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gamogonebaze patentis aRweriloba 
 

xraxnuli hidroturbina ganekuTvneba hidroenergetikis sferos da 

misi daniSnulebaa wylis energiis lilvis brunvis meqanikur energiad 

gardaqmna Semdgomi gardaqmniT eleqtrul energiad. turbinis muSa TvalSi 

Semavali wylis energiis mixedviT turbinebi iyofa reaqtiul turbinebad, 

romlebSic wylis energias aqvs potenciuri da kinetikuri Semdgenebi, da 

aqtiur turbinebad, romlebSic wylis energias aqvs mxolod kinetikuri 

Semdgeni. 

aqtiuri turbinebidan didi dawnevis pirobebSi yvelaze farTo 

gamoyeneba aqvs CamCian turbinebs. CamCiani turbina Sedgeba fersosgan, 

romelzec mimagrebulia CamCebi. saqSenidan Wavlis saxiT gamomavali wyali 

miewodeba CamCebs fersos wrexazis mimarT tangenciurad, sadac xdeba 

siCqaris fardobiTi Semdgenis Semobruneba 180 gradusiT, ris Sedegadac 

Cndeba mcire RerZuli Semdgeni, romlis xarjzec xdeba wylis gamosvla 

RerZis orive mxares. 

wylis reaqcia tangenciuri Semdgenis 180 gradusiT Semobrunebis 

xarjze warmoqmnis Zalas, romelic moqmedebs CamCaze da warmoqmnis moments 

turbinis lilvze. spiraluri kameris, mimmarTveli aparatis, gamwovi milis 

ararseboba amcirebs danadgaris Rirebulebas, Tumca, dawnevis nawilis 

gamouyenebloba, ganpirobebulia muSa Tvlisa da saqSenebis aweviT qveda 

biefis donis zeviT, da gamomavali wylis siCqaris gazrdili danakargebi 

imis gamo, rom ar xdeba misi siCqaris difuzouri Semcireba gamwov milSi, 

aseTi turbinebis gamoyenebas rentabelurs xdis mxolod didi dawnevis 

SemTxvevaSi. 

garda amisa, muSa TvalSi aqtiur elementebs warmoadgens mxolod 

CamCebi da ara muSa Tvlis mTliani ganivi kveTi. amitom Tvlis  diametri 

sxva tipis turbinebTan SedarebiT dawnevis imave parametrebis SemTxvevaSi 

ufro didi gamodis. CamCis wriuli siCqare SezRudulia Wavlis siCqaris 

daaxloebiT naxevriT, gansxvavebiT frTiani turbinebisgan, romlebSic 

wriuli siCqare SeiZleba iyos gazrdili nakadis mimarT frTis daxris 

kuTxis Semcirebis xarjze. amitom turbinis brunTa ricxvi wuTSi gamodis 

SedarebiT mcire, rac axdens gavlenas generatoris moculobasa da 

Rirebulebaze. 
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rogorc cnobilia eleqtruli manqanebis Teoriidan, magnituri 

induqciisa da xazuri denuri datvirTvis mocemuli mniSvnelobebis 

SemTxvevaSi generatoris moculoba mcirdeba brunTa ricxvis gazrdis 

TiTqmis proporciulad. cnobilia hidroturbina xraxnuli frTiT, ro-

melsac ayeneben uSualod mdinaris nakadSi wylis kinetikuri energiis 

gamosayeneblad. frTis profili radialur kveTaSi brtyelia, xolo 

korpusis mimmarTveli mimarTavs wylis nakads turbinis RerZze ufro 

qveviT, romelic moTavsebulia nakadis ganivad. faqtobrivad am modelSi 

gamoyenebulia wylis nakadis turbinis RerZis ganivad gadinebis idea, rac 

iZleva simZlavris gazrdis SesaZleblobas ara diametris, aramed turbinis 

sigrZis gazrdis xarjze. 

