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           samuSaos zogadi dasaxiaTeba 

 

aqtualoba. polimeruli masalebi da maT Soris plastikuri da 

elastikuri milebi da rulonuri afskebi sul ufro farTo 

gamoyenebas poulobს teqnikisa da teqnologiis mraval dargSi. maT 

Soris dabali wnevis sxvadasxva pnevmatikur da hidrodinamikur 

mowyobilobebSi da danadgarebSi. am mxriv aRsaniSnavia Tundac 

TbomeurneobaSi polimeruli milebis gamoyenebis Tanamedrove 

masStabi. plastikur da elastikurkedlebian arxebSi siTxeebis 

moZraoba mkveTrad gansxvavdeba myar da stacionaრuლ kedlebian 

arxebSi moZraobisagan, magram dRemde am mimarTulebiT Sesrulebul 

samecniero naSromTa absoluturi umravlesoba samedicino 

mimarTulebazea orientirebuli da adamianis sisxlis mimoqcevis 

sistemis Seswavlas emsaxureba.  

aRniSnulidan gamomdinare, arastacionaრuლ da drekad 

kedlebian arxebSi siTxis moZraobis TaviseburebaTa teqnikur 

mowyobilobebSi gamoyenebis TvalsazrisiT  gamokvlevis aqtualoba 

eWvs ar iwvevs.  

samuSaos mizani. samuSaos ZiriTadi mizania arastacionaruლ da 

drekad kedlebian arxebSi siTxis moZraobis TaviseburebaTa Seswavla 

am TaviseburebaTa teqnikur mowyobilobebSi gamoyenebis 

TvalsazrisiT. konkretulad kvleva Catarda arastacionaრuლ da 

drekadkedlebian milebis Tbogadamcem danadgarebSi da drekadi, 

plastikuri da elastikuri Txeli rulonuri masalebis Termuli 

damuSavebisaTvis saWiro danadgarebSi, aerodinamikuri sayrdenebis 

SesaZlo efeqturi gamoyenebis dasabuTebis mizniT. samuSaos mizans 

Seadgenda agreTve kvlevis procesSi gamoyenebuli eqsperimentuli 

stendebis damuSaveba teqnikuri umaRlesi saswavleblebis 
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Tboenergetikuli mimarTulebebis saswavlo laboratoriebSi 

gamoyenebis TvalsazrisiT. 

 kvlevis obieqti da meTodebi.  kvlevis obieqts warmoadgens 

drekadkedlebian polimerul milebSi wylis moZraobis da 

polimeruli, rulonuri masalis kedlian brtyel arxSi haeris 

dinebis procesebi. kvleva Catarebulia eqsperimentuli meTodiT. 

naSromis ZiriTadi Sedegebi da mecnieruli siaxle.  naSromis 

ZiriTadi Sedegebs miekuTvneba Txelkedla elastikur milebSi siTxis 

moZraobis kanonzomierebaTa Semdgomi Seswavlis mizanSewonilobis 

dasabuTeba, sami sxvadasxva eqsperimentuli stendisa da Sesabamisi 

cdebis Catarebis meTodikis damuSaveba, myar da drekad milebSi wylis 

dinebis da drekadkedlian arxSi haeris dinebis maxasiaTeblebis 

eqsperimentuli monacemebis dagroveba da aerodinamikuri sayrdenis 

inJinruli gaangariSebis meTodikis damuSaveba. naSromis mecnierul 

siaxles miekuTvneba Tbogamomyenebel danadgarebSi polimeruli, 

Txelkedla da  elastikuri masalebis gamoyenebis perspeqtiulobis 

dasabuTeba da aerodinamikur sayrdenze rulonuri masalis 

Setivtivebul mdgomreobaSi stabiluri SenarCunebisaTvis sahaero 

baliSSi gasanviTarebeli wnevis gamosaTvleli analizuri 

gamosaxulebis gamoyvana, romliTac gaangariSebuli Sedegebi kargad 

emTxveva eqsperimentul monacemebs.   

miRebuli Sedegebis gamoyenebis sfero. naSromSi miRebuli 

Sedegebi SeiZleba gamoyenebuli iqnes Tboteqnologiur procesebSi 

monawile mowyobilobebisa da danadgarebis rogorc damaproeqtebel, 

ise damamzadebel da saeqspluatacio organizaciebisa da sawarmoebis 

mier. agreTve teqnikuri umaRlesi saswavleblebis Tboenergetikuli 

mimarTulebebis saswavlo procesSi. 

cnobebi disertaciis moculobisa da struqturis Sesaxeb. 

naSromi warmodgenilia 125 nabeWd gverdze da Sedgeba Sesavalis, xuTi 

Tavis, 7 cxrilis, 37 naxazis (danarTTan erTad) da daskvnisagan. 
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citirebuli literaturis sia Seicavs ZiriTadad ucxouri wyaroebis 

35 dasaxelebas.  

 

 

disertaciis ZiriTadi Sedegebi Tavebis mixedviT. 

naSromis Sesaval nawilSi da pirvel TavSi ganxilulia 

sakvlevi problemis arsi da istoria. Camoyalibebulia sakiTxis dasma. 

warmodgenilia literaturis mimoxilva, romlis safuZvelze  

dadgenilia, rom arastacionarul da drekad kedlebian arxebSi 

realuri siTxeebis da gazebis moZraobas axasiTebs mTeli rigi 

Taviseburebebi, rac ganapirobebs  movlenis hidrodinamikur sirTules 

da misi kvlevis samecniero aqtualobas. dasabuTebulia drekadi da 

arastacionaruli polimeruli masalebidan damzadebuli milebis 

Tboteqnologiur danadgarebSi, kerZod Tbogadamcem aparatebSi 

gamoyenebis da rulonuri polimeruli afskebis Tburi 

damuSavebisaTvis saWiro danadgarebSi aerodinamikuri sayrdenebis 

gamoyenebis perspeqtiuloba xsenebuli danadgarebis masalatevadobis 

Semcirebis da energetikuli efeqturobis gazrdis TvalsazrisiT.  

