 

52,3m   sT da 15,1  sT. 
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 nax. 4-ze naCvenebia statistikuri monacemebi da histogramis saxe.  

 

 
nax. 4. namuSevaris (a) da  aRdgenis (b) histograma da albaTobis ganawilebis simkvrivis fun-

qcia I jgufisaTvis 

 

ganvixiloT II jgufebisaTvis. namuSevaris da drois aRdgenis  aproqsimacia 

aRiwereba normaluri kanoniT. amonakrebis parametrebi Semdegia: amonakrebis rao-

denoba 207N 1  ;  mtyunebis safrTxe da drois aRdgenebis droebi Sesabamisad 

gveqneba: maTematikuri molodini da saSualo gadaxra - 2,43771   sT;  14561   



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  252

sT;  07,32   sT;  07,12   sT. 
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 nax. 30 (a da b)-ze naCvenebia statistikuri monacemebi da histogramis saxe. 

 

 
nax. 5. namuSevaris (a) da aRdgenis (b) histograma da albaTobis ganawilebis simkvrivis fun-

qcia  II jgufisaTvis 

 

amgvarad gvaqvs namuSevaris albaTobis ganawilebis simkvrivis ori funqcia: 

eqsponencialuri da normaluri.  
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nax. 6. namuSevris drois histograma da sruli amonakrebi albaTobis ganawilebis narevis 

simkvrivis funqciisaTvis 

 

amonakrebis Sesabamisad veZebT parametrebs (eqsponencialuri ganawilebis 

mtyunebis safrTxes, normaluri ganawilebis maTematikur molodins da saSualok-
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vadratul gadaxras), mtyunebebis srul raodenobas da Sesabamis wilebis raodeno-

bebs. gveqneba [3-6]: 36,0
N

N
w 1

1   da 6,0
N

N
w 2

2  sabolood gveqneba: 

 
 

 
645,2

53,3t

t000286,02

t

2
t

1

2

2

2

e222075714,0

e000010296,0e
2

1
wewtG

















     (7) 

 nax. 6-ze naCvenebia aRdgenis drois histograma da sruli amonakrebi albaTo-

bis ganawilebis narevis simkvrivis funqciisaTvis.  

amgvarad, miRebulia gazgamanawilebeli qselis elementis sruli amonakrebi alba-

Tobis ganawilebis narevis simkvrivis funqciisaTvis. radganac es funqciis cnobi-

lia (e.i. cnobilia misi analizuri gamosaxuleba), amitom SesaZloa procesis nebis-

mieri parametris dadgena, rac SesaZloa saimedoobis procesis marTva. 
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TIME FAILURE ANALYSIS OF THE ELEMENTS OF GAS DISTRIBUTION NETWORK. 

Namgaladze D., Sanikidze G.,  
Georgian Technical University, Georgia’s National Energy and Water Supply Regulatory Commission. 
Georgian Technical University, Georgia’s National Energy and Water Supply Regulatory Commission. 

Summary 
Management of the exploitation of the gas distribution network is defined by reliability and durability, while the im-
portant indicator of the network is the risk of failure. The paper discusses the failure of the dynamic system and the 
restoration time, in the phasing space of coordinates. The result is the density of probability distribution mixture of 
the gas distribution network element, based on which it is possible to define any parameter of the process and to ma-
nage the process of reliability. 
 

 

 

 

liTonis gamtarebSi siTbogadacemis modelireba 
 

zivzivaZe b. 
akaki wereTlis saxelmwifo universiteti 

 
     naSromSi gamokvleulia eleqtruliDdenis gavliT gaxurebuli liTonis gamtarebis gas-
wvriv siTbogadacemis movlena. SemoTavazebulia gamtarebSi, romlebic xurdebian eleq-
truli deniT siTburi velebis gaangariSebis modeli. analitikurad miRebulia formu-
lebi cilindruli formis gamtarisaTvis siTbocvlis farTis da  siTbocvlis zedapi-
rebs Soris saSualo manZilis gaangariSebisaTvis.    
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     liTonis gamtarebSi eleqtruli denis gavlisas xdeba siTbos gamoyofa, 

romelic iwvevs mis gaTbobas. Ees faqti mniSvnelovania eleqtruli aparaturis 

warmatebuli proeqtirebisaTvis, dengamtarebis optimaluri geometriuli zome-

bis gansazRvrisaTvis an maTi gacivebis parametrebisaTvis (imisaTvis, rom uz-

runvelvyoT gamtarebis dasaSvebi temperatura). Mmudmivi kveTis gamtaris tempe-

raturis gaangariSeba erTgvarovan garemoSi mravaljer aris aRwerili litera-

turaSi [1]. im SemTxvevaSi, Tu gamtaris kveTi cvalebadia, an Tu gamtaris sxva-

dasxva ubnebi imyofeba siTbocvlis sxvadasxva pirobebSi garemomcvel garemos-

Tan, maSin mniSvnelovani xdeba siTbogadacema TviT gamtaris SigniT. Ggamtaris, 

romlis ubnebi imyofeba siTbocvlis sxvadasxva pirobebSi, magaliTia sxvadas-

xva eleqtroaparaturis Semyvani gamtarebi (rogorc wesi  aseT adgilebSi gam-

tarebi garemoculia damatebiTi izolaciiT an samagrebiT), an izolirebuli da 

araizolirebuli ubnebis sazRvrebi. realur pirobebSi aseTi mezobeli ubnebis 

Tanabarwoniani temperaturebi SeiZleba gansxvavdebodnen erTmaneTisagan ramde-

nime aTeuli gradusiT, rac bunebrivia ar SeimCneva eqsperimentaluri Semowmebi-

sas, TviT gamtaris SigniT siTbos gadanawilebis gamo. Mmocemul samuSaoSi Se-

moTavazebulia gamtaris temperaturis gaangariSebis meTodika eleqtruli denis 

mniSvnelobasTan, winaRobasTan da garemomcveli garemos temperaturasTan mimar-

TebaSi.  

     gamtaris temperatura, romelSic gadis eleqtruli deni stacionalur re-

JimSi SeiZleba gansazRvruli iqnas Semdegi gantolebis amoxsnisas: 

                                (1) 

     sadac P - gamtarSi gamoyofili siTboa, xolo Qп – gamtaris zedapiridan siT-

buri danakargebi. 

                                                                     (2) 

     sadac R - gamtaris eleqtruli winaRobaa, I - gamtarSi gamavali eleqtruli 

deni. 

                             (3) 

     sadac ρ(T)  - gamtaris masalis xvedriTi eleqtruli winaRobis damokidebu-

lebaa temperaturaze, l - gamtaris ubnis sigrZea, S – gamtaris kveTis farTobia. 

                                                    (4) 

     sadac TS - gamtaris zedapiris temperaturaa (liTonebis maRali siTbogamta-

robis gamo dasaSvebia CavTvaloT, rom gamtaris kveTSi temperaturis sxvaoba 

mcirea da gamtaris zedapiris da Siga fenebis temperaturebi emTxvevian erTma-

neTs), Ta - garemomcveli haeris temperaturaa,  - gamtaris zedapiridan garemoSi 
siTbogacemis koeficientia. Sп – gamtaris zedapiris farTobia. Casmisa da gardaq-

mnebis Semdeg miviRebT gamtaris temperaturis gansazRvrisaTvis Semdeg gamosa-

xulebas: 

                                               (5) 

     sirTules warmoadgens siTbogacemis  koeficientis gaangariSeba, romelic 

damokidebulia bevr faqtorze, kerZod gamtaris da garemomcveli garemos tempe-

raturaze, gamtaris geometriul zomebze mdgomareobaze (horizontaluri an 

vertikaluri) da a.S. [2]. siTbogacemis saerTo koeficienti aris sxivuri (л) da 
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konveqciuri (к) siTbogacemis koeficientebis jami. 

                                                                                                                                       (6) 

     Tavis mxriv sxivuri siTbogacemis koeficienti ganisazRvreba gamtaris ze-

dapiris da garemomcveli garemos temperaturiT: 

                              (7) 

     sadac п – gamtaris zedapiris siSavis xarisxia. Kkonveqciuri siTbogacemis 

koeficienti ganisazRvreba siTburi msgavsebis Teoriidan: 

                                                         (8) 

                                                       (9) 

                                            
(10) 

                                                     
(11) 

     sadac Nua, Gra, Pra – niuseltis, grazgofis da prandtlis kriteriumebia haeri-

saTvis, a – haeris siTbogamtarobaa, d – gamtaris diametria, g – Tavisufali var-

dnis aCqarebaa,  - haeris moculobiTi gafarToebis koeficientia, a  – haeris 

siblantea, ca – haeris siTbotevadobaa. 

    Mfunqciis (9) saxe gansxvavebulia horizontaluri da vertikaluri zedapi-

rebisaTvis [2, 3] da garemomcveli haeris moZraobis sxvadasxva siCqarisaTvis. 

Aamrigad, SeiZleba miRebuli iqnas sawyisi monacemebi zedapiris temperaturis 

gaangariSebisaTvis grZivi siTbogadacemis arsebobisas – Tanabarwoniani tempe-

raturebi ubnebze  garemomcvel garemosTan mudmivi xasiaTis siTbomimocvliT. 

     gamtaris zedapiris temperaturis gaangariSebis algoriTmi Semdegia: 

     1. ganisazRvreba Tanabarwoniani temperaturebi gamtaris yvela ubnebze izo-

laciis, geometriis da maTi muSaobis pirobebTan damokidebulebaSi – (5)-(11) ga-

mosaxulebebi. Mmezobeli ubnebis gavlena ar gaiTvaliswineba. 

     2. Semdeg etapze aucilebelia ganvsazRvroT siTbomimocvlis zedapiris 

farTobi da gamtaris mezobel ubnebs Soris siTburi winaRobis sisqe. vigulis-

xmoT, rom siTbos gamomsxivebeli zedapiri aris gamtaris im ubnebis sazRvari, 

romelic imyofeba garemomcvel garemosTan siTbomimocvlis sxvadasxva pirobeb-

Si. simartivisaTvis ganvixiloT wriuli kveTis gamtari da visargebloT cilin-

druli koordinatebiT. siTburi nakadi gamomsxivebeli zedapiris yoveli werti-

lidan Tanabrad nawildeba gamtaris “civi” ubnebis zedapiris yvela wertileb-

Si. Aamgvarad, saWiroa vipovoT saSualo manZili “cxeli” da “civi” ubnebis gam-

yofi kveTidan “civi” ubnis gare zedapiramde da saSualo farTi, romelSic xde-

ba siTbogadacema. siTbogadacemis saSualo farTi SeiZleba gansazRvruli iqnas 

rogorc gamtaris kveTis farTisa da “civi” ubnis gare zedapiris farTis saSua-

lo geometriuli: 

                                                       (12) 

     sadac d  - gamtaris diametria, lc  –  gamtaris “civi” ubnis sigrZea. manZili 

“siTbosgamomsxivebeli” kveTis nebismieri wertilidan “civi” ubnis zedapiris 

nebismier wertilamde  gamoiTvleba formuliT: 

                        )             

(13) 
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     sadac r  - manZilia gamomsxivebeli kveTis nebismieri wertilidan mis cen-

tramde,  - wertilis kuTxuri kordinatia “civi” ubnis zedapirze,  - wertilis 

kuTxuri kordinatia gamomsxivebel zedapirze, l - manZilia “civi” zedapiris wer-

tilidan  gamomsxivebel kveTamde. sidideebi, romlebic Sedian (12)-(13) Tanafar-

dobaSi naCvenebia naxazze.   

 

   

     saSualo manZili siTbos gamomsxivebel kveTsa da civi ubnis zedapirs Soris 

SeiZleba gamoangariSebuli iqnas Semdegnairad: 

     3. (12) da  

  

                                                                (14) 

(14) damokidebulebebis gaangariSebidan miRebuli sidideebi da (4) formulidan 

gaangariSebuli “civi” da “cxeli” ubnebis temperaturebi gamoiyenebian gamtaris 

am ubnebs Soris  siTburi nakadis gansazRvrisaTvis:  

                                                            (15) 

     sadac q - siTbos raodenobaa, romelic gadadis “cxeli” ubnidan “civ” uban-

ze drois erTeulSi, T - ubnebis Tanabarwoniani temperaturebis sxvaobaa.     

     4. Semdegi nabijiT koreqtirdeba Tanabarwoniani siTburi danakargebi gam-

taris ubnebisaTvis: 

                                                             (16) 

     niSani “pliusi” gamoiyeneba “civi” ubnisaTvis, romelic Rebulobs damate-

biT siTbos. “minusi” – Sesabamisad “cxeli” (kargavs siTbos) ubnisaTvis. Sesaba-

misad, gamosaxuleba (5) Sesworebis gaTvaliswinebiT miiRebs saxes: 

                                             (17) 

    5. Semdgom zustdeba siTbogacemis koeficientebi, aucileblobis SemTxvevaSi 

winaRoba (3) formuliT da gamtaris ubnebSi gamoyofili siTbo da isev gamoiT-

vleba temperaturebi. 

    Pprocedura meordeba manam, sanam sxvaoba temperaturis wina da Semdgom 

mniSvnelobebs Soris ar gaxdeba gaangariSebis sizustiT mocemulze naklebi. 

SemoTavazebuli meTodi efeqturia, rodesac gamtaris ubnis sigrZis fardoba 

mis diametrTan ar aRemateba 50-s [1]. gamtaris didi sigrZis SemTxvevaSi damate-

biT unda davyoT “cxeli” da “civi” ubnebi mcire sigrZis ubnebad da analogiu-

rad ganvixiloT maTi urTierT gavlena. Aamave meTodiT SesaZlebelia avagoT 
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temperaturebis veli gamtaris mTel sigrZeze. 

     gaangariSebis meTodika Semowmebuli iqna liTonis mavTulebis mudmivi de-

niT gaxurebis gamokvlevisas ubnebze, romelTac aqvT sxvadasxva Tbo da eleq-

troizolacia da zedapiris siSavis sxvadasxva xarisxi (Sesabamisad siTbogace-

mis sxvadasxva koeficienti). 

     eqsperimentisaTvis viyenebdiT spilenZis gamtars 1,5 mm diametriT da 300 mm 

sigrZiT. eleqtruli denis mudmiv mniSvnelobas (25 a) vinarCunebdiT stabiliza-

toriT, amave dros vzomavdiT Zabvas gamtaris boloebze. haeris temperatura Se-

adgenda 18-200C, gamtaris araizolirebuli ubnebis temperaturas vzomavdiT lo-

kalurad Termometris daxmarebiT. 

     gamtaris ubnebze siTbocvlis sxvadasxva pirobebis Sesaqmnelad viyenebdiT 

plastikur izolacias da gamtaris nawilis SeRebvas zedapiris siSavis xaris-

xis asamaRleblad. 

   izolaciis da SeRebvis gareSe temperaturis gazomvis Sedegad eqsperimentis 

Catarebis pirobebSi miRebuli iqna mniSvneloba 106 0C. gamtaris naxevari sigrZis 

saRebaviT SeRebvisas siSavis maRali xarisxiT, temperaturam SeuRebav ubanze 

Seadgina 96 0C. gaangariSebis Sedegebma aCvena damakmayofilebeli Sesabamisoba  

gazomil mniSvnelobebTan.  

    miRebuli Sedegebi aixsneba mavTulis SigniT siTbos gadanawilebiT. sufTa 

spilenZis mavTulis ubnis SeRebvisas Savi saRebaviT mniSvnelovnad izrdeba ze-

dapiris siSavis xarisxi 0,12-dan 0,95-mde da rogorc Sedegi, siTbogacema. SeRebi-

li ubani iwyebs moqmedebas rogorc macivari, rac iwvevs temperaturis vardnas 

mezobel ubanze. 

     daskvna. SemoTavazebulia gamtarebSi, romlebic xurdebian eleqtruli de-

niT, siTburi velebis gaangariSebis modeli. analitikurad miRebulia formule-

bi cilindruli formis gamtarisaTvis siTbocvlis farTis da  siTbocvlis ze-

dapirebs Soris saSualo manZilis gaangariSebisaTvis. 
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HEAT TRANSMISSION MODELING IN METALLIC CONDUCTORS 
Zivzivadze B. 

Akaki Tsereteli State University 
Summary 

     The paper dwells on the heat transmission phenomenon along metallic conductor heated by electric current. The-
re proposed a model for calculation of thermal fields in the conductors, which are heated by electric current. There 
have been obtained analytically formulas for calculation of the distance between the heat-exchange area and heat-
exchange surface for cylindrical conductor.     
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gamosaxulebaTa damuSavebis Teoriis gamoyeneba dokumentebis  
identifikaciis amocanebSi MathCad-is sistemaSi M 

 
kopaliani n., RintibiZe n., ormocaZe n., filia r. 

akaki wereTlis saxelmwifo universiteti 
 

ganxilulia dokumentebis identifikacia Amonoqromuli gamosaxulebis wertilovani ana-
lizis meTodiT.. analizs aqvs maRali sizuste, yoveli wertilis (erTi piqselis) done-
ze. am meTodebiT SesaZlebelia maRali sizustiT amoixsnas dokumentebis identifikaci-
is bevrad ufro rTuli amocanebi kriminalistikis dargSi, astronomiaSi, diagnostikaSi 
da bevr sxvadasxva dargebSi. 
 
  identifikacia (gaigiveba) warmoadgens obieqtis igiveobis dadgenis pro-

cess. teqnikur amocanebSi xSirad gvxvdeba sakvlevi obieqtis gamosaxulebebis 

(an maxasiaTeblebis) da misi etalonis gamosaxulebebis (an maxasiaTeblebis) Se-

dareba erTmaneTTan msgavsebis dasadgenaT (magaliTad, diagnostika, kriminalis-

tika da a.S.). saWiro xdeba gadawyvetilebis miReba maTi identobis Sesaxeb.  

maTematikurad, Tu gvaqvs ori matrica da gamoviyenebT msgavsebis logikur 

bloks “Tu-maSin” miviRebT:H 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

es niSnavs, rom nebismieri gadawyvetilebis misaRebi problema (maT Soris iden-

tifikaciis problema) unda iqnas dayvanili aseTi saxis (an msgavsi) Sedarebis 

SesaZleblobamde da es logikuri bloki “Tu-maSin” yovelTvis gaakeTebs swor 

daskvnas, swori gadawyvetilebis miRebas. Tanac es keTdeba maRali sizustiT, 

myisierad da martivad eqvemdebareba maRali donis avtomatizacias. 

ganvixilod kriminalistikis, kerZod ki erT-erTi amocana - dokumentebis iden-

tifikaciis amocana. realuri dokumentis, fulis an piradobis mowmobis ID-is 

da a.S. nacvlad, aviRoT raRac, nebismieri monoqromuli gamosaxuleba. meore ga-

mosaxuleba iyos igive, magram mcired gansxvavebuli (magaliTad, falsificire-

buli) pirvelisagan, romelic miviCnioT etalonad. etalonTan  SeTavsebis meTo-

diT MathCad-Si miviRebT: 

 

 

 

ori matricis Sedareba 

M2

1

6

7

8

9

2

6

7

8

9

3

6

7

8

9

4

6

7

8

9

5

6

7

8

9

















  
M1

1

6

7

8

9

2

6

7

8

9

3

6

7

8

9

4

6

7

8

9

5

6

7

8

9

















  

P "identic" M1 M2if

"no identic" otherwise

  

P "identic"  
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M11M11

m          yoveli qvematricis zoma iyos 32x64 piqseli 

 M1 READ_IMAGE "bridge1.bmp"( )  M2 READ_IMAGE "bridge2.bmp"( )  

M1

 

M2

 

M1

0 1 2 3

0
1

2

3

4

125 153 135 124
93 100 149 122

100 173 132 178

83 123 152 165

126 148 151 ...

  
M2

0 1 2 3

0
1

2

3

4

125 153 135 124
93 100 149 122

100 173 132 178

83 123 152 165

126 148 151 ...

  

cols M1( ) 128  
cols M2( ) 128  

rows M1( ) 128  
P "identic" M1 M2if

"no identic" otherwise

  rows M2( ) 128  

max M1( ) 255  
max M2( ) 255  

min M1( ) 0  
min M2( ) 0  

P "no identic"  

radgan mxolod keTdeba daskvna logikur blokSi ”erTnairia-gansxvavde-

ba”, da gaurkvevelia Tu riT gansxvavdebian es matricebi, amitom davyoT sa-
wyisi gamosaxulebebi nawilebad anu matricebad,  erTnair mcire nawile-

bad da SevadaroT isini erTmaneTs, magaliTad, davyoT   8-8 qvematricebad. 

logikuri blokiT ”Tu-maSin” movZebnoT gansxvavebuli ubnebi da gamovav-

linoT gansxvavebebi.       

m READ_IMAGE "3.bmp"( )  
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gansxvavebis moZebna

M11 submatrix M1 0
rows M1( )

2
1 0

cols M1( )

4
1





  

M12 submatrix M1 0
rows M1( )

2
1

cols M1( )

4


2cols M1( )

4
1





  

 
 
 
M13 submatrix M1 0

rows M1( )

2
1

2cols M1( )

4


3cols M1( )

4
1





  

M14 submatrix M1 0
rows M1( )

2
1

3cols M1( )

4
 cols M1( ) 1





  

M15 submatrix M1
rows M1( )

2
 rows M1( ) 1 0

cols M1( )

4
1





  

M16 submatrix M1
rows M1( )

2
 rows M1( ) 1

cols M1( )

4


2cols M1( )

4
1





  

M17 submatrix M1
rows M1( )

2
 rows M1( ) 1

2cols M1( )

4


3cols M1( )

4
1





  

M18 submatrix M1
rows M1( )

2
 rows M1( ) 1

2cols M1( )

4
 cols M1( ) 1





  

M21 submatrix M2 0
rows M2( )

2
1 0

cols M2( )

4
1





  

M22 submatrix M2 0
rows M2( )

2
1

cols M2( )

4


2cols M2( )

4
1





  

M23 submatrix M2 0
rows M2( )

2
1

2cols M2( )

4


3cols M2( )

4
1





  

M24 submatrix M2 0
rows M2( )

2
1

3cols M2( )

4
 cols M2( ) 1





  

M25 submatrix M2
rows M2( )

2
 rows M2( ) 1 0

cols M2( )

4
1







 

M27 submatrix M2
rows M2( )

2
 rows M2( ) 1

2cols M2( )

4


3cols M2( )

4
1





  

M28 submatrix M2
rows M2( )

2
 rows M2( ) 1

3cols M2( )

4
 cols M2( ) 1





  

P1 "identic" M11 M21if

"no identic" otherwise

  P2 "identic" M12 M22if

"no identic" otherwise

  

P1 "identic"  P2 "identic"  

P3 "identic" M13 M23if

"no identic" otherwise

  P4 "identic" M14 M24if

"no identic" otherwise

  

P3 "identic"  P4 "identic"  

P6 "identic" M16 M26if

"identic" otherwise

  
P5 "identic" M15 M25if

"no identic" otherwise

  

P5 "identic"  
P6 "identic"  

P8 "identic" M18 M28if

"no identic" otherwise

  
P7 "identic" M17 M27if

"no identic" otherwise

  

P7 "identic"  
P8 "no identic"  

cols M28( ) 32  rows M28( ) 64  

M28

0 1 2 3

0
1

2

3

84 91 78 98
67 92 73 105

72 124 75 103

42 81 68 ...

  

max M28( ) 255  min M28( ) 0  

irkveva rom gansxvaveba aris gamosaxulebis qveda, bolo marjvena nawilSi - M28   
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THEORY OF THE USE OF IMAGES IN DOCUMENTS IDENTIFICATION PROBLEMS BY USING 
MATHCAD PACKAGES. 

Kopaliani N., Ghintibidze N., Ormotsadze N., Filia R. 
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 criminalistics, and also to use these methods in astronomy, in diagnostics etc. 
 

 

 

gazodizelis ciklis maxasiaTeblebi da analizi 
 

kamlaZe a., koCaZe T., SoTaZe z. 

akaki wereTlis saxelmwifo universiteti 
 

naSromSi ganxilulia dizelis Zravis airovan sawvavze muSaobis SesaZlebloba da mi-
si konstruqciuli Taviseburebebi. mocemulia Zravis muSaobis principi, upiratesoba sabazo 
dizelTan SedarebiT da ciklis realizaciisaTvis aucilebeli pirobebi. 

 
msoflios saavtomobilo parkis yovelwliuri zrdis tempebi mniSvnelovnadaa 

dakavSirebuli ori ZiriTadi problemis gamwvavebasTan. pirveli dakavSirebulia 

energetikul problemebTan, meore ki ekologiuri xasiaTisaa. 

XX saukunis dasawyisSi yvela saxis energiis moxmareba yovelwliurad Seadgen-

da daaxloebiT miliard tona pirobiT saTbobs, maSin rodesac ukanaskneli aTwleu-

lis manZilze igive monacemebi 20 miliard tonas aWarbebs. [1]. 

rogorc wesi, navTobproduqtebis ZiriTadi momxmarebeli sxvadasxva saxis sat-

ransporto saSualebebia da prognozis mixedviT,  XXI saukunis 30-ian wlebSi, maT mi-

er moxmarebuli navTobproduqtebis wili gaizrdeba 50-60%-mde[1]. 

satransporto saSualebebis ricxvis ganuwyveteli swrafi zrda, uaxloes mo-

mavalSi gamoiwvevs Txevadi sawvaviT maTi momaragebis garkveul problemebs. Tana-

medrove SefasebiT, mineraluri resursebis mopovebis maRali tempebis SemTxvevaSi, 

navTobis maragi sakmarisi iqneba 40-50 wlis, xolo bunebrivi airis 150-200 wlis man-

Zilze. gamomdinare aqedan, momavalSi problemis efeqturad gadasaWrelad dRiTi-

dRe moimatebs gazbaloniani avtomobilebis ricxvi. 

Txevad sawvavze momuSave satransporto Zravebis airovan sawvavze gadawyobis 

process konvertacia ewodeba. aRniSnuli procesis ganxorcieleba gacilebiT mar-

tivia oTxtaqtian benzinze momuSave Zravebze, radgan ZravSi yovelgvari konstruq-

ciuli cvlilebebis gareSe, specialuri airmimwodebeli aparaturis gamoyenebiT 

miiReba airovan sawvavze konvertirebuli iZulebiTi anTebiT momuSave energetiku-

li danadgari. 

dizelis Zravis airovan sawvavze konvertacia SesaZlebelia ganxorcieldes 
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ori sxvadasxva gziT: 

pirveli: uSualod bunebriv SekumSul airze konvertirebuli dizeli warmo-

adgens  Zravas gare narevwarmoqmniT da iZulebiTi anTebiT, romelsac igive geomet-

riuli parametrebi aqvs, rogorc sabazo dizels. aseve ucvlelia SemSvebi da gamom-

Svebi arxebi, airganawilebis fazebi, gagrilebis da SezeTvis sistemebi. modifici-

rebuli Zravis misaRebad aucilebelia mTeli rigi damatebiTi konstruqciuli samu-

Saoebis Catareba. kerZod, mcireodeni meqanikuri damuSavebis Semdeg SesaZlebelia 

frqvevanebis adgilas anTebis sanTlebis Cayeneba da wvis kameris damuSavebiT kum-

Svis xarisxis amaRleba.   

samuSao narevis aaleba xorcieldeba   eleqtruli naperwkliT. Zravze dayene-

bulia mwyvetara-gamanawilebeli meqanizmi, romlis moZraobaSi moyvana xorcielde-

ba  sawvavis maRali wnevis tumbos amZravi kbilanidan. sawvavi narevis momzadeba xde-

ba SemrevSi, romelic warmoadgens difuzors. ciklis ganmavlobaSi miwodebuli hae-

ris da gazis narevis regulirebas axdens maregulirebeli organo, romelic moTav-

sebulia SemSvebi koleqtoris dasawyisSi da moZraobaSi modis vakum-koreqtoris sa-

SualebiT. 

meore: Cveulebriv dizelebSi gazobrivi sawvavis uSualod gamoyenebis SesaZ-

lebloba SezRudulia, misi TviTaalebis maRali temperaturidan (680 - 7000C) gamom-

dinare, maSin roca dizelis sawvavis TviTaalebis temperatura icvlebaa 320-3800C 

zRvrebSi. aRniSnulis gamo mxilod gazis sawvavis gamoyenebiT kumSvis procesis bo-

los SeuZlebelia TviTaalebis da saerTod wvis procesis ganxorcieleba. 

am tipis ZravebSi, haeris magier cilindrebSi Sevsebis taqtis dros miewodeba 

specialur aparaturaSi momzadebuli haerisa da gazis (meTanis) narevi, romelic ga-

nicdis kumSvas. narevis aaleba, anu wvis kerebis warmoqmna xorcieldeba kumSvis bo-

los cilindrSi Sefrqveuli dizelis sawvaviT (e.w. amnTebi doza), romelic uSua-

lod dizelis cikliT muSaobisas stacionarul da gemis ZravebSi sawvavis xarjis 

10-20% - ia, xolo saavtomobilo ZravebSi 10 _ 20 %  Seadgens. aseT cikls gazodize-

lis cikls uwodeben. 

gazodizeli warmoadgens or sawvavze momuSave Zravs, romelzedac sabazo di-

zelisagan gansxvavebiT, ganTavsebulia damatebiTi mowyobiloba gazis aparaturis 

saxiT. am tipis Zravebi yovelgvari konstruqciuli gadakeTebis gareSe muSaoben di-

zelis cikliT, magram ver muSaoben mxolod airovan sawvavze. 

rogorc Catarebuli eqsperimentaluri gamokvlevebi [2] gviCveneben, gazodi-

zelSi ganxorcielebuli muSa procesi uzrunvelyofs: 

- sabazo dizelTan SedarebiT simZlavris 3-10% gazrdas; 

- namwvi airebis kvamlianobis 2-3-jer Semcirebas; 

- dizelis sawvavis xarjis 40-60%-iT Semcirebas; 

- ZravSi gamoyenebuli zeTis vargisianobis 2-3-jer gaxangrZlivebas; 

- sabazo dizelTan SedarebiT xmauris Semcirebis efeqti 3-8 db-ia. 

gazodizelis cikliT momuSave ZravebSi mniSvnelovani parametria dizelis 

sawvavis amnTebi doza, romelic gansazRvravs Zravis rogorc simZlavriT, aseve eko-

nomikur da ekologiur parametrebs. 

ise rogorc dizelebSi, gazodizelebSic maxasiaTebelia sawvavi narevis anTe-

bis Seferxebis movlena, rac mniSvnelovnad moqmedebs Zravis normalur muSaobaze. 

am procesis Tavidan acilebis mizniT adideben amnTebi dozis sidides da amavdrou-
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lad axdenen haeris droselirebas Sesasvlelze, rac iwvevs narevSi airovani sawva-

vis (meTanis) karg koncentracias. Txevadi sawvavis amnTebi dozis gazrdiT izrdeba 

anTebis kerebis ricxvi da maRldeba wvis procesis mdgradoba. Tumca mcire datvir-

Tvebze muSaobisas cilindrSi moxvedrili airovani sawvavis da amnTebi dozis jamu-

ri kuTri xarji ufro maRalia, vidre sabazo dizelebSi. 

ekonomiurobisa da efeqturobis TvalsazrisiT satransporto dizelebisaT-

vis mniSvnelovania iseTi xerxis gamoyeneba, romelic uzrunvelyofs gazodizelis 

ciklidan dizelis ciklze swrafi da Seuferxebeli gadasvlis SesaZleblobas. es 

ki SesaZlebelia amnTebi dozis swori regulirebiT. amasTan gazodizelis maRali 

ekonomiurobis misaRwevad aucilebelia cilindrSi miwodebuli amnTebi sawvavis 

doza iyos minimaluri. 

Sereul sawvavze gazodizelis efeqturi da saimedo muSaobisaTvis aucilebel 

mTxovnas warmoadgens amnTebi dozis zusti raodenobis miwodeba da misi Tanabari 

ganawileba cilindrebis mixedviT. am moTxovnebis dakmayofilebis mizniT, gazodi-

zelze dayenebulia sawvavis maRali wnevis tumbo orreJimiani reguliatoriT. aseT 

SemTxvevaSi amnTebi dozis sawvavis miwodebis aucilebeli maxasiaTeblebis miReba 

SesaZlebelia maRali wnevis tumbos berketis gansazRvrul mdgomareobaSi fiqsire-

biT da regulatoriT marTvis uzrunvelyofiT. Cveulebriv dizelis reJimze muSao-

bisas regulatori uzrunvelyofs sawvavis srul miwodebas. nax. 1-ze mocemulia saw-

vavis tumbos maxasiaTeblebi orreJimiani regulatoriT muSaobisas da gviCvenebs 

Txevadi sawvavis cikluri miwodebis cvlilebas rogorc dizelis, aseve gazodize-

lis reJimebze muSaobisas. 

 

 

 

 

 

 

 

 

 

 

 
nax. 1. sawvavis tumbos maxasiaTeblebi orreJimiani regulatoriT. 

1 - muSaoba dizelis reJimSi; 2 - muSaoba gazodizelis reJimSi. 

 

aRsaniSnavia, rom gazodizelze mravalreJimiani regulatoriT sawvavis tum-

bos dayeneba specialuri mowyobilobis gareSe, lartyas fiqsirebul mdgomareoba-

Si yofnisas, ver uzrunvelyofs sawvavis amnTebi dozis aucilebel ciklur miwode-

bas da sawyisi parametrebis SenarCunebas dizelis  reJimze gadasvlisas. winaaRmdeg 

SemTxvevaSi SesaZlebelia amnTebi dozis miwodebis darRveva, rac gamoiwvevs Zravis 

aramdgrad muSaobas da namwvi airebis kvamlianobis amaRlebas. amasTan mravalreJi-

miani regulatoriT aRWurvili dizelis gadawyoba (konvertacia) ufro rTulia, 

2

1

           400                            800                           1200               n; წთ-1 

gც(გ) 

    80 

     40 

0 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  264

vidre orreJimianis SemTxvevaSi. 

yovelive zemoTaRniSnulidan gamomdinare, gazodizelis saimedo da ekonomiu-

ri muSaoba ZiriTadad ganpirobebulia amnTebi dozis efeqturi miwodebiT da sawva-

vis tumbos regulatoris swori regulirebiT. 

 
literatura 
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GAZODIZEL CYCLE CHARACTERISTICS AND ANALYSIS 
Kamladze A., Kochadze T., Shotadze Z. 