FfrTis xraxnuli xasiaTi ki xraxnis svlis mcire mniSvnelobis 

SemTxvevaSi iZleva imis SesaZleblobas, rom frTis wriuli siCqare 

aRematebodes nakadis siCqares.  

cnobilis analizma aCvena, rom mas aqvs arsebiTi naklovanebebi. 

imisTvis, rom danakargebi frTis garsSemodenisas minimaluri iyos, 

Semavali nakadis siCqares frTis mimarT unda hqondes igive mimarTuleba, 

rac frTis profilis frontaluri ubnis mimmarTvelebs. hidroenergetikaSi 

amas uwodeben dartymis gareSe Sesvlas. mbrunav xraxnSi frTis zedapiris 

yvela wertili zedapirze mosriale siTxis mimarT mudmivad gadainacvlebs 

RerZze xraxnis svlis mimarTulebiT, rac siTxeze zemoqmedebis 

TvalsazrisiT imis ekvivalenturia, rom xraxnul frTas hqondes RerZuli 

siCqare. 

cnobilis muSaobis procesSi frTis sufTa ganivi garsSemodenisas ar 

miiReba mxedvelobaSi cxadi RerZuli xraxnuli siCqare da Sedegad miiReba 

wylis Sesvla dartymebiT, didi danakargebiT. garda amisa, gamoiyeneba 

RerZis qvemoT mdebare kveTi, amasTan, nakadis siCqare qveda nawilSi frTis 

xraxnuli daxris zemoqmedebiT gadaixreba Zalian umniSvnelod da 

simaRlis mixedviT araTanabrad, ramac ar SeiZleba gamoiwvios nakadisagan 

simZlavris mniSvnelovani arTmeva. 

vinaidan cnobils ar SeiZleba hqondes maRali qmedebis koeficienti, 

misi gamoyeneba SeuZlebelia iq, sadac dawneva iqmneba hidronagebobebiT, 

magaliTad, kaSxliT, derivaciiT. 
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es hidronagebobebi sakmaod Zvirad Rirebulia da imisaTvis, rom 

proeqti rentabeluri iyos, aucilebelia wylis energiis maqsimalurad 

srulad gamoyeneba maRali margi qmedebis koeficientiT. 

amitom Cven miznad davisaxeT iseTi turbinis Seqmna, romelsac, erTi 

mxriv, eqneboda aqtiuri turbinebis, kerZod, CamCiani turbinebis yvela 

upiratesoba, da, meores mxriv, imave simZlavris SemTxvevaSi eqneboda ufro 

didi swrafbrunva, naklebi gabarituli moculoba da ufro maRali margi 

qmedebis koeficienti dabali dawnevis dros, rac mniSvnelovnad 

gaafarToebda misi gamoyenebis sferos. 

gamogonebis arsi mdgomareobs imaSi, rom xraxnuli turbina  Seicavs 

spiralur frTebs, or TanaRerZul lilvs miltuCebiT, romelzec 

miduRebulia frTebi, turbinis or sakisars, erT saqusles, amasTan, frTis 

profili radialur kveTSi Sesrulebulia rkaliseburad, romlis gare 

radialuri bolo qmnis gaangariSebis kuTxes turbinis RerZTan gare 

diametrze, profilis Siga radialuri bolo perpendikularulia turbinis 

RerZis mimarT Siga diametrze, amasTan, turbina aRWurvilia mimReb 

manawilebeli kameriT,   romelsac aqvs mimmarTveli frTebi. 

gamogoneba warmodgenilia 5 figuriT, sadac  

fig. 1 _ moyvanilia turbinis saerTo xedi; 

fig. 2 _ turbinis frTis grZivi Wrili; 

fig. 3 _ turbinis ganivi Wrili; 

fig. 4 _ orfrTiani xraxnuli turbina; 

fig. 5 _ xraxnuli turbinis frTa. 

xraxnuli turbina Seicavs: erT, an ramdenime spiralur frTas 1 da 2; 

or TanaRerZul lilvs 3 da 4 maTze miduRebuli konusuri miltuCebiT, 

lilvebi moTavsebulia sakisrebSi 9 da 10; mimReb manawilebel kameras 5; 

EWavlis warmomqmnel regulirebad konfuzorul saqSens 6, romelic Sei-

cavs moZrav zeda mimmarTvels 7; regulirebisTvis saqSenSi moTavsebulia 

servoZrava 8. 

