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Tanamedrove Tbogeneratori rTuli agebulobis agregatia, 

romelic aRWurvilia mravalricxovani sazom-sakontrolo 

xelsawyoebiT, dacvisa da marTvis avtomatizirebuli sistemebiT.  

orTqlis generatorebis proeqtirebis stadiaze, rogorc 

mTliani agregatisaTvis, aseve calkeuli elementebisaTvis 

muSavdeba nominaluri saeqspluatacio reJimebi. nominaluri 

saeqspluatacio reJimebis gaTvaliswinebiT sruldeba masalebis 

xarisxis, calkeuli elementebis SeerTebebisa da samagri 

konstruqciebis gaTvla gansazRvrul muSa parametrebze. 

Tbogeneratorebis efeqturi da usafrTxo muSaobisaTvis  

aucilebelia maTi kvalificiuri momsaxureba. Qqvabis SekeTeba da 

montaJi  mTlianad  unda Seesabamebodes “orTqlisa da 

wyalgamacxelebeli qvabebis mowyobisa da usafrTxo 

eqspluataciis wesebs”. aRniSnuli wesebis darRveva rogorc wesi 

iwvevs avarias da agregatebis dazianebas. avariebi 

eleqtrosadgurebze, samrewvelo Tu gamaTbobel saqvabeebSi 

dakavSirebulia did materialur zaralTan.  

Tbogeneratorebis gamarTuli da efeqturi  muSaoba damoki-

debulia misi calkeuli Semadgeneli agregatebisa da 

mowyobilobebis gamarTul muSaobaze.  

gansakuTrebiT mniSvnelovania Tbogeneratoris 

sacecxleebis normaluri usafrTxo muSaoba sxvdasxva saTbobze: 

gazi, Txevadi da airadi. nebismieri saeqspluatacio wesebis 

darRveva SeiZleba gaxdes afeTqebebis mizezi. rac umetesad 

mTavrdeba  saqvabis Senobis ngreviT da momsaxure personalis 

tramvirebiT.  

Temis aqtualuroba.  Tbogeneratorebis usafrTxo da 

ekonomikuri reJimiT muSaoba dakavSirebulia erTmaneTze 

damokidebuli mravali fizikuri da meqanikuri parametrebis  

moTxovnil sazRvrebSi SenarCunebasTan. agregatebis 

eqspluataciis dros maxasiaTebeli parametrebi icvleba, rac 

muSaobis statikuri reJimidan gardamaval reJimSi gdasvlas 

iwvevs. muSaobis statikuri reJimebi Seswavlilia sakmarisad 
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kargad, maSin roca Tbogeneratorebis gardamavali reJimebis 

daxasiaTeba da analizi isev aqtualur amocanas warmoadgens.   

Tbogeneratorebis momsaxure personalma da agregatebis 

muSaobaze pasuxismgebelma sxva pirebma zedmiwevniT kargad unda 

icodnen Tbogeneratorisa  da misi mowyobilobebis avariis 

warmoSobis SesaZlo mizezebi, maTi aRmofxvris pirobebi da 

avariebis Tavidan acilebis gzebi-RonisZiebebi. avariebis 

warmoSobis mizezebi SeiZleba iyos mravali saxis da amasTan 

specifikuri calkeuli agregatebisa da mowyobilobebis 

mixedviT.  agregatebis momsaxure personalis profesiuli 

kvalifikaciis amaRlebisaTvis saWiro dokumentaciis Seqmna da 

swavlebis meTodikis damuSaveba aseve aqtualur amocanas 

warmoadgens.  

samuSaos mizani da ZiriTadi amocanebi. samuSaos mizans 

warmoadgens Tbogeneratorebis uavario da ekonomikuri muSaobis 

uzrunvelsayofad agregatebis iseTi saswavlo saeqspluatacio 

meTodikis damuSaveba, romelic  xels Seuwyobs saWiro masalis 

efeqturad aTvisebas. gansakuTrebul yuradRebas imsaxurebs 

agregatebis muSaobis gardamavali reJimebis Seswavla da 

analizi. 

dasaxuli miznis misaRwevad samuSaos ZiriTad amocanebs 

warmoadgens:     

• Tbogeneratorebis usafrTxo muSaobis wesebis Seswavla; 

• dazianebebis da avariebis gamomwvevi mizezebis sistemuri 

analizi; 

• SesaZlo avariebis gamovlenis da acilebis RonisZiebebis 

SemuSaveba; 

• Tboagregatis ZiriTadi sapasuxismgeblo elemetis –dolis 

gardamavali reJimebis maTematikuri modelireba; 

• qvabis wylis ekonomaizeris gardamavali reJimebis 

maTematikuri modelireba 
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• agregatebis eqspluataciis situaciuri varjiSebis 

kompiuteruli modelireba.   

sawavlo da sagamocdo testebis masala SerCeulia ZiriTadi 

Temebis mixedviT: sacecxleebi; orTqlis generatoris doli da 

ekranis milebi; xurebis zedapirebi; orTqlis gadamxurebeli, 

wylis ekonomaizeri da haerSemTbobi; armatura, kvamlmwovebi da 

ventilatorebi; mkvebavi tumboebi; sxvadasxva milsadenebi da 

sxva.  

miRebuli Sedegebis samecniero siaxle. Tbogeneratorebis 

usafrTxo da efeqturi muSaobis xelSesawyobad  Catarebulia 

agregatebis SesaZlo avariebis sistemuri analizi, rac  

avariebis profilaqtikis saSualebas iZleva.  damuSavebulia  

saswavlo – sagamocdo programebis algoriTmebis  blok-sqemebi. 

saboloo Sedegebi sruli informaciiT gamoitaneba monitorze 

da survilis mixedviT daibeWdeba.  

qvabis dolisa da sacirkulacio koleqtorebis liTons 

muSaoba uwevs maRali wnevisa da temperaturis, mavne 

nivTierebebis zemoqmedebis da didi meqanikuri daZabulobis 

pirobebSi. aRniSnulis gamo mosalodnelia liTonis struqturis 

Secvala da misi meqanikuri Tvisebebis mkveTrad gauareseba. 

yovelive aman SeiZleba gamoiwvios liTonis korozia da 

elementis rRvevac ki. aseTi tipis darRvevebis analizisaTvis da 

profilaqtikisaTvis Seswavlilia qvabis dolSi da wylis 

ekonomaizerSi  mimdinare gardamavali reJimebi procesebis 

maTematikuri modelirebis gziT.   

miRebulia qvabis dolSi gardamaval reJimebSi wnevis 

cvlilebis saangariSo formula saTbobis Tbounaris da  

mkvebavi wylis temperaturis  droSi cvilebebis mixedviT.  

qvabis erT-erTi mniSvnelovani kvanZia wylis ekonomaizeri, 

romlis gamarTuli muSaoba mniSvnelovanwilad    gansazRvravs  

mTlianad agregatis ekonomiurobas. wylis ekonomaizeris 

gardamavali reJimebis dasaxasiaTeblad procesis maTematikuri 

modelirebis gziT miRebulia ekonomaizeridan gamosuli wylis 
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temperaturis cvlilebis saangariSo formula namwvi gazebis da 

ekonomaizerSi Sesuli wylis temperaturebis cvlilebebis 

mixedviT.  

kvlevis meTodebi da miRebuli Sedegebis utyuaroba  

kvlevis meTodad gamoyenebulia sistemuri analizis meTodi, 

romlis Tanaxmadac gamosakvlevi sistema -Tbogeneratori, 

ganixileba, rogorc erTiani (mTliani) sistema, romelic Sedgeba 

qvesistemebisagan –sacecxle, orTqlis gadamxurebeli, wylis 

ekomomaizeri, haerSemTbobi da a.S. da nawilebisagan (elemente-

bisagan) doli, ekranis milebi, koleqtorebi, sakontrolo-sazomi 

xalsawyoebi, mcveli da sasignalo mowyobilobebi da sxa. aseTi 

midgoma orientirebulia sistemis SigniT “Sexedvaze”, misi 

danawevreba ise, rom SenarCunebuli iyos sistemis Sesaxeb 

mTlianobis Sexeduleba. aseTi midgomiT miRebuli Sedegebi 

adekvaturad asaxaven TboagregatebSi mimdinare rTul procesebs. 