Akaki Tsereteli State University 
Summary 

Gazodizel the two-fuel engine, which is equipped with additional equipment for the base diesel fuel gas 
work. This type of engines in the engine cylinder is provided with two types of fuel - diesel and the extra gas. Howe-
ver, diesel fuel to perform the so-called Amntebis role gaseous fuel for ignition. Amntebi dose of diesel fuel con-
sumption by 10-20% of the working cycle. 

This type of diesel engines without any constructive change work cycle, but will work only gaseous fuel. 
The paper deals with the diesel engine gaseous fuel conversion capability, and its advantages in comparison 

with the base. In addition, the dose amntebi epekuri delivery method, which is important for high-capacity gazodize-
lis economic and environmental parameters to get. 

 
 

 

kbilebiani farcxi fermeruli meurneobisaTvis 
 

samadalaSvili a., modebaZe t., lomiZe a. 

akaki wereTlis saxelmwifo universiteti 

 
modebis saganeSi regulirebadi seqciebiani farcxi agregatirdeba maRali simZlav-

ris (8...10 kvt) motoblokebze da 10...18 kvt simZlavris mciregabaritian traqtorebze. 
farcxis maqsimaluri modebis siganea 135 sm, minimaluri _ 75 sm. 

farcxis TiToeuli seqcia, Sua nawiliT, WanWikebiT fiqsirdeba wriuli formis 
lartyaze oTx mdgomareobaSi, riTac uzrunverlyofilia farcxis kbilebis Tanabari 
dawola niadagze da farcxvis maRali xarisxi. 

modebis siganis cvlilebisas kbili SeiZleba gaadgildes sxva mdgomareobaSi. 
farcxis Teoriuli saaTuri mwarmoebloba tolia 0,8 ha/sT.  

 
kbilebiani farcxi (nax. 1) agregatirdeba rogorc mciregabaritian traqto-

rebze, aseve maRali simZlavris (8...10 kvt) motoblokebzec. aseTi formiT SeiZ-

leba Sesruldes mindvris zedapiris mTliani damuSaveba, niadagis qerqis dam-

sxvreva gazafxulze da wvimebis Semdeg, Teslisa da sasuqis CaTesva niadagSi, 

naxnavze beltis qimebis mosworeba, saSemodgomo xorblisa da mravalwliani ba-

laxebis farcxva, sarevela balaxebis mospoba, beltis damsxvreva gadamSral 

niadagebSi, xvnis dros erTdroulad farcxva da sxva [1]. . 

nax.2.-ze naCvenebi kbilebiani farcxi orseqciania, paralelogramuli tipis 

seqciebiT. Sedgeba oTxi sworxazovani grZivi liTonis kuTxovanisagan 1 sig-

rZiT 60 sm, erTi marTkuTxa kveTis centraluli mzidi Zelisagan 2, romelzedac 

damagrebulia ori sayure 3, paralelogramis tipis farcxis seqciebis dasamag-

reblad, naxevrad wriuli formis lartyisagan 4, romelic Sua nawiliT damag-
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rebulia mzid Zelze 2, xolo ori Tavisufali boloTi ganivaze 5, romelic Ta-

vis mxriv Sua nawiliT damagrebulia mzidi Zelis 2 meore boloze. 

 

nax.. 1. modebis siganeSi regulirebadi kbilebiani farcxis sqema: 

1 _ farcxis seqciis kuTxovana (Zeli); 2 _ mzidi Zeli; 3 _ sayrdeni; wriuli formis 

lartya; 5 _ ganivi Zeli; 6 _ dgari; 8 _ seqciebis samagri naxvretebi; ℓ1=ℓ2‐ seqciebis 

kuTxovanebis sigrZeebi; Gjg  _ operatoris farcxze dawolis Zala; Gnd _ tvirTebis 

sqeciebze dawolis Zala.  

 

modebis siganeSi regulirebadi kbilebiani farcxis agregatireba motob-

lokebze xdeba mzid Zelze damagrebuli dgaris 6 CamagrebiT gadasabmelSi, xo-
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lo mciregabaritian traqtorTan ki ganiv Zelze 5 arsebul sayureebSi 7 gamob-

muli jaWvis mierTebiT traqtoris sakid mowyobilobasTan. 

paralelogramis tipis CarCos mqone farcxis dafiqsireba garkveul siganeze 

SesaZlebelia paralelogramis tipis TiToeuli seqciis SemobrunebiT naxevrad 

wriuli formis lartyis mimarT da masSi WanWikebis saSualebiT CamagrebiT. 

fiqsireba SesaZlebelia sam mdgomareobaSi. 

farcxis maqsimaluri modebis sigane tolia:  

Bmaqs=(ℓ1+ℓ2) cos+ℓ0=2ℓcos+ℓ0,                                          (1) 

sadac ℓ1+ℓ2=2 aris TiToeulis seqciis maqsimaluri sigrZeebis jami bolo kbi-

lamde; ℓ0=15sm  paralelogramuli seqciebis mzid Zelebze Camagrebebs Soris 

daSoreba;   seqciebis ganSlis kuTxe. 

roca farcxi mTlianad gaSlilia, maSin misi maqsimaluri sigane tolia: 

 Bmaqs= 135150cos602 0  sm,                                 (2) 

xolo modebis minimaluri sigane 

Bmin= 751560cos602 0  sm                                   (3) 

farcxis wevis winaaRmdegoba (nax. 1) ganisazRvreba misi wonis, kbilebis rao-

denobisa da niadagis winaaRmdegobis mixedviT. 

praqtikuli gaangariSebisaTvis SeZleba visargebloT formuliT [2]:  

P  =  n     k,                              (4)  

sadac n=21‐aris farcxis kbilebis raodenoba;  k-erTi kbilis winaaRmdegoba da 

msubuqi niadagebisaTvis igi aiReba k=1...1,5 kg/sm2, saSualo niadagebisaTvis 

k=2...2,5 kg/sm2, mZime niadagebisaTvis k=4...5  kg/sm2  zRvrebSi. e.i. msubuqi niadage-

bisaTvis  

P= 5,315,121   kg 

saSualo niadagebisaTvis  

P= 5,525,221   kg 

mZime niadagebisaTvis 

P= 105521   kg 

farcxis wona SeiZleba ganvsazRroT gamosaxulebiT : 

,sinPG a                       (5) 

sadac =10...150-aris motoblokis wevis Zalis mimarTulebasa da horizontalur 

sibrtyes Soris kuTxe, e. i. 

                                                            b &rua 2615sin105G 0                          (6) 

farcxis erTi kbilis niadagze dawolis Zala tolia [63]:  

                                                          &rua 2,121/8,26n/Gq                 (7) 

e.i. dagegmarebuli farcxis erTi kbilis dawola niadagze tolia 1,2kg, 

rac imyofeba dasaSveb zRvrebSi, radgan saSualo simZimis farcxebisaTvis 

igi aiReba 1,2...1,5kg zRvrebSi. 

farcxis Teoriuli saaTuri mwaremoebloba             WT.s.= 0,9 h/sT.  

2 kn wevis klasis mciregabaritian Tvlian traqtorebze agregatirebis Sem-

TxvevaSic ki farcxis wevis winaaRmdegoba (P=105 kg) gacilebiT naklebia 

traqtoris nominaluri wevis winaaRmdegobaze (Pnom = 200 kg) da, Sesabamisad, 
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farcxisaTvis Zravis simZlavrec naklebi, rac iZleva imis saSualebas, rom 

Zravis danarCeni saWiro simZlavre gamoyenebul iqnas farcxis modebis sigani-

sa da satraqtoqtori agregatis samuSao siCqareebis gasazrdelad, rac ufro 

ekonomiurs xdis mas fermerebisTvis.  

publikacia ganxorcielda samecniero proeqtis AR/40/9-250/14 biujetidan.  
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A SPIKE-TOOTH HARROW FOR FARMING ENTERPRISES 

A. Samadalashvili, T. Modebadze, A. Lomidze 
Akaki Tsereteli State University 

The high-capacity (8…10 kW) sectional harrow regulated in coverage, is aggregated with a high-capacity 
(8…10 kW) motor cultivators. The maximum coverage of harrow is 135 cm, and minimum – 75 cm. 

Each section of harrow, with its middle part, is fixated by bolts on an annular lath in four positions that ensu-
res equal pressure of harrow teeth on a soil, as well as high quality of harrowing. 

When changing coverage, the tooth may move into another position. Theoretical hourly productivity of har-
row is 0,8 ha/h.      

РАБОЧИЕ ОРГАНЫ ПОЛОСОВОЙ ПАХОТНОЙ МАШИНЫ 
 

А. Самадалашвили, Т. Модебадзе, А. Ломидзе 
Госуниверситет им. А. Церетели 

 
 В работе разработаны рабочие органы сварных конструкций для полосовых пахотных машин. В 

условиях эксплуатации, с учетом сил, действующих на сварные швы подобраны материалы составляющих 
элементов конструкций рабочих органов, и установлены оптимальные условия сварки. Расчеты 
показывают, что фактические силы, действующие на рабочие органы значительно ниже расчетных сил.  

Разработанная сварная конструкция надежа, и возможен ее серийный выпуск. 
В отличие от известных лемехов, предусмотрена возможность регулирования угла наклона к почве, 

что приводит к снижению силы сопротивления почвы и мощности двигателя.    
 

Одним из основных условий интенсивного развития сельского хозяйства является широкое 
внедрение  научно-технических достижений в производственные процессы механизации. 

Сельскохозяйственная техника, как известно, отличается большим разнообразием. Среди них 
есть такие машины и орудия, рабочие органы которых взаимодействуют с почвой, что в свою 
очередь относится к числу самых энергоемких операции. Поэтому при снабжении или 
проектировании сельхозмашин внимание должно обрушаться не только на их количество, но и на 
увеличение показателей качества и надежности. 

Основной причиной низкой надежности и малой эффективности рабочих органов различных 
почвообрабатывающих машин является несовершенство разработки конструкции на стадии ее 
создания (проектирования). Поэтому вооружение малоконтурных фермерских (крестьянских) 
хозяйств надежными техническими средствами малой механизации имеет большое значение для 
решения социальных и  экономических задач страны. Это позволяет повысить уровень  
механизации в производстве таких значительных культур, как зерновые, свекла и др., а также 
позволяет значительно сократить долю немеханизированных операции при уходе и разведении 
огородных и  плодоносящих культур. 

С целью  частичного решения проблемы нами был разработан рабочий орган сварной 
конструкции полосовой пахотной машины (рис. 1). 

Рабочий орган, представленный на рисунке, состоит из главного лемеха 1 с крылом 2, 
боковых режущих ножей 3, которые посредством серег 4 болтами укреплены на раме трактора, а 
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крыло 2 лемеха 1 приварено к ножам 
3, С целью увеличения жесткости 
сварной конструкции оба режущих 
ножа  натянуты у лемеха болтами 5. 

В процессе эксплуатации, при  
пахоте, на элементы рабочего органа 
влияют силы различной величины и  
напряжения, которые воздействуют 
на сварные  швы конструкции и 
вызывают ее разрушение. Схема сил, 
действующих на пахотный орган, 
показана на рис. 2. 

На рабочий орган, 
врезающийся в землю, со стороны 
стенки распашки действует боковая 
сила реакции Рбок, а с передней 
стороны на главный лемех, крыло и 
боковые режущие ножи  действуют 
силы сопротивления R1,  нормальная 
сила R, сила тяжести срезанного слоя 
почвы G. Указанные силы вызывают 
разрушение сварных швов с 
различной интенсивностью. 

Боковые силы возникают в 
моменты  погружения пахотного 
органа в землю и извлечения из нее 
при  непрямолинейном движении 
трактора до поворота в конце гона в 
результате запаздывающего 

извлечения рабочего органа из почвы или отклонения от прямолинейного  движения при распашке 
склона (по причине соскальзывания трактора к нижнему краю склона). 

Лемех изготавливается из стали  Л53, крыло из углеродистой стали, лезвия боковых 
режущих ножей из высоколегированной стали Х6Ф1, тела, которые сварены друг с другом, из 
углеродистой стали. 

Известно, что увеличение количества углерода в стали затрудняет процесс сваривания, что 
выражается повышением прочности и понижением пластичности сварного соединения в  
отношении возникновению трещин [1]. 

Во избежание указанных трудностей для всех видов сварки плавлением в конструкции были 
сформулированы следующие рекомендации: 
1. Выбор режимов сварки, обеспечивающих низкое содержание основного металла в сварном шве. 
2. Выбор оптимального коэффициента формы шва. 
3. Предварительное нагревание свариваемого металла до температуры 2000С. 
4. Использование электродов марки УОНИ-13/55 и УОНИ-13/45 с фторидно-кальциевым 
покрытием. При этом необходимо, чтобы металл остывал медленно, с использованием  низкой  
скорости сваривания и предварительного нагревания. 

При работе соединений на срезе расчетная формула имеет вид [2]: 
Р=2[τ] 0.7 · k · l, 
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где  [τ]=960 кг/см2 – допускаемое напряжение в шве при срезе; 
к=1 см – катет шва (рис. 3). 
1=15 см – длина шва (рис. 4). 
В результате расчетов было установлено, что Р=20160 кг намного превышает величину сил, 

действующих на рабочий орган во время пахоты, поэтому можно заключить, что разработанный 
нами пахотный  рабочий орган  сварной конструкции является надежным и долговечным, и 
возможно его серийное изготовление для агрегатирования на мотоблоке и малогабаритных 
тракторах. 

Рабочие органы известных пахотных орудий, при вспахивании почв с различным удельным 
сопротивлением не дает возможности регулирования угла наклона лемеха (клина) к почве, 
предназначены только для вспашки под одним постоянным углом наклона лемеха, что 
неэкономично, поскольку при обработке средних и тяжелых почв, для выбора надлежащего угла 
наклона лемеха к почве, резко увеличивается удельное сопротивление почвы и потребляемая 
мощность двигателя, ухудшается качество разрушения комьев, поверхность пашни получается 
комкообразной и неровной, появляется необходимость повторной обработки поверхности почвы 
(переборавнивание, подравнивание), а это приводит к увеличению расхода горюче-смазочных 
материалов и трудовых затрат, и в конечном счете увеличению себестоимости урожая. 

Положительной стороной полосового пахотного рабочего органа, показанного на 
рис. 5 [3] при обработке почв с различным удельным сопротивлением, является 
возможность регулирования угла наклона к почве лемеха, вставленного в опоры боковых 
ножей с возможностью поворота, а также сокращение силы сопротивления и мощности 
двигателя. Это достигается тем, что лемех одним концом, с нижней стороны, в опорах 
боковых ножей шарнирно установлен с возможностью поворота, а вторым концом - с 
возможностью поворота и фиксации по отношению к ножам.  

 
 
 
 
 
 
 
 
 
 
 

Рис. 5. Полосовой пахотный рабочий орган: 
1 – Стойка; 2 – Режущие ножи; 3 – Лемех (клин); 4 – Шарнир; 5 – Фиксатор лемеха (клина).  

 

Устройство состоит из стойки 1, на которой жестко прикреплены почворежущие ножи 2, 
между которыми вставлен лемех (клин) 3, который с возможностью поворота со стороны 
неработающей поверхности,  нижним концом, установлен в шарнирах 4, а с возможностью 
поворота и фиксации вторым верхним концом закрепляется (фиксируется) на фиксаторе боковых 
ножей 2. Полосовой пахотный орган, с помощью стойки 1 укреплен на раме машины. 

Полосовой пахотный орган работает следующим образом: до начала вспашки, лемех, 
установленный в шарнирах 4 боковых ножей 2 в соответствии с известным удельным 
сопротивлением почвы, поворачивают под определенным углом и верхним концом фиксируют на 
фиксаторах 5 боковых ножей, в результате чего начинают полосовую обработку почвы.  
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Публикация профинансирована из бюджета научного проекта AR/40/9-250/14.   
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THE WORKING MEMBERS OF STRIP-TILLING MACHINE 
A. Samadalashvili, T. Modebadze, A. Lomidze 

Akaki Tsereteli State University  
The paper dwells on developing the working members of welding structures. Under field conditions, with ac-

count for forces acting on the welded seams, there are selected materials of compulsory elements of the designs of 
working members, and the welding conditions are determined.  The calculations have shown that the factual forces 
acting on the working members are significantly lower than rated forces.  

The developed welding structure is reliable, and besides serializing is possible.  
In contrast to well-known plough shares, there is envisaged the possibility of regulating the angle of inclination 

towards the soil that allows for reducing the soil resistance force and engine capacity.   
  

 

 

 

merqnul masalebze laqsaRebavebis datana eleqtromagnitur velSi 
 

wiqvaZe v., xuskivaZe m. 

wereTlis saxelmwifo universiteti 
 

     statiaSi ganxilulia merqnuli masalebis galaqva-SeRebvis erT-erTi meTodi. ker-
Zod,  galaqva-SeRebva maRali Zabvis velis garemoSi, romelic saSualebas iZleva Sevam-
ciroT ZviradRirebuli laqsaRebavi masalebis danakargebi, rac Tavis mxriv,  saboloo 
saxiT,  amcirebs produqciis TviTRirebulebas. 
 
     laqsaRebavi masalebis datana merqnis zedapirze SesaZlebelia sxvadasxva 

meTodiTa da mowyobilobiT. Mmerqnisagan damzadebuli sxvadasxva nakeToba da 

misi Semadgeneli Sesabamisi  detalebi mopirkeTebas gadian rogorc dasxmiTi 

meTodiT, aseve gafrqvevis meTodiT. laqsaRebavi masalebis datanis meTodebi Se-

iZleba icvlebodes Mmerqnuli detalebis formisa da zomebis saxisagan damoki-

debulebiT. ZiriTadi nakli laqsaRebavi masalebis datanis dros aris is, rom 

adgili aqvs laqsaRebavi masalis did danakargebs, rac Tavis mxriv zrdis am ma-

salis xarjs. Ees ki iwvevs nakeTobis TviTRirebulebis gazrdas. Mmasiuri mer-

qnisagan damzadebuli saxvadasxva saavejo detalis  zedapiri warmoadgens Con-

Cxuri saxis zedapirs da maTze laqsaRebavi masalebis datana mizanSewonilia 

warmoebdes gafrqvevis meTodiT, romlis drosac laqis sasargeblo datanis ko-

eficienti (75-80%) –s farglebSia. 

     laqsaRebavi masalebis xarjis Semcirebis kuTxiT, Ggafrqvevis  

meTodTan SedarebiT, yvelaze ukeTes Sedegs iZleva gafrqveva maRali Zabvis 

eleqtromagnitur velSi. 

      maRali Zabvis eleqtroMmagnitur velSi laqsaRebavi masalis gafrqveva 

damyarebulia ori sxeulis, Cvens SemTxvevaSi, laqisa da mosapirkeTebeli deta-

lis sxvadasxva niSnis muxtiT damuxtvaze, ris Sedegadac maT Soris warmoiqmne-
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ba urTierTmizidulobis Zalebi. 

     LlaqsaRebavi masalebis gafrqveva eleqtromagnitur velSi SesaZlebelia 

warmoebdes sxvadasxva meTodiT. ZiriTadad gamoiyeneba pnevmaturi gamfrqvevebi. 

aseT mowyobilobis sqema naCvenebia nax.1 ze. 

  magram gamokvlevebma Cvena, rom Sekum-

Suli haeris gamoyenebisas gafrqveuli si-

Txe gadis nakeTobis gverdis avliT, ise, 

rom ver aswrebs SeiZinos muxti iseTi Za-

liT, romelic sakmarisi iqneba gadala-

xos inerciis Zalebi da moZravi haeris 

Wavlis winaaRmdegoba. amis gamo aRniSnu-

li meTodisas laqsaRebavi masalis dana-

kargi Seadgens 20%-s. laqsaRebavi masa-

lis wveTze moqmedi eleqtro Zalaa 

   F                       
sadac Q  -   wveTis muxtia.    - velis da-

Zabuloba 

     muxtis maqsimaluri mniSvneloba, ro-

melic SeiZleba miiRos eleqtro velSi 

myofma wveTma, damokidebulia mis zomebze, dieleqtrikul SeRwevadobaze da ve-

lis daabulobaZe. wveTis radiusiT 1 mkr-ze meti muxtis  maqsimaluri sidide 

ganisazRvreba formuliT 

  F                2 

sadac -   wveTis dieleqtrikuli SeRwevadoba 

E eleqtrodebTan velis daZabuloba 

            wveTis radiusi      

    sruli daleqvis aucilebl pirobas warmoadgens agreTve siTxis dispersiu-

lobis marali xarisxi, es ukanaskneli damokidebulia siTxis Tvisebebze, ker-

Zod mis moculobiT wonaze, dieleqtrikul SeRwevadobaze, siblantesa da zeda-

pirul daWimulobaze. Gganxiluli meTodis uaryofiT mxares miekuTvneba daba-

li siblante (20 wm 3-4 iT) da aqedan gamomdinare laqebsa da saRebavebSi mSra-

li narCenis dabali Semcveloba. 

     amerikasa da evropis zogierT qveyanaSi am bolo periodSi daiwyes diskuri 

gamfrqvevebis gamoyeneba denis maRali Zabvis saSualebiT. Aam meTodis gamoyene-

ba SesaZlebelia rogorc rTuli formis detalebis mopirkeTebisTvis, aseve fa-

rovani detalebisaTvis. 

  K  karkasebisa da dasatani dekoratiuli detalebis mopirkeTebisas  

diskiseburi gamfrqvevebi uzrunvelyofen mosapirkeTebel saSualebebis (saReba-

vebi, gruntebi, dasatani laqebi) oTxive mxridan datanas. 

      mosapirkeTebeli masalis gamoyenebis xarisxia 85-90%. sistema xasiaTdeba 

gamfrqvevi mowyobilobis moZraobis siCqariTa da bijis regulirebiT. kon-

trols uzrunvelyofs operatori marTvis pultidan. erTi Semadgenlobidan me-

oreze gadasvla xorcieldeba sistemis gauCereblad (gawmenda xorcieldeba gam-
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xsnelis mcireodeni raodenobiT). aRniSnuli sistema SemuSavebulia erTobli-

vad ori firmis mier – Rhodes Machinery Inc    da  GGraco Manufacturing Corp‐is    mier. 

      Ffarovani detalebis mopirkeTebisas SemuSavebulia axali avtomatizire-

buli mowyobiloba, romelSic gamoiyeneba TefSiseburi gamfrqvevi.  

 
Nnax.2. gamfrqvevis CarTva orsafexuriani mopirkeTebisaTvis samzareulos avejis karebe-

bisa sxva detalebisaTvis mosapirkeTebeli detalebis simaRleze damokidebulebiT. 

1 - detalebis Camosakidebeli konveieri. 2 -  detalebi. 3 - gamfrqvevi. 4 - foto-

elmenti. 5 - meore mosapirkeTebeli kabina. 6 - pirveli mosapirkeTebeli kabina. 

amfrqvevebi (sur 2) irTveba da iTiSeba detalebis sigrZesa da siganeze damoki-

debulebiT. Gamfrqvevebi (3cali) ganlagebulia or kabinaSi sxvadasxva simaRle-

ze karebebis wina mxridan Tanmimdevruli mopirkeTebisaTvis (meore kabina). Dde-

talebi, romlebsac ar WirdebaT mopirkeTeba, ukana mxridan gadian meore kabina-

Si specialuri signalis Semdeg. kabinaSi filtrebis gavliT Seidevneba sufTa 

heri da filtrebis gavliT gamodis kabinidan. Kkabinis sigrZea 3048 mm. kabinebs 

Soris daSorebaa 910 mm. sakid konveierze dakidebuli detalebi gadian 3 fotoe-

lementis win (fotoelementebs Soris daSoreba 76,2 mm), romlebic afiqsireben 

detalebis siganes da gansazRvraven gamofrqvevis Semdgom CarTvas detalis mo-

axloebisas. Semosuli detalis sigrZis 205-230 mm-sas xdeba mxolod zeda foto-

elementis gaTiSva da pirvel gamfrqvevTan miaxloebisas is irTveba. (sur 2). 305-

610 mm sigrZisas CairTveba me-2 gamfrqvevi.  detalis  685-915 mm sigrZisas Cair-

Tveba samive gamfrqvevi.          

 
sur 3. detalebis simaRleTa gansazRvra fotoelementis saSualebiT. 

1 da 6 filtrebi; 2 - Camosakidebeli konveieri; 3 - gamfrqvevi; 4 da  5  - mosapirkeTebeli 

kabinebi; 7 – detali. 
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 Ffotoelementis win detalis Cavlis dro (Sesabamisad misi zomisa) gardaiqnme-

ba impulsad, romelic CarTavs gamfrqvevebs mxolod drois im monakveTSi, ro-

desac detali moTavsebulia mopirkeTebisaTvis saWiro poziciaSi. specialuri 

Semadgenloba, romelic aZlevs merqans eleqtrogamtarobas, SeyavT (2-3%) saRe-

bavSi, Seferilobis gasaTanabreblad. 

    Eeleqrtostatistikuri sistemebi ZiriTadad gamoiyeneba nakeTobis sadgare-

bisa  da sxva profilirebuli detalebis mopirkeTebisaTvis. 
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APPLICATION OF PAINTWORK MATERIALS ON WOOD-BASED MATERIALS IN AN  

ELECTROMAGNETIC FIELD AND REDUCTION OF PRODUCTION COSTЮ 
Tsikvadze V.,  Khuskivadze M., 

       The paper dwells on varnishing-painting of wood-based materials in a high-voltage field medium, which allows 
for reducing the losses of expensive paintwork materials that will finally result in reduction of production cost.  

 
 
 
 

liTonebis eleqtrowiduri gadadnobisas eleqtruli velis kvleva 
 

kakauriZe a., cqifuriSvili T., SalamberiZe m. 

akaki wereTlis saxelmwifo universiteti 
 

gamokvleulia da warmodgenilia pirvelad, liTonebis eleqtrowiduri gadadno-
bis aradnobadeleqtrodebian kristalizatorSi eleqtruli velis ganawilebis suraTi. 
Ggamovlenilia, rom  gamdnar widaSi eleqtruli veli araerTgvarovania. Mmis Sesuste-
bas aqvs adgili kristalizatoris kedlidan centrisaken. 

 
foladebis meqanikuri da fizikuri Tvisebebis gaumjobesebis erT-erTi 

gavrcelebuli meTodia maTi xelmeored eleqtrowiduri gadadnoba. eleqtrowi-

duri gadadnobiT miRebuli foladebisgan mzaddeba:sakisrebi, turbogenerato-

ris rotori da sxva. liTonebis eleqtrowiduri gadadnobis sqema mocemulia 

nax. 1-ze. eleqtrowiduri gadadnobisaTvis gankuTvnili foladisagan damzadebu-

li dnobadi eleqtrodi (1) CaSvebulia kristalizatorSi (2), gamdnar widaSi (3). 

widis gadnoba da liTonis gadnobisaTvis saWiro siTbos miRebisaTvis kvebis 

wyarodan denmimyvani mierTeulia dnobad eleqtrodTan (1) da kristalizatoris 

ZirTan (7). Kkristalizatori warmoadgens Siga da gare cilindrebis erToblio-

bas. Siga cilindri Sevsebuli gamdnari widiT, xolo Siga da gare cilindrebs 

Soris areSi gadis maTi gagrilebisaTvis wyali. [1] 

1-gadasadnobi eleqtrodi; 2-kristalizatoris Siga kedeli; 3-gamdnari wida; 4-

gamdnari liTonis abazana; 5-wyali; 6-liTonis sxmuli; 7-kristalizatoris Ziri. 

I-gadadnobis sruli deni; Iw-widaSi gamavali ZiriTadi deni; IL-kristalizatoris 

kedelSi gamavali daSuntvis deni. 

Eeleqtrowiduri gadadnobisaTvis saWiro deni 

I = Iწ + IL 
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ნახ. 1. liTonebis eleqtrowiduri gadadnobis da denis gavlis 

sqema  

Kkristalizatoris Siga kedelSi  gamavali deni (IL) praqtikulad mTlianad Se-

adgens arasasargeblo dens. Mmisi sidide damokidebulia eleqtrodis diamet-

rze, diametris gazrdiT igi izrdeba da SeiZleba Seadginos I denis 50 % da me-

ti [2]        Cvens mier SemoTavazebulia 

eleqtrowiduri gadadnobis aradnobadeleqtrodebiani kristalizatoris axali 

varianti, romelSic deni miyvanilia zeda da qveda aradnobad eleqtrodebTan. 

imis gamo, rom kristalizatori sami, eleqtrodad izolirebuli seqciisagan 

Sedgeba, praqtikulad Tavidanaa acilebuli gadadnobis procesSi daSuntvis de-

nis  (IL) arseboba.  amiT maqsimaluradaa gazrdili gadadnobisaTvis saWiro de-

nis sasargeblo Semadgeneli  (IL=0) da mniSvnelovnadaa dazogili liTonebis 

eleqtrowiduri gadadnobisaTvis saWiro energia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ნახ. 2. Aaradnobad eleqtrodebiani kristalizatoris sqema: 
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1,2 –zeda da qveda aradnobadi eleqtrodebi; 3 –Sua seqcia; 4-kristalizatoris 

Ziri;   5-gadadnobili liTonis sxmuli; 6-dnobadi eleqtrodi; 7-widis abazana. 

8-saizolacio rgoli. 

K kristalizatoris gamdnar widaSi eleqtruli velis ganawilebis suraTis 

codna aucilebelia masSi temperaturuli velis suraTis warmodgenisaTvis, ag-

reTve widaSi mimdinare eleqtromeqanikuri, Tburi da fizikuri procesebis 

kvlevisaTvis.        liTonebis eleq-

trowiduri gadadnobis dnobadeleqtrodebian kristalizatorSi eleqtruli ve-

li gamokvleulia msoflios mravali qveynis mecnierebis mier: ukrainis (patoni, 

lebedevi); iaponiis (xikara, xaiasi, tadaSi, otake); germaniis (z. Kkele, r. talma-

ni); amerikis SeerTebuli Statebis (j. f. elioti, m. molvo) da sxva.  

aradnobad eleqtrodebian kristalizatorSi liTonebis eleqtrowiduri 

gadadnobisas eleqtruli veli dRemde gamoukvlevelia, rac warmodgenili samu-

Saos mizans warmoadgens.      Cvens mier damuSave-

buli iqna aradnobadeleqtrodebian kristalizatorSi liTonebis gadadnobis 

fizikuri modeli (nax. 3)  

12345671 2 3 4 5 6 7

H 
S4

1

2

3

В

ИП
2

mV

ИП

 
ნახაზი 3. Eeleqtrowiduri gadadnobis fizikuri modeli 

1-kvebis wyaro,  2-sadeni,  3-Supi,  4- elementaruli ujra  (H=2,5mm, 

B=25mm, M=1:2), mV‐ milivoltmetri. 

Aanalogiuri modeli farTod gamoiyeneba eleqtruli da temperaturuli 

velis kvlevisaTvis [3]. igi warmoadgens kristalizatoris Siga nawilSi gamdna-

ri widis momcveli moculobis zomebis mqone uJangavi foladisagan damzadebul 

Txel 0,25mm sisqis mqone firfitas, romlis aradnobadi eleqtrodebis denmimyva-

nebTan mierTebulia mudmivi denis wyaro. models gaaCnia marjvena zeda da qve-

da da marcxena zeda da qveda denmimyvanebi. Mmudmivi denis wyaro erTdroulad, 

erTmaneTisagan damoukideblad mierTebulia, rogorc marjvena zeda da qveda, 

aseve marcxena zeda da qveda denmimyvanebTan. amiT modelSi SesaZlebelia imiti-

rebuli iqnas kristalizatoris mTeli sivrcidan erT-erT sibrtyeSi potencia-

lis cvlileba. Ffirfita dayofilia erTmaneTis tol ujredebad, romelTa cen-

trSi Supis (3) da milivoltmetris (mV) saSualebiT izomeba ujredebSi poten-

ciali. maTi mniSvnelobebiT agebuli eqvipotencialuri xazebi da denis xazebi 
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mocemulia nax. 4-ze.   
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Kkristalizatoris         kristalizatoris            kristalizatoris 

kedeli                        RerZi                         kedeli 

naxazi 4. Eeqvipotencialebis da denis xazebis mdebareoba, roca deni miyvanilia mo-

delze marcxena da marjvena zeda da qveda eleqtrodebTan erTdroulad. 

  1-2 –denis xazebi,   3-4 – eqvipotencialuri xazebi. 

 

maTi saSualebiT SeiZleba davaskvnaT:       

 1. Ppotencialis ganawileba modelis mixedviT aradnobad eleqtrodebian 

kristalizatoris gamdnar widaSi  araerTgvarovania, rac miuTiTebs widaSi 

temperaturuli velis araerTgvarovnebaze; 

      2.  eleqtruli velis Sesusteba xdeba kristalizatoris kedlidan da-

SorebiT centrisken; 

      3.  fizikuri modelis kvlevis Sedegad kristalizatoris centris max-

loblobaSi gamovlenilia are, sadac gamdnar widaSi potenciali nulTan axlo-

saa rac miuTiTebs, rom kristalizatoris centralur nawilSi gamavali deni 

mcirea, Sesabamisad minimaluria widis gaxurebaze gamoyofili siTbo; 

      4.     SeiZleba gamovTqvaT varaudi imis Sesaxeb, rom gadamdnari liTonis 

sxmulis centralur nawilSi (ReZis gaswvriv maxloblobaSi) araliTonuri Ca-

narTebis gamovlenili gazrdili raodenobis mizezi SeiZleba iyos am nawilSi 

temperaturuli velis Sesusteba; 

5.     aradnobad eleqtrodebian kristalizatorSi temperaturuli velis sura-

Ti  Sebrunebulia vidre dnobad eleqtrodebian kristalizatorSi eleqtriwi-

duri gadadnobisas, amitom mizanSewonilad migvaCnia fizikuri modeliT eleq-
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truli velis kvleva eleqtrowiduri gadadnobis Sereuli sqemis gamoyenebisas, 

Ee.i. dnobadi da aradnobadi eleqtrodebiT erTdroulad.  

L 

გამოყენებული ლიტერატურა 
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электрошлаковом переплаве.-Киев:Наук.думка. 1978.- 304 С. 
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INVESTIGATION OF ELECTRIC FIELD DURING ELECTROSLAG MELTING OF METALS 
A. Kakauridze, T. Tskipurishvili, M. Shalamberidze 

Akaki Tsereteli University 
Summary 

            The paper dwells on smeltable and unsmeltable crystallizing pans of the electroslag melting. There is defined 
the potential and current distribution picture by using a physical model. 
 