turbinis lilvi dakavSirebulia generatorTan 12. 

konstruqciaSi gaTvaliswinebulia turbinis ori sakisari 9 da 10 

(fig. 1). 

turbinaze moqmedi RerZuli Zalis misaRebad gaTvaliswinebulia 

saqusle 11 (fig. 1). 

turbinis erT-erTi naxevarlilvi abrunebs generators 12 (fig. 1). 
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xraxnuli frTis sxeuli warmoqmnilia kargad garsSemodenadi rka-

lisebri profilis brunviT turbinis RerZis garSemo misi erTdrouli 

wanacvlebiT RerZis mimarTulebiT. es profili naCvenebia frTis radialur 

kveTSi fig. 2. centrTan axlos misi mimmarTvelebi (fig. 2) RerZis mimarT 

perpendikularulia, xolo turbinis gare diametrTan profilis mimmar-

Tvelebs RerZTan aqvs kuTxe (fig. 2), romelic gamoiTvleba turbinaSi 

dartymis gareSe wylis Sesvlis pirobidan gamomdinare. frTebi boloebze 

Tanabrad aris miduRebuli naxevarlilvebis miltuCebTan. turbinis sakis-

rebi ganlagebulia turbinis ori mxridan, saqusle da generatori, adgi-

lobrivi pirobebis gaTvaliswinebiT, SeiZleba iyos ganTavsebuli turbinis 

nebismieri mxridan. 

wyali Sedis dawneviT mcire siCqariT regulirebad korfuzorul 

saqSenSi, sadac xdeba nakadis mdovre Seviwroeba da misi siCqaris gazrda, 

regulirebis SesaZleblobis uzrunvelsayofad gaTvaliswinebulia moZravi 

zeda mimmarTveli, romelic imarTeba servoZravaTi. cxadia, rom SesaZle-

belia amZravisa da konfuzorSi nakadis regulirebis sxva sistemebis ar-

seboba, magram mniSvnelovania is, rom gamomavali nakadi icvlebodes 

mxolod simaRlis mixedviT, vinaidan sxvagvarad mimReb-manawilebeli kamera 

(fig. 3) arasworad imuSavebs. am kameris funqcia mdgomareobs SemdegSi: 

wyali gamodis saqSenidan brtyeli nakadis saxiT. aseTi saxiT nakadis ga-

nawileba muSa TvalSi wylis Sesvlis rkalze iseTnairad, rom Sesasv-

lelis TiToeul wertilSi siCqaris radialuri da tangenciuri Semdgenebi 

warmoadgendes erTnair gamoTvlil mniSvnelobebs, SeuZlebelia da amitom 

mTel rkalze turbinaSi wylis Sesvla ar moxdeba dartymebis gareSe. 

mimReb-manawilebel kameras aqvs ori gverdiTi mimmarTveli 13 da ori 

(an ramdenime) Sualeduri mimmarTveli frTa 14, romlebic nakadis siCqaris 

RerZuli Semdgenisa da nakadis absoluturi siCqaris Seucvlelad gadaami-

samarTeben radialur da tangenciur Semdgenebs ise, rom isini erTnairebi 

iyos Semavali rkalis mTel sigrZeze. 

rogorc aCvenebs muSa Tvlis SigniT wylis moZraobis analizi, wylis 

gamosvla xdeba rkaliT, radialuri Semdgenis daaxloebiT Tanabari gana-

wilebiT. es iZleva, gamosasvleli danakargebis SezRudvis mixedviT moce-

muli siCqareebis SemTxvevaSi, gamosasvlelze didi xarjis miRebis SesaZ-

leblobas. nakadis Sesvlisas muSa TvalSi da wylis moZraobisas frTis 
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mrudxazovan mimmarTvelebze xdeba siCqaris yvela Semdgenis rTuli 

cvlileba. 

nakadis fardobiTi RerZuli Semdgeni, romelic turbinis RerZuli 

absoluturi Semdgenisa da xraxnuli siCqaris sxvaobis tolia, Tanda-

TanobiT gadadis radialur SemdgenSi (nakadis Sua xazze). frTidan RerZis 

mimarT perpendikularuli mimmarTveliT gamosvlisas fardobiTi RerZuli 

siCqare nulis tolia.  