samuSaos praqtikuli Rirebuleba da Sedegebis danergva 

naSromSi miRebuli formulebi, romlebic asaxaven qvabis dolSi 

da wylis ekonomaizerSi mimdinare gradamaval reJimebis 

mimdinareobas aprobirebulia ordoliani vertikalur wyalmile-

biani qvabis gardamaval reJimebSi muSaobis magaliTebze. 

miRebuli Sedegebis utyuaroba dasturdeba  Sesabamisi  

fizikuri procesebis analiziT.  

damuSavebuli  saswavlo – sagamocdo programebis algoriTmebis  

blok-sqemebiT xdeba msmenelTa swavleba da sagamocdo testireba 

programuli aprobacia gaiara da dainerga  Sps saqarTvelos 

saerTaSoriso energetikul korporaciaSi Tboeleqtrosadguris 

TanamSromlebis propfesiuli gadamzadebis mizniT.  

disertaciis struqtura da moculoba. disertaciis teqsti 

Sedgeba Sesavlis, sami Tavis, daskvnis, reziumis, danarTis, 48 

dasaxelebis  gamoyenebuli literaturis CamonaTvalisagan. 

disertaciis moculoba Seadgens 137 gverds 9 cxrilis, 41 

naxazisa da danarTis CaTvliT. 
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samuSaos mokle Sinaarsi 

Tavi I. eZRvneba Tbogeneratorebis, rogorc erT-erTi rTuli 

mravali agregatebisagan Sedgenil sistemis aRweras, romlis 

TiToeuli elementi funqciurad aris dakavSirebuli 

erTmaneTTan da qmnian gansazRruli daniSnulebis (orTqlis an 

cxeli wylis generacia) erTian obieqts.   calkeuli agregatebis  

normaluri reJimiT eqspluatacia ganapirobebs mTlianad 

Tbogeneratoris usafrTxod da  ekonomikur funqcionirebas. 

rTuli sistemis gamokvlevas sWirdeba sistemuri analizi, 

romlis ZiriTadi principia  gamosakvlevi sistemis ganxilva, 

rogorc mTliani modulisa misi Semadgeneli nawilebis 

(elementebis) erTobliobiT.  

sistemuri analizis Casatareblad Tbogeneratori 

ganxilulia dekompoziciis principiT, romelic gulisxmobs 

sistemis (Tbogeneratoris) warmodgenas qvesistemebis: sacecxle, 

konveqciuri nawili, saTbobis momzadebis sistema, wylis 

ekonomaizeri, haerSemTbobi, deaeratori, armatura, garnitura, 

sakvamle mili, weva-Sebervis mowyobilobebis da sxva, saxiT. 

qvesistemebi Tavis mxriv Sedgebian calkeuli elementebisagan 

(magaliTad qvabis doli, ekranis milebi, koleqtorebi, 

Termometrebi, manometrebi, mcveli mowyobilobebi da sxva). 

ganxilulia calkeuli elementebis muSaobis pirobebi saerTo 

sistemasTan urTierTkavSirSi sistemis da qvesistemis, misi 

elementebis da garemos sxvadasxva saxis maxasiaTebeli  

parametrebis  (temperatura, wneva, xarji da sxva) moZebnisa da 

sistemaSi mimdinare kanonzomierebebis gansazRvrisaTvis. es 

SemdgomSi gardamavali procesebis analizis saSualebas iZleva.  

sistemis funqcionirebis Sesaxeb miRebuli informaciis 

safuZvelze SeiZleba gadawydes sinTezis amocana, romelic 

gulisxmobs sistemis modelis Sedgenas iseTi parametrebiT, 

romlebic uzrunvelyofen sistemis efeqtur da usafrTxo 

funqcionirebas.  
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Tavi II. ganxilulia  orTqlis generatorebis SesaZlo avariebis 

gamomwvevi mizezebi da maTi profilaqtikis RonisZiebebi. 

saeqspluatacio situaciuri varjiSebis Casatareblad 

damuSavebulia saswavlo da sagamocdo programebis algoriTmebi, 

romelTa mixedviTac SesaZlebelia Tboagregatebis momsaxure 

personalis swavleba-testireba profesiuli kvalifikaciis 

amaRlebis mizniT. Tbogeneratoris gamarTuli muSaoba 

damokidebulia misi calkeuli Semadgeneli agregatebisa da 

mowyobilobebis gamarTul muSaobaze. avariebis warmoSobis 

mizezebi SeiZleba iyos sxvadasxva saxis da amasTan specifikuri- 

calkeuli agregatebisa da mowyobilobebis mixedviT.   

  gansakuTrebiT mniSvnelovania sacecxlis gamarTuli 

muSaoba. yvelaze saSiSi avariuli SemTxveva dakavSirebulia 

saTbobis afeTqebasTan, romelic mosalodnelia nebismieri 

saTbobis araswori teqnologiiT dawvis dros. moyvanilia 

saTbobis narevebis feTqebad saSiSi koncentraciebis sidideebi, 

avariebis gamomwvevi mizezebi da acilebis RonisZiebebi.     

yuradReba eTmoba elementebis (qvabis doli, koleqtorebi) 

Tburi gafarToebiT gamowveuli gdaadgilebis reperuli 

wertilebis maCveneblebs.  

 dolSi bzarebis warmoqna dakavSirebulia  dolis 

kedelTan temperaturis mkveTr cvlilebebTan rac gamowveulia   

ekranis milebis garRveviT, uxarisxod Sesrulebuli SekeTebebiT, 

qvabis civi mkvebavi wyliT SevsebiT da wylis normaluri qimiuri 

reJimis darRveviT.  

qvabis gaCerebis dros rom ar moxdes bzarebis gaCena 

saWiroa dolis zedapiris gaciveba najerebis temperaturis mqone 

wyliT, rac  dolis sxvadasxva mowyobilobis da ubnebis 

gacivebas uzrunvelyofs tempaeraturaTa mcire sxvaobebis 

pirobebSi. mniSvnelovania qvabis dolTan ekranis milebis da 

maduRara milebis glinviT mierTebis teqnologiuri procesis 

dacva, raTa ar moxdes dazianeba.  glinviT SeerTebis simWidrove 

yvelaze xSirad irRveva gadaxurebuli orTqlis gamosasvlel 
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koleqtorSi - radgan gadaxurebuli orTqlis temperatura  

qvabis muSaobisas xSirad icvleba (iwvevs Tbur deformaciebs),  

maSin rodesac najer orTqls Semaval kleqtorSi praqtikulad 

mudmivi temperatura aqvs. dazianebuli SeerTebis aRdgena xdeba 

ganmeorebiTi glinviT. xSiri gaglinva zrdis liTonis simtkices 

da simagres, magram sazianod liTonis plastikuri Tvisebebi 

mcirdeba igi xdeba msxvrevadi. amitom remontis dros aseT 

dazianebul  SeerTebebs cvlian SeduRebiT.  

 wylis donis minimalur dasaSveb doneze dabla daSveba 

SeiZleba milebis gaxeTqvis (gadawvis) da dolis dazianebis 

mizezi gaxdes. avaria romelic gamowveulia wylis daweviT 

xSirad dakavSirebulia operatoris  uyuradRebobasTan da wylis 

donis mzomi xelsawyos uwesivrobasTan. wylis donis minimalur 

niSnulze dabla daweva (wylis “gaparva”) da maqsimalur 

niSnulze maRla aweva (wyliT “gadavseba”) xdeba erTroulad sami 

mizezis damTxvevis SemTxvevaSi: adgilze ar aris operatori, 

mkvebavi mowybilobebis uwesivroba da wylis zRvruli doneebis 

signalizaciis ar arseboba, an misi uwesivroba.  

qvabis eqspluataciis dros dolis kedlebis dazianebis da  

ekranisa da maduRara milebis gaxeTqvis ZiriTadi mizezi 

SeiZleba iyos:  