Catarebuli analizis safuZvelze amave nawilSi Camoyalibebulia 

samuSaos mizani. 

meore TavSi warmodgenilia elastikur da drekadkedlebian 

arxebSi siTxis moZraobis Teoriuli sakiTxebi. ganxilulia amgvar 

arxebSi siTxis moZraobis kanonzomierebaTa kvlevis aspeqtebi da 

warmodgenilia am kanonzomierebaTa Teoriuli Seswavlis zogadi 

meTodika. am mimarTulebiT Catarebuli literaturuli mimoxilvis 

Sedegebis safuZvelze dasabuTebulia, rom plastikur da elastikur 

kedlebian milebSi blanti siTxis moZraobisas, milis drekad 

kedlebsa da siTxis dinebis maxasiaTeblebs Soris warmoqmnili 

kavSirurTierTobebi mravalmxrivia da Zalian rTuli bunebisaa. 

swored amiT aris gapirobebuli is garemoeba, rom jer kidev ar aris 
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damuSavebuli xsenebuli kavSirurTierTobebis iseTi maTematikuri 

modeli, romlis safuZvelzec miRebuli iqneboda praqtikuli 

gamoTvlebisaTvis metnaklebad vargisi saangariSo analizuri 

gamosaxulebebi. naTqvamis dasadastureblad iqve ganxilulia 

konkretuli magaliTi da dasabuTebulia, rom drekad da 

arastacionarul kedlebian arxebSi siTxis moZraobis 

kanonzomierebaTa SeswavlaSi jerjerobiT gadamwyveti upiratesoba 

aqvT eqsperimentul meTodebs. 

amave nawilSi gaanalizebulia hukis kanoni elastikuri da 

drekadi milisaTvis da ganxilulia amgvar milebSi siTxis dinebis 

egreTwodebuli flateruli reJimi, ris safuZvelzec dasabuTebulia 

Tbogadamcem danadgarebSi plastikuri da elastikuri milebis 

gamoyenebis perspeqtiuloba xsenebuli danadgarebis masalatevadobis 

Semcirebis da energoefeqturobis SesaZlo Semcirebis TvalsazrisiT. 

meore Tavis dasasruls gadmocemulia arastacionarul da drekad 

kedlebian milebSi siTxis moZraobis TaviseburebaTa analizis 

Sedegebi. 

naSromis mesame Tavi eZRvneba kvlevisas daproeqtebuli da 

gamoyenebuli eqsperimentuli danadgarebis aRweras da cdebis 

Catarebis Sesabamisi meTodikebis damuSavebas. kerZod aRwerilia 

metalis myari da polimeruli masalis drekadi milebis hidravlikuri 

winaaRmdegobebis xarisxobrivi urTierTSedarebis Casatarebeli 

eqsperimentuli danadgari #1, romelic warmodgenilia 1nax-ze da 

igive milebiT ganxorcielebuli Tbogadacemis procesebis 

intensivobis urTierTSesadarebeli danadgari #2. es ukanaskneli 

warmodgenilia 2nax-ze. 

# 1 danadgari warmoadgens laboratoriul magidaze (1) 

moTavsebuli specialuri sadgars (2), romelzec ganlagebulia wylis 

sawyisi moculoba (3). am ukanasknelis xufze mierTebulia sawyis 

moculobaSi ganviTarebuli wnevis gamzomi manometri (4) da `b~ 
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onkaniani sahaero mili (5), xolo fskerze _ `c~ onkanis gavliT 

samiltuCe koleqtori (6). samiltuCe koleqtoris miltuCebze 

mierTebulia liTonisa da elastikuri masalisagan damzadebuli 

gamosakvlevi da urTierTSesadarebeli milebi (7), romelTa qveda 

boloebi CaSvebulia siTxis mimReb da siTxis donis mixedviT 

moculobis maCveneblebiT aRWurvil WurWlebSi (8).  

gamosacdel milebSi wylis dinebis sxvadasxva reJimis 

dasamyareblad sawyis moculobasTan `a~ onkanis gavliT mierTebulia 

wyalsadenis mili da `d~ onkanis gavliT haeris laboratoriuli 

kompresori (9).      

 

         

nax. 1.  # 1 eqsperimentuli stendis sqema 

 

eqsperimentebis Catarebisas izomeba erTi da egive tevadobis 

mqone WurWlis, rogorc metalis miliT, aseve polimeruli miliT 

Sevsebis dro. 
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#2 meore danadgari praqtikulad igivea, rac # 1 danadgari, im 

gansxvavebiT, rom sawyisi WurWlidan mimReb WurWlebamde arsebuli 

metalisa da polimeruli masalis milebi moqceulia damatebiT 

Seqmnil moculobaSi, romelSic cirkulirebs cnobili da sawyis 

WurWelSi moTavsebuli wylis teperaturidan gansxvavebuli 

temperaturis mqone wyali. aRniSnul danadgarze ganxorcielebuli 

cdebis SemTxvevaSi unda gaizomos metalisa da polimeruli masalis 

milebiT mimRebi WurWlebis Sevsebis drosTan erTad unda gaizomos 

mimReb WurWlebSi Camodinebuli wylis temperaturac. 