 

 

biosamedicino eleqtronikis Tanamedrove miRwevebis  
gamoyeneba medicinaSi 

 
Tofuria n. 

akaki wereTlis saxelmwifo universiteti 

 
uaxloes warsulSi, medicinis muSakebisTvis swori diagnozis dasma, gansakuTrebiT 

onkologiis mimarTulebiT sakmaod did sirTules warmoadgenda. sabednierod, Tanamed-
rove teqnikuri miRwevebi ukve iZlevian saSualebas minimalur droSi miviRoT gadagva-
rebuli/dazianebuli qsovilebis maqsimalurad zusti 2 da 3 ganzomilebiani gamosaxu-
lebebi. rogorc mogexsenebaT, diagnostikis mizniT yvelaze xSirad iyeneben sxvadasxva 
tomografiul da skopiur samedicino aparaturas: rentgeni, ultrabgeriTi skaneri, kom-
piuteruli tomografi, magnito-rezonansuli tomografi, pozitron-emisiuri tomografi 
da sxv. mocemul naSromSi mokled aris ganxiluli kompiuteruli da pozitron-emisiuri 
tomografis muSaobis principi. 

 
1. kompiuteruli tomografi 

kompiuteruli tomografi (CT) aris erTerTi yvelaze xSirad gamoyenebadi diag-

nostikuri aparati. misi moqmedebis Ziridadi principi igivea rac Cveulebrivi 

rentgenis aparatis. gansxvaveba imaSia, rom CT gvaZlevs maRal xarisxian Sreob-

riv gamosaxulebebs, romelTa kompiuteruli damuSavebis Sedegad viRebT skani-

rebis obieqtis sam ganzomilebian gamosaxulebas. 
kompiuteruli tomografi sakmaod rTuli sistemaa da Sedgeba 4 ZiriTadi nawi-

lisgan: 1) gentri;  2) gamosaxulebis rekonstruirebis sistema; 3) marTvis pul-

ti; 4) maRali sizustiT moZravi pacientis magida.  
mokled ganvixiloT TiToeuli maTgani. 
gentri  aris tomografis umniSvnelovanesi, moZravi nawili, masSi aris moTavse-

buli rentgenis sxivebis wyaro e.w rentgenis milaki da dateqtorebis matrica. 

es ori komponenti erTmaneTis mimarT uZravadaa damagrebuli (nax. 1.1).  

 CT-s X‐Ray milaki TiTqmis arafriT gansxavdeba Cveulebrivi rentgenis aparateb-

Si gamoyenebuli milakebisgan - isic Sedgeba kaTodisgan da mbrunavi anodisgan. 

orive detali, rogorc wesi, damzadebulia volframis, molibdenis an spilen-
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Zisgan (maRali atomuri masis da maRali temperaturuli medegobis gamo). kaTod-

ze modebulia Zalian maRali Zabva (30  ‐150  KV), romelic uzrunvelyofs mis im 

donemde gaxurebas, rac sakmari-

sia mis zedapirze eleqtronuli 

Rrublis warmosaqmnelad. radgan 

eleqtronebi uaryofiT muxtis ma-

tarebeli nawilakebi arian, isini 

mudmivad ganizidaven erTmaneTs, 

ris gamoc warmoqmnili Rrubeli 

midrekilia gafantvisken, amis Ta-

vidan asacileblad kaTodis ze-

dapirTan Zalian axlos damagre-

bulia mafokusirebeli bade, ro-

melzec ramdenime aTeuli kilo-

voltis sididis uaryofiTi po-

tencialia modebuli, rac eleq-

tronuli Rrublis koncentrire-

bas uzrunvelyofs. miRebuli mux-

tebi anodze modebuli dadebiT 

potencialis Sedegad aCqardeba da ecema mbrunavi anodis zedapirs (nax. 1.2). am 

dros miiReba e.w bremStralungis gamosxiveba, rac gvaZlevs CvenTvis sasurveli 

maxasiaTeblebis (talRis sigrZe da sixSire) mqone fotonebs. aRasaniSnavia, rom 

eleqtronebis energiis mxolod 2% gardaiqmneba rentgenis sxivebad, danarCeni 

98% ki ikargeba siTbos saxiT.  

miRebuli fotonebi ganWolaven pacientis sxeuls da ecemian deteqtorebis 

matricas. Tanamedrove matricebi srulad naxevargamtaruli, mravalSriani teq-

nologiiTaa damzadebuli da Sedgeba fotodiodebis, fenebis SemaerTebeli wer-

tilebisa da mikrokontroleris fenebisgan. 

aseTi deteqtorebi saSualebas iZleva minimaluri damaxinjebiT miviRoT 

gamosaxuleba. aRasaniSnavia, rom deteqtoris TiToeuli piqselis zoma mxolod 

ramdenime aTeul mikrometrs Seadgens. 
gentriSia aseve milakis gagrilebis sistema (tumbo, radiatori) da infor-

maciis miRebis sistema DAS(Data  Acquisition  System), romelic deteqtorisgan miRe-

bul analogur signalebs gardaqmnis cifrul formatSi da gadacems rekon-

struirebis sistemas.   
gamosaxulebis rekonstruirebis sistema da marTvis pulti erTi SexedviT 

Cveulebriv personalur kompiuters waagavs (nax. 1.3), magram monacemebze Tvalis 

erTi Sevlebac ki sakmarisia azris Sesacvlelad. maTi komponentebi optimizire-

bulia uzarmazari informaciis swrafi damuSavebisTvis, xolo rekonstruirebis 

algoriTmebis optimizirebisTvis uzarmazari Tanxebi ixarjeba, jamSi es yvela-

feri saSualebas iZleva TiTqmis realur droSi miviRoT umaRlesi xarisxis 

tomografiuli suraTebi. 
marTvis pulti aris Cveulebrivi Ddesktop kompiuteri, romelSic Caweri-

lia tomografis marTvisTvis saWiro programuli uzrunvelyofa. swored am 

kompiuteridan xdeba TiToeuli brZanebis gacema. rekonstruirebis sistemas uwy-

veti kavSiri aqvs marTvis pultTan da realur droSi awvdis skanirebis Sede-
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gebs. 
pacientis magida - es erTi SexedviT martivi detali realurad uniSvnelo-

vanes rols TamaSobs skanirebis maRali sizustiT CatarebaSi. imisTvis, rom sxe-

ulis Wriluri gamosaxulebebi uwyvetad da Tanabari daSorebiT miviRoT, saWi-

roa magidam imoZraos idealurad Tanabari siCqariT da Sevides gentris RruSi 

zustad im siRrmeze rogorc marTvis pultidan mieTiTa. am yvelafris gansaxor-

cieleblad magidis moZraobis meqanizmSi gamoiyeneba ramdenime uaRresad zusti 

bijuri Zrava da maTi kontrolis procesorebi. magidis koordinatebis realur 

droSi misaRebad gamoiyeneba ormagi potenciometrebis sistema. am koordinate-

bis sizuste imdenad mniSvnelovania, rom amerikis SeerTebul StatebSi kanoni 

uzrunvelyofs yvela aseTi tipis magidis ormagi potenciometrebis sitemiT aR-

Wurvas.  
uaxles aparatebSi sawolis zedapirebi damzadebulia naxSirbadis boWkos-

gan (nax. 1.4) gamoirCeva Tavisi simsubuqiT da maRali simtkiciT. es saSualebas 

iZleva moxdes Zalian didi wonis mqone pacientebis skanireba, rac ramdenime 

wlis win TiTqmis SeuZlebeli iyo. 

es aparati Seicavs yvela im komponents rac tradiciul CT-Si gvxvdeba, 

oRond damatebiT, mis gentriSi Cveulebrivi X‐Ray deteqotoris paralelurad 

moTavsebulia e.w PET deteqtoric.  
aseTi tipis tomografis muSaobas safuZvlad udevs pozitron-eleqtronis 

anihalaciis Sedegad miRebuli gamosxivebis efeqti. rogorc cnobilia am ori 

nawilakis SeZaxebisas xdeba maTi ganadgureba da impulsisa da energiis Senax-

vis kanonis Tanaxmad gamoiyofa ori, mimarTulebiT sapirispiro 511 KeV energiis 
mqone gama kvanti (nax. 1.5): 

Описание: Image_0

 
swored talRebis CasaWerad gamoiyeneba damatebiTi PET deteqtori. aRsa-

niSnavia, rom deteqtori mxolod im fotonebs aRiqvams, romlebic drois umci-

resi daSorebiT xvdeba matricis zedapiris mopirdapire wertilebze. am gziT 

Tavidan icileben gverdiTi gamosxivebis mier gamowveul damaxinjebebs da ga-

moTvlisas mxolod anihalaciis Sedegad warmoqmnil gama talRebis wyvilebs 

iReben mxedvelobaSi. 
skanirebisTvis aucilebeli pozitronebis wyarod iyeneben mcire naxevar-

daSlis periodis mqone radioaqtiur nivTierebas FF-18(ftor 18). aseTi tipis CT-s 

Senaxva Zalian Zviri jdeba, radgan kontrastu-

li nivTierebis warmoebisTvis didi da Zalian 

ZviradRirebuli ciklotronia saWiro. aRsaniS-

navia isic, rom warmoebuli kontrastuli agen-

ti mxolod 2 saaTis manZilzea vargisi, rac 

mniSvnelovnad arTulebs aparatis gamoyenebas.  
 am tipis tomografze bevrad ukeT Cans 

gadagvarebuli da dazianebuli qsovilebi, rad-

gan kontrastuli agentebi ufro didi raode-

nobiT xvdeba iseTi tipis ujredebSi, sadac me-

tabolizmi gaZlierebulad mimdinareobs.  

radgan erTdroulad xdeba PET  da Cveulebrivi X‐Ray CT skanireba - rekon-
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struirebis sistema uzrunvelyofs am ori gamosaxulebis erTmaneTze zeddebas 

da saboloo, erTiani suraTis miRebas. 
aRwerili teqnikuri sistema Zalian efeqturia diagnostikasa da mkurnalobaSi. 

msoflios wamyvan samdicino klinikebsa da samecniero -kvleviT laboratorieb-

Si uzarmazari dro, Tanxa da energia ixarjeba, raTa biosamedicino eleqtroni-

kis Tanamedrove miRwevebi ufro masStaburad da efeqturad iqnas gamoyenebuli 

praqtikul medicinaSi. 

 
THE USE OF MODERN ACHIEVEMENTS OF BIOMEDICAL ELECTRONICS IN MEDICINE. 

TOPURIA N.,  
Akaki Tsereteli State University. 

Summary 
In the recent past, especially in oncology, making a proper diagnosis was quite a trouble for medical wor-

kers. Fortunately, modern technological achievements make it possible to get highest ever quality two and three di-
mensional images of damaged/mutated tissues in short amount of time. As you may already know, most frequently 
used devices in the process of medical diagnostics are: X-ray machines, Ultrasonography machines, CT and PET 
Scanners and so on. Medical devices described above has dramatically changed the way patients are treated. Billions 
of dollars and rigorous amounts of energy is spent on making improvements in biomed technologies and implemen-
ting those innovations in real life use. All this make biomedical engineering and electronics inseparable from mo-
dern medical systems. 
 

 

 

 

gamouwvavi mcire energotevadi uklinkero Semkvrelebis betonebi 
Sekvris maCqarebeli danamatebiT 

 
kankava v., rosnaZe g., kankava a. 

a. wereTlis saxelmwifo universiteti 
 

anotacia: naSromSi ganxilulia betonis xangamZleobis zrdis teqnologiuri Ro-
nisZiebebi. gamokvleulia axali Taobis betonebis miRebis sakiTxebi tradiciuli danama-
tebis gamoyenebis safuZvelze. gadawyvetilia betonis narevis swrafi gamagrebis prob-
lemebi tiosulfatis da rodanidis sawarmoo narCenebis da superlastifikatorebis ga-
moyenebiT. dadgenilia am danamatebis betonSi dozirebis optimaluri raodenobebi.    

 
gamagrebis damaCqarebeli danamatebi farTod gamoiyeneba monoliTuri, 

asawyobi da asawyob-monoliTuri Senoba_nagebobebis asageba. 

betonis gamyarebis daCqareba iZleva saSualebas mniSvnelovnad avamaR-

loT betonis samuSaoebis efeqturoba _ gavzardoT yalibebis da aRWurvilobis 

brunvadoba, SevamciroT energetikuli danaxarjebi betonisa da rkinabetonis na-

keTobebis da konsrtuciebis damzadebaze, Sesabamisad mSeneblobis xangrZlivo-

ba. 

cementis gamayarebis uzrunvelyofa dabal temperaturaze _ xarisxis Sem-

cirebis gareSe _ Cveni qveynisTvis mwvave aucileblobaa.  

unda SevniSnoT, rom tradiciuli eleqtrolitebis  gazrdili raodenoba, 

romelic SehyavT betonis narevSi dabal temperaturaze, gamagrebis uzrunvelsa-

yofad, xSirad iwvevs gamomarilebas, betonis xangamZleobis Semcirebas, gansa-

kuTrebiT ki yinvagamZleobis.  

betonis teqnologiaSi gamoyenebuli mTeli rigi eleqtrolitebi ganapi-

robebs koroziuli procesebis ganviTarebas armirebul konstruqciebSi [1,3]. 
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uwinares yovlisa es exeba qloridebs, romlis gamoyeneba rkinabetonSi akrZa-

lulia mTel rig ganviTarebul qveynebSi moqmedi normatiuli dokumentebiT. 

zemoTTqmulidan gamomdinare gasagebia is didi interesi, romelic bolo 

wlebSi sxvadasxva mkvlevarebma gamoiCines tute da tutemiwa liTonebis mari-

lebis mimarT, pirvel rigSi rodanidebis da natriumis tiosulfatisadmi [4]. 

 orive natriumis marili iTvleba betonis gamagrebis efeqtur damaCqareb-

lad normalur da dabal temperaturul pirobebSi, rac uzrunvelyofs simtki-

cis swraf matebas gamagrebis sawyis etapze. am marilebis anionebis zemoqmedeba 

(SCN,	S2O32) cementis sistemebis siTbogamoyofaze da hidrataciaze advilad gani-

sazRvreba sqemiT 

Br≈Cl>SCN>I>S2O32>	S2O42>NO3>ClO4	

saidanac gamomdinareobs, rom rodanidebi da tiosulfatebi Tavisi zemoq-

medebis unarianobiT xSirad aRemateba sulfatebs da nitratebs, romelic xSi-

rad gamoiyeneba betonis tradiciul teqnologiaSi. 

natriumis rodanids da tiosulfats SeuZlia Seamciros kapilaruli fo-

rebi da erTdroulad gazardos geliseburi forebis raodenoba, igi garda ami-

sa zrdis cementis qvis mikrokapilaruli struqturis simkvrives. es danamatebi 

ar iwvevs armaturis korozias betonSi [3], aratoqsikuria, zrdis betonis wyal-

gaumtareblobas da yinvamedegobas. 

yovelive es gvaZlevs saSualebas natriumis tiosulfati da rodanidi ga-

viTvaliswinoT ufro farTo gamoyenebis speqtrze rogorc efeqturi damaCqare-

beli da yinvasawinaaRmdego danamati. magram orive marili individualuri saxiT 

SedarebiT Zviria. amitom mniSvnelovani interesi SeiZleba mivapyroT samrewve-

lo narevebs, romelSic natriumis tiosulfatis da rodanidis  miTiTebuli ma-

rilebis Semcveloba aRemateba 60%_s. 

bolo wlebSi gamoCnda cnobebi, romelSic miuTiTeben natriumis tiosul-

fats da rodanids damaCqarebel da yinvasawinaaRmdego danamatis erTobliv ga-

moyenebaze betonis narevSi [7,8]. es informacia metad SezRuduli xasiaTisaa da 

iZleva SesaZleblobas gamoavlinos am komponentebis damaCqarebel_maplastifi-

cirebeli moqmedebebis Taviseburebebi. 

Cvens mier SemuSavebulia betonis narevis axali polifunqcionaluri da-

namatebi da damaCqarebeli plastifikator C-3-is da zemoTxsenebul uqloro sam-

rewvelo narevebis eleqtrolitebis bazaze, romelic Seicavs natriumis tio-

sulfats 50% da natriumis rodanids  10%. 

gamoyenebuli samrewvelo narevi ZiriTadad Seicavs eleqtrolitebs, ro-

melTac ar gaaCniaT portlandcementis ionebis analogia. aseTi saxis eleqtro-

litebi aCqarebs Semkvrelis gamagrebis process, ris Sedegad izrdeba Txevadi 

fazis ionuri Zalebi, romelic Tavis mxriv zrdis axalwarmonaqmnebis da mono-

mineralebis xsnadobas [2]. 

unda aRiniSnos, rom am eleqtrolitebis da organuli zedapiruli aqtiu-

ri nivTierebebis moqmedebis meqanizmi gansxvavebulia, igi axdens upirates ze-

moqmedebas struqturaze rac aZliereb yvela maTganis efeqtur zemoqmedebas. 

swored amitom betonis narevSi aseTi kompleqsuri danamatebis Seyvana iTvleba 

Zalian perspeqtiulad [2]. 

Catarebul eqsperimentebSi, rogorc laboratoriaSi, aseve savele piro-

bebSi mdinare rionis Womis saTave nagebobaze Camketi faris Ziris betonirebaze, 
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gamoyenebuli iqna portlandcementi ПЦ500ДО, bunebrivi qviSa simsxvilis modu-

li Мs=2.1 da granitis RorRi fraqciiT 5_20 mm. betonis Sedgeniloba (w/c=0.51) 

daniSnuli iqna ГОСТ30459_is Sesabamisad. betonis narevSi danamati Seyvanili iq-

na wyalxsnaris saxiT. betonis narevis gamocdisas ganisazRvra misi moculobi-

Ti masa, Zvradoba, betonis simtkice kumSvaze ganisazRvra 1, 2, 3, 7 da 28 dReRa-

mis asakSi normaluri gamyarebis pirobebSi. 

am eqsperimentSi ZiriTadi yuradReba gamaxvilebuli iyo narevis or Sed-

genilobaze superplastifikator C_3_ze ТУ5870_002_58042865_03_ze da gansaxilve-

li tipis natriumis marilebze, romlebsac SemdegSi avRniSnvT U1 da U2. eleq-

trolitebis Semcveloba daaxloebiT orjer metia U2_Si, vidre U1_Si. es danama-
tebi qselSi iyideba wyliani xsnarebis da mSrali fxvnilis saxiT. plastifici-

rebis efeqti da betonis simtkicis matebis intensivoba miTiTebuli kompleqsu-

ri danamatebiT gamokvleuli iqna optimalur dozirebaze, winaswar Catarebuli 

eqsperimentebis Sedegebis mixedviT. 

betonis narevis wyalSemcveloba dainiSna im pirobiT, rom migveRo sakon-

trolo Sedgenilobis (danamatis gareSe) betonis narevis Zvradoba konusis 

jdomiT 2_4 sm, danamatis efeqturobis kriteriumad aRebuli iqna danamatebiani 

betonis narevis Zvradobis zrda konusis jdomiT 2_4 sm_dan 21_22 sm_mde. 

winaswar iqna dadgenili, rom natriumis rodanidisa da tiosulfatis ga-

moyenebuli narevi (dozirebiT 0.8_1.0% cementis masidan)  betonis narevze ax-

dens sust maplastificirebel zemoqmedebas da ganapirobebs plasticifirebuli 

betonis simtkicis matebas. Zvrad betonis narevebSi 0.8_1.0% orive marilis nare-

vis Seyvana iwvevs wylis xarjis naklebad Semcirebas, es ki iwvevs wyalcementis 

fardobis Semcirebas 5_7%_iT. aseTi narevis betonis simtkice kumSvaze mniSvne-

lovnad (45_70%) izrdeba gamagrebis adreul asakSi (1_3 dReRame) da ufro gvian 

asakSi (7_28 dReRame) _ 10_20%_iT. 

kvlevis Sedegebi mocemulia cxrilSi #1 

cxrili #1 

simtkicis mateba kumSvaze norma-
luri gamagrebisas, 
% dReRamis asakSi 

# danamatis dasaxeleba 
dozireba,% 
cementis  
masidan 

1_3 7_28 
1 C_3 0.6 20_30 10_20 

2 
natriumis tiosulfatis  
da rodanidis narevi 

1.0 40_50 10_20 

3 U_1	 0.6 40_50 20_25 
4 U_2	 0.6 50_70 30_35 

cxril-1-Si mocemulia betonis simtkicis maCveneblebi normalurad Zvradi nare-

visaTvis. (Р2) nartriumis tiosulfatis da rodanidis Semcveli kompleqsuri da-

namatebis dozirebis Sesabamisad. cxril-1-is analizi gviCvenebs, rom superplas-

tifikatori C_3_is kombinacia natriumis tiosulfatis da rodanidia samrewve-

lo narcentan gvaZlevs saSualebas mniSvnelovnad DSevamciroT individualuri 

danamatebis dozireba, romelic iwvevs am komponentebis kompleqsur danamatSi 

gansazRvrul da maplastificirebeli efeqts. 

rogorc cxlili 1-dan Cans narevis Zvradoba damokidebulia superplasti-

fikatori C‐3	dozirebaze, romelic mcirdeba U_1‐is danamatis Sedgenilobidan 

U_2‐is danamatis Sedgenilobamde. amgvadar saxezea  C_3_is maplastificirebeli 
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efeqtis mateba gansaxilveli araorganuli marilebis dozirebis matebasTan er-

Tad. es dakavSirebulia cementis hibradaciis fazebis formirebis Tavisebure-

bebTan. 

naftanilsulfomJavas formaldehidTan kondensaciis produqtebisaTvis – 

superflatifikator C_3_is plastificirebis efeqtis sidides mniSvnelovnad 

gansazRvravs adsobrciis sidide da eleqtrokinetikuri cvlilebebi. Tanac rac 

ufro naklebia es potenciali, miT ufro maralia miTiTebuli danamatis madis-

pergirebeli unarianoba. 

cementis maRali adsorbciuli unarianoba saWiroebs C_3_is maRal dozi-

rebas, xolo adsorbciulma unarianobam Tavis mxriv gansazRvra hidratitebul 

superplastifikatoris adsorbciis konkurentuli sididis dawevas ris  Sede-

gad viRebT danamatis efeqturobis amaRlebas. 

garda amisa, Semkvrelis nawilakebis zedapirze adsorbirebuli anionis 

eleqtrolitebi cvlian klinkeris nawilakebis eleqtrokinetikur potencials, 

romelic moqmedebs maTi urTierTqmedebis xarisxze. maT SeswevT unari mniSvne-

lovnad dawion potenciali ionsawinaaRmdego koncentraciis gazrdis  da orma-

gi eleqtruli fenis SekumSvis Sedegad. amgvarad, C_3_is  maplastificirebeli 

unarianoba natriumis rodanidis da tiosulfatis TanamonawileobiT izrdeba. 

cxrilSi 2 mocemulia natriumis tiosulfatis da rodanidis fuZeze 

fxvniliseburi danamatebis  efeqturobis SedarebiTi maCveneblebi Zvradi nare-

visaTvis (П4). 

cxrili 2 

simtkicis mateba kumSvaze 
gamagrebis normalur piro-
bebSi, %, asakiT, dReRame 

xangamZleobis maC-
veneblebi 

# 
anamatis dasax

leba 

dozireba,  
% cementis 
masidan 

betonis nare-
vis Senaxvisu
narianoba, sT

1_3 7_28 
yinvame 
degoba 

wyalu-
Jonvado-
ba 

1 C‐3	 0.6 0.75_1 10_20 5_10 F300 W8	
2 U_1	 0.6 0.75_1 20_40 10_15 F400 W10	
3 U_2	 0.6 0.75_1 30_45 20_25 F500 W10	
4 U_2	 1.0 1.5_2.0 40_50 20_25 F500 W12	

 

cxril 2_is monacemebidan Cans, rom miTiTebuli danamatebis Seyvana imave 

dozirebiT, rogorc superplastifikatori C_3_is SemTxvevaSi uzrunvelyofs be-

tonis ufro maRal simtkicis maCveneblebs gamagrebis yvela etapze, garda amisa 

mniSvnelovnad aumjobeseben maCveneblebs yinvamedegobaze da wyaluJonvadobaze.  

unda aRiniSnos, rom betonis narevebi rodanidis narevis damatebiT iZle-

va saSualebas mniSvnelovnad gavaumjobesod Tboteniani damuSavebis parametre-

bi asawyobi rkinabetonis konstruqciebis damzadebisas, amasTan danamatis dozi-

rebis Sesabamisad SevamciroT Tburi damuSavebis xangrZlivoba 20_30% an davwi-

oT gaTbobis temperatura 15_30% da saWiroebis SemTxvevaSi SevamciroT cemen-

tis xarji  20_30%. 

damuSavebulia axali kompleqsuri maplastificirebeli da betonis gamya-

rebis maCqarebeli danamatebi superplastifikator C_3_is da natriumis rodani-
dis da tiosulfatis narevis bazaze. dadgenilia, rom es danamatebi gvaZlevs 

saSualebas miviRoT advilCawyobadi betonis narevebi C_3_is dabali dozirebi-
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sas. isini ganapirobeben simtkicis swraf matebas, amaRleben am ukanasknelis xan-

gamZleobas, mis yinvagamZleobas da wyaluJonvadobas, aumjobesebs TbodamuSave-

bis parametrebs, ganapirobebs cementis xarjis Semcirebas. arsanisnavia, rom es 

perspeqtiuli danamatebi aradeficituria, iafia da SeiZleba rekomendirebuli 

iqnes farTo gamoyenebisaTvis mSeneblobaSi, gansakuTrebiT monoliTuri Seno-

ba_nagebobebis agebisas. 
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             UNBURNED LOW ENERGY-INTENSIVE CLINKER-LESS BINDERS CONCRETES WITH AC-
CELERATING ADDITIVE OF BINDING. 

Kankava V., Rosnadze G., Kankava A.,  
 Akaki Tsereteli State University. 

Summary 
The paper dwells on the issues of improving the durability of concrete mix and concrete. There are conside-

red the issues of producing the new generation concretes on the basis of traditional diluting accelerators. There are 
resolved the problems of rapid hardening of concrete mix on the basis of indusrial waste of thiosulphate  and rhoda-
nate, as well as on hyper plasticizers. There are determined the optimal parameters of this dosage.     
 

 

 

 

vulkanuri warmoSobis bunebrivi foriani Semvsebebi energodamzog 
teqnologiebSi 

 
qarumiZe z., wiqariSvili m., WiWinaZe g. 

saqarTvelos teqnikuri universiteti 
   

naSromSi ganxilulia vulkanuri ferflis gamoyenebis SesaZleblobebi Tanamedro-
ve samrewvelo da samoqalaqo mSeneblobaSi. sabazro ekonomikis pirobebSi didi mniSvne-
loba eniWeba masalebs maRali Tbosaizolacio TvisebebiT. aseTad moiazreba vulkanuri 
ferfli. kvlevebi ganapiroba Sps `bi ai es~ _ is Camoyalibebam, romlis bazaze sofel 
sajaSi, daba dmanisis maxloblad funqcionireba daiwyo vulkanuri ferflis karierma, 
es ki iZleva nedleuli bazis gafarToebis saSualebas energodamzogi saSeni masalebis 
warmoebisaTvis.  Catarda kvlevebi dmanisis raionis sofel sajas sabados vulkanur 
ferflze da dadginda, rom igi SeiZleba miekuTvnos perlitis nairsaxeobas da gamoyene-
bul iqnas igive daniSnulebiT. 
 

saqarTvelos ekonomikuri mdgomareobis gaumjobesebam dasabami misca Zveli 

meTodebidan axal teqnologiebze gadasvlas. samoqalaqo mSeneblobis zrdasTan 

erTad gaizarda moTxovna sxvadasxva daniSnulebis maRalsarTuliani monoli-

Turi Senobebis. mniSvnelovan interess warmoadgens mTeli rigi efeqturi meTo-
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debis gamoyenebis SesaZlebloba Senobebis agebisas. mSeneblobis tempebis daCqa-

rebisa da Rirebulebis Semcirebis erT-erT wyaros warmoadgens Senoba- nagebo-

bebis masis Semcireba. es ZiriTadad miiRweva msubuqi betonebisa da rkinabetone-

bis gamoyenebiT. mocemuli simtkicis, simkvrivisa da Tbogamtarobis msubuqi be-

tonebis gamoyeneba SesaZleblobas gvaZlevs SevamciroT rogorc konstruqciis 

sisqe da masa, aseve SevuwyoT xeli seismomedegobis zrdas da gavaumjobesoT 

Tbosaizolacio Tvisebebi, rac gansakuTrebiT mniSvnelovania sabazro ekonomi-

kis TvalsazrisiT. 

Cvens respublikaSi praqtikulad ganusazRvreli maragia bunebrivi foriani 

Semvsebebisa, isini ZiriTadad warmodgenilia vulkanuri widiTa da tufolave-

biT, romlebic saukeTeso xarisxis Semvsebebia, msubuqi betonebisaTvis. cnobi-

lia, rom damokidebuleba damaxasiaTebeli forian Semvsebebze damzadebuli 

msubuqi betonebisaTvis rTuli da mravalmxrivia, uamravi faqtorebis zemoqmede-

bis gamo. adgilobrivi bunebrivi Semvsebebis kvlevebis dadebiTi Sedegebi, maRa-

li xarisxi, maTi danergviT gamowveuli mniSvnelovani ekonomikuri efeqti iZle-

va qveyanaSi nedleuli bazis gafarToebis SesaZleblobas. naSromi ganxilulia 

dmanisis raionis sofel sajas vulkanuri ferflis sabado. 

vulkanuri warmoSobis bunebrivi foriani Semvsebebi amofrqveuli qvis qa-

nebia, bunebaSi gvxvdeba namtvrevi, fxvieri an dacementebuli saxiT. isini umTav-

resad amorfuli kaJmiwisgan Sedgeba. am masalis kargi teqnikuri maxasiaTeble-

bis gamo, mTel rig SemTxvevaSi SesaZlebelia misi transportireba did manZil-

ze. vulkanuri ferfli, qviSa da pemza warmoiSva dedamiwis siRrmidan haerSi 

amofrqveuli magmis mcire nawilakebis swrafi gaciebiT. vulkanuri ferfli me-

tad wvrili fxvnilisebri masaa (marcvlis sisxo 1mm-ze naklebi), ufro msxvil-

marcvlovani (marcvlis sisxo 0,14 _ 5mm) vulkanuri widis an pemzis qviSaa, xo-

lo kidev ufro msxvili (marcvlis sisxo 5 _ 30mm) pemza an afuebuli mina. es 

qanebi didi forianobiT, mcire zogadi simkvriviTa da naklebi TbogamtarobiT 

xasiaTdebian. forianoba ki zog SemTxvevaSi 80%-sac ki aRwevs. forebi metwilad 

Caketilia, rac qanis yinvamedegobaze dadebiTad moqmedebs. igi ar saWiroebs 

dafqvas, aplastificirebs narevs, aumjobesebs betonis simtkicesa da deforma-

ciul Tvisebebs. gamoiyeneba jer kidev uxsovari droidan. romSi kolizeumis 

duRabi damzadebuli iyo 1 wili gamomwvari dafquli kirqvisa da 3 wili vulka-

nuri ferflisagan. 2011 wels argentinis samxreTi regionebi daifara, CileSi 

amofrqveuli vulkan puipues ferfliT, ramac argentinis ekonomikas didi zara-

li miayena. mecnierebma es movlena gamoiyenes. maT gadaamuSaves ferfli da daam-

zades iafi panelebis axlmSeneblobisaTvis, usaxlkaro dazaralebuli mosaxle-

obisaTvis. TiToeuli es paneli aRWurvilia vertikaluri da horizontaluri 

samagrebiT, amitom maTTan muSaoba Zalian iolia da ar saWiroebs specialur 

gadamzadebas. dRes argentinaSi yoveldRe Sendeba TiTo 45m2 sacxovrebeli sax-

li Raribi mosaxleobisaTvis. am proeqtis upiratesoba TvalsaCinoa _ iafi, eko-

logiurad sufTa saSeni masalaa, sacxovreblis agebis simartiviTa da mSeneb-

lobis swrafi vadebiT. magram unda aRiniSnos, rom es panelebi gamoirCevian nak-

lebi Tbosaizolacio TvisebebiT, rac mcire zednadeb xarjebs moiTxovs sa-

cxovreblis saremonto samuSaoebis dros. 

vulkanuri ferfli Sedgeba vulkanuri minisa da sxvadasxva mTis qanebis 

kristalebisagan, ZiriTadad vulkanuri widisa da pemzis wvrili marcvlebisa-

gan. axlosaa perlitur madanTan. misi qimiuri Sedgeniloba SeiZleba meryeob-



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  286

des: (68_72%SiO2)‐dan (48_52%SiO2)‐mde, (13-18%AL2O3)‐ia, tuteebi (4_9%), simkvrive 500-

1300kg/m3, WeSmariti simkvrive 2,8g/sm3, carieloba 50_55%, forianoba 50 _ 70%, 

wyalSTanTqma 35%-mdea. dnobis temperatura minis misaRebad 800-9000 C-ia. igi ga-

moiyeneba wvril Semvsebad keramzito betonebSi, Cveulebriv da forizebul kon-

struqciul _ Tbosaizolacio B3,5 _ B7,5 klasis ferfl betonebSi, 1200 _ 

1550kg/m3-i simkvriviT, rac Seexeba armirebas, SesaZlebelia gamoyenebul iqnas 

fibra, romelsac Cvens qveyanaSic awarmoeben, sabaTqaSe xsnarebSi, aqtiur mine-

ralur da namatad cementebSi, Tbobgerasaizolacio nayaris saxiT, Semvsebad sa-

RebavebisaTvis. vulkanuri ferflis gamocdis dros saWiroa davadginoT misiZ-

vradoba, simkvrive, ganSreveba, wyalSekavebis unari, simtkice, wyalSTanTqma, yin-

vamedegoba da sxva. vulkanur ferfls aqvs inseqticidebTan miaxloebuli Tvise-

bebi rac iZleva mis, soflis meurneobaSi gamoyenebis SesaZleblobas mavnebleb-

Tan sabrZolvelad, gamoiyeneba kvebis mrewvelobaSic filtrebis saxiT. 

zogierTi avtoris azriT vulkanuri ferfli perlitis saxesxvaobas war-

moadgens. amitom, Sesadareblad cxrilebSi moyvanilia yvela saWiro monacemi. 