• wylis donis daSveba wylis donis minimalur dasaSveb 

doneze dabla da Semdeg dolis gavarvarebul kedelze 

wylis miwodeba; 

•  qvabSi muSa wnevis sagrZnobi momateba; 

•  wylis cirkulaciis darRveva qvabSi; 

•  xurebis zedapirze minaduRis dagroveba romelic iwvevs 

kedlis adgilobriv gadaxurebas; 

• liTonis cudi xarisxi masSi fuWvilis da sxvadasxva 

minarevebis arseboba da uxarisxo damzadeba; 

• wylis qimiuri reJimis darRveva; liTonis korozia da 

erozia. 
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avariis mizezi SeiZleba gaxdes wylis donis mzomi 

mowyobilobis gaumarTaoba, rac SeiZleba gamoixatos: samzeri 

minis wyliT  gadavsebiT, normaze  ramdenadme maRali doniT, 

wynari doniT, wylis donis umniSvnelo ryeviT, wylis, an 

orTqlis “gaparviT” SemWidrovebidan da sxva. yoveli SemTxveva 

gamowveulia garkveuli mizezebiT, romelTa profilaqtika 

ZiriTadad mdgomareobs xelsawyos wesrigSi moyvanaSi, 

umTavresad  samsvliani sarqvelis gamoyenebiT.  

imisTvis rom aviciloT Tavidan orTqlis qvabis avaria 

wnevis momatebis gamo wesebis mixedviT qvabs uyendeba mcveli 

sarqvelebi. mcveli sarqvelis daniSnulebaa qvabSi wnevis 

momatebisas dasaSveb nomraze zeviT mogvces Setyobinebis 

signali. dolSi wnevis momatebam SeiZleba gamoiwvios ekranul 

milebis, ekonomaizeris milebisa da TviT dolis kedlebis 

rRveva. qvabSi wnevis momatebis mizezi aris orTqlis xarjis 

uecari Semcireba an Sewyveta. (momxamreblis gamorTva da 

sacecxlis iZulebiTi formis daCqarebuli forsireba,  

gansakuTrebiT maSin, roca qvabi muSaobs mazuTze an gazze. 

usafrTxo muSaobis ganasakuTrebuli faqtoria mcveli 

sarqvelebis gamarTuli muSaoba. mcveli sarqvelebi unda 

davicvaT, rom wneva maTSi ar moimatos dasaSvebze 

(gaangariSebulze) 10 %-ze metad. mcveli sarqvelibs araswori 

eqspluataciis, an kidev maTSi defeqtebis arsebobisas SeiZleba 

adgili qondes avariebs. 

 ganxilulia mcveli sarqvelebis Semdegi gaumarTaoebebi, 

romlebsac SeiZleba qondes adgili saeqspluatacio praqtikaSi: 

mcveli sarqveli ar iReba;  mcveli sarqveli iReba  dagvianebiT; 

mcveli sarqveli iReba Zalian adre (manam sanam manometris isari 

wiTel zols gadascdeba). mcveli sarqvelebi qvabze da orTqlis 

gadamxurebelze regulirdeba garkveul wnevaze, rac qvabis 

usafrTxo muSaobis wesebiT dgindeba. 
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nax.1. naCvenebia SemTxvevis analizi, roca mcveli sarqveli iReba 

dagvianebiT. moyvanilia SesaZlo mizezebi da Sesabamisi 

RoniZiebebi gaumarTaobebis profilaqtikisaTvis.  

 

 

nax.1 . mcveli sarqvelis gaumarTaoba: sarqveli  iReba dagvianebiT 
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wylis donis awevam zeda dasaSveb doneze maRla (qvabis zedmetad 

kveba) SeiZleba gamoiwvios wylis moxvedra orTqlis 

gadamxurebelSi da orTqlis gadaxurebis temperaturis 

Semcireba. wylis donis dawevam qveda dasaSveb doneze dabla 

(wylis “gaparva”) SeiZleba gamoiwvios cirkulaciis darRveva 

ekranis milebSi da maTi gadawva. amiT aixsneba qvabis wyliT 

kvebis regulirebisadmi gansakuTrebuli moTxovnebi. 

qvabis dolSi  wylis done damokidebulia ramodenime 

faqtorze: orTqlis datvirTvis cvlileba (orTqlis moxmarebis 

Semcireba, an momateba), qvabSi mkvebavi wylis raodenobis 

cvlileba, sacecxlis Tburi datvirTvis cvlileba, dolSi 

wnevis cvlileba. 

qvabis dolSi wylis donis cvlilebas SeiZleba adgili 

qondes dolSi wnevis cvlilebis gamo. orTqlis momxmareblis 

datvirTvis Semcirebisas (datvirTvis xazze orTqlis urdulis 

mixurva) qvabis dolSi gaizrdeba wneva, rac gamoiwvevs 

aorTqlebis sarkis qveS orTqlis buStebis kondensacias da 

moculobis Semcirebas. e.i. wylis donis Semcirebas.  piriqiT 

orTqlis momxmareblis datvirTvis gazrdisas  (datvirTvis 

xazze orTqlis urdulis matad gaReba) dolSi wneva Semcirdeba 

da aorTqlebis sarkis qveS adgili eqneba wylis wveTebis 

aorTqlebas da moculobis gazrdas. ei. wylis donis momatebas.  

qvabis dolSi mimdinare procesebis maTematikuri modelireba 

modelirebisaTvis SeiZleba siTburi balansis gamoyeneba. 

qvabis dolis siTbur balanss aqvs Semdegi saxe:  

gaqr.orTmk.wy.sac. QQQQ +=+ . , anu 0. =−−+ gaqr.orTmk.wy.sac. QQQQ  , (1) sadac 

sac.Q - aris dolSi sacecxlidan Setanili siTburი 

simZlavre; 

mk.wy.Q - dolSi mkvebavi wyliT Setanili siTburi simZlavre; 

.orTQ - dolidan orTqliT gamotanili siTburi simZlavre; 

gaqr.Q -dolidan saqvabe wylis gaqreviT gamotanili siTburi 

simZlavre.     
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         m
ud.sac.sac. QBQ ⋅⋅=η  , kvt., sadac 

 sac.η -aris sacecxlis m.q. koeficienti; B - saTbobis წamuri 

xarji, m3/wm; 
m
ud.Q - saTbobis muSa udablesi Tbounari, kj/m3 .    

 
mk.wymk.wymk.wy. iGQ ⋅=  kvt. G sadac 

mk.wyG - aris dolSi miwodebuli mkvebavi wylis wamuri xarji,  

kg/wm; 

mk.wyi - dolSi miwodebuli mkvebavi wylis enTalpia, kj/kg. 

         iGQ ′⋅= gaqr.gaqr. - kvt., sadac 

gaqr.G - aris dolidan uwyveti gaqrevis wylis wamuri xarji, 

kg/wm; 

 i′  - gaqrevis wylis (saqvabe wylis enTalpia),  

 kj/kg 

         iDQ ′′⋅= orT.orT. , kvt., sadac 

orT.D - aris qvabis orTqlmwarmoebloba, kg/wm; i ′′ - mSrali 

najeri orTqlis enTalpia, kj/kg.  

maSin (1) gantoleba miiRebs saxes: 

0=′⋅−′′⋅−⋅+⋅⋅ iGiDiGQB gaqr.orT.mk.wymk.wy
m
ud.sac.η ,     (2)               

procesis maTematikuri aRwerisaTvis saWiroa mkvebavi 

wylis, gaqrevis wylis da mSrali najeri orTqlis enTalpiebis 

da orTqladqcevis siTbos wnevaze damokidebulebebis analizuri 

gamosaxulebebis codna. aproqsimacia Sesrulebulia absoluturi 

wnevis 4-14 bari diapazonisaTvis da miRebulia:  

mSrali najeri orTqlisTvis  i”=f(P)=4.9509P+2725.6, kj/kg; 

orTqladqcevis siTbosTvis  r=f(P)=-17.027P+2190.4,kj/kg; 

         saqvabe wylisTvis i’=f3(P)=21.974P+535.22, kj/kg; 

        najerobis temperaturis wnevaze damokidebuleba 

       tnaj.=f(P)= 0.0178P3-0.7219P2+13.357P+100.73, kj/kg; 

nax.2. moyvanilia najerobis temperaturaze wylis 

enTalpiis, mSrali najeri orTqlisa da orTqladqcevis siTbos 



 