 

nax. 2.  # 2 eqsperimentuli stendi  

 

mesame Tavis dasasruls warmodgenilia plastikuri da drekadi 

milebisa da liTonis milebis hidravlikuri winaRobis  Sesadarebeli 

eqsperimentebis Catarebisa da miRebuli Sedegebis  (cdis monacemebis) 

damuSavebis meTodika, aseve plastikuri da drekadi milebiTa da 

liTonis milebiT ganxorcielebuli Tbogadacemis procesebis 
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urTierT Sesadarebeli eqsperimentebis Catarebis meTodika da 

miRebuli Sedegebis  (cdis monacemebis) damuSavebis meTodika. 

meoTxe Tavi mTlianad eTmoba plastikuri, drekadi milebisa da 

liTonis milebis hidravlikuri winaRobis Sesadarebeli 

eqsperimentebis Sedegebis warmodgenas, maT damuSavebas da analizs. am 

Tavis sawyis nawilSi daxasiaTebulia gamokvleuli milebi da 

moyvanilia gazomvebis cdomilebaTa miaxloebiTi Sefaseba, romlis 

Casatareblad uSualo gazomvebiT miRebuli monacemebis mixedviT 

avageT 3nax-ze warmodgenili mrudebi. am grafikze metalisa da 

plastmasis milebi erTmaneTisagan ar aris gancalkevebuli vinaidan 

saintereso iyo sxvadasxva dawnevis dros gazomili Sevsebis 

xangrZlivobaTa Sedareba. rogorc am naxazidan Cans, dawnevis gazrdiT 

1520 mm wy. sv.-dan  2025 mm wy. sv.-mde yvela  gamocdili milisaTvis 

Semcirda erTi da igive moculobis mqone mimRebi WurWlis Sevsebis 

dro, rac savsebiT logikuria. magram Cven SevadareT dawnevis 

procentuli cvlileba, romelic yvela milisaTvis erTi da igive iyo, 

yoveli milis Sevsebis drois procentul cvlilebas. es Sedareba 

warmodgenilia 4nax-ze, saidanac Cans, rom yvela milisaTvis erTi da 

igive, daaxloebiT 25 %-iT gansxvavebuli dawnevebisas, Camodinebis 

drois miRebul mniSvnelobebs Soris gansxvaveba sxvadasxvaa, 

mniSvnelovnad aris gabneuli da miuxedavad imisa, rom cvlileba erTi 

mimarTulebisaa (dawnevis momatebiT Sevsebis drois xangrZlivoba 

yvela milisaTvis Semcirda), igi xan dawnevis procentul cvlilebaze 

metia (maqsimumalur SemTxvevaSi  + 8 %-iT) da xanac ki  masze  

naklebi  (minimalur  SemTxvevaSi _ 13 %-iT). aRniSnuli ori wertilis, 

rogorc gamonaklisis, amogdebiT xsenebuli cvlilebebi  7 %-Si 

eteva. maSasadame SeiZleba davaskvnaT, rom Cvens mier Catarebuli 

gamokvlevebis cdomileba ukeTes SemTxvevaSi  7 %-ia da uares 

SemTxvevaSi daaxloebiT  15 %-s unda Seadgendes.  cdomilebaTa 

Sefasebis Semdeg amave meoTxe TavSi warmodgenilia Catarebuli 
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gazomvebiT miRebuli, damuSavebuli monacemebi da maTi analizi. 

monacemebi damuSavebuli iqna me-3 TavSi warmodgenili meTodikis 

mixedviT da programa Microsoft Office Excel-is gamoyenebiT. 

 

 

nax. 3. mimRebi WurWlis Sevsebis drois damokidebuleba  
sxvadasxva masalis milis diametrze 

 

 
nax. 4. dawnevis mniSvnelobebs Soris arsebuli gansxvavebis  
Sedareba Sevsebis drois dafiqsirebul mniSvnelobebs Soris 

gansxvavebasTan. 
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5 da 6 naxazebze warmodgenilia Sevsebis drois damokidebuleba 

diametrze calk calke, metalis da polimeruli milebisaTvis 

Sesabamisad wylis svetis 1520 mm-is toli da 2025 mm-is toli 

dawnevisaTvis. orive SemTxvevaSi mrudebs aqvT erTnairi xasiaTi, 

rogorc metalis, ise polimeruli milebisaTvis da diametris 

momatebiT Sevsebis dro eqsponencialurad klebulobs, rac ase Tu ise 

metyvelebs gazomvebis metnaklebad normalurad Sesrulebaze, xolo 

raime sxva gansakuTrebuli daskvnis gamotana am grafikebis mixedviT 

SeuZlebelia. 

analogiuri daskvnis gamotana SeiZleba agreTve milebSi 

ganviTarebuli xarjis (moculobiTi siCqaris, l/wm) diametrze 

damokidebulebebidan, romlebic  7 da 8  naxazebzea warmodgenili.  

 

 

nax. 5. Sevsebis drois damokidebuleba diametrze                                 

metalis da polimeruli milebisaTvis 

(ΔP= 1520 mm wy. sv.) 
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nax. 6. Sevsebis drois damokidebuleba diametrze                                 
metalis da polimeruli milebisaTvis 

(ΔP= 2025 mm wy. sv.) 
 

  

7. moculobiTi siCqaris damokidebuleba diametrze                                  
metalis da polimeruli milebisaTvis 

(ΔP= 1520 mm wy. sv.) 
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    nax. 8. moculobiTi siCqaris damokidebuleba diametrze                                    
metalis da polimeruli milebisaTvis 

    (ΔP= 2025 mm wy. sv.) 
 
 

 

nax. 9. xazovani siCqaris damokidebuleba diametrze 
(ΔP= 1520 mm wy. sv.) 
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       nax. 10. xazovani siCqaris damokidebuleba diametrze 
      (ΔP= 2025 mm wy. sv.) 