qimiuri Sedgeniloba, granulometria, tenianoba, xurebiTi danakargi, simkvrive 

da sxva. cxrilSi 1. moyvanilia vulkanuri ferflis, faravnis perlitis, bolni-

sisa da TeZamis tufis qimiuri Sedgenilobebi. 

cxrili 1 

# 
nimuSis 

dasaxele-

ba 

sines-

te 

xurebi-

Ti 
danakargi

SiO2  TiO2 AL2O3  Fe2O3  FeOP2O5 CaO MgO MnO SO3  Na2O K2O

1 
vulkanuri 
ferfli 

1.37  3.70  68.7  0.20 15.5  0.79  0.49 0.05 1.16 0.05  0.13  0,30  3,6 3,8

2 
faravnis 
perliti 

-  6.0-0.45 
73.0-

76.0 
- 

12.50-

15.60 
0.90-

2.95 
-  - 

1.1-

2.0 
1.5  - 

0,15-

0,6 
-  - 

3 
bolnisis 
tufi 

-  2.8  72  -  16  3.92  -  -  1.22 1.7  -  -  -  - 

4 
TeZamis 
tufi 

-  2.95  74  -  15  3.67  -  -  2.1  0.95    -  -  0,87

afuebuli perlitiforiani masalaa, miiReba namsxvrevi vulkanuri wylis 

Semcveli jiSis Termuli damuSavebiT. afuebis Semdeg igi iyofa wvrilSemvse-

bad, 5mm-ze naklebi marcvlis zomiTa da RorRad 5-20 mm-is marcvlis zomebiT. 

gamoyenebis sfero perlitisa da vulkanuri ferflis identuria. aqve gvinda mo-

viyvanoT cxrilebi _ 2,3,4,5,6, pemzis, tufisa da perlitis zogierTi fizikur-me-

qanikuri maCveneblebiTa da betonis rekomendebuli Sedgenilobebi afuebuli 

perlitis gamoyenebiT. 

cxrili 2 

pemza 
saSualo simkvrive 

kg/m3 
   

natexebis 
forianoba,

% 

wyalSTan-
Tqma, 

% masis 
mixedviT 

simtkicis 
zRvari kumSvaze, 

mpa 

  natexis 
Ror-
Ris 

qvi-
Sis 

   
 
 
 

1  2  3  4  5  6  7 
Cveulebrivi  400÷500  300÷600 500÷900 68÷85  60÷80  2.5 

liToiduri  1300÷1500  700÷900 900÷1200 40÷45  11÷18  17÷27 
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cxrili 3 

vulkanuri tufis Tvisebebi  vulkanuri tufis tipi   

  bolnisi  TeZami 
1  2  3 

zogadi simkvrive kg/m3  1770  1890 
nayari simkvrive 
RirRis 
qviSis 

 
950 ÷1200 
1100 ÷1400 

 
1000 ÷1300 
1100 ÷1400 

forianoba, %  17  13 
simtkicis zRvari kumSvaze, mpa  14 (140)  22 (220) 
darbilebis koeficienti  0.84  0.88 

  
cxrili 4 

nayari simkvrivis 
marka 

marka 
simtkiceze 

wyalSTanTqma,% 
araumetes 

300  35  75 
400  50  50 
500  75  30 
600  100 da meti  25 

 

cxrili 5 

sabados 
dasaxele-

ba 

nayaris 
simkvri-

ve, 
kg/m3 

simsxos 
modu-
li, 

Msimsx 

marcvlovani Sedgeniloba, 
narCeni 

sacerze % 

       

 
   

 
 

2.5  1.25  0.63  0.315  0.14 

faravnis 
perliti 

280÷380  1.8÷2.1  15  25.6÷28.3 55.4÷59.2 74.4÷75.390.0÷95.0

 
cxrili 6 

beto-
nis 

marka 

masalis xarji 
1 m3 betonze 

             
mSrali betonis saSu-

alosimkvrive, 
kg/m3 

 
cementi, 

kg 
qviSa, 
ρ=300 

 
Ror-
Ri 

     
wya-
li, 
l 

 

 
 
 

kg  l 
5 ÷10 
mm 

ρ=280 
 

10_ 
20 

ρ=240 
   

 
 

     

 
 
 
 

kg  l  kg  l 

 

 
 

1  2  3  4  5  6  7  8  9  10 
10  150  240  800  65  220  140  580  335  550÷600 
25  245  230  770  65  220  130  550  370  670÷700 
50  340  235  775  60  210  135  560  310  780÷800 
75  450  250  860  70  240  150  620  250  870÷900 
100  250  250  830  65  230  145  600  300  1000÷1050 

miRebuli monacemebis safuZvelze, SeiZleba davaskvnaT, rom dmanisis ra-

ionis, sof. sajas sabados vulkanuri ferfli, SeiZleba miekuTvnos perlitis 

nairsaxeobas da gamoyenebul iqnes igive daniSnulebiT. 
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literatura: 
1.  nadiraZe a. betonis Semvsebebis teqnologia. ganaTleba. Tbilisi 1988. gv. 175-186. 
2. turZelaZe m., qarumiZe z. tufi da tufis narCenebi msubuqi betonis warmoebaSi. Tbi-

lisi, sagamomcemlo saxli `Coxi~. 2010. gv 125. 
3. qarumiZe z, beqaia v. perliti mSeneblobaSi. Tbilisi, sagamomcemlo saxli `Coxi~. 2012. 

gv 110. 
 

NATURAL POSOUS FILLERS OF VOLCANIC ORIGIN IN ENERGY-SAVING TECHNOLOGIES 
Z. Karumidze, M. Tsikarishvili, G.Chichinadze. 

Summary 
Possibilities of use of volcanic ash in modern industrial and civil construction are discussed.In conditionsof 

market economy materials with highly effective thermal insulation properties are getting big importance. Volcanic 
ashis one of such raw materials. Study was initiated in relation with creation of volcanic ashquary at village Saga in 
Dmanisi District operated by BIS LTD. This allows increase of base for production of energy – saving construction 
materials. 

 

 

 

 

nanomWidaze damzadebuli mxurvalmedegi betonis  
warmoebis zogierTi aspeqti 

 
leJava x., esaZe T. 

saqarTvelos teqnikuri universiteti 
 

nanocecxlgamZle masalebis, warmoebis erTerT  maRal ganviTarebul teqnologi-
as warmoadgens nanoteqnologia, romelic cecxlgamZle masalebis warmoebis ganviTare-
baSi sawyis etapzea. nanodispersuli natriumis polisilikatur Semkvrelze damzade-
bulma  mxurvalmedegma betonebma Tvisebebis mniSvnelovnad maRali maCveneblebi aCvena, 
Cveulebriv mxurvalmedeg betonebTan SedarebiT, romlebic damzadebulia silikat-nat-
riumian mWidaze. 

es aixsneba imiT, rom natriumis  silikatis nacvlad, nanodispersuli natriumis 
polisilikatur Semkvrelze damzadebul  mxurvalmedeg betonSi mcirdeba tute oqsidis 
(Na2O) - advildnobadi Semadgenlis Semcveloba,  Sesabamisad  izrdeba betonis saeq-
spluatacio Tvisebebi: Termuli mdgradoba, gamoyenebis temperatura, koroziuli mdgra-
doba da sxva. 

 
bolo sami aTeuli wlis ganmavlobaSi msoflios mraval qveyanaSi Tburi 

agregatebis mSeneblobaSi  da  maTi eqspluataciis saqmeSi warmatebiT gamoiye-

neba mxurvalmedegi betonebi, arsebuli ZviradRirebuli da deficituri cecx-

lgamZle masalebis nacvlad. aseT betonebs gaaCniaT mTeli rigi upiratesobani: 

maTi teqnologia ar saWiroebs yvelaze Zvirad Rirebul da rTul process–ga-

mowvas, rac dakavSirebulia energo-resursebis dazogvasTan. 

maRalefeqturi cecxlgamZle masalebis,  maT Soris axali Taobis mxur-

valmedegi betonebis warmoeba SesaZlebelia  Tanamedrove  samecniero  da ma-

Ral ganviTarebuli teqnologiebis  bazaze, rac  ganapirobebs produqciis ma-

Ral xarisxs, mis ekologiur usafrTxoebas, nedleulis efeqtur gamoyenebas  

da resursebis ekonomias. 

nanocecxlgamZle masalebis, warmoebis erTerT  maRal ganviTarebul teq-

nologias warmoadgens nanoteqnologia, romelic cecxlgamZle ma-salebis war-

moebis ganviTarebaSi sawyis etapzea.  gamoyofen nanomasalebis Semdeg tipebs:  

nanoforovani struqturebi, nanonawilakebi, nanomilakebi, nanoboWkoebi,  nano-

dispersiuli (koloiduri) xsnarebi, nanostruqturuli zedapirebi da fenebi, na-



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  289

nokristalebi  da nanoklasterebi. 

mravalricxovani kvlevebis Sedegebma, romlebic mimarTulia mxurvalmede-

gi mWidisa da  betonebis misaRebad tute silikatur sistemebze (Txevadi mina, 

uwylo silikat – natriumi, polisilikatebi) SesaZlebeli gaxada mxurvalmede-

gi kompoziciuri Semkvrelebis Seqmna gansxvavebuli bunebis wvrildispersuli 

cecxlgamZle SemvsebebiT da nanodispersuli (koloiduri) SemkvrelebiT  da 

natriumis polisilikatiT.   

ZiriTadi gansxvaveba polisilikatebs da Txevad minebsa da   maRaltute-

Semcvel silikatur sistemebs Soris aris  maTi – polimeruli forma, romelic 

Seicavs 60% da mets kaJmiwis saerTo raodenobidan, rac uzrunvelyofs warmoq-

mnili gelebis struqturebis maRal simtkices. 

polisilikatebi gamoirCevian unikaluri SemakavSirebeli TvisebebiT, rac  

maTi farTo gamoyenebis saSualebas iZleva sxvadasxva miznobrivi daniSnulebis 

kompoziciebSi. polisilikatebis gamoyeneba mwebav kompoziciebSi masalebs ani-

Webs  maRal wyalmedegobas da aumjobesebs cecxlgamZle masalebis Termul 

mdgradobas. amiT ganpirobebulia maTi gamoyenebis  SesaZlebloba mxurvalmede-

gi  kompoziciuri Semkvrelisa da mis  safuZvelze betonebis miRebisa. kvleveb-

Si tute metalis silikatis saxiT gamoiyeneba   uwylo natriumis silikati. 

natriumis polisilikati  silikaturi moduliT 6–6,5 miiRes uwylo nat-

riumis silikatis da siliciumis dioqsidis hidrozolis 30%–iani wyalxsnaris 

urTierTqmedebiT 70–900C tempraturaze dayovnebisas araumetes 0,5sT–isa. cecx-

lgamZle Semvsebebisa da wvriladdafqvili danamatis saxiT gamoyenebuli iyo 

eleqtrodnobadi korundi Semdegi qimiuri SemadgnelobiT (%–Si):  AL2O3  - 

98,11...98,79;  SiO2 - 0,13...0.15;  Fe2O3 – 0,58..1,01; Na2O  - 0,27...0,45. maxasiaTeblebia: cecx-

lgamZleoba – 20500C, xazobrivi gafarToebis koeficienti – 8...10×10–6, simkvrive – 

3,8...3,92g/sm3. gamoirCeva qimiuri mdgradobiT, inertulobiT da a.S. minerluri Se-

madgenlobis mixedviT eleqtrokorundi ZiriTadad warmodgeniliaα– AL2O3 saxiT. 

boqsiti naklebi rkinis SemcvelobiT ki warmoadgens mTis qans, romelic Sei-

cavs aluminis hidroqsidis mineralebs da gankuTvnilia cexlgamZle nakeTobe-

bis warmoebisaTvis. is xasiaTdeba Semdegi qimiuri SedgenilobiT: AL2O3  - masiTi 

wili aranaklebi 60-isa;  Fe2O3 - araumetes 2,6-isa;  TiO2 - araumetes 4,5-isa;   (CaO 

da MgO) - araumetes 0,9-isa; (Na2O da K2O) - araumetes 0,8-isa;   tenianoba - araume-

tes 20%–isa. natexebis sidide-500mm–mde. 

korundis betonis narevs optimaluri procentuli masiTi SemadgenlobiT 

80:20 (korundi-Semavsebeli; natriumiს polisilikatი- kompoziciuri Semkvreli) 

amzadeben Semdegi TanmimdevrobiT. jer wvrilad dafqvil boqsits xvedriTi ze-

dapiriT Sxv=3000sm2/g–mde ureven maRali siC-qaris laboratoriul amrevSi natri-

umis wyalxsnars, boqsitpolinatriumiani kompoziciuri Semkvrelis suspenziis 

miRebamde, Semdeg miRebul suspenziaSi SehyavT wvrilmarcvlovani Semvsebebi da 

areva xdeba 4-5wuTis ganmavlobaSi erTgvarovani betonis masis miRebamde. ganya-

libebuli nimuSebis gamyareba mimdinareobs saSrob karadaSi 180-2000C tempეratu-

raze. 

nanodispersuli  natriumis polisilikatur Semkvrelze damzadebuli ko-

rundiani mxurvalmedegi betonis ZiriTadi Tvisebebis SedarebiTi maCveneblebi 

mocemulia  cxrilSi1.  
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cxrili 1             

Tvisebebis  maCveneblebi  betoni   

 
silikatnatriumian  
kompoziciur Sek-

vrelze 

nanodispersul natriumis po-
lisilikatis kompoziciur  

Sekvrelze 
gamoyenebis maqsimaluri tempera-
tura calmxrivi gaxurebisas (0C) 
  

1800  1950 

simtkicis zRvari kumSvisas  ga-
mowvis  maqsimalur temperatura-
ze, (mgpa) 

31-37  40-45 

simkvrive  2000CgamoSrobis Semdeg  
(g/sm3) 

2,90-2,95  2,95-3 

forianoba 2000C gamoSrobis Sem-
deg, (%) 

18-19  16-17 

xazobrivi jdena  maqsimalur 
temperaturaze gamowvis Semdeg, 
(%) 

0,25  +0,20 

Tbogamtaroba 12000C temperatura-
ze 

1,32  1,1 

deformaciis dawyebis sawyisi 
temperatura mitvirTvisas 0,2 
mgpa, (0C) 

1680  1840 

 

aqedan gamomdinare  kompoziciur Semkvrelze damzadebul korundul 

mxurvalmedeg betons silikatnatriumian kompoziciur Semkvrelze damzadebul 

analogiuri daniSnulebis betonebTan SedarebiT aqvs  mniSvnelovnad maRali 

Termomdgradobis maCveneblebi; deformaciebis sawyisi temperaturebi 0,2 mgp–is 

mitvirTvisas da a.S.  . 

es aixsneba imiT, rom natriumis silikatis nacvlad, nanodispersuli nat-

riumis polisilikatis  Semkvrelze damzadebul mxurvalmedeg betonSi mcirde-

ba tute oqsidis (Na2O)-advildnobadi Semadgenlis Semcveloba,  Sesabamisad  iz-

rdeba betonis cecxlgamZleoba. garda amisa Semkvrelis ganmsazRvrel Tvisebebs 

aq warmoadgens xarisxobrivi da raodenobrivi cvlilebebi, romelic xdeba mis 

SemadgenlobaSi maRali temperaturebis moqmedebisas. rac dasturdeba kopozici-

uri Semkvrelis rentgeno–struqturuli analiziT. 

daskvna: Catarebuli kvlevebis safuZvelze miRebulia maRalcecxlgamZle nanos-

truqturuli korundis mxurvalmedegi betoni, romelSic Semkvrelad gamoyene-

bulia nanostruqturuli natriumis polisilikati. 

am kvlevebis samecniero-praqtikuli safuZveli mdgomareobs imaSi, rom polisi-

likatis xsnarebi, zolis nawilakebTan erTad Seicavs  monomerebs, oligome-

rebs da kaJmiwis polimerul saxesxvaobebs, romlebic xels uwyoben am ukanas-

knelis maRali reaqciuli Tvisebebis gamovlenas sxvadasxva kompoziciur Semad-

genlobebSi. amitom nanodispersul natriumis poli-silikatis kompoziciur Sem-

kvrelze damzadebul korunduli betonis struqturaSi, gamamTlianebeli  axal-

warmonaqmnebis formireba principulad gansxvavdeba natriumis silikatis Sem-

kvreli afskisgan da xasiaTdeba maRali wyalmedegobiT, TermomdgradobiT da ga-

moyenebis maRali  tem-peraturiT, rac ganpirobebulia tute komponentis (Na2O) -

advildnobadi Semadgenlis dabali SemcvelobiT  SemkvrelSi. 
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zemoT aRniSnulidan gamomdinare SeiZleba vivaraudoT nano-struqturu-

li natriumis polisilikatis, rogorc Semkvrelis gamoyenebis SesaZlebloba 

sxva mxurvalmedegi kompoziciuri Semkvrelebisa da betonebis misaRebad sxva-

dasxva cecxlgamZle nivTierebebis bazaze. 
 
literatura: 
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2. Тарасова А.П. - Жаростойкие вяжущие на жидком стекле и бетоны на их основе /Москва, 

Стройиздат, 1982 г.130-135стр/ 
3. Тотурбиев Б.Д. - Стройтельные материалы на основе силикат-натриевых   композициах./Москва, 

Строиздат,1988 г.200-208 стр./ 
4. Тотурбиев А.Б. – Исследования клеящей способности композиционного связующего на 

полисиликате натрия /Промышленное и гражданское строительство. 2012г, 50-60 стр/ 
5. Тотурбиев А.Б. – Корундовый жаростойкий бетон повышенными эксплуатационными свойствами 

/Бетон и железобетон. Москва, 2006 г, 10-15 стр/ 
 

SOME ASPECTS OF PRODUCTION OF THERMAL-RESISTANT CONCRETE MADE ON NANO-MO-
ULD 

Kh.Lezhava, T. Esadze. 
Summary 

One of the high technologies for production of  nano-refractory materials is the nanotechnology. It is in its in-
cipience  in terms of  refractory materials. Heat-resistant concrete produced with cohesive material – nano-dispersi-
on natrium polysilicate, shows high operation properties in comparison with ordinary heat-resistant concrete, produ-
ced with silicate-natrium composition cohesive material. Its explained by the fact that  in  heat-resistant concrete 
produced with  the silicate-natrium composition cohesive material alkalinity component (Na2O), which a low-mel-
ting one is reduced instead of silicat-natrium. This in turn increases the operational properties of the heat-resistant 
concrete, heat stability, temperature of applying, corrosion resistance and etc. 
 

 

 

 

Eeleqtrodializis procesis eqsperimentaluri  
kvlevebis Sedegebi 

 
 ruxaZe S., afciauri a., afridoniZe m., SoTaZe a. 

 akaki wereTlis saxelmwifo universiteti 

 
 statiaSi mocemulia wylis gawmendis eleqtromembranuli sistemis gamtknarebis 
sakanSi gravitaciuli da iZulebiTi konveqciis erTdrouli moqmedebis pirobebSi eleq-
trodializis procesebis eqsperimentaluri kvlevebis Sedegebi. Mmoyvanilia eqsperimen-
tebi NaCl sxvada sxva koncentraciis wyalxsnarisaTvis iseTi parametrebis farTo speqtri-
saTvis, rogoricaa sawyisi koncentracia, eleqtrodenis simkvrive da elqtruli poten-
cialis naxtomi gasayof arxSi. dadgenilia, rom membrana aris metad efeqturi NaCl kon-
centraciisas 10 g/l dan 1 g/l mde. 

  
 SoTa rusTavelis erovnuli samecniero fondis grantis #31/71 fargleb-

Si Seqmniliqna eleqtrodializis laboratoriuli danadgari, romelic daniS-

nulia gamtknarebis, xsnarebis koncentrirebis, axalinivTierebebis sinTezis, pH 

koreqtirebis, aminomJavebis gayofis, Sesabamisi marilebis xsnarebidan mJavebisa 

da tuteebis miRebis, organuli xsnarebidan araorganuli SenaerTebis mocile-

bis procesebis Sesaswavlad. 

Ddanadgari damzadebulia kedlis stendis (1) saxiT, romelzedac ganlage-

bulia damoukideblad da damontaJebulia: xsnarebis meqanikuri filtraciis 
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bloki (2), eleqtrodializis membranuli aparati (3), tumboebis bloki (4) eleq-

truli kvebis wyaroebiT (5), hidravlikuri pulti rotametrebiT (6), manometre-

biT (7), maregulirebeli onkanebiT (8), sinjis asaRebi onkanebiT (9) da aparatis 

eleqtruli kvebis wyaro (10). muSa tevadobebi (11), gamomSvebi onkanebiT. muSa te-

vadobebis zeda nawilSi gaTvaliswinebulia Semavali naxvretebi muSa xsnarebis 

ZabriT Casasxmelad. Eleqtrodializis aparati Tavsdeba muSa magidaze suraTze 

moyvanili (nax.1.) ganlagebis analogiurad. 

 
nax. 1. Eleqtrodializis laboratoriuli danadgari 

 

 winmdebare samuSaoSi Catarebulia, natriumis qloridis 20, 10 da 1 % 

xsnarebis eleqtrodializis, zRvis wylis gamtknarebis da onkanis wylis gaw-

mendis dros, Sefasebulia energetikuli danaxarjebi. 

         modelur xsnarad viyenebdiTNsxva da sxva koncentraciis  NaCl xsnars; 

mudmividenis wyarod - gammarTvels HY3005C, romelic saSualebas gvaZlevda 

migveRo denis simkvrive 15 ma/sm2-mde. 

cxrili 1 

NaCl  sawyisi concentracia≈20 g/l 

marilSemcveloba (TDS) # dro, 
(wT) 

denis 
Zala, 
(a) 

Zabva, 
(v)  koncentrati, 

(g/l) 

gamrecxi 
wyali, 
(g/l) 

produqti, 
(g/l) 

koncentraciis Sem-
cireba, (%) 

1.  0  20,3  130  21,15  7,15  20,85  – 

2.  5  20,4  132  25,0  –  17,25  17,27 

3.  10  20,4  136  26,75  –  13,0  24,64 

4.  15  20,4  144  28,5  –  9,25  28,85 

5.  20  20,3  163  29,5  –  4,20  54,59 

6.  25  19,0  326  30,5  –  1,08  74,29 

7.  30  9,9  444  30,8  –  0,250  76,85 

8.  35  7,0  458  31,0  7,10  0,126  49,60 

 

cxrilis 1 analizidan, roca NaCl  marilis sawyisi koncentracia tolia 20,85 

g/l, Cven vxdavT , rom cdis msvlelobis dros pirveli 15 wT NaCl xsnari kargavs 0% 

NaCl, 20 wuTis ganmavlobaSi xsnari iwyebs ufro swrafad gasufTavebas, kargavs 70% 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  293

NaCl. ukanasknel 5 wuTSi gamtknareba kvlav neldeba xsnari kargavs mxolod 5% ma-

rils. deni TiTqmis mudmivia, magram moulodnelad iwyebs Semcirebas es xdeba imi-

tom, rom dabali koncentraciis eleqtroliti Raribia vidre maRali koncentraci-

is. boloSi koncentratis marilSemcveloba Seadgens 31,0 g/l, rac axlosaa NaCl ma-

rilis gaxsnis zRvarTan. es niSnavs, rom procesi grZeldeba koncentratis ganzave-

bis gareSe da marilis xsnarSi SeiZleba gamoiyos kristalebi da aris SesaZleblo-

ba miviRoT ori produqti: NaCl marili da wyali. 

cxrili 2  

NaCl sawyisi concentracia≈10 g/l 

marilSemcveloba (TDS) # 
dro, 
(wT) 

denis Za-
la, (a) 

Zabva, (v)  koncentra-
ti, (g/l) 

gamrecxi 
wyali, (g/l) 

produqti, 
(g/l) 

koncentraciis 
Semcireba, (%) 

1.  0  20,2  168  10,55  8,3  9,75  – 

2.  5  20,3  182  14,8  –  4,50  53,85 

3.  10  19,1  311  16,0  –  1,55  65,56 

4.  15  8,4  450  17,6  –  0,27  82,58 

5.  20  4,8  468  17,8  8,22  0,091  66,30 

 

 cxrilis 2 analizidan Cans, roca NaCl sawyisi koncentracia iyo 9,75 g/l, 

pirvel da bolo 5 wT koncentracia mcirdeba 50%, testis 10  dan 15 wuTamde koncen-

tracia Semcirda 80% iT. mTlianad eleqtrodializis procesSi xsnaris koncentra-

cia Semcirda  9,75 g/l -dan 0,091 g/l -mde. SeiZleba agreTve aRvniSnoT, rom yvelaze 

maRali gawmendis xarisxi aris roca koncentraciaa 1 g/l. 

 
nax. 2. NaCl  koncentracia denis Zalisagan damokidebulebiT 

 

cxrili 3.  

NaCl sawyisi concentracia≈1 g/l 

marilSemcveloba (TDS) #  dro, (wT)  denis Za-
la, (a) 

Zabva, 
(v) 

koncentra-
ti, (g/l) 

gamrecxi 
wyali, (g/l) 

produqti, 
(g/l) 

koncentraciis 
Semcireba, (%) 

1.  0  0,5  31  2,16 3.30 1,090 – 

2.  5 0,3  31  2,64 _ 0,596 45,32 

3.  10 0,2  31  3,04 - 0.303 49,16 

4  15 0.1 31  3,22 - 0,147 51,49 
5 20 0,1 31 3,24 - 0,0731 50,27 
6 25 0,1 31 3,30 - 0,0388 46,92 
7 30 0,1 31 3,33 - 0,0231 40,46 
8 35 0,1 31 3,48 3,13 0,0146 36,80 
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nax. 2 Cven vxedavT, rom mrudebi TiTqmis identuria. es aixsneba imiT, rom gasaa-

nalizebeli xsnarebis qimiuri Semadgenloba erTnairia. e.i. erTnairad atarebs 

eleqtro dens. 

mniSvnelovnad mcire koncentraciis xsnaris SemTxvevaSi roca xsnaris maril-

Semcveloba tolia 1,09 g/l (cxrili 3) yovel 5 wT-Si saSualod 50%-iT ecema Sedege-

bis safuvelze SeiZleba vTqvaT, rom Tu xsnarSi marilis NaCl sawyisi koncentracia 

aris 1 g/l, imisaTvis, rom davaCqaroT procesi unda gamoviyenoT naklebad seleqciu-

ri membranebi, gavzardoT Zabva an miviRoT sxva axali teqnologiuri gadawyvetile-

ba. 

 
nax. 3. NaCl eleqtrodializis siCqare 

nax. 3 Cven vxedavT, rom roca NaCl sawyisi koncentracia 9,75 g/l  xsnari namdvi-

lad iwmindeba. am momentisTvis pirvel testSi (sawyisi koncentracia 20 g/l) NaCl 

koncentracia xsnarSi aRwevs 10 g/l. mesame testis mrudis ganxilva aCvenebs, roca 

sawyisi koncentracia tolia 1,09 g/l, gamtknareba xdeba Tanabrad, metad swrafad 

xdeba cvlileba gamoyofil droSi. aqedan SeiZleba gavakeToT daskvna, rom membrana 

aris metad efeqturi NaCl koncentraciisas 10 g/l dan 1 g/l mde. 
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The Results of Experimental Studies of Electrodialysis Processes  

Sh. Rukhadze, A. Aptsiauri, M. Apridonidze, A. Shotadze 
Akaki Tsereteli State University 

          The paper dwells on the results of experimental studies of the electrodialysis processes under conditions of si-
multaneous action of gravitational and forced convections in a desalination chamber of water purification electro-
membrane system. There shown the experiments with NaCl aqueous solutions of various concentrations for a wide 
range of those parameters, such as an initial concentration, electric current density and jump in electrical potential in 
a separation channel. It has been established that the membrane is highly effective during NaCl concentration from 
10 g/l to 1 g/l.  
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navTobisa da navTobproduqtebis CaRvrebisas 
riskebis Sefasebis meTodikis damuSaveba 

 
CogovaZe j., cecxlaZe a., Wabukiani r. 

akaki wereTlis saxelmwifo universiteti 

 
navTobisa da navTobproduqtებis  CaRvrebis Sedegad miyenebuli zaralis gamosaT-

vlel meTodikaSi bunebriv-klimaturi, ekologiuri, indeqsaciis (valutasTan fardoba) da 
CaRvrebis likvidaciisaTvis dagvianebuli drois koeficientebis garda gaTvaliswinebulia 
eqsperimentebis Sedegebis maCveneblebi regresuli gantolebebis saxiT. 

 
riskebis ekologiur-toqsikologiuri Sefaseba moicavs saSiSroebis savarau-

do analizs, ara marto cakeuli saxeobebisa an hidrobiontebis (hidrobioekologiu-

ri arsebebi) populaciebs  aramed mTel hidroekosistemebs, romlebic moeqcnen ava-

riuli CaRvrebis radiusSi. aseTi Sefasebis aucilebloba ganpirobebulia imiT, rom 

CaRvrili navTobisa da navTobproduqtebis msxverpli xdeba mravali hidrobionti 

da agreTve frinvelebi, romlebiTac Zalian mdidaria mdinareebi Woroxi, rioni, yu-

levisa da foTis yure, paliastomis tba da sxva subtropikuli zRvispira flora-fa-

unis zRvispireTi. riskebis raodenobrivi Sefasebis mravalricxovan meTodebs So-

ris yuradRebas imsaxurebs ori meTodi: miznis funqciis meTodi [1]; multiplikaciu-

ri midgoma [2]. 

ganvixiloT meore midgoma. multiplikaciuri midgomis dros riskis zoma R ga-

nisazRvreba rogorc avariis realizaciis albaTobis P namravli fardobiTi zara-

lis albaTobasTan Y Semdegi formuliT: 

   R = P ∙ y ,                                                                     (1)      

sadac R - raodenobrivi zoma (riskis xarisxi);   P - avariis warmoSobis albaToba;    y 

- avariiT miRebuli zarali. 

P ganisazRvreba obieqtis eqspluataciis pirobebis an teqnikuri sistemebis sa-

fuZvelze avariis statistikuri monacemebis damuSavebiT. 

 

am meTodikis Tanaxmad zaralis zoma avariebis dros ganisazRvreba formuliT; 

                                ,                                             (2)      

sadac: y - zaralis zoma, mil. aSS-s dolari;  -erTi bareli navTobis Rire-

bulebis cvalebadobisa da misgan navTobproduqtebis gamosavlianobis koeficien-

ti, aiReba  =10-3;  -bunebriv-klimaturi pirobebis gaTvaliswinebis koefi-

cienti, romelic damokidebulia weliwadis droze,  aiReba: zamTrisaTvis -

; gazafxulisaTvis - ; zafxulisaTvis- ; SemodgomisaT-

vis - ;                - ekologiuri faqtorebis  koeficientia da aiReba Savi 

zRvis avzisaTvis napiridan 10 km manZilisaTvis-   =1,15,  10 km-ze meti manZilisaTvis  

 =1,05;   -indeqsaciis koeicienti, ekonomikuri ganviTarebis inflaciuri Semad-

geneli da gulisxmobs saerTaSoriso da nacionaluri valutis fardobas, romelic 

Znelad prognozirebadia, aiReba  =1; H_ taqsa, mil. aSS-s dolari;  - avariebis 

salikvidaciod miRebuli zomebis dagvianebis koeficienti; igi damokidebulia lik-
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vidaciis RonisZiebebis miuReblobis xangrZlivobebze, dReebSi და aiReba (cxr.2); H-

aris e.w. taqsa,  mil. aSS-s dolari, romelic ganisazRvreba CaRvrili navTobisa da 

navTobproduqtis raodenobis mixedviT dedamiwis sxvadasxva regionSi V, t (cxr.1). 

 

moculobaze damokidebulebiT, CaRvrili navTobisa da navTobproduqtis, 

taqsas mniSvnelobebi 

cxrili 1  

V,t H, mil.$aSS V,t H, mil.$aSS V,t H, mil.$aSS 
0,1 _ 0,2 
0,2 _ 0,4 
0,4 _ 0,9 
0,9 _ 1,6 
1,6 _ 3,0 
3,0 _ 5,5 

0,085-0,011 
0,011-0,017 
0,017-0,03 
0,03-0,055 
0,055-0,09 
0,09-0,145 

5,5 _ 9,0 
9 _ 13 
13 _ 25 
25 _ 40 
40 _ 90 
90 - 200 

0,145-0,25 
0,25-0,364 
0,364-0,675 
0,675-1,05 
1,05-2,25 
2,25-5,0 

200 _ 350 
350 - 600 
600 - 800 
800 -1300 
1300 -2500 
2500 -5000 

4,75-8,05 
8,05-13,05 
13,05-17,05 
17,05-27,75 
27,75-51,35 
51,35-98,5 

 
nax.1. taqsas CaRvrili navTobis moculobaze damokidebulebis grafiki 

cxrilis (1) mixedviT, SeiZleba davadginoT damokidebuleba H = f(V) (nax.1), ro-

melic emorCileba wrfiv kanons H=aV+b da, Sesabamisad, am parametrebs Soris kore-

laciuri damokidebuleba miRebulia umcires kvadratTa jamis meTodiT 

H = 4,308V _ 0,06, mil.aSS-s dolari                             (3)     

 

avariebis salikvidaciod miRebuli zomebis dagvianebis koeficientis mniSvne-

lobebi 

cxrili 2  

Кl 1,0 1,05 2,0 2,05 3,0 3,05 4,0 4,05 5,0 5,05 

dRe-
Rame 

1 3 5 7 9 11 13 15 17 20 

saaTi 24 72 120 144 216 240 312 360 408 480 

 

maSin 3 formulis 2-Si CasmiT sabolood gveqneba 

                       (4) 

riskebis R raodenobrivi SefasebisaTvis mizanSewonilad migvaCnia Y -is gar-

daqmna uganzomilebo sidided [3]. am mizniT, Cvens mier Semotanili iqna misi maqsima-

luri mniSvneloba ymaqs, romelic damokidebulia akvatoriis geografiul mdebareo-

baze, romelSic moxda avaria. 

zaralis axal mniSvnelobas daerqva albaTuri fardobiTi zarali da gamosa-
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xulebam (1) miiRo  Semdegi saxe 

 

sadac  Уfar  -albaTuri fardobiTi zarali. 

dReisaTvis sul ufro vrceldeba azri imis Sesaxeb, rom upiratesoba eZleva 

CaRvrebis Sefasebis raodenobriv kriteriumebs. es niSnavs, rom xarjebis marTva 

xdeba sqemiT, romelic iTvaliswinebs or komponents: movlenis saSiSroebis alba-

Toba (P) da misi Sedegi У(Уfar). amisaTvis ki ganixileba zogierTi kategoriis alba-

Toba da TiToeul kategorias miekuTvneba gansazRvruli reitingi [4; 5].  

navTobisa da navTobproduqtis  CaRvrebis Sedegad miyenebuli zaralis gamo-

saTvlel koreqtirebul formulaSi (4) bunebriv-klimaturi, ekologiuri, indeqsa-

ciis (valutasTan fardoba) da CaRvrebis likvidaciisaTvis dagvianebuli drois ko-

eficientebis garda gaTvaliswinebulia eqsperimentebis Sedegebis maCveneblebi reg-

resuli gantolebebis saxiT. 
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DEVELOPMENT OF RISK ASSESSMENT METHODS DURING OIL AND  

OIL PRODUCTS SPILLAGES  
J. Chogovadze, A. Tsetskhladze, R. Chabukiani 

Akaki Tsereteli State University    
Summary    

Numerous hydrobionts and birds, in which the rivers of Chorokhi, Rioni, Kulevi and Potis Kure, Paliastomi 
Lake and other seaside areas with subtropical flora  and fauna are rich,  often fall victims to oil and oil products spil-
lages. 