SemdgomSi nakadi (Sua xaziT) gadis turbinis Tavisufal nawils da 

turbinis  sawinaaRmdego mxridan gadadis frTebis ubnebze, sadac radi-

aluri Semdgeni Semobrundeba RerZul, magram sawinaaRmdegod mimarTul 

SemdgenSi. turbinidan gamosasvlelze fardobiTi RerZuli Semdgeni mobru-

nebulia Semavali RerZuli Semdgenis mimarT 180 gradusiT. swori gaan-

gariSebis SemTxvevaSi igi unda iyos frTis xraxnuli siCqaris toli. 

amasTan, absoluturi RerZuli siCqare utoldeba nuls, xolo nakadis 

Semavali RerZuli siCqaris energia gadadis turbinis Llilvis brunvis 

energiaSi.  

turbinis frTebi, romlebic abrunebs nakadis RerZul siCqares 180 

gradusiT, analogiurad asrulebs imave Ffunqcias, rasac asrulebs CamCa 

CamCian turbinaSi, xolo turbinis xraxnuli siCqare CamCis wriuli siC-

qaris analogiuria. nakadis Semobruneba qmnis reaqcias, romelic warmoqmnis 

frTis zedapirze moqmed RerZul Zalas. vinaidan frTis zedapirs aqvs 

xraxnuli daxra, saerTo Zalis daSlaSi Cndeba tangenciuri Semdgeni, 

romelic turbinis lilvze qmnis moments.  

erTdroulad, Zalis igive tangenciuri Semdgeni moqmedebs nakadze da 

uqmnis mas siCqaris tangenciur Semdgens iseTive, magram ukumimarTuli 

momentiT. amitom gamomaval nakads eqneba siCqaris tangenciuri Semdgeni, 

romelic gamoiwvevs damatebiT danakargebs. maT Sesamcireblad auci-

lebelia, rom Semaval siCqares hqondes tangenciuri Semdgeni, mimarTuli 

turbinis brunvis mimarTulebiT. 

centridanuli Zalebis warmoqmna zrdis wnevas frTis amozneqil 

nawilTan da amcirebs siCqares fskerTan. amasTan, saSualo siCqare mcir-

deba, xolo nakadis simaRle izrdeba. analizma aCvena, rom SesaZlebelia 

ori reJimi: 
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pirvel reJimSi xdeba nakadis mowyveta momijnave frTis amozneqili 

zedapiridan da moZraoba frTis Cazneqil zedapirze. am reJimSi mobrunebiT 

da frTis zedapirze wylis xaxuniT ganpirobebuli danakargebi naklebia. 

meore reJimSi nakadi Tavidanve exeba or frTas. am reJimSi wnevis am-

aRlebiT SesasvlelTan SesaZlebelia natboris arseboba. unda iyos gaTva-

liswinebuli, rom sufTa mowyvetis reJimis gaangariSebisas nakadis si-

maRle Semdgomi moZraobis dros SeiZleba gaizardos rogorc radialuri 

SekumSvis xarjze, ise Zalebis centridanul velSi nakadis simaRlis amaR-

lebis xarjze, da SesaZlebelia meore frTis Sexeba. 

orive reJimisaTvis damaxasiaTebelia iseTi efeqti, rogoricaa nakadis 

ganRvra Tavisi kideebisken. centridanuli Zalebi qmnis wnevis gradients 

xaziT, romelic iwyeba nakadis zeda zedapiridan da gadis gverdiTi ze-

dapirebisken, sadac wneva atmosferulia. wnevis damatebiTi gradienti na-

kadis Sua nawilidan kideebisken warmoiqmneba, rodesac nakadi exeba 

momijnave frTas. 