 

 

aq moyvanili grafikebis mixedviT metalisa da polimeruli masalis 

milebi praqtikulad erTnair xarjebs qmnis, magram am mxriv maT Soris 

meti gansxvaveba SeimCneva cdebis meore seriaSi anu SedarebiT meti 

dawnevis SemTxvevaSi. Tumca 8 mm-ian da 13,5 mm-ian polimerul milebs 

Soris Sualeduri wertilis ararseboba ver gvaZlevs am daskvnis 

Tamamad gakeTebis SesaZleblobas.   

sxvadasxva milSi ganviTarebuli gadataniTi siCqaris 

damokidebuleba diametrze warmodgenilia 9 da 10 naxazebze. 9nax-ze 

Cans, rom ΔP=1520 mm wy. sv.-is toli dawnevisas, rogorc metalis, aseve 

polimerul milebSi ganviTarebuli nakadebis moZraobis siCqareebi 

ZiriTadad erTmaneTs emTxveva. miuxedavad amisa aSkarad Cans, rom 

zemoT xsenebul yvelaze elastikur milSi (diametriT 6,5 mm) wylis 

moZraobis siCqare daaxloebiT utoldeba 8,4 mm-ian metalis milSi 

ganviTarebul siCqares da metia vidre 8 mm-ian polimerul, magram 

sqelkedla da mouxeSav milSi ganviTarebuli siCqare. aRniSnuli gans-
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xvaveba kidev ufro didia ΔP=2025 mm wy. sv.-is toli dawnevis 

SemTxvevaSi, rac kargad Cans 10nax-ze. amave naxazidan Cans, rom 

polimerul milebSi ganviTarebuli nakadebis siCqareebi sWarboben 

metalis milebSi ganviTarebul siCqareebs, Tumca unda aRiniSnos rom 

yvela es gansxvaveba praqtikulad Tavsdeba cdomilebaTa Cvens mier 

zemoT miRebuli Sefasebis uaresi SemTxvevis farglebSi, xolo mcire 

saimedoobiT ukeTes SemTxvevisaTvis miRebul cdomilebaTa farglebs 

gareTaa.  

miuxedavad naTqvamisa aucilebelia aRiniSnos, rom 5nax-ze da 

6nax-ze warmodgenili uSualod gazomvebiT miRebuli Sedegebis 

mixedviT calk calke metalisa da polimeruli masalis milebisaTvis 

agebuli damokidebulebebis simdovre calsaxad metyvelebs miRebuli 

Sedegebis garkveul saimedoobaze.  

imis gasarkvevad Tu dinebis rogori reJimebi myardeba Cven mier 

gamokvleul milebSi, viangariSeT agreTve reinoldsis ricxvis 

mniSvnelobebi, romlebic Sesabamisi dawnevis SemTxvevebisaTvis 

warmodgenilia 11 da 12 naxazebze. 

 

nax. 11. reinoldsis ricxvis damokidebuleba diametrze 
(ΔP= 1520 mm wy. sv.) 
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        nax. 12. reinoldsis ricxvis damokidebuleba diametrze 
    (ΔP= 2025 mm wy. sv.) 

 

mexuTe Tavi eZRvneba drekadi, plastikuri da elastikuri 

rulonuri masalis aerodinamikuri sayrdenis eqsperimentul 

gamokvlevas, aerodinamikur sayrdenSi mimdinare procesebis analizs 

da polimeruli da sxva Txeli rulonuri masalebis Termuli 

damuSavebisaTvis saWiro danadgarebSi gamoyenebis perspeqtiulobis 

dasabuTebas.  

rulonuri, polimeruli masalebis Tburi damuSavebis 

danadgarebSi Cvens mier SemoTavazebuli aerodinamikuri sayrdeni 

konstruqciulad warmoadgens uZrav da erTi romelime msaxvelis 

mTel sigrZeze garkveuli bijiT perforirebul mils, romelSic erTi 

an orive bolodan ganuwyvetliv Sedis haeri. perforaciidan 

gamodinebuli haeri eqceva TviT milsa da milze gadadebul 

polimeruli masalis afsks Soris da qmnis egreTwodebul sahaero 

baliSs. amasTan aerodinamikur sayrdenSi (sahaero baliSSi) 

moTavsebuli haeris wnevis mier sahaero baliSis areSi afskze 

ganviTarebuli Zala unda uzrunvelyofdes afskis samoZraod da 
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gadasaxvevad aucilebel teqnologiuri daWimulobis daZlevas. 

winaaRmdeg SemTxvevaSi dasamuSavebeli masalis afski uSualod 

perforirebul mils gadaedeba, Caketavs haeris gamosasvlelebs da 

daiwyebs uZrav milze srials, rac kidev ufro gazrdis  daWimulobis 

Zalas da, sabolood, masalis  mTlianobis darRvevas gamoiwvevs.  

im SemTxvevaSi, roca milSi arsebuli wneva sakmarisia, 

perforaciidan gamosuli haeris Wavlebi gaweven masalas garkveul 

manZilze milis zedapiridan, ris gamoc dasamuSavebel masalasa da 

mils Soris gaCndeba garkveuli sisqis RreCo. am ukanasknelSi 

warmoiqmneba haeris ori urTierTsapirispiro mimarTulebis nakadi, 

romelTagan erTi imoZravebs moZravi dasamuSavebeli masalis 

Semxvedri mimarTulebiT, milis kedlis myar, stacionarul 

cilindrul zedapirsa da aerodinamikur sayrdenze Semomaval 

dasamuSavebel masalas Soris. amis Semdeg ki haeri sahaero baliSidan 

atmosferoSi gamoedineba. analogiurad imoZravebs meore nakadi 

dasamuSavebeli masalis moZraobis Tanmxvedri mimarTulebiT. 

aRwerili aerodinamikuri sayrdeni warmodgenilia 13nax-ze. 

gansakuTrebiT yuradsaRebia is faqti, rom polimeruli 

afskebis Termiuli damuSavebis SemoTavazebuli konstruqcia 

erTdroulad uzrunvelyofs rogorc masalis absoluturad xaxunis 

gareSe gadaadgilebas, rac mniSvnelovnad amaRlebs danadgaris 

energoefeqturobas, aseve masalisaTvis  misi Termuli 

damuSavebisaTvis aucilebeli siTbos raodenobis intensiur miwodebas. 

amisaTvis aerodinamikur sayrdenSi miwodebuli haeri gacxelebyli 

unda iyos mocemuli polimeruli masalis Termuli damuSavebisaTvis 

aucilebel temperaturamde. polimeruli afskis aerodinamikuri 

sayrdenis areSi moTavsebuli nawili karg Tbur kontaqtSia 

gacxelebul haerTan, riTac uzrunvelyofili xdeba afskis gacxeleba 

sasurvel temperaturamde. amasTan, zigzagiseburi moZraobis gamo, 

polimeruli afski gacxelebul haerTan kontaqtSi Sedis Tavis xan 
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erTi da xan meore zedapiriT, rac uzrunvelyofs afskis orive 

mxridan Tanabar gacxelebas da Txeli afskebis SemTxvevaSi afskis 

ganiv kveTSi arsebuli temperaturuli vels praqtikulad srul 

izoTermulobas.  