The paper describes the methods for calculating the damage caused oil and oil products spillages, which 
along with the delay coefficients of time required for  natural-climate, environmental indexation and spillage respon-
se, envisages also the experimental results measures in kind of regression equations.   
 

 

 

 

ПРИМЕНЕНИЕ ПРИРОДНЫХ КЛИНОПТИЛОЛИТСОДЕРЖАЩИХ ТУФОВ 
ДЛЯ ОБЕЗВОЖИВАНИЯ ТРАНСФОРМАТОРНОГО МАСЛА 

 
Гамкрелидзе Е. Туркадзе Ц. 

Кутаисский государственный университет А.Церетели 
 

Содержание влаги в трансформаторном масле резко ухудшает его работоспособность. 
Устойчивость пробывного напряжения зависит от содержания влаги в трансформаторном масле. 
Необходима его осушка, чтобы продлить срок службы и эффективность использования. Применение 
природных клиноптилолитсодержащих туфов, которые обладают молекулярно-ситовыми свойствами, 
более эффективно, доступно, дешевле и конкурентно по сравнению с другими адсорбентами. 
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В настоящее время во всём мире существуют крупные месторождения природных 
цеолитов седиментального происхождения, которые по своими качественными показателями не 
уступают синтетическим цеолитам. Они более дешевле и доступны. 

Цеолиты характеризуются выраженной селективностью к определённым соединениям, 
особенно к парам воды, т.е. они особенно гидрофильные по сравнению с другими адсорбентами. 

Цеолиты обладают молекулярно-ситовыми свойствами, т.е. способностью поглощать 
молекулы веществ, критические диаметры которых меньше размера входных окон цеолитов, в то 
время, как более крупные по размеру молекулы веществ не адсорбируются на этих тонкопористых 
телах. 

Природные цеолиты характеризуются высокой адсорбционной способностью по парам 
воды в области низких давлений. 

Содержание влаги в трасформаторном масле резко ухудшает его работоспособность. Одним 
из основных свойств трансформаторного масла является его устойчивость на пробивное 
напряжение, которое зависит от содержания влаги в трасформаторном масле. Возникает 
необходимость осушки трансформаторного масла, чтобы продлить срок службы и поддержать 
эффективность его качественного использования. 

Трансформаторные масла представляют собой сложную смесь парафиновых, нафтеновых 
ароматических и нафтено-сернистых и азотсодержающих производных. Одними из основных 
компонентов трансформаторных масел являются нафтеновые углеводороды, количества которых 
достигает 50-70% и более. 

Для обезвоживания трансформаторного масла используются следующие методы: 
нагревание  масла до температуры, при которой из него испаряется и удаляется вода, осушка 
центрифугированием, метод короткого замыкания, распыление в вакууме, использование 
негашёной извести. Указанные способы осушки имеют ряд недостатков. Так, при нагревании 
масел в открытых сосудах не достигается их достаточно глубокая  осушка. Эффективность 
центрифугирования зависит от количества воды, находящейся в масле и снижается по мере 
уменьшения содержания влаги. Из-за этого приходится прибегать к дополнительным операциям – 
многократной сепарации, для извлечения из масла последных следов влаги. Осушка масла путём 
короткого замыкания тока приводит к частичному разложению. Осушка под вакуумом – 
длительный во времени процесс, требует сложной аппаратуры, большого расхода электроэнергии. 
Осушка с использованием негашеной извести связана с затратами на реактив и характеризуется 
однократным эффектом применения. 

Применение нового типа адсорбентов  - синтетических цеолитов (молекулярных сит), 
обладающих уникальными адсорбционными свойствами с ярко выраженным молекулярно-
ситовым эффектом, позволяет использовать их для осушки трансформаторного масла. Как 
показали исследования, эти адсорбенты лишены указанных выше недостатков. 

Одна из первых работ по возможному применению синтетических цеолитов для осушки 
трансформаторного масла была выполнена в 60-х годах прошлого столетия. Этот эксперимент был 
проведен в лабораторных условиях. Основным элементом лабораторной установки была 
адсорционная стеклянная колонка с высотой адсорбционного слоя 200 мм и диаметром 10мм, 
которая заполнялась синтетическим цеолитом NaA зернением 0.5-1.0 мм. Сырое 
трансформаторное масло влажностью 570-600 промилей (‰) подавалось в адсорбционную 
колонку. Цеолит нагревали  при 350°С в потоке сухого воздуха или азота. Осушка 
трансформаторного масла осуществлялась при комнатной температуре (19-22°С) и атмосферном 
давлении с линейной скоростью подачи масла 0,005 и 0,002 м/сек. Адсорбционная способность 
цеолитов по воде при поглощения влаги из трансформаторного масла до «проскока» составляла 
16% вес. Экспериментально было установлено снижение влагосодержания в масле с 570-600 (‰). 
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Такое понижение влажности в трансформаторном масле повышает его пробивное напряжение с 22 
до 70-100 кV. Показана возможность многоразового использования одного и того же адсорбента. 

В промышленных и полупромышленных установках для осушли трансформаторного масла 
из синтетических цеолитов используются, главным образом, цеолиты типа А и Х. Обычно, при 
осушке трансформаторного масла, предпочтение отдаётся цеолиту NaA. Осушка при помощи 
молекулярных сит осуществляется, как правило, в адсорбционных системах со стационарным 
слоем адсорбента. Такая система состоит не менее чем из двух адсорберов, один из которых 
включен в процесс осушки, а второй – в процесс регенерации адсорбента. Адсорбционное 
обезвоживание трансформаторного масла протекает в несколько стадий: 

1. Термическая активация цеолита путем прокаливания при температуре 350-450°С в 

течение 4-5 часов. При температуре 20°C активированный адсорбент заливают увлажненным 
маслом. 

2. Осушка. Эта стадия протекает достаточно эффективно при температуре 16-20°C. 
3. Регенерация обработанного цеолита. На установке, при использовании цеолитов, 

адсорбер является и десорбером. Сорбционные свойства молекулярных сит восстанавливаются 
практически без потерь адсорбента. 

Для обезвоживания трансформаторного масла требуется 0,2% молекулярных сит 
(адсорбента) от веса осушаемого масла. Перед работой цеолит необходимо тщательно просушить 
при температуре 400-500°C, так как он интенсивно поглощает влагу из окружающей среды. 

При проведении процесса осушки нет необходимости подогревать трансформаторное 
масло, как при осушке посредством центрифугирования. При комнатной температуре осушка 
проходит достаточно эффективно. 

Следует отметить, что в настоящее время для обезвоживания трансформаторного масла 
внимание специалистов обращено к применению природных цеолитов. Природные цеолиты 
успешно применяются в различных технологических процессах, в том числе, для осушки жидких 
и газовых систем. 

В Азербайджане, России (Якутия) и Грузии были выполнены работы по осушке 
трансформаторного масла с использованием клиноптилолитсодержащих туфов местных 
месторождениий. 

В работе, выполненной азербайджанскими учеными, в качестве адсорбентов для осушки 
трансформаторного масла как свежего, так и отработанного, применялись 
клиноптилолитсодержащие туфы Айдагского месторождения. Исследования были выполнены в 
лабораторных условиях. Клиноптилолитсодержащие туфы, зернением 1-2 мм, загружали в 
отдельные трехсекционные адсорберы емкостью 100 мл и подвергали активации сухим воздухом в 
течение 5 часов при температуре 500-550°C. Осушку проводили при температуре 20-40°C. 
Установлено, что в процессе обезвоживания трансформаторного масла пробивное напряжение 
повышается до 34-36kV. 

Более детальные исследования использования клиноптилолитсодержащих туфов для 
осушки трансформаторного масла выполнены в Грузии. Эксперименты проводились как в 
лабораторных, так и в производственных условиях. Исследовалась осушительная способность 
клиноптилолита месторождения Дзегви, участок Хекордзула с 80%-ым содержанием основного 
минерала. Начальная концентрация влаги в трансформаторном масле составляла 0,0085%. На 
основе лабораторных опытов установлено влияние некоторых факторов на процесс 
обезвоживания трансформаторного масла. Показано, что: 

1. Оптимальная температура активации клиноптилолита равна 320-350°C, 
продолжительность три часа, содержание влаги в масле после осушки составляет 0,0013-0,0015% 
(степень осушки 83-85%). Осушка осуществлялась при температуре 25°C; 
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2. Максимальное обезвоживание (0,001%) было достигнуто при использовании цеолита 
зернением 3,0-4,0мм, при степени осушки 94%; 

3. Оптимальное соотношение цеолит-масло 1:12, при этом достигается осушка до 0,0005% 
(степень осушки 94%); 

4. Пробивное напряжение повышается с 10-12 до 60-65kV; 
5. Показана возможность многократного использования отработанного цеолита путём его 

регенерации нагревом, которая составляет приблизительно 200-300 циклов без потери активности. 
Производственными испытаниями установлено, что 100 кг клиноптилолитсодержащего 

туфа (зернение 4-6мм) месторождения Дзегви (Грузия), способно осушить 20 тонн увлажненного 
трансформаторного масла с пробивным напряжением 15-17 kV, повышая при этом напряжение до 
65-75kV. 

Таким образом, из рассмотренных данных следует, что использование природного 
клиноптилолитсодержащего туфа в процессах обезвоживания трансформаторного масла не только 
конкурентно синтетическим цеолитам и другим адсорбентам, но и доспупно и превосходит их из-
за низкой стоймости этого минерального сырья. 
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The Use of Natural Clinoptilolite-Containing Tuffs for Dehydration of Transformer Oil. 

       Gamkrelidze E. Turkadze Ts. 
Akaki Tsereteli State University 

Summary 
Content of moisture in transformer oil deteriorates drastically its properties and performance capacities. Re-

sistance to breakdown voltage depends on content of moisture in transformer oil. It is necessary to dry it, in order to 
extend its life and utilization efficiency. The use of natural clinoptilolite-containing tuffs, which are characterized by 
molecular-sieve properties, is more effective, accessible and competitive in comparison with other adsorbents.   

 

 

 

 

 Gsaavtomobilo gzebis proeqtirebisas garemoze mavne zemoqmedebis 
riskebis Sefaseba  

 
baraTaSvili m. 

akaki wereTlis saxelmwifo universiteti 
 

saavtomobilo gzebis mSenebloba da Semdgom misi eqspluataicia ZviradRirebuli sain-
Jinro da teqnologiuri procesia, gzebis kategoriis mixededviT teqnikur ekonomikuri 
maxasiaTeblebis gansazRvra warmoebs maTi proeqtirebisas, statiaSi ganxilulia teqni-
kur parametrebTan erTad ratom unda  iqnas uzrunvelyofili garemoze mavne zemoqmede-
bis gaTvaliswineba energo resursebis dazogis SesaZlo saSualebebis gaTvaliswinebiT.  
  
            saavtomobilo gzebis qseli qveynis ekonomikis ganviTarebaSi mniSvnelovan 

rols asrulebs, maszea damokidebuli Siga gadazidvebisa da mgzavrTa usaf-

rTxo gadayvanis SesaZleblobebi, da Cven qveyanaSi is asrulebs saerTaSoriso 

satranzito gzis funqcias, rac mniSvnelovnad axalisebs qveynis ekonomikas, am 
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funqciebis Sesasruleblad is unda pasuxobdes saavtomobilo gzebis mimarT wa-

yenebul axal teqnikur ekonomikur moTxovnebs. Siga daniSnulebis gzebi saWi-

roeben   sistematiur rekonstruqcias, amasTan paralelurad mimdinareobs saer-

TaSoriso daniSnulebis Zvirad Rirebuli avtobanis mSenebloba. mniSvnelovania 

rogorc Siga aseve saerTaSoriso daniSnulebis gzebis maRal efeqturi movli-

sa da Senaxvis procesis organizeba. ariteqturisa da usafrTxoebis moTxovne-

bis gaTvaliswinebiT Tanamedrove gzebi unda uzrunvelyofdnen transportis 

gazrdili intensivobis pirobebSi Seferxebebisa da avariebis gareSe wlis da 

dRe Ramis  nebismier dros Seuferxebel gatarebas. am amocanis Sesruleba ki 

SesaZlebelia proeqtirebis, mSeneblobisa da eqsplotaciis stadiebze sistemu-

ri midgomis pirobebSi. amave dros am pirobebSi gzis dadgenili teqnikur eko-

nomikuri parametrebis gaTvaliswinebiT proeqtirebisas gaTvaliswinebuli unda 

iqnas rom aRniSnuli miRweuli unda iqnas maqsimalurad SezRuduli finansuri 

da materialuri resursebiT da mSeneblobis da eqsploataciis satadiaze gare-

moze mavne zemoqmedebis gareSe an minimaluri zemoqmedebiT. Sesabamisi kompiute-

ruli programebis meSveobiT avtomatizirebuli proeqtirebis meTodebi iZleva 

proeqtirebisas sistemuri midgomis saSualebas da optimaluri variantis SerCe-

vis saSualebas. am dros proeqtirebis Sesabamis etapze adgilmdebareobis cif-

ruli modelis, trasirebisas, ganivi da grZivi profilis, saavtomobili gzis 

safaris  SerCevisas, sainJinro elementebisa da nagebobebis dagegmarebisas av-

tomatizirebuli sistemebis gamoyeneba iZleva mravali variantidan maqsimalu-

rad efeturis da optimaluris SerCevis saSualebas garemo pirobebisa da re-

sursebis racionalurad xarjvis gaTvaliswinebiT. rogorc wesi gzis trasire-

bisas gamoiyeneba trasirebis tangencialuri meTodi, tangencialuri mdgeneliT 

trasis bijis moniSvna am meTodis Taviseburebaa. am dros  gzis mrudwirul 

ubanze xdeba Sesabamisi algoriTmiT Serceuli texilis dasma.  aRniSnuli 

tqxilebi warmoadgenen mrudebis mxebebs da sabolood maTi meSveobiT ganisaz-

Rvreba adgilmdebareobaze gzis trasis mimarTuleba da misi Ziritadi paramet-

rebi.mniSvnelovania arinisnos rom proeqtirebis avtomatizirebuli sistemebi 

iZlevian gzis samganzomilebiani modelis agebis saSualebas, rac gadamwyvetia 

misi optimaluri variantis SerCevisas saukeTesos gamovlenisaTvis. anu es iZle-

va sivrceSi gzis dagegmarebisa da misi adgilmdebareobis sworad SerCevis sa-

Sualebas. miwis samuSaoebis moculobis gansazRvrisas mniSvnelovania adgimde-

bareobis reliefze, geologiaze da hidrologiaze zusti monacemebis arseboba. 

grZivi profilis dagegmarebisas gamoiyeneba ori sayrdeni wertilebisa an opti-

mizaciis meTodi. saavtomobilo gzaze xanmokle datvirTvaze momuSave drekadi 

safaris gaangariSeba warmoebs Zvris winaaRmgdegobaze, Runvaze, drekad defor-

maciaze. safari Sedgeba ramdenime fenisagan, romlebic dalagebulia zemodan 

qvemoT klebadi drekadobis moduliT. AM am SemTxvevaSic safaris sisqis optima-

luri zomis DAda maTi Semwidroebis xarisxis gansazRvra  proeqtirebis mniSvne-

lovan amocanas warmoadgens. amjamad saavtomobilo gzebis dagegmarebisas gamo-

iyeneba avtomatizirebuli proeqtirebis programebi; GIP germanuli, AutoCAD Ci-
vil 3D aSS, Plateia slovenia,  CREDO belarusia. adgilmdebareobis topografiu-

li ruqa, geodeziuri yvela am sistemis gamoyenebisas sawyis parametrs warmoad-

gens. amasTan saTanado optimaluri Sedegebis misaRebad aucilebelia gzis sam-

ganzomilebiani modeli da saproeqto dokumentacia. yvela programas aqvs sap-
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roeqto samuSaos Sesrulebis  individualuri meTodebi, aq mniSvnelovania sap-

roeqto samuSaoebis warmoebisas programa, Sesabamisi meTodebi da instrumente-

bis gamoyenebiT mravali SesaZlebeli variantidan SerCeuli iqnas yvelaze opti-

maluri. reliefze gzis trasirebisas teqnikur ekonomikur parametrebis SerCe-

vasTan erTad, warmoebs dasaxlebuli punqtebis, rekriaciuli zonebis, gadaula-

xavi winaaRmdgegobebis arsebobis gaTvaliswineba. amasTan mniSvnelovania gamo-

Zebnili  iqnas mSeneblobisa da eqspluataciis stadiaze garemoze mavne zemoqme-

debis faqtorebis  lokalizaciis  SesaZleblobebi da gansakuTrebiT sayura-

dReboa is rom yvelafris gaTvaliwinebisas mseneblobis stadiaze da gzis eq-

sploataciisas satransporto nakadebis usafrTxod gadaadgilebisas energo da-

naxarjebis Semcireba prioritetuli amocanebis siis saTaveSia. nebismier piro-

bebisaTvis saavtomobilo gzis trasis SerCevisas yvela dasaxelebuli paramet-

rebis gaTvaliswinebitoptimizaciis amocanis gadawyveta did sirTuleebTana da-

kavSirebuli, garda teqnikuri da teqnologiuri xasiaTias sirTuleebs  priori-

tetebis SerCevisasac vawydebiT. rogor mivaRwioT gzis saTanado teqniur para-

metrebs, SevinarCunod landSafti, vawarmooT miwis samusaoebi garemoze minima-

luri zianis miyenebiT, da amocana SevasruloT  energo resursebis dazogvis 

pirobebSi. rogorc winaswarma varaidebma  praqtikam aCvena am amocanis aseT pi-

robebiT gadawyveta gansakuTrebiT Zneldeba saqarTvelos, sxvmdasxva sididis 

mTebiT, dasaxlebuli punqtebiT, xeobebSi mdinareebiT, rekriaciuli zonebiTa 

da sasoflo sameurneo savargulebiT Sezruduli reliefis pirobebSi maRali 

kategoriis gzebis mSeneblobisas.  aseTpirobebSi gzis Sesabamisi teqnikuri pa-

rametrebis uzrunvelyofs mizniT miwis yrilebisa da Txrilebis mowyobisas  

mniSvnelovnad izrdeba misis samusaoTa moculoba, aucilebelia Txrilebidan 

aRebuli gruntsi gatana da mis nacvlad karierebidan Sesabamisi kategoriis 

Roris Semotana,  saavtomobilo gzis naxSirRele-ukaneTis sali mimarTulebis 

dasrulebuli monakveTze zedapiruli dakvirvebac iZleva mSeneblobisas gare-

moze arasasurveli zemoqmedebis faqtebis aRmoCenis saSualebas. mdinare axali 

xiddis agebisas waWiro iyo gzis maRlivi yrilis mowyoba, inertuli masalis 

mopoveba warmoebda iqve adgilze mdinare rionis marjvena sanapiroze mdinari-

dan 300-700 metris dacilebiT gzis axlo mdebare manamde sazovarad gamoyofil 

sasoflo sameurneo miwaze saxeldaxelod mowyobil da axla ufunqciod darCe-

nil gadaTxril da mitovebul karierze. gza eqsploataciaSia da dRemde grZel-

deba sofel WognarTan  CamoSlili ferdobis erozia, wvimian sezonze arsebu-

li problema Rrmavdeba da ziani adgeba rogorc garemos aseve periodulad ike-

teba savali nawili, warmoiqmneba damatebiTi miwis samuSaoebis Catarebis auci-

lebloba da nacvlad energo danaxarjebis Semcirebisa warmoiqmneba damatebiTi 

energo da finansuri resursebis xarjvis aucilebloba. sawiroa garemoze mavne 

zemoqmedebis arsebul SemTxvevebis kargad Seswavla da maTi analizi, perspeqti-

vaSi unda daiwyos surami zestafonis urTulesi monakveTsi msenebloba iq ki 

mdinare zirulasa da yvirlisi xeobebSi msgavSi semtxvevebis daSveba damangre-

vel zians moutans xeobis bio mravalferovnebas, safrTxes Seuqmnis mosaxleo-

bas da mudmivi riskis qveS daayenebs gzaze satransporto nakadebis usafrTxo 

gadaadgilebas, da SemdgomSi gamovlenili xarvezebisa da mcire Tu didi prob-

lemebis lokalizebas daWirdeba damatebiTi SromiTi, finansuri, materialuri 

da enrego resurursebis sistematuri mobilizeba. 
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ROAD DESIGN AND DEFINITION OF THE RISK OF ADVERSE EFFECTS ON THE ENVI-
RONMENT 

M. Baratashvili 
Akaki Tsereteli State University 

Summary 
Embark discussed specific examples of harmful effects on the environment of Building and operation of highways. 
the ability to use computer programs in the process of road design to determine technical and economic conditions 
reduce harmful parametrov vozdeistvya on the nature and possibilities of saving energy resources 

              
 

 

 

energia - teritoriis ekologiuri indikatori 
 

miqautaZe d.,  kvabziriZe m. 

akaki wereTlis saxelmwifo univeristeti 
 

1994 wlidan saqarTvelo aqtiurad aris Cabmuli gaeros klimatis cvlilebis Car-
Co-konvenciis ZiriTadi principebis Sesrulebis saqmeSi. am mizniT saqarTvelos calkeu-
li e.w. pilotirebuli regionebisaTvis Catarda ,,saTburis gazebis“ inventarizacia me-
urneobis calkeuli dargebis mixedviT. inventarizaciis Sedegebma aCvena, rom emisiebis 
mxriv saqarTveloSi wamyvani seqtori energetikaa. imaze dayrdnobiT, rom ,,saTburis ga-
zebis“ emisiebis wilSi udidesia energetikis seqtoris roli, erTeul farTobze moxma-
rebuli energia, miCneulia, rogorc anTropogenuri zemoqmedebis indikatori. 

 
globaluri klimatis Tanamedrove daCqarebuli daTbobis pirobebSi, misi 

cvlilebis mimarT mowyvladobisa da adaptaciis problema msoflio masStabis 

gamowvevad iqca. XX-XXI  saukuneebis mijnaze garemomcveli garemos regulaciis 

meqanizmi, misTvis damaxasiaTebeli wrebrunviT darReveulia da aRiniSneba at-

mosferuli gazebis koncentraciis arsebiTi cvlileba. es erTniSnad amtkicebs 

imas, rom biosferos aRar SeuZlia STanTqos zedmeti iseTi gazebi, rogoricaa 

CO2, SO2, NOX da sxva. amocanis gadaWris erT-erTi ZiriTadi mimarTulebaa, swo-

red am e.w. ,,saTburis gazebis" koncentraciebis stabilizacia im doneze, rome-

lic klimatur sistemebs daicavs saSiSi anTropogenuri Carevisagan, rameTu 

udavoa is faqti, rom dResdReobiT bunebrivi faqtorebis gverdiT, globalur 

daTbobaSi anTropogenis rolma 90% -sac ki gadaaWarba.  

1994 wlidan saqarTvelo aqtiurad aris Cabmuli gaeros klimatis cvli-

lebis CarCo-konvenciis ZiriTadi principebis Sesrulebis saqmeSi  dReisaTvis 

qveyanam ukve moamzada klimatis cvlilebis I da II erovnuli Setyobinebebi. 

kvlevebis dros Catarda ,,saTburis gazebis" erovnuli inventarizacia mTeli sa-

qarTvelosaTvis, damuSavda klimatis mosalodneli cvlilebis scenarebi sxva-

dasxva pilotirebuli regionebisaTvis, Sefasda klimatis mimdinare da SesaZlo 

cvlilebebis mimarT sxvadasxva ekosistemebisa da ekonomikis dargebis mowyvla-

doba.  
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inventarizacia moicavs eqvs seqtors: energetika, samrewvelo procesebi, 

solventebi da sxva produqtebis moxmareba, soflis meurneoba, cvlilebebi mi-

waTsargeblobaSi da tyeebi, aseve narCenebi. inventarizaciis Sedegebma aCvena, 

rom ,,saTburis gazebis" emisiebis mxriv, 2000-2010 wlebSi saqarTveloSi wamyvani 

seqtoria energetika, tansportis qveseqtorTn erTad. cxadia, aRniSnuli sulac 

ar niSnavs, rom sxva potenciuri seqtorebi, mag. rogoricaa myari narCenebi, 

soflis meurneoba da tyeebis seqtori, ar ganixileba saTburis gazebs Semcire-

bis strategiaSi.  

globalurad, energetikis seqtori saTburis gazebis anTropogenuri emi-

siis mTavar wyaros warmoadgens. misi wili saTburis gazebis mTlian emisiebSi, 

gadayvanili naxSirorJangis eqvivalentebSi (CO2 e) daaxloebiT 75%-s Seadgens. 

naxSirorJangis  anTropogenuri emisiebis daaxloebiT  90% am seqtorze modis. 

meTanis (CH4) emisiebSi energetikis seqtoris wili SedarebiT naklebia (49%), 

azotis qveJangis (N2O) emisiebSi ki mxolod 6 %-ia. CO2-is emisiebi damokidebu-

lia gamoyenebuli sawvavis raodenobasa da tipze. naxSiris, navTobisa da buneb-

rivi gazis wvisas xvedriTi emisiebis uxeSi fardoba aseTia 1 : 0,75 : 0,55 (naxSi-

ri : navTobi : bunebrivi gazi). 

energetikis seqtorSi sawvavis wvisas saTburis gazebis  emisiebis Sefase-

bis safuZvels warmoadgens erovnuli energetikuli balansi. monacemebi energe-

tikis seqtoris maxasiaTeblebis Sesaxeb gaaCnia energetikis saministros da mis 

uSualo an arapirdapir daqvemdebarebaSi arsebul organizaciebs. 

 saTburis gazebis  emisiebis gamosaTvlelad gamoiyeneba klimatis cvli-

lebis samTavrobaTSoriso eqspertTa jgufis (IPCC) mier 1995 - 1996 wlebSi Semu-

Savebuli meTodologiebi. aRniSnulze dayrdnobiT Cven SemovifargleT imere-

Tis regionSi moxmarebuli eleqtroenergiisa da bunebrivi airis raodenobebis 

monacemebiT. sami wlis (2010-2012 ww) ganmavlobaSi  regionSi sul moxmarebul 

iqna 30630550,46 aTasi kub. metri bunebrivi airi saidanac danakargebis wilma ama-

ve samwlian periodSi Seadgina 1786390 kub.metri.  

rac Seexeba eleqtroenergias, amave periodSi sul mosaxleobis mier, ko-

merciul da sabiujeto seqtorebSi moxmarebuli iyo 500 521 014  kvt.sT -2010 

wels, 575 724 060  kvt.sT -2011 wels da 2012 wlisaTvis 743 663 452 kvt.sT. 

am raodenobis sawvavisagan garemoSi gafrqveuli CO2 -is emisiebi sakmaod 

didia da rogorc gamoTvlebma aCvena saqarTvelosaTvis 2010 wels  538 gg Sead-

gina, 2011 wels 1216 gg, xolo 2012 wels 1300 gg Seadgina, rac Seexeba imereTs 

2010 wlis monacemebiT gafrqveuli CO2 -is emisiebi miaxloebiT 59,7 gg, 2011 wels 

135,1 gg, xolo 2012 wlisaTvis ki 144,4 gg.  

imaze dayrdnobiT rom, e.w. ,,saTburis gazebis" emisiebis wilSi udidesia 

energetikis seqtoris roli, mecnierTa jgufis mier (В.Н. Котляков, К.С. Лосев, 
И.А. Суетов – ,,Вложение энергии в Территорию как экологический индикатор") moxma-
rebuli energia, gaangariSebuli erTeul farTobze, rogorc anTropogenuri ze-

moqmedebis integrirebuli maCvenebeli, gamoyenebul iqna ekologiuri wonaswo-

robis Sefasebis mizniT da SemoRebul iqna  cneba ,,anTropogenuri zemoqmedebis 

koeficientisa". 

msoflio resursebis institutis monacemebiT (5) anTropogenuri zemoqme-

debis koeficientis gazrdili maCvenebeli axasiaTebs Zlier ganviTarebul qvey-
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nebs. gamonakliss warmoadgens kanada, sadac jer kidev SemorCenilia sameurneo 

obieqtebiT auTvisebeli teritoriebi. ukanasknel wlebSi, am procesebSi gansa-

kuTrebuli wvlili Seaqvs swrafad ganviTarebad qveynebs. SeiZleba davasaxe-

loT korea, sadac anTropogenuri zemoqmedebis koeficienti 10-jer metia glo-

baur maCvenebelTan SedarebiT. garemomcveli garemos cvlilebis saqmeSi udide-

si roli ekuTvniT iseT mWidrod dasaxlebul qveynebs, rogoricaa - CineTi, in-

doeTi, meqsika da a.S.  

ramdenadac, dResdReobiT, SeimCneva garemos cvlilebis globaluri pro-

cesebi, SeiZleba davuSvaT, rom anTropogenuri zemoqmedebis saSualo globa-

lurma koeficientma ukve gadaaWarba dedamiwisaTvis dasaSveb normas.  

anTropogenuri zemoqmedebis koeficientis maqsimaluri mniSvneloba aRi-

niSneba niderlandebSi (41) (ganxilul qveynebs Soris misi teritoria yvelaze 

mcirea, xolo moxmarebuli energia arc Tu ise mcire), meore adgilzea (18) ger-

mania. did britanetsa da iaponiaSi ki koeficienti 16-is tolia. koeficientis mi-

nimaluri mniSvneloba 0,4 da 0,2 aRiniSneba kanadasa da braziliaSi (aixsneba ga-

mouyenebeli miwebis didi farTobebis gamo), meqsikasa da  indoeTSi ki 1 tolia, 

e.i. utoldeba globalur mniSvnelobas. rogorc miRebuli gaangariSebebidan 

Cans, xSir SemTxvevaSi, koeficientis globaluri mniSvneloba 6-8 jer  aRemate-

ba dasaSveb normas. es imas mowmobs, rom biosferoSi dairRva biogenuri   wreb-

runvis wonasworoba da msoflio  Sevida ,,ekologiur krizisSi".    zemoaRniS-

nulidan gamomdinareobs, rom farTobis erTeulze moxmarebuli energia, warmo-

adgens saukeTeso ekologiur indikators, romelsac ukve farTod iyeneben msof-

lios rig qveynebSi, anTropogenuri zemoqmedebis donis SefasebisaTvis. 

am mxriv sainteresoa rogor suraTs aqvs adgili imereTSi. am mizniT Cven 

visargebleT respublikasa da regionSi moxmarebuli eleqtroenergiisa da bu-

nebrivi airis monacemebiT, (sxva sawvavis Sesaxeb monacemebi ar gagvaCnia). 

 imereTiSi 2012 wels moxmarebuli bunebrivi airis raodenoba ganisazRvra 

daaxloebiT 12 927 563 680 m3-iT. amave wels moxmarebuli eleqtroenergiis sidi-

dem ki Seadgina  743 663 452 kvt.sT.  am monacemebiT miviReT, rom imereTis regi-

onSi 1 heqtarze moixmareba  daaxloebiT  10,6 pj energia. 

rac Seexeba anTropogenur zemoqmedebis koeficients regionisaTvis mivi-

ReT 0,5 (iangariSeba 1 ha-ze moxmarebuli energiis gayofiT globalur maCvene-

belze). 

yovelive es gvaZlevs imis Tqmis saSualebas, rom imereTSi anTropogenuri 

zemoqmedebis koeficienti TiTqmis 2-jer naklebia saSualo globalurze. e.i. 

Cvens regionSi atmosferoSi saTburis airebis emisiebis xarisxi arc Tu ise ma-

Ralia (Tumca dabinZurebis yvela wyaro Cvens mier ar aris ganxiluli). 

saerTaSoriso SeTanxmebiT, Cvens garemomcvel garemoSi mimdinare saSiSi 

anTropogenuri zemoqmedebisagan Tavdacvis mizniT,  stabilizaciis gza mdgoma-

reobs sameurneo saqmianobiT dakavebuli teritoriebis SemcirebaSi. Aamitom au-

cilebelia biosferos daubrundes gamoyenebuli teritoriebis nawili, sadac 

aRdgenil iqneba mcenareTa bunebrivi saxeobebi. aseT SemTxvevaSi anTropogenuri 

zemoqmedebis koeficienti Rebulobs konkretul - praqtikul azrs. am mxriv 

klimatis cvlilebis CarCo-konvenciasTan mierTebul qveynebs, ganviTarebads Tu 

ganviTarebuls sxvadasxva valdebulebebi akisriaT, am valdebulebaTagan erT-

erTia is, rom is saxelwifoebi, romlebic garemomcvel garemoze did uaryofiT 
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zemoqmedebas axdenen, valdebulni arian gadaixadon saerTaSoriso gadasaxadiT 

rac proporciuli iqneba anTopogenuri zemoqmedebis koeficientisa. 

miuxedavad calkeuli miRwevebisa, saqarTveloSi aRniSnuli mimarTule-

biT Catarebuli muSaobis analizi mowmobs, rom Cvens qveyanaSi  klimatis cvli-

lebis politika jer kidev Seicavs bevr xarvezs, rac  winaaRmdegobas uqmnis 

qveyanaSi konvenciis meqanizmebis srulfasovan danergvas da maT efeqtur gamo-

yenebas ekonomikis mdgradi ganviTarebis uzrunvelsayofad. am barierebidan Zi-

riTadia is, rom saqarTvelos samTavrobo politikaSi klimatis cvlileba jer 

jerobiT ar warmoadgens prioritetul mimarTulebas da ar arsebobs erTiani 

samTavrobo politika, ris gamoc ar xdeba klimatis cvlilebasTan dakavSirebu-

li sakiTxebis CarTva qveynisa da ekonomikis calkeuli seqtorebis ganviTarebis 

gegmebSi.    
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Energy – environmental indicator of the territory . 