Cven mier TanamimdevrobiTi mcire intervalebis meTodis gamoyenebiT 

kompiuterze programaSi Excel gaangariSebuli iyo wylis moZraobis tra-

eqtoriebi nakadis Sua xaziT da kiduri xazebiT kiduri ganRvrisa da 

frTebis zedapirze xaxuniT ganpirobebuli danakargebis gaTvaliswinebiT. 

gaangariSeba Catarda sxvadasxva Sesasvleli parametrisaTvis nakadis wyve-

tili dinebiT. Sesasvlelze im tangenciuri momentis naxevris kompen-

saciisas, romelsac iZens wyali reaqciis gamo turbinis lilvze momentis 

Seqmnisas, nakads Sua xazze frTebis pirveli ubnidan gamosvlisas aqvs 

mxolod radialuri Semdgeni da igi miedineba turbinis centris gavliT.  

kideebSi nakadi Tavidan cotaTi viwrovdeba imis xarjze, rom radia-

luri Semdgenebi mimarTulia centrisken, xolo Semdeg izrdeba ganRvriT 

ganpirobebuli tangenciuri Semdgeni. nakadis kiduri siCqaris mobrunebis 

kuTxe mudmivad izrdeba gasasvlelisken da nakadi uxvevs gasasvlelisken 

ise, rom verc ki aswrebs frTebis pirveli ubnidan gamosvlas. 

siCqaris Semdgenebi gamosasvlelze cotaTi gansxvavdeba siCqaris 

Semdgenebisgan nakadis gamosvlisas Sua xazze, rac mniSvnelovnad ver 

imoqmedebs danakargebze. amasTan, Cvens SemTxvevaSi Semavali rkalis kuTxe 

Seadgenda 140 graduss da daaxloebiT aseTive miiReboda gamosasvlelze, 

rac uzrunvelyofTa turbinis karg gamtarunarianobas. hidroturbinaSi 
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saerTo hidravlikuri danakargebi Seadgenda nakadis Semavali simZlavris 8-

12%-s (rodesac reinoldsis gasaSualebuli ricxvi iyo 106). 

meqanikur simtkiceze frTebis gaangariSebisas mniSvnelovan upira-

tesobas warmoadgens is, rom frTis rkalisebr profils aqvs Runvisadmi 

gazrdili winaRoba, xolo frTis spiraluri dagrexiloba zRudavs im 

Zalebis mxars, romlebic profilSi qmnis moments. 

es upiratesoba gansakuTrebiT Cans, Tu Cvens turbinas SevadarebT 

propelerul an sabrunfrTian turbinebs. erTi da imave saerTo sigrZisa da 

erTnairi Zaluri datvirTvis SemTxvevaSi momenti frTis profilSi fu-

ZesTan axlos frTians eqneba bevrad ufro didi, vidre xraxnuls, vinaidan 

gaSlil sigrZes aqvs Zalis momentis Semqmneli ufro didi mxari, vidre 

dagrexil spirals, romlis mxari ar SeiZleba iyos nagrexis diametrze 

meti. 

SefasebiTma gaangariSebebma aCvena, rom xraxnuli turbinis sigrZe, 

frTebis simtkicis pirobis gaTvaliswinebiT, SeiZleba 6-10-jer aRema-

tebodes muSa Tvlis diametrs. es iZleva imave xarjis pirobebSi gamo-

sasvleli siCqaris Semcirebis SesaZleblobas sigrZis gazrdiT da, Sesa-

bamisad, gamosasvleli kveTis farTobis gazrdiT. 

amasTan, gamosasvleli siCqaris SemcirebiT Zaluri kuTri datvirTva 

sigrZis erTeulze Semcirdeba, xolo sigrZisagan mxaris damoukideblobis 

gaTvaliswinebiT frTebis kveTebSi momentebi darCeba igive. zemoaRniSnuli 

garkveulwilad iZleva CamCiani turbinis am naklovanebis Tavidan acilebis 

SesaZleblobas, romlis danakargebi gamosasvlel siCqareze ver Semcirdeba 

gamwovi milis difuzurobis xarjze. 

gaangariSebis etapzeve SesaZlebelia gamosasvleli siCqaris SerCeva 

yvela danakargis minimalurobis gaTvaliswinebiT, xolo aucilebeli 

simZlavre ganisazRvros turbinis sigrZiT. amasTan, turbinis dagrZeleba, 

umravles SemTxvevaSi, jdeba ufro iafi, vidre reaqtiul turbinebTan 

gamwovi milis mSenebloba. 