Tburad dasamuSavebel polimerul masalaze siTbos miwodebis 

aRwerili procesi migvaCnia erTerT, yvelaze intensiur 

energomiwodebis procesad, vinaidan aerodinamikur sayrdenSi cxeli 

haeri Semodis, romlebic uSualod masalis zedapirebze  mimarTuli 

Wavlebis saxiT  da  cnobilia, rom siTbos mimReb zedapirze 

Tbogadamtanis Wavluri zemoqmedeba xasiaTdeba yvelaze maRali 

Tbogacemis koeficientiT konveqciuri Tbogacemis sxva  SemTxvevebs 

Soris. 

aerodinamikuri sayrdenis, anu perforirebuli milis sigrZe  

dasamuSavebeli rulonuri masalis siganis toli unda iyos. amasTan 

milis orive boloze damagrebuli unda iyos torsuli rgolebi, 

erTgvari kedlebi, romlebic ar miscemen sahaero baliSSi myof haers 

gverdebidan, perforirebuli milis RerZuli mimarTulebiT gamosvlis 

saSualebas. 

      

nax. 13. aerodinamikuri sayrdeni polimeruli afskisaTvis 
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sahaero baliSidan gamodinebuli haeris raodenobis kompensacia 

unda moxdes perforirebul milSi Semosuli haeriT da maSasadame, 

garkveuli warmadobis, wnevisa da simZlavris haerSemberis gamoyenebiT.  

savsebiT cxadia, rom dasamuSavebel masalasa da milis 

zedapirs Soris warmoqmnili RreCos (sahaero baliSis) sisqe 

damokidebulia perforaciidan gamomavali haeris xarjis sidideze, 

xolo es ukanaskneli, afskis daWimulobis Zalis mudmivobis 

SemTxvevaSi, Tavis mxriv damokidebulia haerSemberis mier 

perforirebul milSi ganviTarebul wnevaze. 

aqve unda aRiniSnos, rom sahaero baliSis sisqe aerodinamikuri 

sayrdenis ama Tu im kveTSi mniSvnelovnadaa damokidebuli 

ganviTarebul statikur wnevaze da sxvadasxva kveTSi ganviTarebuli 

am wnevaTa erToblioba gansazRvravs sahaero baliSze gadadebuli 

dasamuSavebeli masalis formas. 

martivi analiziT dgindeba, rom sahaero baliSis sawyis kveTSi, 

uSualod perforaciis siaxloves nakadis statikuri wneva Tavisi 

sididiT unda akompensirebdes rogorc masalis meore zedapirze 

moqmed atmosferul wnevas, aseve masalis teqnologiuri daWimulobis 

Zalas da dasamuSavebel masalasa   da   mils   Soris    warmoqmnili    

RreCos    aerodinamikuri winaaRmdegobis Zalas. aqedan gamomdinare, 

perforaciis kveTSi saWiro wneva unda ganvsazRvroT rogorc  

                            P = Pat + PdaW. + P P                  (1) 

sadac Pat- atmosferuli wnevaa;  PdaW. _ wneva, romelic 

akompensirebs dasamuSavebeli masalis daWimulobis Zalas; P  _  

wneva, romelic aucilebelia sahaero baliSis  kveTidan haeris  

atmosferoSi gamosadevnad dasamuSavebel masalasa da perforirebuli 

milis kedels Soris warmoqmnil RreCoSi.  

aerodinamikuri sayrdenis sahaero baliSSi moTavsebuli haeris 

wnevis Semadgeneli, zemoT dasaxelebuli sami komponentidan pirveli 
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mudmivi sididea, anu ar icvleba baliSis mTel farTobze. jamuri 

wnevis meore da mesame Sesakrebebi ki cvalebadia. kerZod meore 

Sesakrebi gamoiTvleba rogorc  

                        PdaW = Fl / (R + )  ,  n/m2 P                (2) 

sadac Fl  aris dasamuSavebeli masalis erT ganiv metrze mosuli 

teqnologiuri daWimulobis Zala, n;  

R _ aerodinamikuri sayrdenis perforirebuli milis radiusia, 

m; 

 _ haeris baliSis sisqe (RreCos sigane) mocemul kveTSi, m. 

swored imitom rom rom baliSis sisqe cvalebadia, wnevis ganxilul 

komponents sxvadasxva kveTSi sxvadasxva mniSvneloba aqvs. 

rac Seexeba wnevis mesame komponents, anu wnevas, romelic 

aucilebelia sahaero baliSis  kveTidan haeris  atmosferoSi 

gamosadevnad dasamuSavebel masalasa da perforirebuli milis 

kedels Soris warmoqmnil RreCoSi, is moZraobis mimarTulebiT 

TandaTan klebulobs, radgan baliSidan haeris gamosasvlel kveTTan 

miaxloebiT mcirdeba darCenili gasavleli gzis aerodinamikuri 

winaaRmdegobis dasaZlevad saWiro dawneva.  

 naTqvamidan gamomdinare, cxadia, rom aerodinamikuri sardenis 

sahaero baliSSi wnevis ganawilebis Teoriuli gaangariSeba rTulia. 