Mikautadze D., Kvabziridze M. 
Akaki Tsereteli State University 

Summary 
Georgia is actively involved in the implementation of main principles of the framework convention of cli-

mate change of the United Nations since 1994. For this purpose for the separate manned regions of Georgia was 
conducted "Greenhouse Gases" inventory according to particular fields of agricultural.  inventory results showed 
that the energy sector is leading in Georgia by the emissions side. According to in the share of emissions of “Green-
house Gas” the energy sector role is greatest, power consumed on the per unit of area the is considered as an indica-
tor of anthropogenic impacts.  
  

 

 

dizelis Zravis ekonomiuri da ekologiuri maCveneblebis 
 gaumjobesebis perspeqtivebi 

 
Tofuria r., koCaZe T., SoTaZe z. 

akaki wereTlis saxelmwifo universiteti 

 
naSromSi ganxilulia dizelis Zravis ekonomikuri da ekologiuri maCveneblebis gaum-

jobesebis perspeqtivebi airovani sawvavis gamoyenebis gziT. 
 
transportis ganviTarebis perspeqtiva ganisazRvreba mravali socialur-eko-

nomikuri, samecniero-teqnikuri, geografiuli da sxva faqtorebiT, magram maT Soris 

dominirebul mdgomareobas iWers mosaxleobis ricxobrioba da bunebrivi resurse-

bis gamoyenebisa da moxmarebis done. ar aris rTuli gavigoT, rom es faqtorebi pir-
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dapir moqmedebs samgzavro da satvirTo gadazidvebis mdgomareobaze da maT ganvi-

Tarebaze, maSasadame transportis aRWurvilobis masStabebze da Tvisebebze. gada-

zidvebis mniSvnelovani zrda miRweuli unda iqnas ara marto satransporto qsele-

bis ganviTarebiT, aramed transportis teqnikuri saSualebebis ganaxlebiT, maTi 

simZlavris mwarmoeblobis gazrdiT, ekonomiurobis da ekologiuri maCveneblebis 

gaumjobesebiT. 

dizelis Zravebi upiratesad gamoiyeneba rogorc miwiszeda, ise samdinaro-saz-

Rvao da sxva satransporto daniSnulebis energetikul danadgarebad, romlebic mu-

Saoben navToburi warmoSobis sxvadasxva fraqciisa da Semadgenlobis sawvavebze. 

yovelive es iwvevs navTobisa da navTobproduqtebis moxmarebis zrdas, rac xels 

uwyobs sawvavis sagrZnoblad gaZvirebas da deficits. 

ukanaskneli ori aTeuli wlis ganmavlobaSi gaumjobesda Zravis rogorc eko-

nomikuri, ise ekologiuri maCveneblebi. ase magaliTad,  sawvavis kuTri xarji sat-

virTo saavtomobilo transportisaTvis Semcirda 1,7-jer, samdinarosaTvis 2-jer da 

sazRvaosaTvis 1,8-jer. es miRweuli iqna satransporto saSualebebis parkebis ganax-

lebiT da axali maRalefeqturi Zravebis gamoyenebiT. miuxedavad amisa energetiku-

li danaxarjebi mudmivad izrdeba. meores mxriv ar SeiZleba ar davinaxoT, rom sa-

mecniero-teqnikur progress moaqvs ara marto damakmayofilebeli, aramed uaryofi-

Ti Sedegic da amiT gamoixateba misi obieqturi winaaRmdegobrivoba. marTlac, samec-

niero-teqnikuri progresis uaryofiTi socialuri Sedegi ufro sagrZnobi xdeba sa-

warmoo procesebis Secvlisas, rogoric aris warmoebis masStabebis gazrda, manqane-

bis erTeuli simZlavreebisa da siCqareebis zrda, teqnologiuri procesebis garTu-

leba, satransporto saSualebebis raodenobrivi zrda. transports aqvs pirdapiri 

damokidebuleba garemos dacvis problemebis yvela aspeqtTan, vinaidan es dargi 

pirdapir zemoqmedebas axdens ekologiur pirobebze mravalmilioniani saavtomobi-

lo parkis, lokomotivebis, gemebis, TviTmfrinavebis, msxvili satransporto sawar-

moebis meSveobiT. agreTve garemos dabinZurebis maCveneblebze  did gavlenas axdens 

axali saavtomobilo da sarkinigzo gzebis, milsadenebis, aeroportebis da sxva 

satransporto komunikaciebis mSenebloba. amitomac saWiroa  atmosferos dacvisad-

mi mimarTuli samuSaoebis kidev ufro gaZliereba . am mizniT sxva RonisZiebebTan er-

Tad  unda moxdes  satransporto saSualebebis Semdgomi srulyofa, gaumjibesdes 

saTbobis, nedleulis xarisxi, dainergos gamonabolqvi airebis mavne nivTierebebi-

sagan gawmendis efeqturi sistemebi.  amavdroulad sayuradReboa mniSvnelovan wi-

lad gaizardos gazodizelebis wili rogorc miwiszeda, ise samdinaro-sazRvao, 

sarkinigzo da sxva specialur satransporto saSualebebSi, radganac dizelis Zra-

vebis gamoyeneba gvaZlevs sawvavis sagrZnob ekonomiurobas da Sesabamisad gaumjobe-

sebul ekologiur maCveneblebs. magaliTisaTvis, iseTi ZiriTadi maCveneblebi, ro-

goricaa: efeqturi simZlavre Ne, efeqturi margi qmedebis koeficienti ηe, samuSao mo-

culoba Vh, brunvaTa sixSire  n Tanamedrove dizelebisaTvis icvleba did zRvrebSi 

(cxr. 1). 

                                                 cxrili 1. dizelis Zravis ZiriTadi maCveneblebi 

dasaxeleba Vh, l. Ne, kvt N, wT-1 ηe 
gemis dizelebi 
saavtomobilo dizelebi: 
satvirTo 
msubuqi 
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rogorc cxriluri monacemebidan Cans, efeqturi margi qmedebis koeficienti 

dizelis ZravebSi damokidebulia cilindris muSa moculobaze da brunvaTa sixSi-

reze. cilindris muSa moculobis SemcirebiT efeqturi margi qmedebis koeficien-

tis Semcirdeba gamowveulia rogorc konstruqciuli TaviseburebebiT, ise narev-

warmoqmnis arasrulyofiT, xolo brunvaTa sixSiris gazrda uSualod gavlenas ax-

dens  Sevsebis koeficientis sidideze, sixSiris gazrdiT Sevsebis koeficienti jer 

izrdeba garkveul brunvaTa sixSiremde, Semdeg ki mcirdeba. am damokidebulebaze 

gavlenas axdens ori faqtori: brunvaTa sixSiris gadideba amcirebs im drois monak-

veTs, romlis ganmavlobaSidac cilindrSi Sedis axali muxti da Semdegi narevwar-

moqmnis procesis mcire drois gamo sawvavis narevis garkveuli nawili wvas agrZe-

lebs gafarToebis procesis dros. amitomac adgili aqvs siTbos damatebiT danakar-

gebs, rac aisaxeba efeqturi margi qmedebis koeficientis Semcirebasa da ekologiu-

ri maCveneblebis gauaresebaSi. amgvarad gazis sawvavis maRaldetonaciuri Tvisebe-

bi SesaZlebels xdis gazodizelis efeqtur muSaobas ucvleli kumSvis xarisxiT. 

Zravas nominaluri simZlavre gazodizelisa da dizelis reJimebze erTnairia, rome-

lic aisaxeba satransporto saSualebis  wevisa da siCqariT maxasiaTebelze. gazo-

dizelis muSaobis Sefasebisas saWiroa gaviTvaliswinoT, rom Zravis saimedo, eko-

nomiuri da ekologiurad gaumjobesebuli muSaoba miiRweva gazisebri sawvavis ma-

Rali antidetonaciuri medegobiT, xarisxiT da samuSao narevis kargi xarisxobrivi 

regulirebiT, romelic unda Seesabamebodes Zravis muSaobis SerCeul reJims. gazo-

dizelis mcire datvirTvebze muSaobisas siTbos kuTri xarji, romelic miiReba ci-

lindrSi gazisebri da amfeTqebeli sawvavis saSualebiT, metia vidre Cveulebriv 

dizelebSi. Tuki Zravis cilindrSi Sedis Raribi samuSao narevi (α>>1), maSin siTbos 

kuTri xarji aseve metia, vidre didi datvirTvis reJimebze. unda aRiniSnos, rom pro-

panis gaRaribebul sawvav narevze muSaobis dros wvis siTbos gamoyeneba xasiaTdeba 

ukeTesi maCveneblebiT  maRali aalebadobis zRvrebiT meTanis narevze muSaobasTan 

SedarebiT. amavdroulad Zravis did datvirTvebze muSaobisas, roca α≈1, siTbos 

kuTri danaxarjebi Sesadarebeli gazebisaTvis mcirea, TiTqmis erTnairia. 

gazodizelis muSaobis Taviseburebebi da maTi gamoyenebis upiratesoba gamoi-

xateba imaSi, rom izrdeba Zravis kuTri simZlavre da ekonomiuroba. ase magaliTad: 

Tu ganvixilavT haeris siWarbis koeficientis damokidebulebas gazodizelis da 

dizelis datvirTvaze (nax.1) naTlad Cans, rom gazodizelis Zravas cilindrebis mu-

Sa moculoba sasargeblo muSaobisaTvis srulad gamoiyeneba nominaluri simZlav-

ris ganviTarebis dros da amavdroulad mcirdeba siTbos is danaxarjebi, romlebic 

modis Warbi haeris gaxurebaze. 

diagramaze a da a1 wertili Seesabameba Zravis uqm svlaze muSaobas, xolo  b da 

b1 nominaluri datvirTvis reJims. 

gazis sawvavis gamoyeneba  dizelis ZravebSi mniSvnelovnad zrdis Zravis eko-

nomiurobas satransporto saSualebebis eqspluataciis pirobebSi (1,5 _ 2,0-jer). ase-

ve mniSvnelovnad mcirdeba namuSevari airebis toqsikuroba. ase magaliTad,  naxSir-

Jangi (CO) mcirdeba 3-4-jer; azotis Jangeulebi (NOx) 1,2-2,0-jer; naxSirwyalbadebi 

(CH) 1,2-1,4-jer da gazodizelis kvamlianoba 2,0-4,0-jer. amavdroulad muSaobis reJi-

mebisagan damokidebulebiT gazodizelis Zravis xmauris savaraudoT Semcireba ben-

zinze momuSave ZravebTan Seadgens 8-9 decibelia, xolo dizelis ZravTan SedarebiT 

3-5 decibeli. 
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nax. 1. haeris siWarbis koeficientis cvalebadobis diagrama dizelis   

            Zravis datvirTvaze damokidebulebiT. 

              dizelis Zravi; 

                              gazodizeli. 

 

literatura 

1. r. Tofuria, r. mgelaZe ,,satransporto saSualebebi da ekologiuri usafrTxoeba~. quTai-
si. awsu, 2014 w. gv.323. 

2. А.И. Норев, В.И. Ерехов. ,,Эксплуатация и техническое обслуживание газобаллонных автомобилей''. М-
Н: изд-во Транспорт, 1988. 184 с. 

 

 
Prospects for improving the environmental and economic performance  

of gas diesel engines 
Topuria R., Kochadze T., Shotadze Z. 

Akaki Tsereteli State University 
Summary 

       The paper discusses the characteristics of the diesel engine and gazodezels work, which includes the excess air 
coefficient of variation of the impact of different loads on the engine while working on a variety of fuels for use of 
the engine and its impact on both economic and ecological indicators. 
 

 

 

 

sinTetikuri fsiqoaqtiuri nivTierebebis kriminalistikuri kvleva 
 

ormocaZe n.*, mesxiSvili m.*, a.zivzivaZe*, bibileiSviliEd.v.** 
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statiaSi ganixileba sakiTxebi dakavSirebuli: axali saxis sinTetikuri narkotikebis 
ukanono brunvis Sesaxeb; problema analogebis, narkotikuli saSualebebis da maTi pre-
kursorebis samarTlebrivi statusis Sesaxeb; qimiuri, farmakologiuri sasamarTlo eq-
spertizis Catarebis Tanmimdevroba; sazRvargareTis gamocdileba fsiqoaqtiuri nivTie-
rebebis Semotanis droebiTi akrZalvis Sesaxeb. 
 
    dReisaTvis saqarTveloSi, ise rogorc mTels msoflioSi,  narkomania da 

narkotikebis ukanono brunvis problema ikavebs pirvel adgils saxelmwifoeb-

rivi mniSvnelobis sakiTxebSi, radgan es movlena ara marto vnebs qveynis mosax-
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leobis fizikur janmrTelobasa da sulier aRzrdas, amave dros iwvevs sazoga-

doebaSi arastabilurobas da badebs danaSauls, negatiur ekonomikur mdgomare-

obas da erTianobaSi saxelmwifos nacionalur usafrTxoebas uqmnis saSiSroe-

bas. narkotikebis fsiqoaqtiuri nivTierebebis da maTi prekursorebis ukanono 

brunvis winaaRmdeg brZolis sferoSi erT-erT aqtualur sakiTxs warmoadgens 

gaurkveveli statusis mqone axali fsiqotropuli nivTierebebis progresulad 

mzardi arasamedicino moxmareba, eseni ararsebuli samarTlebrivi statusis 

mqone e.w. “dizaineruli narkotikebia”[1]. sinTetikuri narkotiki romelsac meo-

renairad bionarkotiks uwodeben, kacobriobis gamanadgurebel iaraRad aris 

aRiarebuli. Mas mTeli msoflios saRi nawili ebrZvis. Ees narkotiki evropasa 

da amerikaSi 2000 wlidan gaCnda, yidva ki 2004-2006 wlebSi gaxda SesaZlebeli. 

Mmisi formula amerikelma profesorma, qimikosma jon hafmanma Seqmna. Bbionar-

kotiki ramdenime  saxis mcenarisa da qimiuri nivTierebis Serevis Sedegad mii-

Reba. Aarsebobs klasikuri narkotikebis – heroinis, kokainis analogebi, magram 

maTi formula gansxvavdeba biogaJRenTili sinTetikuri masaliT da swored 

amis gamo ar Sedis  kontrolirebad nivTierebaTa siaSi. Sesabamisad, gamavrce-

leblebis dasja ver xdeba. klasikuri narkotikebi modaSi aRar aris da aRarc 

popularulia. xelovnurad Seqmnil, dReisaTvis zepopularul narkotikebs ki 

katastrofuli Sedegebi moaqvs iwvevs Tavbrusxvevas, sisustes, mexsierebis daq-

veiTebas, SfoTvas, halucinaciebs, aRqmis da koordinaciis darRvevas, kidurebis 

paralizebas, nevrozsa da fsiqozs, axasiaTebs mudam nervuli aSliloba da, 

rac mTavaria, uecari sikvdilis dadgoma. Lletaluri Sedegi  dgeba rogorc 

xangrZlivi gamoyenebis, ise pirveli miRebis drosac. erTjeradi moxmarebis Sem-

TxvevaSic ki tovebs samudamo kvals. Tumca saSiS nivTierebas ramdenime aseuli 

saxeoba aqvs da erTi formis akrZalvasSedegi ar moaqvs. magaliTad, mwarmoebe-

li erT-erT nivTierebas cvlis da masze aRar vrceldeba kanoni. bionarkotike-

biT saqarTveloSi ukve bevri axalgazrda gardaicvala, magram zusti statisti-

ka ar arsebobs, radgan rogorc wesi ojaxis wevrebi sikvdilis namdvil mizezs 

malaven. magaliTad amboben gulis SeteviT gardaicvalao. Cvens qveyanaSi bio-

narkotiks internetiT iweren da daubrkoleblad Semodis. ZiriTadad kerZo 

firmebis keTilsindisierebazea damokidebuli, internetiT gamoweril Sxams Se-

moitans Tu ara. dRes Zalian gavrcelebulia e.w. abazanis marili. es preparati 

igive efedrinia. Ees fsiqostimuliatorebi saSinel Sedegebs iwvevs. dRes sinTe-

tikuri narkotikebis da fsiqostimuliatorebis eraa.isini bevrad ufro mZafr 

SegrZnebebs iwvevs. 

 am jgufis nivTierebebze konkretuli samarTlebrivi statusis arqona, garkve-

ul siZneleebs warmoSobs maTze kontrolis dawesebaSi da agreTve qmnis piro-

bebs samoqalaqo  mimoqcevaSi maTi uproblemod arsebobisaTvis. “dizaineruli” 

(legaluri) narkotikebs gansazRvraven rogorc sinTetikur narkotikul prepa-

ratebs, romlebsac aqvT romelime narkotikuli nivTierebis Tvisebebi, magram 

gansxvavdeba misgan qimiuri struqturiT. axali tipis “legaluri” narkotikebi 

gamoCnda ara marto saqarTveloSi, aramed mezobeli qveynebis bazrebzec da Za-

lian popularulebi gaxdnen mosaxleobaSi, gansakuTrebiT ki axalgazrdobaSi. 

es ZiriTadad mosawevi narevebia, romelTa safuZveli sinTezuri kanabinoidebia, 

Tavis tvinis Sesabamis receptorebze ufro Zlierad moqmedi, vidre bunebrivi 

kanabinoidebi mag. marixuana. eqspertebis azriT sinTetikuri narkotikebi heroin-
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Tan SedarebiT iwveven ufro damangrevel zemoqmedebas, radgan sinTetika Tavisi 

koncentraciuli ZaliT mTlianad angrevs adamianis organizmsa da centralur 

nervul sistemas. 

“dizaineruli” narkotikebi SeiZleba ganvixiloT Semdegi klasifikaciiT: 

XV. “spaisi” – kanabinoiduri receptorebis sinTezuri agonistebi 

XVI. piperazinebi -1-benzilpiperazini da sxva 

XVII. katinoni – mefedroni (“legaluri” kokaini), metedroni, meTiloni, 

da sxva 

XVIII. axali depresantebi – gama-buTirolaqtani da sxva 

XIX. axali amfetaminebi – 4-fluorometamini da sxva 

unda aRiniSnos, rom mefedronis miRebiT gamowveuli sikvdilianobis gamo –dam-

tkicebuli toqsikologiuri analiziT, igi akrZaluli iqna did britaneTSi, 

norvegiaSi, daniaSi, SveciaSi, avstriaSi, germaniaSi, poloneTSi da mTel rig 

sxva qveynebSi, maT Soris ruseTSic. ruseTSi mefedroni da meTiloni Setanilia 

narkotikuli, fsiqotropuli nivTierebebis da maTi prekursorebis #1 CamonaT-

valSi da ruseTis teritoriaze akrZalulia rogorc warmoeba, aseve maTi brun-

va. 

   imisaTvis, rom nivTiereba mikuTvnebuli iqnas fsiqotropul nivTierebebs,  

narkotikuli nivTierebebis nawarmebs an maT analogebs, aucilebelia eqsperti-

zis gziT ganisazRvros sakvlevi nivTierebebis qimiuri struqturisa da Tvisebe-

bis msgavseba narkotikul da fsiqotropul nivTierebis struqturasa da Tvise-

bebTan da adamianis organizmze fsiqoaqtiur zemoqmedebasTan erTad [2]. 

   narkotikuli da fsiqotropuli nivTierebebis qimiuri struqturisa da Tvise-

bebis msgavseba SeiZleba gadaWrili iqnas fiziko-qimiuri kvleviTa da eqsperti-

ziT, magram saboloo daskvnis gamotana sakvlevi obieqtis analogebze, narkoti-

kuli saSualebebis nawarmze da fsiqotropul nivTierebebze mikuTvnebis Sesa-

xeb, SesaZlebelia mxolod eqspertis daskvnis mixedviT, axdens Tu ara es nivTi-

ereba adamianis organizmze fsiqoaqtiur zemoqmedebas. rac gamodis eqspert-qimi-

kosis kompetenciis CarCoebs miRma da moiTxovs kompleqsuri eqspertizis Cata-

rebas Semdegi specialistebis (eqspert-qimikosis, eqspert-farmakologi, eqspert-

medikosi)  TanamonawileobiT: specialuri samedicino ganaTlebis mqone, fiziko-

toqsikologiuri da qimiur-farmakologiuri eqspertizis CatarebisaTvis. 

Eeqspertuli praqtika aCvenebs, rom TiToeul konkretul SemTxvevaSi nivTiere-

bis analogad an nawarmad asaRiareblad procesi sakmaod rTulia da xangrZli-

vi, moicavs gansazRvruli kvlevis Casatareblad vadis gagrZelebis xasiaTs. 

Aamgvarad eqspertiza nivTierebis mikuTvnebaze analogebze an nawarmze Sedgeba 

ori nawilisagan. Pirveli nawili – es qimiuri kvlevaa, romlis msvlelobis 

dros dgindeba sakvlevi nivTierebis qimiuri struqturis msgavseba, CamonaTval-

Si arsebul qimiur nivTierebasTan. meore nawilSi dgindeba fsiqoaqtiuri Tvise-

bebis msgavseba sakvlev nivTierebasa  da akrZalul nivTierebas Soris. 

  nivTierebis qimiuri struqturis msgavseba dgindeba qromatografiuli meTode-

biT, romelic saSualebas iZleva sakvlevi nivTierebebis struqturuli formu-

lebis TvalsaCino Sedarebis saSualebas. fsiqoaqtiuri Tvisebebis kvleva war-

moebs farmakologiuri kvlevis saSualebiT, romlis msvlelobisas swavloben 

konkretuli nivTierebebis zemoqmedebas laboratoriuli cxovelebis (rogorc 

wesi Tagvebze) saqcielze. 
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  im SemTxvevaSi Tu eqsperimentis Catarebisas sakvlevi nivTiereba iwvevs cxove-

lis qcevis aqtivobis mniSvnelovan cvlilebas, eqsperti midis daskvnamde, rom 

mocemuli nivTiereba iwvevs specifikur qcevas, romelic axasiaTebs fsiqoaqtiu-

ri Tvisebis mqone konkretuli saxis nivTierebebiT Trobas. 

 Aaxali sinTeTikuri fsiqoaqtiuri nivTierebebis droulad gamovlinebisaTvis 

da Tavidan acilebisaTvis sasurvelia Semdegi winadadebebis ganxilva: 

20. axali sinTetikuri narkotikebisa da narkomaniis monitoringis centris 

Seqmna, romlis qmedebac mimarTuli iqneba qveynebs Soris aqtiuri Tanam-

Sromlobisa da samoqalaqo mimoqcevaSi gamoCenili axali saxis fsiqoaq-

tiuri nivTierebebis Sesaxeb informaciis gacvlis mizniT. 

21. adamianis organizmze axali fsiqoaqtiuri nivTierebebis  zemoqmedebis 

Seswavlis mizniT, eqspertul da samecniero kvleviT organizaciebze maTi 

gadacemis meqanizmis organizacia. 

22. qimiur-toqsikologiuri analizis Catarebis saerTo meTodikis da nivTie-

rebebis eqspertuli Sefasebis saerTo kriteriumebis SemuSavebafsiqotro-

pul nivTierebebze,  narkotikul nivTierebebze  an maT analogebze mikuT-

vnebis mizniT. 
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Nnatriumis hidroformiatis struqtura – araorganuli  

qimiis da ekologiuri qimiis zogierTi aspeqti 
 

CubiniZe a.d., endelaZe n.o., bregaZe n.l. 

akaki wereTlis saxelwifo universiteti 
 

samuSao warmoadgens wyalbaduri bmebis gamokvlevis gagrZelebas metalTa fsevdo-
hidronaerTebis kristaluri struqturebis Seswavlis safuZvelze. 

naSromSi warmodgenilia wyalbaduri bmebis daxasiaTeba arsebuli literaturuli 
masalisa da natriumis fsevdohidroformiatis – Na[H(HCOO)2]kristaluri gamokvlevis 
Sedegebis safuZvelze. 

Seswavlili struqturis ZiriTadi parametrebi: =83,42(3), =111,68(2), =109,91(2), ga-
moTv=1,617(4) gr/sm2, z=6. 

 
wyalbaduri bmis Sesaxeb Sexedulebebi viTardeba 100 welze meti xnis gan-

mavlobaSi. Mmiuxedavad amisa, mecnierebaSi wyalbaduri bmis bunebis axsnisadmi 

erTiani midgoma da wyalbaduri bmis sayovelTaod miRebuli ganmarteba ar ar-

sebobs. saxeldobr, e. remsdenis [I] mixedviT wyalbaduri bma xasiaTdeba, ro-

gorc kovalenturi bma wyalbadisa da Zlier eleqtrouaryofiTi elementis (F, 

Cl, O, N) atomebs Soris. sxva avtoris mosazrebiT, `wyalbaduri bmis ganxorcie-

lebis procesSi eleqtrostatistikuri urTierTqmedebis garda adgili aqvs do-

norul-aqceptorul urTierTqmedebas~. 

amasTan SevniSnavT, rom wyalbaduri bmis donorul-aqceptoruli meqanizmis 

warmoqmnis momxreTa SexedulebiT wyalbaduri bmis formireba ganixileba, ro-

gorc protondonoris (brenstis mJava, eleqtro aqceptori) urTierTqmedeba pro-

tonaqceptorTan (fuZe, eleqtrodonori) da Semdgom, `wyalbaduri bma warmoSo-

biT ar gansxvavdeba qimiuri bmisagan garda imisa, rom H –bmas aqvs ganawilebis 

sxva polarizacia da wyalbad-SekavSirebuli fragmentis atomTa rxeviTi moZra-

obis gansxvavebuli dinamika~ [2]. 

meores mxriv, eqsperomentul samuSaoTa umravlesoba, maT Soris Cveni ga-

mokvleva, romelTa  Sedegebs qvemoT gadmogcemT miuTiTebs wyalbaduri bmis 

eleqtrostatistikuri bunebis Sesaxeb. 

winamdebare samuSaos mizania gadmovceT erT-erTi fsevdohidronaerTis nat-

riumis fsevdohidroformiatis – Na[H(HCOO)2]‐is kristaluri struqturis kvle-

vis Sedegebis safuZvelze wyalbaduri bmis Sefaseba. 

natriumis fsevdohidroformiati – Na[H(HCOO)2] monokristalis saxiT gamoyo-

filia oTaxis temperaturaze xsnaridan, romelic Seicavda WianWvelas mJavaSi 

(masuri wili 40-65%) gaxsnil natriumis formiats.  

Mmonokristalis gadaReba mimdinareobs avtodifraqtorze CAD‐4‐SDP 55/t, sak-

vlevi naerTi dakristalda triklinur singoniaSi elementaruli ujredis Sem-

degi parametrebiT:  

 a=0,040(3),  b=9,266(4),  c=9,593(2),  =83,42(3), =111,68(2), =109,91(2), sivrciTi jgufi 

1


, z=6. gamoTv=1,617(4) gr/sm2.  

mTlianad registrirebulia 1600-refleqsi. gamoTvlebi mimdinareobda prog-

ramaTa kompleqsis ETX‐SDP–is mixedviT [3], R=0,036. 

struqturuli kvlevis moyvanili monacemebidan Cans, rom struqtura war-

modgenilia ori tipis wyalbadur bmebiT: simetriuliT: O(52)O(52), O(62)O(62) 
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da asimetriuliT O(12)O(22), O(32)O(42). 

orTave SemTxvevaSi, rogorc simetriuli, aseve asimetriuli wyalbaduri 

bma miekuTvneba mokle, Zlier wyalbadur bmebs. SevniSnavT, rom rentgenostruq-

turuli kvlevis specipikidan gamomdinare qimiuri bmis simtkicis Sefaseba xde-

ba ara energetikuli aramed qimiuri mbis (OO) sigrZis sididis d(OO) – 2,448(2) 

da d(OO) – 2,464(5)Å  poziciidan, romlebic rogorc Cans, Zlier wyalbadur bmebs 

miekuTvnebian. amasTan, Tu SevafasebT Cveni kvlevis Sedegebs OH  mbis mimar-

TebiT, SeiZleba davaskvnaT, rom wyalbadur bmas ufro eleqtrostatikuri bune-

ba aqvs Seswavlili struqturis mixedviT.  

SevniSnavT, rom `sufTa~ wylis molekulebs Soris wyalbaduri bmebi Sead-

genen d(OO)‐2,76 da d(OH)-1,76Å-s. xolo literaturaSi aRwerilTagan yvelaze 

mokle wyalbaduri bma dafiqsirebulia sididiT d(OO)‐2,36Å. 

amasTan natriumis fsevdohidroformiatis – Na[H(HCOO)2]  struqturis mixed-

viT gamokvleuli wyalbaduri bmis sidideebi d(OO)‐2,448(2) Sesabamisi mJavas – 

WianWvelas mJavas kristalur struqturaSi  (‐50oC) arsebuli wyalbaduri bmis si-

didesTan - d(OO)‐2,580(3)Å, SedarebiT mcirea, rac, rogorc Cans,  Na‐is atomis 

faqtoriT unda iyos ganpirobebili. 

 

atomTa koordinatebi  natriumis fsevdohidroformiatis – Na[H(HCOO)2] 

struqturaSi 

atomi x  y  z 

Na(1)  0,34765(8)  0,34077(7)  0,19640(7) 

Na(2)  0,69398(8)  0,45699(7)  0,52530(7) 

Na(3)  0,30194(8)  0,9379(7)  0,34873(7) 

C(1)  0,3662(2)  0,2159(2)  0,5495(2) 

O(11)  0,3917(1)  0,3218(1)  0,4618(1) 

O(12)  0,4247(1)  0,1072(1)  0,5797(1) 

H(1)  0,301(2)  0,222(2)  0,612(2) 

C(2)  0,5198(2)  0,1258(2)  0,1440(2) 

O(21)  0,4135(2)  0,1254(1)  0,1909(2) 

O(22)  0,6182(2)  0,0436(2)  0,1922(2) 

H(2)  0,550(3)    0,186(3)  0,065(3) 

H*(12)  0,391(4)  0,005(3)  0,732(4) 

C(3)  0,9716(2)  0,0505(2)  0,1594(2) 

O(31)  0,9487(2)  0,027(2)  0,7302(2) 

O(32)  0,0339(2)  0,1732(2)  0,0948(2) 

H(3)  0,147(6)  0,011(4)  0,103(3) 

C(4)  0,8010(2)  0,3611(2)  0,1184(2) 

O(41)  0,7316(2)  0,4353(1)  0,2182(2) 

O(42)  0,8292(2)  0,7593(1)  0,1335(2) 

H(4)  0,845(4)  0,397(3)  0,016(4) 

H*(34)  0,933(4)  0,205(3)  0,002(3) 

C(5)  0,7118(3)  0,5696(2)  0,1860(2) 

O(51)  0,6347(2)  0,4965(2)  0,2852(1) 

O(52)  0,6489(2)  0,5775(2)  0,0443(1) 

H(5)  0,827(3)  0,617(3)  0,229(3) 

H*(34)C(6)  0,9139(2)  0,2692(2)  0,4609(2) 

O(61)  0,7963(2)  0,2550(1)  0,5003(2) 

O(62)  0,223(2)  0,3954(2)  0,4503(2) 
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H(46)  0,933(5)  0,189(4)  0,435(4) 

H*(5)  0,500(0)  0,500(0)  0,000(0) 

H*(6)  0,000(0)  0,500(0)  0,500(0) 

 

atomTa Soris manZilebi kristalur struqturaSi – Na[H(HCOO)2]  

 

Bbma   d,Å 

C(1)‐O(11)  1,235(3) 

C(1)‐O(12)  1,250(3) 

C(1)‐H(1)  1,00(4) 

O(12)‐H*(12)  1,76(6) 

O(22)‐H*(12)  0,79(5) 

C(12)‐O(22)  2,548(3) 

C(2)‐O(21)  1,201(4) 

C(2)‐O(22)  1,289(4) 

C(2)‐H(2)  0,95(5) 

C(3)‐O(31)  1,201(3)   

C(3)‐O(32)  1,286(3) 

C(3)‐H(3)  0,99(4) 

O(32)‐H*(34)  1,11(5) 

O(42) H*(34)  1,38(5) 

O(32) O(42)  2,448(3) 

C(4)‐O(41)  1,221(4) 

C(4)‐O(42)  1,256(4) 

C(4)‐H(4)  0,97(6) 

C(5)‐O(51)  1,208(4) 

C(5)‐O(52)  1,269(4) 

C(5)‐H(5)  0,93(5) 

O(52) O(22)  2,448(5) 

C(6)‐O(61)  1,217(4) 

C(6)‐O(62)  1,266(4) 

C(6)‐H(6)  0,89(4) 

O(62) O(62)  2,464(5) 

 

Qqimiuri bmebi poliedrebSi N NaO6 

Bbma dÅ  Bbma dÅ  bma dÅ 

Na(1)‐O(11)  2,392(2)  Na(2)‐O(41)  B2,351(2) Na(3)‐O(12)  2,453(2) 

Na(1)‐O(51)  2,522(3)  Na(2)‐O(62)  2,397(2)  Na(3)‐O(21)  2, 403(2) 

Na(1)‐O(52)  2,408(2)  Na(2)‐O(11)  2,455(2)  Na(3)‐O(12)  2,549(2) 

Na(1)‐O(41)  2,387(2)  Na(2)‐O(51)  2, 363(2)  Na(3)‐O(31)  2,369(3) 

Na(1)‐O(31)  2,458(3)  Na(2)‐O(11)  2,453(2)  Na(3)‐O(42)  2,431(3) 

Na(1)‐O(21)  2,361(2) 
<2,421> 

Na(2)‐O(61)  2,421(2) 
<2,406> 

Na(3)‐O(61)  2,288(2) 
<2,415> 

    savalento  kuTxeebi kritalur  struqturebSi – Na[H(HCOO)2] 
kuTxe ω grad 

H(1)C(1)O(11) 117(2) 

H(1)C(1)O(12) 115(1) 

O(11)C(1)O(12) 127(0) 

O(12)…H*(12)O(22) 171(2) 

H(2)C(2)O(21) 128(3) 

H(2)C(2)O(22) 106(3) 
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O(21)C(2)O(22) 126(6) 

H(3)C(3)O(31) 117(2) 

H(3)C(3)O(32) 115(1) 

O(31)C(3)O(32) 127(1) 

O(32) H*(34) …O(42) 167(1) 

H(4)C(4)O(41) 116(3) 

H(4)C(4)O(42) 117(3) 

O(41)C(4)O(42) 127(1) 

H(5)C(5)O(51) 119(3) 

H(5)C(5)O(52) 116(3) 

O(51)C(5)O(52) 125(0) 

O(52) …H*(5) … O (52) 180(5) 

H(6)C(6)O(61) 123(3) 

H(6)C(6)O(62) 112(2) 

O(61)C(6)O(62) 125(0) 

O(62) …H*(6) … O (62) 180(0) 

Bbolos, SevexebiT ganxiluli Temis ekologiuri qimiis calkeul aspeqts; 

wyalbaduri bma, romelic ZiriTadi struqturuli erTeuli hidronaerTebis mJa-

vuri bunebis gansazRvraSi, saerTod mniSvnelovan rols TamaSobs sasicocxlo 

procesebSi kerZod, wylis yinulovani masis SenarCunebisaTvis dedamiwaze, Tavis 

tvinis zogirTi fiziologiuri funqciis ganxorcielebaSi da sxva. meores 

mxriv, rogorc dasawyisSi aRiniSna mecnierebaSi dRemde  sadavoa sakiTxi wyal-

baduri bmis bunebis Sesaxeb; erTmniSnelovnad aRiarebulia, rom wyalbaduri 

bmis energia mniSvnelovanad  mcirea kovalentur bmasTan SedarebiT, amitom ad-

vilad iSleba maT Soris, Secvlili ekologiuri garemos pirobebSic  \SevniS-

navT, rom wyalbaduri bmis gaxleCa rigi movlenebis dros normaluri procesis 

Sedegic SeiZleba iyos\. Aamdenad,  Cven xazi gvinda gavusvaT garemos ekologiu-

ri dabinZurebis uaRresad saSiS masStabebs, romlis Sedegebma `asaxva~  hpova 

qimiuri mecnierebis zemoT miTiTebul sferoSic. 

 
l i t e r a t u r a  
1. Remsden E.N.-Introduction to modern chmistry, W.H. Frceman and Company, San Francisco, 1990. 
2. Степанов Н.Ф. – Водородная связь. Соровский оброзовательний журналб т-7, №2 2001 
3. Frenz B. A. Schenk H., Oltpfllazerkamp K., Vankoningsveld H., rassi G. C. Heland: Deft, 1978, p.4. 