14 

aproqsimaciis formulebiT miRebuli mniSvnelobebis gadaxra %-

ebSi cxrilis monacemebidan.   
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nax.2. cxrilis monacemebidan gdaxra %-ebSi  

 

P=4-14 bari absoluturi wnevis diapazonisaTvis mkvebavi 

wylis enTalpia analizisaTvis sakmarisi sizustiT tolia: 

mk.wy.mk.wy ti ⋅= 2.4  

wylis da misi orTqlis parametrebis damokidebulebebis 

gamoyenebiT mk.wy.mk.wy ti ⋅= 2.4 , i”=f1(P), r=f2(P), i’=f3(P)   (2) formula 

miiRebs saxes (3): 

0)22.535974.21()6.27259464.4(2.4 =+⋅⋅−+⋅−⋅⋅+⋅⋅ PGPDtGQB gaqr.orT.mk.wymk.wy
m
ud.sac.η

 

dolis statikuri reJimiT muSaobis SemTxvevaSi, Tu cvladi 

parametrebisaTvis SemoviRebT aRniSvnas “0”-s maSin formula (3) 

miiRebs saxes (4): 

022.5356.2725)974.219464.4(2.4 =⋅−⋅−⋅+⋅−⋅⋅+⋅⋅ gaqogaqr.omk.wymk.wy
m
ud.sac. GDGDPtGQB ooo

η
 

  dolis dinamikuri reJimiT muSaobis SemTxvevaSi formula (4) 

Caiwereba ase (5): 

τ
η

d
gidGDGDPtGQB ooo )(22.5356.2725)974.219464.4(2.4

' ⋅
=⋅−⋅−⋅+⋅−⋅⋅+⋅⋅ gaqogaqr.omk.wymk.wy

m
ud.sac.

sadac 
τd

gid )( ' ⋅
- aris qvabis dolSi akumulirebuli siTburi 

simZlavre dinamikuri reJimiT muSaobis dros. 
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g- qvabSi arsebuli wlis raodenoba, kg. 

SemoviRoT aRniSvnebi:  1aB =⋅sac.η ;  22.4 aG =⋅ mk.wy ;   

3974.219464.4 aGD =⋅+⋅ gaqr.o ;     4974.21 a= . koeficientebis 

ganzomilebebia: kg/wm;=][ 1a  ;kvt/ Co=][ 2a  

/kg;smkvt 2⋅=][ 3a  ;/kgsmkj 22⋅=][ 4a  maSin (4) da (5) gamosaxulebebi 

Caiwereba: 022.5356.2725321 =⋅−⋅−⋅−⋅+⋅ gaqomk.wy
m
ud. GDPataQa ooo

, (6)                 

τd
gidGDPataQa )'(22.5356.2725321
⋅

=⋅−⋅−⋅−⋅+⋅ gaqomk.wy
m
ud.

, (7)              

visargebloT mcire gdaxrebis meTodiT, miviRebT 

ud
m
ud.

m
ud. QQQ o

∆+= ; mk.wymk.wymk.wy ttt o ∆+= ; PPP o ∆+= ,  (8)                      

dinamikis gantolebidan (7) statikis gantolebis (6) gamoklebiT 

da gamosaxulebebis (8) gaTvaliswinebiT miviRebT: 

τd
gidPataQa )( '

321
⋅

=∆⋅−∆⋅+∆⋅ mk.wy
m
ud. ,   (9)                                       

τττττ d
gdPa

d
gdP

d
Pgd

d
id

d
gid ⋅

=
⋅

=
+⋅

==
⋅ 4

'' 974.21)22.535974.21()()(
,  (10)                       

(10) –s gaTvaliswinebiT gvqneba 

τd
gdPaPataQa ⋅

=∆⋅−∆⋅+∆⋅ 4
321 mk.wy

m
ud. ,     (11)                                   

(11) diferencialuri gantolebis cvladebis gancalkevebiT 

miviRebT: 

PataQa
dPgad

∆⋅−∆⋅+∆⋅
⋅⋅

=
321

4

mk.wy
m
ud.

τ , SemoviRoT aRniSvnebi  

ktaQa =∆⋅+∆⋅ mk.wy
m
ud. 21 ,     da    Pak ∆⋅− 3 =X,     maSin 

dPaPdadx ⋅−=∆⋅−= 33 )( ,  da   
3a

dxdp −= , e.i.  
x

dx
a

gad ⋅
⋅

−=
3

4τ  

da      ∫∫ ⋅
⋅

−=
x

dx
a

gad
3

4τ ,    Cx
a

ga
+⋅

⋅
−= ln

3

4τ ,   (12)                                                                                                      

integrirebis mudmiva C ganisazRvreba sawyisi pirobebidan: roca 

o=τ , maSin oPa =∆⋅3  da k
a

gaC ln
3

4 ⋅= ⋅ , maSin (12) miiRebs saxes: 
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                      k
a

gax
a

ga lnln
3

4

3

4 ⋅
+⋅

⋅
−= ⋅τ ,  (13)                                                                       

(13) –is potencirebis Semdeg miviRebT: 

Pak
kga

a

e
∆⋅−

=

⋅⋅

3

4
3 τ

,       da      
















−⋅=

⋅⋅⋅
−

∆
τga

a

P e
a
k 4

3

1
3

 

 kompleqss    T
ga

a
=








⋅4

3/1      aqvs drois (wm) ganzomileba. 

sabolood miviRebT: 

         








−⋅

∆⋅+∆⋅
=

−
∆ TP e

a
taQa τ

1
3

21 mk.wy
m
ud ,   bari           (14)  

formuliT (14) mocemulia qvabis dolSi wnevis )( P∆ cvlileba 

grdamaval reJimebSi saTbobis Tbounaris ( m

ud
Q∆ ), mkvebavi wylis 

temperaturis  )(
mk.wy

t∆  cvilebebis droze (τ ) damokidebulebiT.   

mocemulia DDDДКVp -10/13 tipis orTqlis qvabi. misi 

nominaluri warmadobaa 10 tona orTqli saaTSi. (saTbobi-

qvanaxSiri). bunebriv gazze muSaobis SemTxvevaSi orTqlis 

warmadoba izrdeba 30-40%-iT.  

amitom miviRoT: oD =3.892kg/wm, nominaluri wneva Pabs.=14 bari, 

mkvebavi wylis temperatura tmk.wy=100
oC , uwyveti gaqrevis wylis 

raodenoba 3%, bunebrivi gazis Tbounari  
m

ud
Q∆ =37100 kj/m3  

Gmk.wy=4.009 kg/wm, m.q. koeficienti η =91%, saTbobis xarji B=0.274 

m3/wm, gaqrevis wylis raodenoba Ggaqr=0.12 kg/wm. 

qvabi eqspluataciaSia xangrZlivi periodis ganmavlobaSi 

da amitom praqtikulad muSa wnevad miRebulia 9 bari 

absoluturi (sapasporto monacemebiT nominaluri wnevaa 14 bari). 

zemoT CamoTvlili parametrebi Sesabamisia qvabis statikur 

reJimSi muSaobis pirobebisaTvis. realurad qvabs uwevs 

dinamikur reჟimSi muSaoba, roca SeiZleba Seicvalos saTbobis 

Tbounari, mkvebavi wylis temperatura da sxva, rac gamoiwvevs 

saboloo jamSi qvabis dolSi wnevis garkveul cvlilebas.  
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konkretuli SemTxvevisaTvis formuliT (14) gaangariSebis 

safuZvelze nax.3. naCvenebia dolSi wnevis cvlilebis xasiaTi 

saTbobis sxvadsxva Tbounarianobis pirobebSi. dolis muSaobis  

reJimi dinamikuria, rac gamowveulia saTbobis Tbounarianobis 

cvlilebiT. (-1.3% dan-+1.3%-de). qvabis statikur reJimSi 

muSaobisas saTbobis Tbounarianoba Seadgens 37100 kj/m3. , xolo 

absoluturi muSa wneva 9 bars 

 