amitom Cven miviReT gadawyvetileba eqsperimentulad Segveswavla es 

sakiTxi. miT umetes rom winamdebare naSromis ZiriTad mizans drekad 

kedlebian arxebSi siTxis dinebis TaviseburebaTa gamokvleva 

warmoadgens.  

aRniSnuli mizniT damzadebuli eqsperimentuli stendi 

warmodgenilia 14naxazze. igi Sedgeba dgarisagan 1, romelzec 

damontaJebulia horizontalur mdgomareobaSi myofi perforirebuli 

mili 2 diametriT 51 mm. perforirebul milze gadakidebulia 

rulonuri polimeruli masalis naWeri 3, romlis qveda boloebi 
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erTmaneTTan SeerTebulia da maTze Camokidebulia garkveuli tvirTi 

4, teqnologiuri daWimulobis Zalis imitaciisaTvis. polimeruli 

masalis mTel siganeze ganviTarebuli daWimulobis Zalis 

erTgvarovnebis misaRwevad, tvirTi 4 Camokidebulia polimeruli 

masalis qveda, erTmaneTTan SeerTebul boloebs Soris Cadebuli 

swori Wokis 5 centralur wertilSi damagrebul kauWze, 

romlisTvisac polimeruli afskis qveda Sua nawilSi amoWrilia 

xvreli. perforirebuli milis TavSi da boloSi milze damagrebulia 

specialuri rgoluri kedlebi 6, romlebic aerodinamikuri sayrdenis 

sahaero baliSSi myof haers ar aZleven gverdebidan gamosvlis 

saSualebas. perforirebul milSi haeris miwodeba xdeba haerSemberis 

meSveobiT. milSi arsebuli wneva izomeba V-s magvari manometriT, 

milis Siga moculobasTan SeerTebuli milakis 7 gamoyenebiT. sahaero 

baliSSi haeris nakadis mimarTulebiT wnevis ganawilebis gasazomad 

milSi hermetulad Seyvanilia wnevis gadamwodi milakebi 8, romlebic 

milis Signidan mierTebulia arian  milze gakeTebul specialur 

xvrelebze 9 xolo milakebis gare boloebi morigeobiT uerTdeba 

ММН-240 tipis mikromanometrs. xsenebuli xvrelebi gakeTebulia 

sahaero baliSSi haeris nakadis mimarTulebiT sxvadasxva adgilze da 

erTmaneTisagan aqsialurad arian daZruli, raTa ar moaxdinon 

erTmaneTze raime gavlena. meti TvalsaCinoebisaTvis, perforirebul 

milze wnevis gasazomi naxvretebisa da gamomyvani kapilarebis 

ganlageba naCvenebia 15 naxazze.  

eqsperimentis iwyeboda perforirebul milSi haeris miwodebiT. 

perforaciidan gamosuli haeri miawveboda ra milze gadakidebul 

polimerul afsks, aswevda mas maRla Tavis WokiTa da Wokze 

Camokidebuli tvirTiT. ramodenime wamSi xdeboda nakadebis 

stabilizacia, ris Semdegac sruldeboda gazomvebi. kerZod 

fiqsirdeboda wneva TviT perforirebul milSi, xolo haersavalze 

dayenebuli mricxveliT fiqsirdeboda aerodinamikur sayrdenSi 
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gavlili haeris wamuri xarji. Semdeg izomeboda wnevebi sahaero 

baliSis sxvadasxva wertilTan SeerTebul yovel wnevis gamomyvanze 

mikromanometris morigeobiT mierTebiT.  

aerodinamikuri sayrdenis sahaero baliSisaTvis gankuTvnili 

RreCos sisqe izomeboda mikrometris saSualebiT. RreCos nebismier 

wertilSi TviT polimerul afskze mikrometris gamzomi Zelakis 

Sexebis Semdeg mikrometri uZravad magrdeboda specialur sayrdenze. 

amis Semdeg xdeboda Zelakis daWera afskze iqamde, sanam afski 

perforirebul mils ar Seexeboda. am dros ki mikrometris Cvenebis 

mixedviT fiqsirdeboda RreCos sisqe.    

  

 

nax. 14. aerodinamikur sayrdenSi haeris dinebis 
gamosakvlevi stendis sqema 

 
aerodinamikuri saydenis sahaero baliSSi wnevis ganawilebis da TviT 

baliSis sisqis eqsperimentuli gazomvebi Catarda 51 mm-is  

 gare diametris mqone da 60 sm sigrZis perforirebuli milis 

gamoyenebiT haeris moculobiTi xarjis ori sxvadasxva mniSvnelobis 

SemTxvevaSi, kerZod  9,41  da 5.5 l/wm-is SemTxvevebSi. 
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nax. 15. aerodinamikuri sayrdenis perforirebul milze 
 wnevis gasazomi naxvretebisa da gamomyvani  

kapilarebis ganlageba. 
 

 

nax. 16. aerodinamikuri sayrdenis RreCis sisqisa da sahaero 
 baliSSi wnevis cvlilebis tipiuri suraTi 
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gazomvebi Catarda perforaciis naxvretebis sxvadasxva 

diametris da milis msaxvelze maTi ganlagebis sxvadasxva bijis 

dros. sul Catarda cdebis rva sxvadasxva seria.  