 
Sodium Hydropormiat s structure – Some Aspects of   Inorganic and Environmental Chemistry 

Chubinidze A.,  Endeladze N.,  Bregadze N. 
    Akaki Tsereteli State University 

Summary 
According to basic properties of crystal structure of pseudohydrocompunds, Hydrogen bond has been investigated. 

On based of exiting literature and winth respect to researches of crystal structure of Natrium pseudohydrofir-
mate, Hydrigen bond features is considered. 

General parameters of investigated  structures: a=0,040(3), b=9,266(4), c=9,593(2), =83,42(3), 
=111,68(2), =109,91(2), calc=1,617(4) g/sm2. z=6. 
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liTonTa Semcvelobis gansazRvris Sesaxeb zogierTi  
mcenaris nayofSi 

 
CubiniZe a., endelaZe n., bregaZe n. 

akaki wereTlis saxelwifo universiteti 
 

rentgenuli speqtrometris (Skyray EDX Packet III. X-ray Fluorescence Spectrometer)saSuale-
biT Sesrulebulia qimiuri, elementuri analizi kontaqturi da sistemuri Sxamqimika-
tiT  - (korsuberi) Sewamluli nimuSebisa. amjerad analizis obieqtad SerCeulia yur-
Znis marcvali. Aanalizis monacemebi miRebulia 28 qimiuri elementisaTvis. 

miRebuli monacemebis safuZvelze gamoTqmulia savaraudo mosazreba, rom sistemu-
ri Sxamqimikatis  - korsuberis qimiuri fragmentebi akumulirdeba mcenaris nayofSi. 

 
sakiTxi Sxamqimikatebis mcenareebze qimiuri zemoqmedebis Sesaxeb mravali 

(ara yvela) fungicidisaTvis aris gamokvleuli; saxeldobr, literaturaSi [1] 

miTiTebulia sistemuri Sxamqimikatis metabolizmis procesi mcenareebSi; rac 

Seexeba winamdebare samuSaos, aq saanalizo nimuSad SerCeulia kulturuli va-

zis jiSi  - colikouri, kerZod, misi erT-erTi saxeoba, romelic aRebulia so-

fel II obCaSi (baRdadis raioni) gaSenebuli venaxidan. Cvens mier Seswavlili 

literaturuli monacemebi iZlevian SesaZleblobas, davaskvnaT, rom vazis miTi-

Tebuli jiSis nayofi, romelic gansakuTrebuli gamZleobiT gamoirCeva, ar aris 

gamokvleuli fungicidebis zemoqmedebis TvalsazrisiT. miTiTebuli obieqti ga-

moukvlevelia agreTve rentgenuli speqtrometriT. 

Cvens mier sakvlevi nimuSis momzadeba moxda damwifebuli yurZnis mar-

cvlis - qiSmiSis saxiT. daqiSmiSeba mimdinareobda bunebrivad, haerze ramodeni-

me Tvis ganmavlobaSi. daqiSmiSebuli yurZnis marcvali qucmacdeboda meqaniku-

rad da amgvari saxiT xdeboda misi gamokvleva rentgenul speqtrometrze (Skyray 

EDX Packet III. X‐ray Fluorescence Spectrometer). 

cxrilSi moyvanilia qimiuri, Eelementuri analizis Sedegebi miRebuli 

rentgenuli speqtrometris saSualebiT 28 qimiuri elementisaTvis. yurZnis mar-

cvali (qiSmiSi) 2 nimuSis saxiT aris warmodgenili: pirveli nimuSi, romelic 

Seiwamleboda kontaqturi SxamqimikatiT – SabiamniT: meore nimuSi, aRebulia 

igive jiSis vazidan, romelic Seiwamleboda sistemuri fungicidiT – korsube-

riT. SevniSnavT, rom korsuberis, iseve rogorc vazis Sesawamlad gamoyenebuli 

sistemuri Sxamqimikatebis umravlesobis ZiriTadi moqmedi nivTierebaa cinebi, 

romelic mniSvnelovanwilad ganapirobebs korsuberis toqsikurobas. lateratu-

raSi [2-3] miTiTebulia yurZnis wvenis qimiuri Sedgeniloba; xolo naSromebSi 

[4-5], rogorc yurZnis wvenis, aseve marcvlis (yurZnis mtevnis) qimiuri analizis 

Sedegebi. samuSaoTa avtorebi ar miuTiTeben Tu romeli SxamqimikatiT iyo Se-

wamluli yurZnis Sesabamisi nimuSebi. vidre gadmovcemdeT Cveni eqsperimentis 

Sedegebis literaturul masalasTan SedarebiT analizs aRvniSnavT, rom ren-

tgenuli speqtroometris miTiTebuli saxeoba, romelic gamoyenebulia Cveni  eq-

sperimentis procesSi, teqnikurad ar iTvaliswinebs iseTi arametalebis gansaz-

Rvras rogorebicaa: wyalbadi, Jangbadi, naxSirbadi, azoti, fosfori, gogirdi. 

meores mxriv, miTiTebuli element-arametalebis gansakuTrebiT, wyalbadisa da 

Jangbadis Semcveloba ( 80 masuri%) yurZnis marcvalSi, maRalia. amdenad, Seda-

rebiTi analizis dros gaTvaliswinebuli unda iqnas es ukanaskneli mdgomareo-

ba. 
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vagrZelebT ra SedarebiT daxasiaTebas, SevniSnavT, rom Cvens mier gansaz-

Rvruli 28 elementidan umravlesoba (20 qimiuri elementi) agreTve aRmoCenilia 

avtorTa [4-5] mier Catarebuli yurZnis marcvlis qimiuri analizis Sedegad. pi-

riqiT – Cven nimuSebSi ar aRmoCnda skandiumi, iridiumi, Taliumi, romlebic aR-

werilia ukanasknelad miTiTebul  literaturaSi. es bunebrivi procesia, rad-

gan rogorc miuTiTeben [5] `qimiuri elementebis Semcvelobis mixedviT yurZnis 

jiSebi didad gansxvavdebian erTmaneTisagan.” amasTan, Cveni cxrilis monaceme-

bis mixedviT yurZnis marcvalSi yvelaze didi SemcvelobiTaa kaliumi da kal-

ciumi, rac agreTve Seesabameba literaturul monacemebs – (6,5 da 2,95% [5]–Sesa-

bamisad). rac Seexeba Cveni cxrilis eqsperimentaluri monacemebis `Siga” Seda-

rebas, igi uCvenebs, rom sistemuri SxamqimikatiT – korsuberiT Sewamluli yur-

Znis marcvalSi ZiriTadi elementebis Semcveloba gazrdilia (garda dariSxani-

sa da kaliumisa) SedarebiT yurZnis marcvlis im nimuSTan, romelic iwamleboda 

kontaqturi fungicidiT (dariSxanTan dakavSirebiT SevniSnavT, rom vazi iwam-

leboda agreTve koloiduri gogirdiT, romelic Seicavs dariSxans.)  

maSasadame, rogorc Cans, sistemuri Sxamqimikati – korsuberi ufro uwyobs 

xels qimiuri elementebis `dakavebas”, vidre kontaqturi fungicidi. vfiqrobT, 

rom am procesis mastimulirebeli unda iyos sistemuri Sxamqimikatebis saerTo 

Tviseba, rom isini Sedian mcenaris wvenSi gansxvavebiT kontaqturi pesticidebi-

sagan. 

Bliteraturuli masalisa da Cvens mier miRebuli eqsperimentaluri mona-

cemebis analizis safuZvelze SeiZleba vivaraudoT, rom sistemuri Sxamqimika-

tis - korsuberis qimiuri fragmentebi akumulirdeba yurZnis wvenSi rac, cxadia, 

am ukanasknels ekologiurad daabinZurebs. migvaCnia, rom am mimarTebiT sabolo-

od Camoyalibebuli daskvnis gakeTebisaTvis saWiroa eqsperimentaluri samuSao-

ebis Semdgomi gagrZeleba, gansakuTrebiT, arametalebis Semcvelobis gansaz-

Rvris TvalsazrisiT. 

 

cxrili - rentgenuli speqtrometriT Catarebuli yurZnis marcvlis qimi-

uri analizis Sedegebi da Sesabamisi diagrama 

 

 
elementebi 

 

yurZeni 
Sewamluli kontaqturi 

fungicidiT  

yurZeni 
Sewamluli sistemuri 

fungicidiT 

Ca%  4,48  18,38 

Ti%  1,65  4,53 

V%  0,9  1,2 

Cr%  1,22  0,13 

Mn%  1,49  2,8 

Fe%  7,96  13,2 

Co%  0,64  ‐‐‐‐‐‐‐‐‐ 

Ni%  0,72  2,7 

Cu%  2,91  4,26 

Zn%  1,38  1,75 

Zr%  0,08  1,13 

Nb%  0,03  ‐‐‐‐‐‐‐‐‐‐ 

Ag(ppm)  391  377 

Cd%  0,3  ‐‐‐‐‐‐‐‐‐‐ 
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Sn%  0,24  1,84 

Sb%  1,21  1,83 

Cs%  ‐‐‐‐  ‐‐‐‐‐‐‐‐‐‐‐ 

Pb%  1,54  1,64 

Bi%  0,4  1,41 

As%  3,74  4,11 

K%  63,8  24,64 

Mo%  ‐‐‐‐  ‐‐‐‐‐‐‐‐‐‐‐‐ 

Na%  4,98  11,47 

Se(ppm)  482  512,5 

Rb%  0,1  1,22 

Sr%  ‐‐‐  ‐‐‐‐‐‐‐‐‐‐ 

In(ppm)  202  693,78 

Hg%  ‐‐‐‐‐  ‐‐‐‐‐‐‐‐‐‐‐ 

 

 

 
diagramaSi ar aris Setanili monacemebi im sami elementis Sesaxeb, romel-

Ta masuri procentebi mniSvnelovnad mcire sididiT xasiaTdebian. 

SevniSnavT, rom winamdebare samuSaosaTvis nimuSebi SerCeuli iqna ramode-

nime wlis ukan. mimdinare momentisaTvis /seqtemberi,2015weli/, miwis imave far-

Tze gaSenebuli vazis mdgomareobis Sesaxeb Tu vimsjelebT /vizualuri dakvir-

vebiT/, kontaqtur fungicids – Sabiamans `uWirs~ vazis dacva magaliTad, mzis 

gamosxivebisagan da a. S. Aase, rom Cveni azriT, gamosavali mdgomareobs ara 

Sxamqimikatebis ZiebaSi, aramed `bunebis saSualebiT bunebis dacvaSi~ /profeso-

ri r. gaxokiZe/ anu adamianis bunebisadmi marTebuli damokidebulebis Camoyali-

bebaSi rac, gaTviTcnobierebuli gvaqvs, TaobaTa problemaa. 

 

l i t e r a t u r a  
1. Мельников Н.М., - Пестициды, М., химия,1997. 
2. Chemistry in winemaking D. Robert Strerlok; cross rouds winemaking – 2010. 
3. Chemistry of wine flavor – A. L. waterhouse, S.E. Ebeler. ACS symposium, ser; es 714. 2004. 
4. T. kobaiZe, yurZnis produqtTa mineraluri nivTierebani. `sabWoTa saqarTvelo” Tbi-

lisi, 1982. 
5. s. DdurmiSiZe, o. xaCiZe, vazis bioqimia, ~mecniereba”, Tbilisi. 1995. 
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Determination of metal content in some plant fruit. 
A.  Chubinidze,  N. Endeladze,  N. Bregadze 

Akaki Tsereteli State University. 
Summary 

Using X-ray spectrometer (Skyray EDX Packet III. X-ray Fluorescence Spectrometer), chemical analysis of 
patterns sprinkled with contact and system (Corsuber) pesticides has been carried out. At that time grain of grapes 
has been invetigated. It  is given data about 28 chemical elements.  On the, base of obtained results, it is, expressed 

an ipinion, that chemical fragments of system (Corsuber) pesticides is accumulated in the fruit of plant. 
 

 
 

plastmasis narCenebis daxarisxebuli Segroveba da gadamuSaveba,  
rogorcNgaremoze zemoqmedebis Semcirebisa da energoefeqturobis 

amaRlebis saSualeba q.quTaisis magaliTze. 
 

cxakaia q., gamyreliZe e., 
akaki wereTlis saxelmwifo universiteti 

 
rogorc cnobilia, narCenebi warmoadgens resursebis uzamazar danakargs, 

rogorc masalebis, ise energiis saxiT. amasTan erTad,  narCenebi garemos dabin-

Zurebis erT-erTi  mniSvnelovani wyaroa.   narCenebis nagavsayrelebze ganTavse-

ba da dawva xels uwyobs haeris, wylisa da niadagis dabinZurebas da warmoqmnis 

sxva arasasurvel  garemoebebs.  ganviTarebul qveynebSi narCenebis marTvis po-

litikaSi ukve miRweulia garkveuli warmateba, kerZod, gaizarda narCenebis ga-

damuSaveba da Semcirda municipaluri narCenebis wvis Sedegad mavne airebis emi-

sia garemoSi.  

warmoebis yoveli procesi warmoqmnis narCenebis ama Tu im formas da ba-

zarze gamosuli yvela masala adre Tu gvian narCenebad iqceva. Sedegad, mudmi-

vad izrdeba  warmoqmnili narCenebis raodenoba. 

narCenebis warmoqmnis swrafi zrda, narCenebiT garemos ukontrolo da-

binZureba erT-erT aqtualur problemas warmoadgens aseve saqarTvelosTvis, 

rogorc ganviTarebadi qveynisaTvis.  problemebi, romlebsac iwvevs narCenebis 

warmoqmna specifikuri da amavdroulad kompleqsuria. momdevno wlebSi mniSvne-

lovnad unda Seicvalos saqarTvelos narCenebis marTvis seqtori. evrokavSir-

Tan asocirebis SeTanxmebiT nakisri valdebulebebis Tanaxmad qveyanaSi unda Ca-

moyalibdes narCenebis marTvis sistema, romelic SesabamisobaSi iqneba  evrokav-

Siris  moTxovnebTan.  

am TvalsazrisiT, gansakuTrebuli mniSvneloba aqvs narCenebis daxarisxe-

buli Segrovebis mxriv q.quTaisis gamocdilebas, romelic Camoyalibda evrokav-

Siris Savi zRis programis mxardaWeriT ganxocielebuli proeqtis “narCenebis 

marTvis inovaciuri meTodebis danergva saqarTvelos. moldovasa da somxeTis 

SerCeul qalaqebSi” farglebSi. kerZod, quTaisSi dainerga plastmasis nerCene-

bis daxarisxebuli Segroveba. 

quTaisSi erTi wlis ganmavlobaSi saSualod grovdeba 240 000 m3 _mde mu-

nicipaluri narCeni.  

municipaluri narCenebis warmoqmnis wyaroebs miekuTvneba:    

 saojaxo meurneobebi. kerZod, kerZo saxlebsa da mravalsarTulian  Senobeb-

Si mcxovrebi ojaxebi; 

 warmoeba-dawesebulebebi; 

 saswavlo dawesebulebebi (universitetebi, skolebi, skolamdeli dawesebule-
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lebi); 

 momsaxureobis sfero (savaWro da kvebis obieqtebi); 

 saxelmwifo da arasamTavrobo organizaciebi; 

 sxva analogiuri daniSnulebis organizaciebi. 

bolo wlebSi quTaisisaTvis damaxasiaTebeli gaxda narCenebis dRiuri 

warmoqmnis zrda. ase, erT sul mosaxleze narCenebis raodenoba 2014 wlis mona-

cemebiT gaizarda 7%-iT wina welTan SedarebiT. quTaisSi narCenebis warmoqmnis  

maCvenebeli erT sul mosaxleze dReSi  saSualod Seadgens 0,85 kg. 

mosalodnelia, rom narCenebis warmoqmna  gaizrdeba da 2034 wlisaTvis Seadgens 

72 433 t/weliwadSi [2]. 

narCenebis separirebisa da gadamuSavebis TvalsazrisiT, gansakuTrebiT 

mniSvnelovania quTaisSi warmoqmnili narCenebis Sedgeniloba. 

akaki wereTlis saxelmwifo universitetSi ganxorcielebuli kvlevis Se-

degad, q. quTaisSi 2010-2011 wlebSi warmoqmnili sayofacxovrebo narCenebis sa-

Sualowliuri Sedgeniloba  ganisazRvra Semdegnairad: plastmasebi - 13,5%, ma-

kulatura - 10,72%,  metalebi- 3%-mde, mina - 4,02%, sakvebis narCenebi - 43,7% [1]. 

q. quTaisSi generirebuli narCenebis 70-80% eqvemdebareba gadamuSavebas  (recik-

lirebas  an xelmeored gamoyenebas). 

 narCenebis gadamuSaveba da xelmeored gamoyeneba moiTxovs narCenebis da-

xarisxebuli Segrovebis sxvadasxva sqemebis danergvas.   

q.quTaisSi municipaluri narCenebis  Segrovebis arsebuli da prognozire-

badi (wyvetili xaziT) sistema  naCvenebia sqemaze (nax.1). 

 

 
nax. 1. N q.quTaisSi narCenebis marTvis struqtura. 

amJamad separirebuli narCenebis Segrovebis mizniT q.quTaisSi gamoiyeneba 

specialuri konteinerebis sistema. qalaqis  teritoriaze daidga specialuri 

konteinerebi moculobiT 1,1m3, sul 100 konteineri. konteinerebis ganTavsebis 

adgilebi maqsimalurad miaxloebulia narCenebis  warmoqmnis wyaroebTan. aRniS-

nuli sqema orientirebulia mosaxleobis aqtiur CarTulobaze am procesSi: mo-

დახარისხებული  

ნარჩენების შეგროვება 

ტრადიციული 

მეთოდები 

ნარჩენების  

მოცილების 

ინდივიდულური 

 მეთოდები 

მიმღები 

პუნქტები 

სპეციალური 

კონტეინერები 

კონტეინე- 

რები 

ზარის 

სისტემა 

ნარჩენების 
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saxleoba Tavad acalkavebs plastmasis narCenebs da aTavsebs konteinerebSi. 

praqtikam uCvena, rom daxarisxebuli narCenebis aRniSnuli sqema sakmaod efeq-

turi da ekonomiuria qalaqis infrastruqturisaTvis, radganac ar moiTxovs da-

matebiT xarjebs narCenebis seprirebisaTvis. amasTan erTad, Segrovebuli daxa-

risxebuli narCenebi ar saWiroeben recxvas.  

unda aRiniSnos, rom plastmasis narCenebis daxarisxebuli Segroveba qa-

laqis teritoriaze sakmaod warmatebulad mimdinareobs, mosaxleoba aqtiurad 

monawileobs narCenebis separirebaSi. zafxu-

lis periodSi, roca plastmasis narCenebis 

raodenoba sagrZnoblad izrdeba, qalaqis te-

ritoriaze Segrovebuli da momzadebuli Sem-

dgom etapze gadasacemad iqna 7 tona plastma-

sis narCenebi, rac samkaod maRali maCvenebe-

lia im garemoebebis gaTvaliswinebiT, rom 

specialuri konteienerebiT aris moculi mxo-

lod qalaqis teritoriis nawili. gansakuTre-

biT aRsaniSnavia, rom qalaqis teritoriaze 

Segrovebuli separirebuli plastmasis narCe-

nebi sasargeblod iqneba gamoyenebuli. mniS-

vnelovnad Semcirda nagavsayrelze gasatani plastmasis narCenebis raodenoba 

da garemoze zemoqmedebis faqtori. 

sainteresoa mosaxleobis gamokiTxvis Sedegebi, romelic 2015 wlis ivlis-

Si Catarda quTaisSi narCenebis marTvis Tanamedrove meTodebis da, maT Soris, 

plastmasis narCenebis separirebuli Segrovebis SeTavazebuli midgomis mimarT 

damokidebulebis dasadgenad. gamokiTxulTa 93% informirebulia quTaisSi 

plastmasis narCenebis separirebuli Segrovebis Sesaxeb, 50% aTavsebs specia-

lur konteinerSi gamocalkavebul plastiks, 81% miaCnia, rom plastmasis narCe-

nebis gamocalkaveba da moTavseba specialur konteinerSi ar uqmnis problemas, 

xolo 68%-Tvis es procesi sakmaod iolia. 

 dakvirvebam uCvena, rom aucileblobas warmoadgens municipalur doneze 

sxva saxeobis narCenebis separirebuli Segrovebis uzrunvelyofa, magaliTad, 

makulaturis, organuli narCenebis, minis da a.S., aseve saWiroa narCenebis daxa-

risxebuli Segrovebis sxva meTodebisa da sqemebis gamoyeneba, rac mosaxleobas  

Seuqmnis alternatiuli midgomebiT sargeblobis saSualebas. 

qalaq quTaisis gamocdileba warmatebiT SeiZleba gamoyenebuli iqnas sa-

qarTvelos sxva qalaqebSi.  

 

literatura 
1. G. Denafas, Ch. Ludwig, Ts. Turkadze and at all.  Seasonal variation of municipal solid waste generation and 

composition in four East European cities. // Resources, Conservation and Recycling, 89, 2014. p. 22–30. 
2. quTaisis municipaluri narCenebis marTvis samoqmedo gegma, 2015-2020. quTaisi, 2015. - 52 

gv. 
Sorted collection and recycling of plastic waste as a tool to reduce environmental impacts 

and increase energy efficiency by the example of Kutaisi City 
Tskhakaia K., Gamkrelidze E.,   
Akaki Tsereteli State University. 

Summary 
There are considered the results of sorted collection of plastic waste in Kutaisi City , which were achieved as a result 
of implementing the project “Introduction of innovative waste management practices in selected cities of Georgia, 
Moldova and Armenia" within the European Union Black Sea Program.   
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saqarTvelos mcire mdinareebi, mosalodneli wyaldidobebi da 
prevenciuli RonisZiebebi 

 
gordaZe e., JorJoliani c. 

ak. wereTlis saxelmwifo universiteti 
 

saqarTvelo hidrologiuri resursebiT mdidari qveyanaa. mis  teritoriaze mie-

dineba 26 060 didi da mcire mdinare, romelTa saerTo sigrZe 957 km–ia. yvelaze wya-

luxvi mdinarea md. rioni. 12,6 km3. Semdeg modis mtkvari 8,2 km3 . mas moyveba Semdeg 

sxva didi da patara mdinare (enguri, cxeniswyali, aragvi, Woroxi da sxva). 

 miuxedavad imisa, rom saqarTvelo (gansakuTrebiT dasavleT saqarTvelo)  

mdidaria mdinareebiT da reliefic iZleva imis SesaZleblobas, rom isini farTod 

iqnen gamoyenebuli energo resursis misaRebad. Cven ganvicdiT eleqtroenergiis nak-

lebobas, sarwyavi miwebis gauwyloebas, teqnikuri da sasmeli wylis simcires, rad-

gan jerovnad ver viyenebT  am aRdgeniT resurss. iyo dro rodesac saqarTveloSi 

mxolod sami hidroeleqtrosadguri arsebobda borjomis  (romanovebis mier agebu-

li) zahesi da rionhesi. maSin eleqtro energiis moxmareba ZiriTadad xdeboda gana-

Tebis mizniT. dRes bevrad gazrdilia eleqtro energiaze moTxovnileba, radgan 

mrewveloba, soflis meurneoba, transporti, yofacxovreba moiTxovs energiis ko-

losalur raodenobas. dRiTi–dRe izrdeba da viTardeba teqnologiebi da masTan 

erTad moTxovnilebac eleqtro energiaze;  amitom dRis wesrigSi dadga axali hese-

bis mSeneblobis sakiTxi. xSirad hesebis mSeneblobas moyveba mosaxleobis protes-

ti, rac umetes SemTxvevaSi xdeba gauTviTcnobiereblad.  risTvisac saWiroa mosax-

leobasTan axsna–ganmartebiTi saubrebis Catareba da TviTSegnebis donis amaRleba. 

didi hesebis mSeneblobis garda saWiroa mcire hesebis mSeneblobac, romlebic Ziri-

Tadad adgilobriv mosaxleobas uzrunvelyofs eleqtro energiiT.  saqarTveloSi 

mraval patara mdinareze funqcionirebda mcire hesebi. (md. cxeniswyalze, md. okace-

ze da sxva). Tu ki es gamocdileba farTod dainergeba, elenergiis deficiti proble-

ma mniSvnelovnad gaumjobesdeba. magram mcire mdinareebi arcTu iSviaTad  mniSvne-

lovan problemasac uqmnis mosaxleobas. xSiria wyalmovardnebis, Caxergilobis, 

datborvis magaliTebi, rasac mohyveba ekonomiur zaralTan erTad adamianTa msxver-

plic. 

wyaldilobebi damaxasiaTebelia saqarTvelos rogorc baris, ise saSualo da 

maRalmTiani mdinareTa auzebisaTvis, rac xSirad sakmaod didi zaralis gamomwve-

via. mag. 1987 wlis ianvarSi wyaldidobam didi zarali miayena saqarTvelos respub-

likas. daingra da dazianda 5150 sacxovrebeli saxli, 16 km. rkinigza, 130  km. saavto-

mobilo gza. dazianda eleqtro da kavSirgabmulobis sistemebi. zaralma 380 milion 

dolars gadaaWarba. 
saqarTvelos teritoriaze xSiri wyaldidobebi gamowveulia klimatisa da re-

liefis TaviseburebiT. 2005–2008 wlamde saqarTveloSi daregistrirebuli iqna 50–

ze meti didi wyaldidoba. regionebs, sadac xSiria wyaldidobebi miekuTvneba  raWa–

leCxumi, lentexis, cageris, guriis, samegrelos, zemo svaneTis, aWaris, kaxeTisa da 

qarTlis regionebi, romelic xSirad ganapirobebs ekologiuri ltolvilebis war-

moSobas am teritoriebze. 

qvemoT moyvanil cxrilSi naCvenebia 1995–2010 wlebSi saqarTveloSi wyaldido-
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bebisa da wyalmovardnebis SemTxvevebi da maTgan gamowveuli zaralisa da msxver-

plis raodenoba. 

cxrili 1  

 
wlebi  SemTxvevaTa ricxvi zarali milion larebSi  msxverplis raodenoba  
1995 4 3,2 1 
1996 11 28,5 1 
1997 12 38 0 
1998 2 2 1 
1999 8 30,5 1 
2000 2 2 0 
2001 4 4,1 0 
2002 16 78,7 0 
2003 6 4,2 2 
2004 10 20,5 1 
2005 20 80 4 
2006 8 15 1 
2007 7 40,3 1 
2008 16 38 3 
2009 20 30 5 
2000 18 20,7 3 

 

 sul  15 wlis (1995–2010) manZilze saqarTveloSi moxda 164 wyaldidoba da 

wyalmovardna, zaralma miaRwia 435,7 milion lars da daiRupa 24 adamiani. uka-

naskneli periodis wyalmovardnebidan Tavisi ekonomiuri zaralisa da msxver-

plTa raodenobis mixedviT erT–erTi mniSvnelovania mdinare veres modidebiT 

gamowveuli zarali da adamianTa msxverplis raodenoba. romlis Tavidan aci-

leba praqtikulad SeuZlebeli iyo, Tumca zaralisa da msxverplTa raodenobis 

mkveTrad Semcireba ar warmoadgenda did siZneles. romlis mizezi iyo wlebis 

manZilze mosalodneli safrTxis ugulebelyofa.  mdinare veraze es ukanasknel 

erT saukuneSi ukve mesame SemTxveva iyo.  

 dRiTi dRe TvalsaCino xdeba globaluri klimaturi cvlilebebis Sedege-

bi. amasTan dakavSirebiT mosalodnelia Tavsxma wvimebi, rasac moyveba wyalmo-

vardnebi, mewyeruli movlenebi, datborvebi  xeobebis Caxergva da msgavsi movle-

nebi. 

 mosalodneli safrTxeebis Tavidan acilebisaTvis arsebobs msoflioSi 

aprobirebuli uamravi RonisZieba, romelTa Soris mniSvnelovania operatiuli 

da  teqnikuri meTodebi.  

 operatiuli RonisZiebebi gulisxmobs sainformacio gamafrTxilebel Ro-

nisZiebaTa sistemis ganxorcielebas (mosaxleobis evakuacia, materialuri fase-

ulobis gatana, jebirebis gamagreba da sxva).  

 teqnikuri RonisZiebebi atarebs prevenciul xasiaTs, romelTa ganxorcie-

lebisaTvis aucilebelia specialuri sainJinro nagebobebis mSenebloba, rome-

lic Tavis mxriv did kapitaldabandebas saWiroebs. 

 am RonisZiebaTa Soris aRsaniSnavia: mdinaris kalapotSi  Senakadis regu-

lireba. momatebuli wylebis gadagdeba.  

1. mdinaris kalapotis gasworxazovaneba  an CaRrmaveba. 

2. napirsamagri nagebobebis mSenebloba. 
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3. tyis damcavi zolebis gaSeneba, ferdobebis ganivi daxvna. 

4. sanapiro wyaldamcavi mcenareuli safaris SenarCuneba da gaSeneba. 

5. ferdobebis dateraseba. 
6. sagangebo situaciis informaciis drouli mopoveba da miwodeba Sesabamis or-

ganoebisaTvis.  