 

dolSi wnevis cvlileba drois mixedviT, roca 

saTbobis Tbounarianoba icvleba -1, 3% dan +1, 3%-de
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                                            nax. 3. 

wnevis cvlilebis kompensaciisaTvis saWiroa saTbobis 

xarjis da sacecxlis Tburi datvirTvis iseTi cvlileba, 

romelic wnevis cvlilebis adekvaturi iqneba.  
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 orTqlis qvabis wylis ekonomaizeris gardamaval reJimSi 
muSaobis maTematikuri modelireba 
 

avagoT orTqlis qvabis wylis ekonomaizeris gardamaval 

reJimSi muSaobis maTematikuri modeli. SemoviRoT Semdegi 

aRniSvnebi. ekonomaizerSi Sesvlaze wylis temperaturaa 
't , oC, 

xolo gamosvlaze 
"t . oC. wyali cxeldeba namwvi gazebis siTbos 

xarjze. ekonomaizerSi Sesvlaze gazebis temperatutaa- g
't  oC. da 

gamosvlaze - g
"t , oC. namwvi gazebis saSualo temperaturaa gt .oC, 

romelic tolia )(5.0 "'
ggg ttt += , oC.  Tbogadacemis koeficienti 

namwvi gazebidan wyalze aris  k , kvt/m2/k. wylis saSualo 

temperaturaa  )(5.0 "' ttt += , oC.  

ekonomaizeris muSaobis statikuri reJimisaTvis siTbur 

balanss aqvs saxe:  

000 =′′−+′ QQQ g0 , sadac 

00 tcGQ ′⋅⋅=′  -aris wylis ekonomaizerSi wyliT Setanili siTburi 

simZlavre, kvt; 

G - ekonomaizerSi miwodebuli gasacxelebeli wylis xarji, 

kg/wm; 

c =4.19 - wylis masuri siTbotevadoba, kj/kg/k; 

analogiuri sidideebi ekonomaizeridan gamosvlaze: 

00 tcGQ ′′⋅⋅=′′ , kvt;                                  (1) 

0tFkQ ∆⋅⋅=g0 - aris namwvi gazebidan wyalze gadacemuli 

siTbos raodenoba, kvt; 

F - ekonomaizeris xurebis zedapiri, m2 

ttt −=∆ g0 - temperaturuli dawneva “gazi-wyali”. 

indeqsiT “0” aRniSnulia parametrebi, romlebic miekuTvnebian 

muSaobis statikur reJims. 

analogiurad gardamavali reJimisaTvis adgili eqneba Semdegi 

saxis siTbur balanss: 
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τd
dQQQQ =′′−+′ g

 sadac 

τd
dQ - aris ekonomaizerSi arsebuli wyalSi akumulirebuli siTbo. 

Tu ekonomaizerSi arsebuli wylis raodenobaa - *G , kg, maSin 

ττ d
tdcG

d
dQ ′′

⋅⋅= * , kvt. anu, 

τd
tdcGQQQ
′′

⋅⋅=′′−+′ *
g

,                                (2) 

sabolood ekonomaizeris muSaobis statikur gantolebas aqvs 

saxe: 

0)( 000 =′′⋅⋅−−⋅⋅+′⋅⋅ tcGttFktcG g.0 ,              (3) 

analogiurad ekonomaizreis muSaobis dinamikur gantolebas 

eqneba saxe: 

τd
tdcGtcGttFktcG
′′

⋅⋅=′′⋅⋅−−⋅⋅+′⋅⋅ *)( g.        (4) 

Tu visargeblebT mcire gadaxrebis meTodiT, gveqneba 

ttt ′∆+′=′ 0 ; gg.0g ttt ∆+= ; ttt ′′∆+′′=′′ 0 ; ttt ∆+= 0 ; )(0 ttt ∆+∆=∆ δ .  (5) 

dinamikis (4) gantolebidan statikis (3) gantolebis gamoklebiT 

miviRebT: 

τd
tdcGttcGttttFkttcG
′′

⋅⋅=′′−′′⋅⋅−−−−⋅+′−′⋅⋅ *
00 )()]()[()( 0g.0g.  

(5) gaTvaliswinebiT: 

τd
tdcGtcGtttFktcG
′′

⋅⋅=′′∆⋅⋅−−∆−∆⋅+′∆⋅⋅ *
0 )])[( 0  

)]()[()]()[( 0g.0g.0g.0g. tttttttt −−−=−−−  

)(5.0)( tttt ′′∆−′∆=− 0  da )(5.0)( ggg.0g. tttt ′′∆−′∆=−  

ttt ′′∆+′′=′′ 0 , am gamosaxulebis diferenciali aris  

),( tdtd ′′∆=′′  radgan  00 =′′td , maSin  

τd
tdcGtcGttFkttFktcG )()(5.0)(5.0 * ′′∆

⋅⋅=′′∆⋅⋅−′′∆−′∆⋅−′′∆−′∆⋅+′∆⋅⋅ ..g.g.  

SemoviRoT aRniSvnebi: 
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ntFkttFktcG =′∆⋅−′′∆−′∆⋅+′∆⋅⋅ 5.0)(5.0 g..g
, da  

mFkcG =⋅−⋅ 5.0 , maSin 

τd
tdcGtmn )(* ′′∆

⋅⋅=′′∆− , cvladTa gancalebiT miviRebT: 

)(* td
tmn

cGd ′′∆
′′∆−

=τ   anu  )(* td
x

cGd ′′∆=τ  , sadac   

xtmn =′′∆− , )( tmddx ′′∆−= , aqedan 
m
dxtd −=′′∆ )( , maSin 

x
dx

m
cGd *

−=τ  am gantolebis integrebiT miviRebT: 

cx
m

cG
+−= ln*τ                                     (6) 

 integrebis mudmiva ganisazRvreba statikuri pirobidan, roca 

0=τ , maSin 0tt ′′=′′  da 0=′′∆t , nx =  da  

n
m

cGc ln*
= , maSin (6) CasmiT  

x
n

m
cG ln*

=τ , da potencirebis Semdeg miviRebT 

x

ncG
m

e =
τ

*
 

Tu amovxsniT t ′′∆ -is mimarT gveqneba: 

                    









−⋅=′′∆

− τ
cG

m

e
m
nt *1 , oC                  (7) 

SemoviRoT aRniSvnebi: 

1At =′∆ ; 2At =′∆ g ; 3At =′′∆ g ; 1aGc = ; 25.0 aFk = ; 3* acG = .  (8) 

(8) CasmiT (7)- Si sabolood miviRebT: 











−⋅

−
−+−

=′′∆
−

− τ
3

21

1)()(

21

322121 a
aa

e
aa

AAaAaat , oC       (9) 
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T
aa

a
=

− 21

3 , wm –aris drois mudmiva , ris gaTvaliswinebiTac  

ekonomaizeridan gamosvlaze wylis temperaturis cvlilebas 

SeSfoTebis Sedegad, gardamaval reJimSi droze 

damokidebulebiT eqneba saxe: 









−⋅

−
−+−

=′′∆
−

Te
aa

AAaAaat
τ

1)()(

21

322121
, oC       (10) 

(10) formulaSi Semavali sidideebis ganzomilebebia: 

21 ,aa - kvt/K; 3a - kj/K; 321 ,, AAA - oC; G - kg/wm; *G - kg; F - m2; 

τ -wm; k - kvt/m2/k  da T - wm.  

(10) gamosaxulebidan Cans, rom igi aperioduli rgolis 

gantolebaa.  