16 nax.-ze  warmodgenilia aerodinamikuri sayrdenis RreCos 

sisqisa da sahaero baliSSi wnevis cvlilebis tipuri suraTi, 

romelic saerToa Catarebuli cdebis yvela seriisaTvis. am naxazidan 

Cans, rom dinebis gaswvriv RreCos sisqe TandaTan klebulobs. vinaidan 

dinebis yvela kveTSi haeris xarji mudmivia, xolo arxis ganivi kveTis 

farTobi RreCos sisqis SemcirebasTan erTad mcirdeba, cxadia, rom 

matulobs moZraobis siCqare. hidrodinamikis klasikuri Teoriis 

mixedviT sworxazovani dinebisas siCqaris matebas Tan unda sdevdes 

statikuri wnevis Semcireba. Cvens SemTxvevaSi, rogorc es 5.4 nax-dan 

Cans, wneva praqtikulad mudmivia sahaero baliSSi haeris mier 

gavlili gzis Tavdapirvel 80 %-ze da Semdeg darCenil 20 %-ze 

mkveTrad ecema. amasTan ukanasknel  10 %-ze ki, Catarebuli cdebis 

yvela seriaSi, uaryofiT mniSvnelobebsac Rebulobs, anu 

atmosferulze dabali xdeba da garedan moqmedi atmosfruli wnevis 

gavleniT polimeruli afski aerodinamikur sayrdenze 90 gradusiani 

kuTxiT Semovlis Semdeg, daaxloebiT 5  10 gradusis farglebSi 

inarCunebs elifsur formas. 

naSromis mexuTe Tavis bolos warmodgenilia Catarebuli 

kvlevis Sedegebze dayrdnobiT damuSavebuli aerodinamikuri 

sayrdenis inJinruli gaangariSebis meTodika. 
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daskvna 

 

Sesrulebuli samuSao da miRebuli Sedegebi  daskvnis 

gakeTebis saSualebas iZleva. 

1. Catarebulia literaturuli mimoxilva, romlis safuZvelze  

dadgenilia, rom arastacionarul da drekadkedlebian arxebSi 

realuri siTxeebis da gazebis moZraobas axasiaTebs rigi 

Taviseburebebi, rac ganapirobebs  movlenis hidrodinamikur sirTules 

da misi kvlevis samecniero aqtualobas sxvadsxva TvalsazrisiT. 

kerZod: 

1.1. arastacionarul da drekadkedlebiani arxebis 

Tboteqnologiur danadgarebSi gamoyenebiT maTi 

efeqturobis gazrdis TvalsazrisiT; 

1.2. polimeruli da sxva Semadgenlobis rulonuri masalebis 

warmoebaSi aerodinamikursayrdeniani martivi da 

maRalefeqturi TbodamamuSavebeli danadgarebis Seqmnis 

TvalsazrisiT. 

2. damuSavebulia sami eqsperimentuli stendi da Sesabamisi 

cdebis Catarebisa da monacemTa damuSavebis meTodika. kerZod: 

2.1. liTonisa da drekadi, elastikuri polimeruli masalebisgan 

damzadebuli milebis hidravlikuri winaRobebis 

xarisxobrivi urTierTSedarebisaTvis; 

2.2. liTonis milebisa da elastikuri, plastikuri da drekadi 

masalisagan damzadebuli milebis gamoyenebiT 

ganxorcielebuli Tbogadacemis procesebis Seswavlisa da 

SedarebisaTvis; 

2.3. elastikuri, plastikuri da drekadi rulonuri masalebis 

aerodinamikur sayrdenSi mimdinare Tburi da aerodinamikuri 

procesebis SeswavlisaTvis.   
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3.  Catarebulia didi raodenobis eqsperimentuli samuSao, 

romlis Sedegad miRebuli monacemebis gaanalizebis safuZvelze 

gakeTebulia Sesabamisi daskvna da gamomuSavebulia rekomendaciebi. 

kerZod: 

3.1. dinebis gamokvleul reJimebSi metalis milebis da Cven mier 

gamokvleuli drekadkedlebiani polimeruli milebis 

hidravlikur winaRobaTa urTierTSedarebiT miRebuli 

Sedegebis safuZvelze SegviZlia gamovTqvaT rekomendacia 

imis Taobaze, rom saintereso iqneba analogiuri cdebi 

Catardes Zalian Txelkedla polimeruli masalebisagan 

damzadebul arxebSi siTxis moZraobis TaviseburebaTa 

gamosakvlevad, radgan elastikur milSi siCqaris matebis 

Cvens mier dakvirvebuli erTeuli SemTxveva ar iZleva 

seriozuli daskvnis gakeTebis saSualebas; 

3.2. wina, p. 3.1 daskvnaSi moyvanili rekomendacia da gamoTqmuli 

mosazreba gamyarebulia agreTve im garemoebiT, rom 

aerodinamikuri sayrdenis eqsperimentuli gamokvlevisas 

dafiqsirebulia haeris brtyeli sadinari arxis Txeli 

plastikuri afskiT warmoqmnili cali kedlis mier 

sxvadasxva reJimebSi sxvadsxva zomis elifsuri formis 

miReba, rac gamowveulia Siga da gare dinamiuri 

zemoqmedebis Sedegad afskis simrudis radiusis cvlilebiT 

dinebis stabiluri reJimis SenarCunebis mimarTulebiT.  

3.3. eqsperimentulad gazomilia cali mxridn arastacionaruli 

da drekadi kedlis mqone brtyel arxSi haeris dinebis 

mimarTulebiT Camoyalibebuli statikuri wnevis ganawileba 

da arxis sisqis mniSvnelobebi. gamokvleulia 

aerodinamikuri sayrdenis geometriuli zomebi da 

dinamikuri maxasiaTeblebi. aRniSnuli eqsperimentuli 
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monacemebis analizze dayrdnobiT damuSavebulia 

polimeruli da sxva rulonuri masalebis maRalefeqtur 

TbodamamuSavebel danadgarebSi gamoyenebis perspeqtivis 

mqone aerodinamikuri sayrdenis inJinruli gaangariSebis 

meTodika. 

4. naSromSi daproeqtebuli da ganxorcielebuli 

eqsperimentuli stendebi SeiZleba gamoyenebuli iqnes teqnikuri 

umaRlesi saswavleblebis Tboenergetikuli mimarTulebis saswavlo 

laboratoriebSi.   