xraxnuli turbinis muSa Tvali SeiZleba dayenebul iqnes uSualod 

qveda biefis donis zemoT da nawilobriv CaZirulic ki iyos wyalSi. tur-

binidan gamomavalma wyalma da centridanulma Zalebma aramuSa ubnebze 

(arasruli datvirTviT muSaobisas) unda gandevnos qveda biefis wyali. gar-

da amisa, zemodan qveviT moZravi wyali damatebiT aCqardeba gravitaciuli 

Zalebis zemoqmedebiT da am Zalebis energia gadaecema turbinas. 
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imis gaTvaliswinebiT, rom muSa Tvlis diametri gamodis SedarebiT 

mcire, CamCiani turbinebis naklovaneba, romelic imaSi mdgomareobs, rom 

muSa Tvlis qveda biefis donis zemoT dayenebis gamo srulad ar gamo-

iyeneba dawneva, xraxnul turbinebSi dayvanilia minimumamde. 

ufro mcire diametris gamo da imis gamo, rom frTis xraxnuli svlis 

SemcirebiT SesaZlebelia wriuli siCqaris mniSvnelovnad gazrda, xrax-

nuli turbinis brunvis siCqare iqneba bevrad meti, vidre aqvs CamCian tur-

binas iseTive simZlavrisa da iseTive dawnevis pirobebSi. 

ese igi, generatoris gabaritebi da Rirebuleba iqneba bevrad naklebi. 

sakmaod maRali margi qmedebis koeficientis gaTvaliswinebiT da aseve is, 

rom xraxnuli turbinis dayeneba ar moiTxovs Zvirad Rirebuli spiraluri 

kameris, wriuli mimmarTveli aparatis, muSa kamerisa da gamwovi milis mSe-

neblobas, mosalodnelia aseTi turbinebis gamoyeneba ara mxolod maRali 

dawnebis SemTxvevaSi, aramed saSualo da mcire dawnevis SemTxvevebSic. 

Zalis RerZuli Semdgenis kompensaciisTvis, romelic moqmedebs 

saqusleze, SeiZleba gamoyenebul iqnes erT lilvze Sewyvilebuli tur-

binebi nakadebis sawinaaRmdego mimarTulebebiT da frTebis sawinaaRmdego 

mobrunebiT da maTi Sebrunebuli profilebiT. 

garda amisa, xraxnuli turbinebi konfuzoruli saqSenis gareSe SeiZ-

leba gamoyenebul iqnes yvelgan, sadac ki aris wylis nakadi. magaliTad, 

xraxnuli turbinebis dayeneba SeiZleba daxrilad, mwkrivad wylis nakadis 

win, romelic gamodis kaSxalze arsebuli brtyeli faris qveSidan, 

rodesac wyalmovardnis dros misi gavliT gaedineba zedmeti wyali. 

xraxnuli turbinebis damzadeba teqnikis Tanamedrove ganviTarebis 

pirobebSi ar warmoadgens sirTules. magaliTad, xraxnuli frTebis gamo-

Carxva SesaZlebelia namzadisgan karuselur Carxze, romelSic GgaTva-

liswinebulia saWrisis avtomaturi RerZuli miwodeba. nimuSis arsebobisas 

frTebis damzadeba SesaZlebelia yalibebSi foladis CamosxmiT. mimRebi 

kameris mimmarTveli frTebi, aseve, mzaddeba CamosxmiT an safrezav Carxze. 

 

gamogonebis formula 

 

xraxnuli turbina, romelic Seicavs spiralur frTebs, or Tana-

RerZul lilvs miltuCebiT, romelzec miduRebulia frTebi, turbinis or 

sakisars, erT saqusles, gansxvavdeba imiT, rom frTis profili radialur 
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kveTSi Sesrulebulia rkaliseburad, romlis gare radialuri bolo qmnis 

gaangariSebis kuTxes turbinis RerZTan gare diametrze, xolo profilis 

Siga radialuri bolo perpendikularulia turbinis RerZis mimarT Siga 

diametrze, amasTan, turbina aRWurvilia mimReb-manawilebeli kameriT, ro-

melsac aqvs mimmarTveli frTebi. 
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