(10) gamosaxulebis saSualebiT SesaZlebelia avagoT 

ekonomaizeridan gamosuli wylis temperaturis cvlileba drois 

mixedviT roca adgili aqvs: ekonomaizerSi Semavali wvis 

produqtebis temperaturis naxtomisebr cvlilebas sididiT 2A A, 

ekonomaizerSi Semavali wylis temperaturis cvlilebas sididiT  

1A   da  ekonomaizeridan gamosuli namwvi gazebis cvlilebas 

sididiT 3A .  

formulis (10) analizidan Cans, rom ekonomaizeridan 

gamosuli wylis temperaturis cvlileba t ′′∆ (sabazo statikur 

sididis mimarT) damokidebulia wylis xarjze G , ekonomaizeris 

xurebis zedapiris sidideze F , Tbogadacemis koeficientze 

namwvi gazebidan gasacxelebel wyalze k , ekonomaizerSi wylis 

tevadobaze 
*G , temperaturis “gaqanebis” drois mudmivaze T , 

koeficientebze A1, A2 da A3.  e.i  

),,,,,,,( 321
* AAATGkFGt Ψ=′′∆  

drois mudmiva T  calsaxad ganisazRvreba koeficientebiT  

a1, a2, da a3.  
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ganvixiloT gardamavali rJimis magaliTi, romelic 

mimdinareobs DKBp -10-13 wylis ekonomaizerSi, roca adgili aqvs 

SeSfoTebas – naxtomisebrad icvleba ekonomaizerSi Semavali 

namwvi gazebis temperatura. gaangariSebisaTvis saWiro 

parametrebia: orTqlis mwarmoebluroba- 13600kg/sT (3.78kg/wm); 

orTqlis absoluturi wneva – 1,4mgpa; qvabis dolis uwyveti 

gaqrevis wylis raodenobis gaTvaliswinebiT (410kg/sT)  

ekonomaizerSi gatarebuli wylis raodenobaa 14010kg/sT (3.89kg/wm).  

ekonomaizerSi Sesasvlelze wylis temperatura- 100oC, xolo 

gamosasvlelze - 128 oC. namwvi gazebis temperatura ekonomaizerSi 

Sesvlaze- 239 oC , xolo gamosvlaze 140 oC. Tbomtarebis dineba 

winaRi xasiaTisaa. uwyveti gaqrevis sidide – 3% (420 kg/sT). 

ekonomaizerSi gavlili wylis raodenoba tolia 4kg/wm. saTbobad 

gamoyenebulia bunebrivi airi TbounariT-37100kj/m3. Tbogadacemis 

koeficienti namwvi gazebidan wyalze (ekonomaizeris sazRvrebSi) 

tolia 21 vt/m2/k . 

ekonomaizeri warmoadgens Tujis gawibovnebuli 

milebisagan (76/60mm) awyobil bloks (ВТИ –is sistemis 

“aramaduRara” ekonomaizeri). milebis saerTo raodenobaa 101 

cali. horizontaluri rigebis raodenobaa- 15, xolo 

horizontalur rigSi milebis ricxvia-7. ekonomaizerSi wyliT 

dakavebuli moculoba Seadgens 0.856m3. wylis ekonomaizeris 

xurebis farTia-  298.5m2.  

gazebis saSualo temperaturaa 0.5(239+140)=189.5 oC., xolo 

wylis saSualo temperatura- 0.5(100+128)=114 oC., Tbomtarebs Soris 

udidesi temperaturuli dawneva tolia 239-128=111 oC., xolo 

umciresi dawneva- 140-100=40 oC.  Tbomtarebs Soris saSualo 

logariTmuli dawneva tolia (111-40)/ln(111/40)=70.3 oC. Tbomtarebis 

saSualo temperaturebiT gamoTvlili saSualo temperaturuli 

dawneva tolia 0.5(189.5+114)=75.5 oC. 

(10) formulaSi  miRebuli aRniSvnebis Sesabamisad gvaqvs: 
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ekonomaizerSi wylis masa(tevadoba) 1.4mgpa. dros simkvrivis 951 

kg/m3  gaTvaliswinebiT tolia *G =814.3kg.  

31.1619.489.31 =⋅=a kvt/k; 3
2 10*216.2985.0 −⋅⋅=a kvt/k; 

341219.43.8143 =⋅=a  kvt/k; 03.259)135.331.16/(3412 =−=T  wm;  01 =A ; 

302 =A grad.;  03 =A . 

aRniSnuli monacemebis gaTvaliswinebiT ekonomaizeridan 

gamosvlaze wylis temperaturis drois mixedviT cvlilebis 

gaangariSebisaTvis  (10) formulas eqneba saxe; 
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et ,                 (12) 

 

ekonomaizeridan gamosvlaze temperaturis cvlilebis 

(“gaqanebis”) mrudis asagebad (10) formuliT  rekomendirebulia 

aviRoT drois sidideebi τ =0.1T; 0.2T; 0.4T; 0.7T; 1.5T; 2T; 3T; 4T; 5T; 6T; 

7T. nax.4. naCvenebia ekonomaizeridan gamosuli wylis 

temperatu-ris da temperaturaTa sxvaobis (aTvlili statikuri 

reJimis Sesabamisi sidididan) cvlilebebi drois mixedviT 

(gaangariSebuli formuliT (12)), roca myisierad moxda 

ekonomaizerSi Sesvlaze gazebis temperaturis Semcireba 50 

gradusiT. A2= -50oC.  

nax. 5. mocemulia monacemebi ekonomaizeridan gamosuli 

wylis temperaturis  da temperaturaTa sxvaobis drois mixedviT 

cvlilebis Sesaxeb, roca myisierad moxda ekonomaizerSi 

Sesvlaze wylis temperaturis gazrda 20 gradusiT. A1= +20oC.  
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nax. 6. mocemulia monacemebi ekonomaizeridan gamosuli 

wylis temperaturis  da temperaturaTa sxvaobis drois mixedviT 

cvlilebis Sesaxeb, roca myisierad moxda ekonomaizerSi 

Sesvlaze wylis temperaturis Semcireba 40 gradusiT. A1= - 40oC.  

 

 

nax.4.  

 
wylis temperaturis da temperaturaTa sxvaobis 

cvlileba drois mixedviT, roca A1=20grad.
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nax.5.  

wylis temperatura da temperaturaTa sxvaoba 

ekonomaizeridan gamosvlaze , A2= -50oC
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ekonomaizeridan gamosvlaze wylis temperaturis cvlileba, 

roca erTdroulad adgili aqvs “SeSfoTebas” ekonomaizerSi 

Sesvlaze wylis temperaturis da namwvi gazebis  naxtomisebri 

cvlilebebiT A1=25oC da A A1=-25oC, naCvenebia nax. 7-ze.  

ekonomaizeridan gamosvlaze wylis temperaturis 

cvlileba, roca erTdroulad adgili aqvs “SeSfoTebas” 

ekonomaizerSi Sesvlaze wylis temperaturis da namwvi gazebis  

naxtomisebri cvlilebebiT A1=25oC da A A1=-25oC, naCvenebia 

grafikebis saxiT  nax. 35-ze.  

 

 

wylis temperatura da temperaturaTa sxvaoba 

ekonomaizeridan gamosvlaze. A 1 = - 40oC
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nax.6.  
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ekonomaizeridan gamosvlaze wylis 

temperaturis cvlileba: 

A1=25; A2=-25; A1=25,A2=-25.
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nax.7.  