7. mewyersaSiSi da datborili zonebidan mosaxleobis drouli evakuacia.  

samwuxarod wlebis manZilze CamoTvlili prevenciuli RonisZiebebi ugu-

lebelyofilia. risi magaliTic iyo am ukanasknel wlebSi rikoTas uReltexil-

ze datrialebuli tragedia da mdinare veres wyalmovardna.  

ukanasknelis SemTxvevaSi mewyeris Camowolisa da mdinaris Caxergvis Sesa-

xeb informacia Sesabamis organizaciebs hqondaT, magram araferi gakeTda gzis 

gadasaketad da mosaxleobis evakuaciisaTvis. gzis gadauketaobis gamo mosaxle-

oba Tavisuflad Sedioda saSiS zonaSi, ramac msxverplis raodenoba gazarda. 

aRmosavleT saqarTvelo sarwyavi wylis naklebobas ganicdis aq arsebul 

ekologiurad saSiS mdinareebze unda moewyos xelovnuri wyalsatevebi, sadac 

moxdeba Camonadenis Segubeba da misi  wylis gamoyeneba sarwyavad da asaqcevi 

arxiT saSiS  zonebze misi arideba. 

saWiroa aseve mcire mdinareTa kalapotebis gawmenda da maTze gadadgmuli 

nagebobebis (avtofarexebi, saqaTmeebi, boseli, sapirfareSo da sxva) demontaJi.  

saqarTveloSi 2004 wlidan arsebobs sagangebo situaciebis marTvis de-

partamenti; xolo 2006 wlidan garemos dacvis saministros struqturaSi moni-

toringisa da prognozirebis centri, romelTa movaleobaa katastrofebis ris-

kis marTva, romelTa saqmianoba jer kidev ganviTarebasa da damuSavebas saWiro-

eben.  
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Small Rivers of Georgia, Possible Floods and Preventive Measures 

Gordadze E.,  Zhorzholiani Ts. 
Akaki Tsereteki State University 

Summary 
Floods are typical of lowland as well as mountain river basins of Georgia, which frequently results in consi-

derable damage. Over 15 years (1995-2005) there have been 164 cases of floods and flash flooding. The damage 
equalled 435,7 million GEL and 24 people were killed. There are operational and technical methods of flood pre-
vention. It is important to make use of small rivers, build power stations and regulate water resources.   
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energoefeqturoba – Tanamedroveobis globaluri problema 
 

JorJoliani c., gordaZe e. 

ak. wereTlis saxelmwifo universiteti  
 

dRes Cven iseT epoqaSi vcxovrobT, sadac erTmaneTzea gadajaWvuli ekonomi-

ka, energetika da ekologia. es aris sami mamoZravebeli Zala, romelic  ganapirobebs 

cxovrebis dones, adamianis janmrTelobas, mis Sromisunarianobasa da sicocxlis 

xangrZlivobas.  

energia iyo da darCeba adamianis arsebobis aucilebel pirobad, radganac mis 

gareSe SeuZlebelia srulfasovani cxovrebis pirobebis Seqmna. kacobriobam grZe-

li gza gaiara energetikuli resursebis aRmoCenis, mopovebisa da gamoyenebis xerxe-

bis dasaufleblad. me–20 saukunis meore naxevridan mecnierul–teqnikurma  prog-

resma ganapiroba iseTi resursebis gamoyenebis SesaZlebloba, romlebic uwin  re-

sursad ar miiCneoda. es resursebi potenciuri anu momavlis resursebia (polaruli 

myinvarebi, aisbergebi, siRrmeSi (1km–ze ufro Rrmad) moTavsebuli miwisqveSa wyle-

bi, msoflio okeanis mineraluri resursebi da sxv.  
sazogadoebrivi warmoebis ganviTareba energiis gazrdil moxmarebas saWiro-

ebs, ris gamoc maTi maragi mcirdeba, amasTan mis mopovebasa da gadamuSavebas Tan ax-

lavs darRveuli teritoriebis, gamouyenebeli narCenebis, mwyobridan gamosuli sa-

vargulebis gazrda, tyiT dafaruli teritoriebis Semcirebaa, atmosferosa da hid-

rosferos dabinZureba, klimatis globaluri cvlilebebi da sxva arasaxarbielo 

ekologiuri procesebi. 

mecnieruli kvlevebiT dadgenilia, rom tradiciuli energoresursebis amo-

wurvis vadebi daCqarebulia maTi moxmarebis tempidan gamomdinare. varaudoben, rom 

qvanaxSiris maragi kacobriobas jer kidev 270 weli eyofa, urani 100 w. bunebrivi ga-

zi da navTobi –35–50 wlamde. gaeros monacemebiT XXI saukunis bolos kacobriobis 

ricxvi 12–15 miliards miaRwevs, rac energomomaragebis problemas kidec ufro mwva-

ved daayenebs. problemis gadaWra mxolod energiis ganaxlebadi resursebis xarjze 

iqneba SesaZlebeli; amasTan am  problemis mogvarebas xels Seuwyobs energiis efeq-

turi gamoyenebis (energoefeqturoba) gzebis moZieba. energoefeqturobis gazrda 
gulisxmobs imave ekonomikuri an socialuri Sedegebis miRweva naklebi energiis ga-

moyenebiT. saerTaSoriso organizaciebis monacemebiT 1997–dan 2020 wlamde eleq-

troenergiis warmoebis moculobis zrda yovelwliurad 2,7 %–iT iqneba saWiro. 

dRes tradiciuli  energoresursebidan navTobis potenciuri maragi 250–400 mlrd. 

tonaa, daZebnili maragi – 100 mln. tona. mopovebuli navTobis 90% sawvavad gamoiye-

neba, Tumca igi Zvirfasi nedleulia qimiuri mrewvelobisaTvis. dRes msoflioSi 

warmoebuli energiis 39–40 % navTobis wilze modis. saqarTvelos teritoriaze is-

toriulad navTobis didi maragi arsebobs (15 sabado) . Tumca misi mopoveba da gada-

muSaveba dRes ar warmoebs. 

bunebrivi gazis 90% naxSirwyalbadebia (ZiriTadad meTani), romelic organu-

li warmoSobisaa. saqarTveloSi dRemde 0,3 mlrd m3 bunebrivi gazia mopovebuli. bu-

nebrivi airis prognozirebuli raodenoba 2,5 mlr.m3–iT ganisazRvreba. (zogierTi 

wyaroebis mixedviT 90 mlrd m3 ) . navTobi da bunebrivi gazi ekologiuri poziciebi-

dan SedarebiT sufTa sawvavia. 
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qvanaxSiri tradiciuli energiis wyaroa, romlis gamoyenebas sakmaod didi 

xnis istoria aqvs. varaudoben rom misi maragi 15000 mlrd tonaa. yovelwliurad vi-

yenebT 2 miliard tonas. saqarTveloSi naxSiris savaraudo  maragi 745 mln tonaa. 

naxSiris energoSemadgenloba mkveTrad CamorCeba navTobis amave maCvenebels, amave 

dros igi ekologiuradac ufro damabinZurebel sawvavs warmoadgens garemosaTvis, 

vidre zemoaRniSnuli wiaRiseulebi. 

atomur energetikas arc Tu didi xnis istoria aqvs. urnis resursebis maragi 

100 mln. toniT ganisazRvreba. igi sul ufro did adgils iWers energetikaSi. gaT-

vlebiT 2020 wlisaTvis atomuri elsadgurebis mier mocemuli energia mTeli energi-

is 20–30 % miaRwevs. am energias upiratesoba aqvs sxva saxis energiasTan SedarebiT. 1 

g. uran–238 –is daSliT gamoiyofa 3 mln  jer meti energia vidre 1 g antracitis daw-

visas. atomur energetikaze dRes el. energiis mxolod 17 % modis. atomuri energe-

tikis upiratesoba aramarto maRalenergetikuli Semcvelobaa, aramed igi sxva saw-

vavTan SedarebiT ekologiuradac ufro sufTaa, magram aes=ze momxdarma avariebma 

negatiuri zemoqmedeba moaxdina am resursis popularobaze. Tumca safrangeTi el 

energiis 70 %– s am resursidan Rebulobs. 
tradiciuli energoresursebis nakli dRes aris maTi maragis TandaTanobiTi 

amowurva da maTi negatiuri moqmedeba garemoze. 
energiis ganaxlebadi wyaroebidan miRebuli resursebi mudmivad ganaxlebadi 

da praqtikulad amouwuravi energiis mqonea. 

mag.  hidroenergetikaSi, msoflios mdinareTa resursebis energoSemcvelobas 

6 mlrd kvt–iT angariSoben. hesebi qveynebis mraval problemas wyveten, magram maT 

moqmedebas ekologiuri problemebic axlavs Tan. Tumca mraval qveyanaSi mcire da 
didi hesebis mSenebloba energiis miRebis umniSvnelovanesi xerxia evropaSi dRes 

17400 mcire hesi muSaobs. 

mze energia amouwuravi da energiis ganaxlebadi wyaroa. misi energia ramode-

nime aTasjer metia, vidre mTeli msoflios eleqtrosadgurebis mier gamomuSavebu-

li energia erTad. mraval qveyanaSi arsebobs specialuri saxelmwifo programebi, 

romlebic xels uwyoben am proeqtebis ganxorcielebas, maT Soris saqarTveloSi 

(1980 wlidan).  

energiis ganaxlebad wyaroTa Soris mniSvnelovania biomasa, romelic foto-

sinTezis Sedegad dagrovili bioenergiaa. msoflios mraval qveyanaSi am mimarTu-

lebiTac arsebobs msxvili proeqtebi.  

glexur meurneobebSi popularulad sargeblobs biogazi, romelic nakelis, 
mcenareuli da sxvadasxva narCenebis anaerobuli fermentaciiT gardaiqmneba sawva-

vad.  dRes 400– ze meti biogazis mimRebi danadgari arsebobs. 
qari ganaxlebadi energiis yvelaze xelmisawvdomi da ekologiurad sufTa 

energiis wyaroa.  qaris energiis miReba yovel weliwadSi 30 %–iT izrdeba. dRes 

msoflioSi 20000 –ze meti energiis mwarmoebeli qaris turbinaa. qaris energetikuli 

potenciali saqarTveloSi 5 mlrd kvt/sT –iT aris Sefasebuli.  

geoTermuli energia niadagis wiaRSia akumulirebuli. msoflios 21 qveyana 

iyenebs dRes am energias da uzrunvelyofs 60 mln adamians energiiT. saqarTvelos  

geoTermuli energia 220–250 mln3/w–is tolia. 

amrigad, kacobrioba sul ufro met energetikul resurss moixmars, romel-
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sac Tan axlavs ara marto ekologiuri problemebi, aramed maTi  amowurvis saSiSro-

ebac. mdgomareobis gaumjobesebis mizniT aucilebelia energiis ganaxlebadi wya-

roebis aTviseba da maTi tradiciul energowyaroebSi Canacvleba, romelsac SeuZ-
lia am problemis gadawyveta da qveynebis energomomaragebaSi sakmao wvlilis Seta-

na. 
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ENERGY EFFICIENCY   –   CURRENT GLOBAL ISSUE 

Ts. Zhorzholiani, E. Gordadze 
Akaki Tsereteli State University 

Summary 
Nowadays economy, energy and ecology represent three most significant problems which determine the wel-

fare of the country and its citizens.  
In the current epoch of scientific and technological progress there is a rising demand for energy consumption, 

whereas the amount of resources is gradually decreasing. Consequently, it is globally important to search for alterna-
tive energy sources and to introduce energy-saving technologies.   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  331

ganaTleba energetikaSi 
ENERGY EDUCATION 
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kumSvis procesebis da wnevis swavlebis efeqturi meTodika 
 

maWavariani e., robaqiZe l., gigineiSvili g. i. 
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saqarTvelos teqnikuri universiteti 
 

naSromSi gadmocemulia airebis kumSvis procesis da misi Tanmxlebi fizikuri 
movlenebis swavlebis maRalefeqturi meTodika.  

meTodika dafuZnebulia nivTierebaTa molekulur kinetikuri Teoriis ZiriTad 
cnebebze da mraval, praqtikuli xasiaTis magaliTebze. xsenebuli meTodikis gamoyenebis 
mravalwliani gamocdilebis safuZvelze gamoTqmulia mosazreba, rom saskolo fizikis 
kursis arajerovani codnis miuxedavad,  studentebi kargad iTviseben wnevis, rogorc 
airis mdgomareobis maxasiaTebeli erTerTi parametris, fizikur Sinaarss da kargad 
igeben airebis kumSvis procesis Tanmxleb fizikur movlenebs. 

 
fizikis swavlebisas, nebismieri donis saswavlebelSi, skola iqneba Tu 

umaRlesi teqnikuri saswavlebeli, wnevis axsna iwyeba erTi ganmartebidan (sxva-

dasxva interpretaciiT): wneva ewodeba Zalis moqmedebas farTobis erTeulze. 

mere iwereba formula - wneva udris Zala gayofili farTobze. Amis Semdeg mo-

dis praqtikuli mecadineobebi, anu amocanebis amoxsna (wnevis gamoTvla sxvadas-

xva Zalis moqmedebisas sxvadasxva farTobze, wnevis Zalis gamoTvla erTi da 

igive wnevis moqmedebisas sxvadasxva farTobze da piriqiT, sxvadasxva wnevis 

moqmedebisas erTi da igive farTobze da a. S.) da praqtikulad arsad ar aris 

ganmartebuli, rom airebisa da siTxeebis wneva sxvadasxva bunebisaa, xolo myar 

sxeulebs ki wneva, klasikuri gagebiT, sulac ar gaaCniaT. ar aris ganmartebu-

li bunebasa Tu sxvadasxva teqnologiur procesebSi mimdinare movlenebi, rom-

lebic iwveven wnevaTa sxvaobis warmoqmnas da rasac mosdevs sxva Tanmxlebi 

movlenebi. umravles SemTxvevaSi studentebs (skolis moswavleebs) ar esmiT Tu 

ra gansxvavebaa siTxeebis wnevasa da maT mier ganxorcielebul dawnevas Soris. 

ver acnobiereben  wnevis sazom erTeulebs Soris gansxvavebis mizezebs. ver 

xsnian ratom izrdeba wneva (temperatura) airebis (kumSvadi sxeulebis) kumSvis 

procesSi, roca siTxeebis (ukumSvadi sxeulebis) tumbos saSualebiT maRla da-

Wirxvisas wneva izrdeba, magram temperaturis zrda praqtikulad ar xdeba. aq 

CamoTvlili da sxva mravali sakiTxi erTnairad gaugebaria rogorc SedarebiT 

CamorCenili, aseve bejiTi da mondomebuli moswavleebisa Tu studentebisaTvis. 

qvemoT mokled gadmocemulia wnevasTan dakavSirebuli da sxva, Cvens mier 

xsenebuli sakiTxebis swavlebis mravali saswavlo wlis ganmavlobaSi aprobi-

rebuli meTodikis ZiriTadi principebi, romelTa gamoyenebiT moswavleebSi ya-

libdeba zemoT CamoTvlili da sxva realuri movlenebis swori gagebis unari. 

Cveni meTodika Sedgeba Sedgeba ramodenime etapisagan, romlebic gadaicema 

qvemoT warmodgenili  TanmimdevrobiT: 

I  etapi. nivTierebaTa agebuleba. 

b. samyaros agebulebis erTerTi ZiriTadi Tvisebis, sicarielis hegemo-

nobis TvalsaCino magaliTebi (atomi-molekula, mzis sitema-galaqtika),  

c. myari sxeulebis agebuleba, manZilebi mezobel atomebs (molekulebs) 

Soris myar sxeulebSi.  molekulebis rxeviTi moZraoba, temperaturis matebis 

ori, garegnulad gansxvavebuli (CaquCiT da cecxliT), magram Sinagnad zustad 

erTidaigive mizezi. gaTbobisas sxeulTa gafarToebis (gamonaklisebs ar vexe-

biT) mizezi. myari sxeulebis formisa da moculobis mudmivoba. wnevis (klasiku-

ri gagebiT) ar arseboba myar sxeulebSi. 

d. myari sxeulis dnoba, molekulaTa moZraoba Txevad sxeulSi. Txevadi 

sxeulis CaquCiT gacxelebis SesaZlebloba. Txevadi sxeulis moculobis mudmi-
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vobis da formis cvalebadobis mizezebi. siTxis wneva da dawneva. 

e. Txevadi sxeulis aorTqleba. molekulebis moZraoba airad sxeulSi 

(orTqlSi). airadi sxeulis CaquCiT gacxelebis SesaZlebloba. airadi sxeulis 

sakuTari formis da sakuTari moculobis ararsebobis da airadi sxeulis mier 

wnevis ganxorcielebis erTidaigive da erTaderTi mizezi.  

f. pirveli etapis sakiTxebze saubrisas viyenebT dafas, romelzec sqema-

turad vxatavT molekulebs pirobiTad myar, Txevad (nax. 1) da airad mdgomareo-

baSi. amasTan vakeTebT ramodenime warmosaxviT da erT realur eqsperiments (ur-

TierTparalelur furclebs Soris CaberviT). 

II etapi. Cveni civilizaciis mier wnevis, rogorc aseTis Secnobis Tanamim-

devroba (mokle istoria). 

g. paskalis aRmoCena. atmosferos wneva. misi ganawileba simaRlis mixed-

viT. atmosferuli haeris mier adamianze ganxorcielebuli wnevis Zala (or aTe-

ul tonamde). adamianis Semadgeneli nivTierebebis damokidebuleba atmosferuli 

wnevis ZalasTan.  

o ujredi, rogorc siTxis WurWeli, romelic tumbosTanaa dakavSirebuli. 

guli, rogorc atmosferuli haeris mier ganxorcielebuli wnevis gamaneitrale-

beli tumbo. maRali da dabali arteriuli wnevis mqone adamianTa damokidebu-

leba zRvis donidan simaRlis cvlilebasTan. insultisa da iSemiis fizikuri 

axsna.  

o saberveli, rogorc Tanamedrove tumboebisa da kompresorebis winamorbe-

di. Warbi wneva. 

III etapi.  airebis kumSva. siTxeebis daWirxvna. wnevis gazomva. 

3.1. airebis kumSvis procesis fizikuri Sinaarsi (CaquCis dartyma). airebis 

kumSvisas wnevis zrdis ori mizezi. airis kumSvisas misi temperaturis mkveTri 

zrdis mizezi. airis gafarToebisas misi temperaturis Semcirebis mizezi. 

3.2. siTxis daWirxvnis procesis fizikuri Sinaarsi (arsebuli svetis aweva 

da qvemodan axali ulufis Sedgma). siTxis daWirxvnis procesSi temperaturis 

umniSvnelo zrdis mizezi (CaquCiT miwola), misi Sedareba airis kumSvisas tempe-

raturis mkveTr zrdasTan (CaquCiT dartyma). 

3.2. atmosferuli, Warbi da absoluturi wnevis cnebebi. kavSiri maT So-

ris. atmosferuli da Warbi wnevis sazomi xelsawyoebi da maTi muSaobis prin-

cipebi.  

3.3. wnevis sazomi erTeulebi. 

leqciis Catarebas zemoT warmodgenili TanamimdevrobiT esaWiroeba sami 

akademiuri saaTi. im SemTxvevaSi Tu SesaZlebelia winaswar momzadebuli grafi-

kuli ilustraciis gamoyeneba, mecadineobis Catareba SeiZleba or akademiur sa-

aTSic.  

dasasrul unda SevniSnoT, rom aRniSnul sakiTxebze mecadineobis zemoT 

warmodgenili meTodikiT Catareba SesaZlebelia rogorc fizikis kursis Sesa-

bamisi nawilis swavlebisas, aseve teqnikuri universitetis romelime monaTesave 

specialuri disciplinis swavlebis procesSic, vinaidan ar moiTxovs gansakuT-

rebulad did dros da, Cveni SefasebiT, karg studentebs aZlevs rogorc aRniS-

nul sakiTxebzeU TavianTi codnis  maRal doneze daazustebis, aseve zogadi 

ganviTarebis karg SesaZleblobas. 
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                 nax. 1. myari sxeuli da siTxe 

 

Effective learning methodology for compression processes and  pressure . 
Machavariani E. S.,  Robakidze L. V., Gigineishvili G. I. 

Georgian Technical University 
Summary 

The paper set out the gas compression process and its accompanying physical phenomena highly effective 
teaching methodology.  

The methodology is based on the basic concepts of molecular-kinetic theory of substances, and on many 
practical examples. Based on many years of experience of said method, we have conclude, that despite poor know-
ledge of school physics course, students well studied the physical meaning of  pressure, as one of the parameters of 
state of the gas and  well aware of the gas compression process and its accompanying physical phenomena. 

 

 

 

 

virtualuri amocana – namwvi airebis analizi orsa-fiSeris 
airanalizatoriT 

 
CxikvaZe T., keJeraZe n., CxikvaZe q. 

saqarTvelos teqnikuri universiteti 
 

ganxilulia virtualuri laboratoriuli samuSaos – namwvi airebis analizi orsa-fi-
Seris airanalizatoriT - muSaobis principi. amocana Sedgenilia VisualBasic-Si. igi vizua-
lurad gamosaxavs realuri Sesabamisi amocanis muSaobis etapebs. 
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saTbobis wvis Sedegad gamoyofili airebis Semadgenlobis dadgena mniSvne-

lovani pirobaa wvis procesis xarisxis Sesamowmeblad. es problema mniSvnelo-

vania ekologiis TvalsazrisiTac. namwvi airebis analizis meTodebis Sesawav-

las mniSvnelovani yuradReba eTmoba studentTa saswavlo procesSi. arsebobs 

standartuli laboratoriuli samuSao – orsa-fiSeris airanalizatoriT namwvi 

airebis analizi, romlis Catareba laboratoriuli mecadineobis dros garkve-

ul problemebTanaa dakavSirebuli. kerZod, moiTxovs sxvadasxva qimikatebis ga-

moyenebas, saTbobis dawvas; TviTon xelsawyo damzadebulia minisgan da moi-

Txovs faqiz mopyrobas da a.S. virtualuri amocanis SeqmniT SesaZlebelia aR-

niSnuli problemebis Tavidan acileba.  

virtualuri laboratoriuli samuSao – namwvi airebis analizi orsa-fiSe-

ris airanalizatoriT Seqmnilia programa VisualBasic-Si [1]. programis interfeisi 

mocemulia pirvel suraTze. muSaobis 

Tanmimdevroba Semdegia: pirvel etapze 

unda SeirCes saTbobis saxeoba, rac sa-

Sualebas mogvcems gadavideT Semdeg – 

namwvi airebis Sewovis etapze. am etap-

ze xdeba namwvi airebis ZiriTad konte-

inerSi Sewova. namwvi airis Sewovis 

Semdeg programa SesaZleblobas gvaZ-

levs gadavi-deT uSualod airis ana-

lizze. analizis pirvel etapze xdeba 

CO2–is da SO2-is raodenobis dadgena. 

programis Sesabamis reJimSi gadas-

vliT xdeba airis gadatvirTva 

(RO2=CO2+SO2) anali-zatorSi. analizis 

Sedegi gamoisaxeba skalaze. am etapis 

dasrulebis Semdeg SesaZlebeli xdeba 

gadavideT O2–is raodenobis gansaz-

Rvraze. mocemul reJimSi gadarTviT 

xdeba airis gadatvirTva O2 analiza-

torSi. analizis Sedegi aisaxeba ska-

laze. me-2 suraTze naCvenebia analizis 

Sedegebis Sesabamisi skalis gamosaxuleba.   analizatoris muSaobis procesSi 

Rilaki “pauzas” saSualebiT SesaZle-belia procesis droebiT SeCereba, rac 

virtualuri amocanis nebismieri aqtivobis komentirebis SesaZleblobas iZleva. 

 
literatura 

1. Браун С. Visual Basic. Санкт-Петербург: Питер, 2002.-573 стр. 
 

Virtual task – flue gas analysis with Orsa-Fisher analyser 
Chkhikvadze T., Kezheradze N., Chkhikvadze K. 

Georgian Technical Universirty 
Summary 

The article describes the virtual laboratiry tasl – flue gas analysis with Orsa-Fisfer analyser – working principle. 
The task is complied in Visual Basic. It visually depicts the real task working steps. 
 
 

suraTi 2 



 
 
 

III saerTaSoriso samecniero konferencia 
III INTERNATIONAL   SCIENTIFIC  CONFERENCE 

  337

siTxeebis duRilis procesis da kritikuli Tburi datvirTvis Sesas-
wavli laboratoriuli danadgari  

 
maWavariani e.,  qsovreli n.,  jixvaZe m.  

saqarTvelos teqnikuri universiteti 

 
naSromSi aRwerilia saqarTvelos teqnikur universitetSi daproeqtebuli da 

damzadebuli laboratoriuli danadgari, romlis saSualebiT SesaZlebelia siTxeebis 
duRilis procesis, duRilis dros Tbogacemis movlenis da kritikuli Tburi datvir-
Tvis eqsperimentuli Seswavla. 

es danadgari warmatebiT SeiZleba iqnes gamoyenebuli, rogorc samecniero da 
praqtikuli interesebisaTvis, aseve saswavlo miznebiT teqnikuri universitetis Tboe-
nergetikis specialobis studentebisaTvis.  

 
saqarTvelos teqnikuri universitetis Tboenergetikis da energo-

efeqturobis departamentis Tbofizikis samecniero laboratoriaSi tradiciu-

lad mimdinareobs siTxeebis duRilis procesis da misi Tanmxlebi movlenebis 

kvleva. am kvlevis Sedegebi asaxulia, rogorc qarTul ise sazRvargareTis sa-

mecniero gamocemebSi [1-4]. ukanasknel periodSi duRilis procesis axali Tan-

mxlebi movlenis, maduRari siTxis mxridan xurebis zedapirze moqmedi reaqtiu-

li Zalis, gamovlenasTan [5,6] dakavSirebiT, saWiroebam moiTxova Seqmniliyo 

axali eqsperimentuli danadgari, romlis proeqti aRwerilia naSromSi [7].  

qvemoT warmodgenilia xsenebuli proeqtis mixedviT praqtikulad reali-

zebuli eqsperimentuli danadgaris aRwera. 

danadgaris foto warmodgenilia nax.1-ze: 

danadgari ZiriTadad warmoadgens garedan Tboizolirebul liTonis 

kedlebian WurWels, romelSic Casxmulia wyalsadenis Cveulebrivi wyali, am 

wyalSi CaSvebulia minis WurWeli  distilirebuli wyliT, minis WurWelSi CaS-

vebulia ori eleqtrodi (specialuri konstruqciis aluminisagan damzadebuli 

denmimyvanebi),  romelTa distilirebul wyalSi CaSvebul boloebze magrdeba 

saduRebeli kvanZi misi, siTxeSi dasafiqsirebeli meqanizmiT. eleqtrodebis ze-

da, haerSi arsebul boloebze mierTebulia kvebis wyarosTan SemaerTebeli Cveu-

lebrivi sadenebi. xsenebuli eleqtrodebi gayrilia getinaqsis sqel firfitaSi, 

romelic konstruqciulad amagrebs maT uZrav mdgomareobaSi da romelic er-

Tdroulad warmoadgens rogorc liTonis kedlebiani moculobis aseve minis 

WurWlis  saxuravs. liTonis Tboizolirebuli WurWlis fskerze CamontaJebu-

lia fonis gamaxurebeli, romlis saSualebiTac xdeba liTonis WurWelSi Casx-

muli wylis xangrZlivi duRili da amdenad, xdeba minis WurWlis, masSi arsebu-

li distilirebuli wylis, saduRebeli kvanZis da misi siTxeSi damafiqsirebe-

li meqanizmis Termostabilizacia anu am yvelafris temperaturis mudmivad 100 
0C-is maxloblobaSi SenarCuneba. 

liTonis kedlebiani da Tboizolirebuli gare WurWeli uzrunvelyofilia 

oTxi, sxvadasxva kuTxiT ganlagebuli fanjriT (fotoze mxolod sami Cans) da 

romelTa meSveobiTac xdeba saduRebel kvanZze mimdinare procesis rogorc sa-

surveli ganaTebulobis miRweva, aseve video da fotogadaReba. 

cdebis yoveli seriis dasawyisSi unda Catardes WurWlebis wyalTan Sexe-

baSi myofi zedapirebis garecxva, ris Semdeg minis WurWeli Seivseba gamoxdili 

wyliT da gare WurWeli ki Cveulebrivi wyalsadenis wyliT ise, rom wylis pe-
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rangis done 5-10 sm-iT meti iyos minis WurWelSi arsebul donesTan SedarebiT. 

Semdeg CairTveba fonis gamaxurebeli da moxdeba orive WurWelSi arsebuli 

wylis gacxeleba atmosferuli wnevis Sesabamis najerobis temperaturamde, rac 

dafiqsirdeba minis WurWelSi CaSvebuli vercxliswyliani Termometris saSua-

lebiT. 

 

 
nax.1. eqsperimentuli danadgaris foto 

 

najerobis temperaturis stabilurad miRwevis Semdeg CairTveba gamosakvle-

vi gamaxurebeli elementis eleqtruli wredi, ise rom gamaxurebeli elementis 

simZlavre iyos minimaluri (mis zedapirze duRili rom ar daiwyos). 

amis Semdeg regulatoris meSveobiT iwyeba gamaxurebeli gamosakvlevi nimu-

Sis eleqtruli simZlavris gazrda, manam sanam gamosakvlev nimuSze vizualu-

rad ar dafiqsirdeba ganviTarebuli buStovani duRili. Semdeg tardeba gamaxu-

reblis simZlavris kontroli gamzomi xelsawyoebis CvenebaTa CaweriT da am 

simZlavris safexurebrivi zrda ise, rom  yoveli Semdegi simZlavre winaze da-

axloebiT 10 - 15 %-iT meti iyos. simZlavris matebasTan erTad izrdeba duRi-

lis procesis intensiuroba, anu gamaxurebel zedapirze warmoqmnili buStebis 

raodenoba da maTi mowyvetis sixSire. Cdebis paralelurad foto da videogada-

Reba, gansakuTrebiT Cqarosnuli videokameriT Sesrulebuli gadaReba uzrun-

velyofs sakmaod didi da Zvirfasi informaciis dagrovebas xsenebuli movlene-

bis mimdinareobis Sesaxeb.  

yoveli simZlavrisaTvis fiqsirdeba agreTve nimuSis zedapiris temperatu-

ra, rac iZleva saSualebas gaangariSebuli iqnes Tbogacemis koeficienti duRi-

lis sxvadasxva reJimis pirobebSi. Tu simZlavris mateba moxdeba maduRari ze-

dapiris gadawvamde, maSin am momentis Sesabamisi simZlavris wina mniSvneloba 

iTvleba kritikuli Tburi datvirTvis gamomwvev mniSvnelobad. 

aRsaniSnavia, rom zemoT aRweril eqsperimentul danadgarze samecniero 

miznebiT Catarebuli cdebis Sedegebis sizuste damokidebulia mxolod gamoye-

nebuli gamzomi aparaturis gvarobaze da zusti, Tanamedrove aparaturis gamo-

yenebis SemTxvevaSi, garantirebulia miRebuli Sedegebis maRali saimedooba.  

dasasrul unda avRniSnoT, rom aRwerili eqsperimentuli danadgaris gamo-
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yenebiT Tboenergetikuli dargis specialobis studentebisaTvis advilad SeiZ-

leba Sesruldes iseTi laboratoriuli amocanebi, rogoricaa: wylis duRilis 

reJimebi (duRilis dasawyisi, ganviTarebuli buStovani duRili, duRilis winak-

rizisuli reJimi, duRilis krizisi da duRilis afskovani reJimi), buStebis 

warmoqmnis moqmed centrTa ricxvi, buStebis mowyvetis sixSire, Tbogacemis in-

tensiuroba duRilis procesSi da sxva.   

 
gamoyenebuli literatura 
1. SeyrilaZe i.,  rusiSvili j.,  maWavariani e.,  gigineiSvili g.,  SeyrilaZe d.,  mefa-
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The laboratory equipment for learning of liquid boiling process and boiling crisis 
Machavariani E., Ksovreli N.,  Jikhvadze M. 

Georgian Technical University 
Summary 

The paper describes designed and manufactured in the Georgian Technical University laboratory equip-
ment, which enables the experimental study of liquid boiling process,  boiling heat transfer and critical heat flux at 
boiling. 

Installation can be successfully used both in the interests of scientific and educational purposes for stu-
dents of thermal specialties of technical universities. 
 

 

 

 

                

gansazRvruli integralebis gamoTvla maTematikuri paketis  
 Mathcad-is gamoyenebiT. 

 
mardaleiSvili n.  

akaki wereTlis saxelmwifo universiteti 
     
    naSromSi mocemulia gansazRvruli integralebis gamoTvlis meTodebi maTematikuri paketis Mat-
hcad-is gamoyenebiT. Gganxilulia gansazRvruli integralis gamoTvla filonis meTodiT, gausis ku-
batruluri formulebi erTjeradi da orjeradi integralebisaTvis da maTi realizacia MMathcad-Si. 
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   1. mravali teqnikuri amocana daiyvaneba  gansazRvruli integralis gamoTvlaze. Yyvela 

integralis gamoTvla analizurad SeuZlebelia, gansakuTrebiT im SemTxvevebSi, roca integ-

ralqveSa funqcia mocemulia cxrilis saxiT. cnobilia ricxviTi integrebis sxvadasxva me-

Todebi:  marTkuTxedis, trapeciis, simpsonis, romlebic warmoadgenen niuton-kotesis kvad-

raturuli formulis kerZo SemTxvevebs. magram am formulebis gamoyeneba           


b

a

kxdxxf cos)(   da      
b

a

kxdxxf sin)(  

   saxis integralebisaTvis araefeqturia, gansakuTrebiT  k  parametris didi mniSvnelobe-

bisaTvis. aseTi saxis integralebis miaxloebiTi gamoTvlis meTodi SemoTavazebuli iyo fi-

lonis mier naSromSi [1]. Es meTodi saSualebas iZleva miviRoT saimedo ricxviTi Sedegebi 

k  parametris farTo diapazonisaTvis. meTodis upiratesoba aris is, rom aseTi saxis gamosa-
xulebebis ricxviTi integrebis sizuste parqtikulad damokidebulia mxolod )(xf  funqci-

is Tvisebebze. 

       vTqvaT, gamosaTvlelia  integralebi 
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Ppirvel rigSi unda unda gamoiTvalos jamebi [1]:  
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Aaris integrebis biji. 

(1) saxis integralebi filonis meTodiT gamoiTvleba formulebiT 
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 (4) formulebSi  ,  da   koeficientebi ganisazRvreba gamosaxulebebiT: 
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  miuxedavad  am formulebis sididisa, maTematikur sistema Mathcad-Si maTi realizeba mar-

tivia.  Ees sistema erT-erTi yvelaze popularuli  maTematikuri paketia, romlis gamoyene-

biT SesaZlebelia mravali maTematikuri Tu teqnikuri amocanis  amoxsna rogorc simboluri 

ise, ricxviTi saxiT[2]. Aam meTodiT sakmaod efeqturad isargebla avtorma naSromSi [3]. 

  2. erTjeradi integralebis gamosaTvlelad mosaxerxebelia gausis kvadraturuli formu-

lebis gamoyeneba: 
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  n -im wertilebis ricxvia, romlebSic gamoiTvleba integralqveSa funqciis mniSvnelobebi; 

kx - x argumentis mniSvnelobebia gausis k -ur wertilSi; kW -(5) kvadraturuli formulis 

koeficientebia 

 n=4-saTvis k -s mniSvnelobebia Sesabamisad  

35/)30215(;35/)30215(;35/)30215(;35/)30215(  ; 

xolo kV  -s mniSvnelobebi: 

))3018(6/(49));3018(6/(49));3018(6/(49));3018(6/(49   

n=5-saTvis k -s   da  kV -s  mniSvnelobebi  mocemulia  TviT Mathcad-programaSi. 
 

 

  Oorjeradi integralebis gamosaTvlel kvadraturul formulebs samkuTxa areebi-

saTvis aqvs saxe: 
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 35 2 70  63 35 2 70  63 0 35 2 70  63 35 2 70  63 

V 5103 50 322 3 70   5103 50 322 13 70   125 225 5103 50 322 13 70   5103 50 322 3 70   
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        ;
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)13()23()23()13( yxyxS   

       );2;1(,)3()1()13( xxx     

                 );2;1(,)3()1()13( yyy     

S-samkuTxedis farTobia; n‐im wertilebis ricxvia, romlebSic gamoiT-vleba in-

tegralqveSa funqciis mniSvnelobebi;  kx  da ky   -x da y argumentebis mniSvne-

lobebia gausis k-ur wertilSi;  )(ix  da )(iy ‐ samkuTxedis  i‐uri (i=1,2,3) wveros x 

da y koordinatebia. samkuTxedis wveroebis danomvra xdeba saaTis isris brunvis 

sawinaaRmdego mimarTulebiT. 

   (6) formulisaTvis Mathcad–programis Sedgena xdeba analogiurad. k  , k , kV   

koeficientebis mniSvnelobebi mocemulia Sesabamis cxrilebSi.    
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Evaluation of Definite Integral by Using MathCAD Software Package  

N. Mardaleishvili 
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Summary 
The paper describes the methods for evaluation of definite integral by using MathCAD software package. 

There are considered the evaluation of the determined integral by Filon’s method, Gaussian cubature formulas for 
single and multiple integrals, as well as their realization in MathCAD.  
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