 

rogorc nax. 7. Cans  ekonomaizerSi Sesvalze wylis 

temperaturis 25 gradusiT naxtomisebrad momatebis dros, 

ekonomaizeridan gamosvlaze wylis temperatura izrdeba, xolo  

ekonomaizerSi Sesvalze namwvi gazebis temperaturis igive 25 

gradusiT Semcirebius dros ekonomaizeridan gamosvlaze wylis 

temperatura mcirdeba. amasTan erTad pirvel SemTxvevaSi, meore 

SemTxvevasTan SedarebiT temperaturis cvlilebis siCqare ufro 

maRalia. e.i. procesis “SeSfoTebaze” wylis temperaturis 

cvlilebis gavlena ufro mniSvnelovania, vidre namwvi gazebis 

temperaturis cvlileba.  

nax.7. naCvenebia agreTve ekonomaizeridan gamosvlaze wylis 

temperaturis rezultaturi cvlileba gamowveuli erTdroulad 

orive saxis “SeSfoTebebis” gavleniT. 

erTidaigive mimarTulebiT momqmedi “SeSfoTebebi” 

gardamaval process aZliereben da piriqiT SemTxvevebSi  ki 

asusteben. nax.8. warmodgenilia SemTxveva, roca ori sxvadasxva 

“SeSfoTeba” sawinaaRmdego niSnisaa da amasTan erTad maTi 
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ricxviTi mniSvnelobebi iseTia, rom rezultaturi “SeSfoTeba” 

nulis tolia. konkretulad: ekonomaizerSi Sesvlaze wylis 

temperaturis cvlilebaa A1=11.9 oC da ekonomaizerSi Sesvlaze 

namwvi gazebis temperaturis Sesabamisi cvlilebaa A2=-50 oC. aseT 

SemTxvevaSi ekonomaizeridan gamosvlaze wylis temperatura 

orive “SeSfoTebis” gavleniT ucvlelia.   

 

ekonomaizeridan gamosvlaze wylis 

temperaturis cvlileba: A1=11,9oC;A2=-50oC
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                                       nax.8  

Tbogeneratoris agregatebSi mimdinare procesebis modelirebiT   

SsaZlebeli gaxda rTuli obieqtis (Tbogeneratoris) 

maTematikuri modelis ageba, romelSic mimdinareobs realuri 

obieqtis  msgavsi gamartivebuli procesi ise, rom igi  

ganasaxierebs CvenTvis saintereso Tvisebebs. 

modelirebis aucilebloba gamowveuli iyo mravali 

mizeziT, romelTagan umTavaresia:  Sesaswavli obieqtis 

sirTule, eqsperimentebis Catarebis aucilebloba, obieqtis 

sivrciTi da droiTi masStabebis da arsebuli SesaZleblobebis 

SezRuduloba (Seusabamoba) 
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ZiriTadi daskvnebi 
 

1. wylis ekonomaizeris muSaobis gardamavali reJimebis 

dasaxasiaTeblad, procesis maTematikuri modelirebis 

gziT, miRebulia ekonomaizeridan gamosuli wylis 

temperaturis drois mixedviT cvlilebis saangariSo 

formula, romelsac aqvs eqsponentis saxe. muSaobis 

gardamavali reJimebi gamowveulia namwvi gazebis da 

ekonomaizerSi Sesuli wylis temperaturebis cvlilebebiT. 

miRebuli SedegebiT sargebloba agregatebis usafrTxo da 

ekonomikur muSaobis xelSewyobis kargi pirobaa.     

2. qvabis dolis muSaobis gardamavali reJimebis dasaxasiaTe-

blad procesis maTematikuri modelirebis gziT, miRebulia 

wnevis drois mixedviT cvlilebis saangariSo formula. 

muSaobis gardamavali reJimebi gamowveulia saTbobis 

Tbounaris da  mkvebavi wylis temperaturis cvlilebebiT. 

miRebuli SedegebiT sargebloba agregatebis usafrTxo da 

ekonomikur muSaobis xelSewyobis kargi pirobaa.     

3. naSromSi  ganxilulia sacecxle,  rogorc Tbogeneratoris 

qvesistema, saTbobis (myari, Txevadi da airadi) 

mosamzadebeli da sacecxleSi misawodebeli elementebiT.  

gaanalizebulia feTqebad-saSisi gazebis koncentraciebi da 

SesaZlo afeTqebebis acilebis RonisZiebebi.  

   4. ganxilulia wylis donis maCvenebeli xelsawyoebis   

gaumarTaobebi: saCvenebeli mina gadavsebulia wyliT; wylis 

done normalurze ramdenadme metia; wynari done; donis 

umniSvnelo ryeva; wylis, an orTqlis “gaparva” 

xelsawყodan; maCvenebeli minis gatexva. gaanalizebulia 

dazianebis mizezebi da Sesabamisi profilaqtikuri 

RonisZiebebi. 
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5. ganxilulia mcveli sarqvelebis gaumarTaobebi: mcveli 

sarqveli ar iReba; iReba AdagvianebiT; iReba Zlian adre. 

Sesrulebulia gaumarTaoebebis mravali mizezis 

diferencireba da dasaxulia Sesabamisi  profilaqtikuri 

RonisZiebebi. 

  6. Sedgenilia Tbogeneratorebis uavario da ekonomikuri 

muSaobis uzrunvelsayofad saswavlo-sagamocdo kiTxvari, 

romelic  aprobirebulia Sps saqarTvelos energetikuli 

korporaciis TboeleqtrosadgurSi momsaxure personalis 

profesiuli kvalifikaciis amaRlebis mizniT.      
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ganviTarebis perspeqtivebi”. a. wereTlis saxelmwifo 

universiteti. 21-22 maisi, 2010 w. quTaisi; saqarTvelos teqnikuri 

universitetis studentTa #79 Ria saerTaSoriso konferenciaze 

Tbilisi 2011w; saerTaSoriso samecniero konferenciaze “qali da 

XXI saukune”. saqarTvelos teqnikuri universiteti. Tbilisi-2011w; 
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reziume 
 
Tanamedrove Tbogeneratori rTuli da sapasuxismgeblo 

agregatia, erTmaneTTan dakavSirebuli mravali elementiT, 
romelic aRWurvilia savdasxvagvari sazom-sakontrolo 
xelsawyoebiT, dacvisa da marTvis avtomatizirebuli sistemebiT.  

orTqlis generatorebisaTvis savaldebuloa nominaluri 
saeqspluatacio reJimebis dacva, romelTa gaTvaliswinebiTac 
proeqtirebis etapze sruldeba gamoyenebuli masalebis xarisxis, 
calkeuli elementebis SeerTebebisa da samagri konstruqciebis 
gansazRvruli muSa parametrebisaTvis gaTvla.  

Tbogeneratorebis efeqturi da usafrTxo muSaoba 
SesaZlebelia mxolod maTi kvalificiuri momsaxurebis 
pirobebSi saeqspluatacio  wesebis mkacrad dacviT. wesebis 
daucveloba SeiZleba gaxdes avariebis da agregatebis dazianebis 
mizezi, rasac SeiZleba moyves adamianebis tramvireba da 
msxverpli da didi matrialuri zarali.  

Tbogeneratorebis usafrTxo da ekonomikuri reJimiT 
muSaoba moiTxovs erTmaneTze damokidebuli mravali fizikuri 
da meqanikuri parametrebis  moTxovnil sazRvrebSi SenarCunebas. 
agregatebis eqspluataciis dros maxasiaTebeli parametrebi 
SeiZleba Seicvalos, rac muSaobis statikuri reJimidan 
gardamaval reJimSi gdasvlas iwvevs. muSaobis statikuri 
reJimebi Seswavlilia sakmarisad kargad, maSin roca 
Tbogeneratorebis gardamavali reJimebis daxasiaTeba da analizi 
isev aqtualuria.  

naSromSi kvlevis meTodad gamoyenebulia sistemuri 
analizis meTodi, romlis Tanaxmadac gamosakvlevi sistema -
Tbogeneratori, ganixileba, rogorc erTiani (mTliani) sistema, 
romelic Sedgeba qvesistemebisagan –sacecxle, orTqlis 
gadamxurebeli, wylis ekomomaizeri, haerSemTbobi, deaeratori, 
mkvebavi tumboebis kvanZi da a.S. da elementebisagan- doli, 
ekranis milebi, koleqtorebi, sxvadasxva sakontrolo-sazomi 
xalsawyoebi, mcveli da sasignalo mowyobilobebi da sxa.  
kvlevis aseTi midgoma orientirebulia, sistemis elementebad  
danawevrebis gziT, Semadganeli calkeuli agregatebis muSaobis 
analizze, im pirobiT, rom SenarCunebulia Tbogeneratoris 
rogorc mTliani sistemis Sesaxeb Sexeduleba. aseTi midgomiT 
miRebuli Sedegebi adekvaturad asaxaven TbogeneratorebSi 
mimdinare rTul procesebs. rac dadasturebulia naSromSi 
miRebul SedegebSi, romlebic exeba orTqlis qvabis dolSi da 
ekonomaizerSi mimdinare gardamavali procesebis maTematikur 
modelirebas.  

Tbogeneratoris erT-erTi mniSvnelovani kvanZia wylis 
ekonomaizeri-qvesistema romlis elementebia: ekonomaizeris 
Tujis gawibovnebuli milebi, manometrebi, mcveli 
mowyobilobebi, Termometrebi, urdulebi, farsaketebi. am 
elementebis gamarTuli muSaoba mniSvnelovanwilad  
gansazRvravs  mTlianad agregatis ekonomiurobas da usafrTxo 
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eqspluatacias. “aramaduRara” tipis ekonomaizeridan gamosuli 
wylis temperatura (ukmarxureba) saproeqto monacemebiT ar unda 
iyos 20-30 gradusze naklebi qvabis dolSi arsebul 
temperaturaze. Sesabamisad aqtualuria ekonomaizeris 
gardamavali reJimebis gamokvleva.  

wylis ekonomaizeris gardamavali reJimebis 
dasaxasiaTeblad, procesis maTematikuri modelirebis gziT, 
miRebulia ekonomaizeridan gamosuli wylis temperaturis drois 
mixedviT cvlilebis saangariSo formula, romelsac aqvs 
eqsponentis saxe. statikuri procesis “SeSfoTebebi” gamowveulia 
namwvi gazebis da ekonomaizerSi Sesuli wylis temperaturebis 
cvlilebebiT.  

Tbogeneratoris mniSvnelovani kvanZia doli (qvesistema) 
romlis elementebia: ekranis milebi, koleqtorebi, dolsSiga 
mowyobilobebi, manometrebi, mcveli sarqvelebi, wylis donis 
mzomebi.  statikur reJimSi dasaSvebia wylis donis da  dolSi 
wnevis cvlilebebi  garkveul mkacrad gansazRvrul dasaSveb 
sazRvrebSi.  

qvabis dolis muSaobis gardamavali reJimebis dasaxasiaTe-
blad procesis maTematikuri modelirebis gziT, miRebulia 
wnevis cvlilebis saangariSo formula “SeSfoTebebis”- saTbobis 
Tbounaris da  mkvebavi wylis temperaturis,  droSi cvilebebis 
mixedviT.  

naSromSi ganxilulia sacecxle, rogorc Tbogeneratoris 
qvesistema, saTbobis (myari, Txevadi da airadi) mosamzadebeli da 
sacecxleSi misawodebeli elementebiT.  gaanalizebulia 
feTqebad-saSisi gazebis koncentraciebi da SesaZlo afeTqebebis 
acilebis RonisZiebebi.  

ganxilulia wylis donis maCvenebeli xelsawyoebis 
gaumarTaobebi: saCvenebeli mina gadavsebulia wyliT; wylis done 
normalurze ramdenadme metia; wynari done; donis umniSvnelo 
ryeva; wylis ,an orTqlis “gaparva” xelsawodan; maCvenebeli minis 
gatexva.  
gaanalizebulia dazianebis mizezebi da Sesabamisi 
profilaqtikuri RonisZiebebi. 

ganxilulia mcveli sarqvelebis gaumarTaobebi: mcveli 
sarqveli ar iReba; iReba AdagvianebiT; iReba Zlian adre. 
Sesrulebulia gaumarTaoebebis mravali mizezis diferencireba 
da dasaxulia Sesabamisi  profilaqtikuri RonisZiebebi. 

Tbogeneratorebis momsaxure personalma zedmiwevniT 
kargad unda icodnen Tbogeneratorisa  da misi mowyobilobebis 
avariis warmoSobis SesaZlo mizezebi, maTi aRmofxvris pirobebi 
da avariebis Tavidan acilebis gzebi-RonisZiebebi.  

Sedgenilia Tbogeneratorebis uavario da ekonomikuri 
muSaobis uzrunvelsayofad saswavlo-sagamocdo kiTxvari, rome-
lic aprobirebulia Sps saqarTvelos energetikuli korporaciis 
TboeleqtrosadgurSi momsaxure personalis profesiuli kvali-
fikaciis amaRlebis mizniT.      
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Abstract 
 

Modern heat-generator is a complex and important aggregate with many 
interconnected items equipped with various measuring-control devices, automated 
protection and control systems. 

Keeping of nominal exploitation modes is compulsory for steam generators by 
considering of which calculation of quality of applied materials, connections of 
private items and working parameters of attaching constructions take place at 
projection stage.  

Effective and safe operation of heat generators is possible in the conditions of 
their qualified service only in full compliance with exploitation rules. Failure to keep 
the rules may become a ground of breakdowns and damage of aggregates that may 
cause traumas of human, victim and great material loss.        

Operation of heat generators under safe and economic mode needs keeping of 
various interdependent physical and mechanical parameters in required limiting lines. 
Characteristic parameters may be changed at exploitation of aggregates that causes 
transition of operation from static mode to transient regime. Static modes of operation 
have been studied very well while description and analysis of transitional modes of 
heat generators is still actual.  

Method of systemic analysis has been used in the work as a method of 
research, according to which the system of examination – heat generator is considered 
as a united (whole) system consisting of sub-systems – furnace unit, steam 
superheater, water economizer, air heater, deaerator, knot of feed pumps as well as 
items – cylinder, screen pipes, water-wall tubes, headers, different control-measuring 
devices, protective device and alarm equipments and etc. Such approach of research is 
oriented on the analysis of operation of constitute individual devices via 
dismembering the system in units provided that the conception of heat generator as the 
whole system has been provided. The results of this approach adequately reflect the 
complex processes running in heat generators. That has been acknowledged in the 
results of the work concerning the mathematical modeling of transitional processes in 
steam boiler drum and economizer. 

One of the important knots of heat generator is water economizer –subsystem 
that comprises the units: finned pipes of economizer cast iron, manometer, protective 
devices, thermometers, bolts, sliding dampers. Regular operation of the above units 
largely determines efficiency and safe exploitation of whole aggregate. According to 
project data, water temperature (subcooling) out from the economizer of “non-boiler” 
type should not be less than 20-300C to compare with the temperature in boiler drum. 
Accordingly, examination of transient regimes of economizer is actual. 
In order to describe transient regimes of water economizer, computation formula of 
variation of water temperature outing from economizer from time to time has been 
made via mathematical modeling of the process, which has got an image of exponent. 
“Troubles” of static processes have been caused by variations of carbon gases and 
water temperature in economizer. 

The important knot of heat generator is cylinder (subsystem) that comprises 
the units: water-wall pipes, headers, turbo-steam equipments, manometers, protective 
valves, water level measurers. Variations of water level and pressure in the cylinder 
are admitted in static regime in strictly determined permissible limiting lines.  

In order to describe transient regimes of the boiler drum operation through 
mathematical modeling of the process, computation formula of pressure variation has 
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been adopted in accordance with variations in time of “Troubles” – fuel efficiency and 
feed water temperature. 

Combustion system as heat generator sub-system has been discussed in the 
work with preparatory elements of fuel to be delivered (solid, fluid and gaseous) to 
combustor. Concentrations of explosive gases and measures of avoiding possible 
explosions have been analyzed. 

Failures of water level showing devices have been examined: showing glass is 
overfilled with water; water level is somewhat higher than norm; pacific level; slight 
fluctuation of level; “leakage” of water or steam from the device; breakdown of 
showing glass. Reasons of damage and appropriate prophylactic arrangements have 
been analyzed.    

Failures of protective valves have been examined: safety valve fails to open; it 
opens with delay; opens very early. Differentiation of many reasons of failure has 
been made and appropriate prophylactic measures have been planned. 

The service staff of heat generators should thoroughly know presumable 
reasons of breakdowns of heat generators and their devices, conditions of eradication 
of accidents and ways of avoiding the breakdowns. 

Training-testing questionnaire have been made in order to provide regular and 
economic operation of heat generators, which is approved in order to improve 
professional qualification of staff serving at Georgian Power Corporation Thermal 
Power Plant Ltd.            
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