 

 

 

informacia naSromis aprobaciis Sesaxeb.  

naSromis Sedegebi aprobirebulia or saerTaSoriso 

konferenciaze. naSromis sxvadasxva nawili gamoqveynebulia qvemoT 

CamoTvlil oTx samecniero statiaSi:  

1. m. jixvaZe. drekad kedlebian milSi siTxis arastacionaluri 

dinebis TaviseburebaTa gamosakvlevi eqsperimentuli danadgaris 

aRwera da cdebis Catarebis meTodika. Tbilisi, samecniero-teqnikuri 

Jurnali “mSenebloba” #1(24), 2012w.  5 gv.  

2. e. maWavariani, m. jixvaZe.  polimerul milebiani rekuperaciuli 

siTbogadamcemi. saerTaSoriso samecniero-teqnikuri konferencia. 

garemos dacva da mdgradi ganviTareba. Tbilisi,  saqarTvelos 

teqnikuri universiteti, 2010w. Sromebi. 4 gv. 

3. e. maWavariani, m. jixvaZe. rekuperaciul siTbogadamcemSi 

polimeruli drekadi milebis gamoyenebis perspeqtivis Sesaxeb. 

Tbilisi,  saqarTvelos teqnikuri universiteti, 2010w. Sromebi. 5 gv.  

4. e. maWavariani, m. jixvaZe. drekad kedlebian milSi siTxis 

arastacionaluri dinebis TaviseburebaTa gamosakvlevi eqsperimentuli 

danadgaris aRwera da cdebis Catarebis meTodika. Tbilisi, 
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saqarTvelos axalgazrda mecnierTa sazogadoebrivi akademia, 

saerTaSoriso samecniero Jurnali ”inteleqtuali”, #,19, 2012. 5 gv. 

რეზიუმე 

naSromSi dasabuTebulia arastacionaრuლ, elastiკur da 

drekad kedlebian milebSi siTxis moZraobis reJimebis kvlevis 

aqtualoba, rogorc sufTa gamoyenebiTi, aseve samecniero 

TvalsazrisiT. Catarebulia plastikur da elastikur milebSi siTxis 

moZraobis TaviseburebaTa analizi da gadmocemulia xsenebuli 

analizis Sedegebi. 

naCvenebia, rom arastacionarul da drekadkedlebian milebSi  

da arxebSi realuri siTxis moZraobas axasiTebs mTeli rigi 

Taviseburebebi, rac ganapirobebs  movlenis hidrodinamikur sirTules 

da misi Semdgomi kvlevis samecniero aqtualobas. 

Catarebuli literaturuli mimoxilvis  da misi Sedegebis 

analizis safuZvelze dasabuTebulia, rom arastacionaruli da 

drekadkedlebiani arxebis Tboteqnologiur danadgarebSi gamoyenebiT 

SesaZlebelia, erTis mxriv aseTi danadgarebis konstruqciuli 

gamartiveba da masalatevadobis mniSvnelovani Semcireba, xolo 

meores mxriv, TbodamamuSavebeli danadgarebisa da Tbogadamcemi 

aparatebis energoefeqturobis gazrda. amasTan, arastacionarul da 

drekad kedlebian milebisaTvis hukis kanonisa da realuri siTxis 

moZraobis egreTwodebuli flateruli reJimis ganxilvis safuZvelze 

dasabuTebulia, rom Tbogadamcem danadgarebSi drekadi da elastiuri 

polimeruli masalebisagan damzadebuli milebis gamoyenebiT SeiZleba 

mniSvnelovani da mravalmxrivi dadebiTi efeqtebis miRweva. cnobilia 

elastikur milebSi ganviTarebuli dinebis flaterul reJimi 

xasiaTdeba milis kedlis garkveuli sixSiriT TviTrxeviT, rac 

ganapirobebs movlenis kvlevis aqtualobas Tboteqnologiuri 

procesebis efeqturobis SesaZlo gazrdis TvalsazrisiT. 
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naCvenebia, rom drekadkedlebian arxebSi hidrodinamikuri 

procesebis Seswavlis analizuri meTodebi Seiswavlian mxolod 

idealuri siTxis dinebis kanonzomierebebs da praqtikuli 

gaangariSebebisaTvis saWiro sizustiT ver asaxaven realuri siTxeebis 

dinebis kanonzomierebebs. movlenebis Sesaswavlad jer kidev didi 

upiratesoba eniWeba kvlevis eqsperimentul meTodebs. 

naSromi ZiriTadad eqsperimentuli xasiaTisaa. warmodgenilia 

sami sxvadasxva eqsperimentuli stendi da damuSavebulia maTi 

gamoyenebiT kvlevisa da miRebul monacemTa damuSavebis Sesabamisi 

meTodika. eqsperimentuli stendebi damuSavebulia im TalsazrisiT, 

rom SeiZlebodes maTi gamoyeneba teqnikuri umaRlesi saswavleblebis 

Tboenergetikuli mimarTulebebis saswavlo laboratoriebSi. 

warmodgenilia liTonisa da plastmasis milebis hidravlikuri 

winaaRmdegobis xarisxobrivi urTierTSedarebisaTvis Sesrulebuli 

eqsperimentuli kvlevis monacemebi. am monacemebis analizis 

safuZvelze gamoTqmulia rekomendaciebi Semdgomi kvlevis 

Casatareblad. 

eqsperimentulad gazomilia cali mxridn arastacionaruli da 

drekadi kedlis mqone brtyel arxSi haeris dinebis mimarTulebiT 

Camoyalibebuli statikuri wnevis ganawileba da arxis sisqis 

mniSvnelobebi. naCvenebia, rom arxis drekadi kedeli dinebis 

mimarTulebiT icvlis simrudis radiuss da amiT abalansebs mis Siga 

da gare zedapirebze mosul dinamikur zemoqmedebas. gamokvleulia 

aerodinamikuri sayrdenis geometriuli zomebi da dinamikuri 

maxasiaTeblebi, ris safuZvelzec dadgenilia aerodinamikuri 

sayrdenis optimaluri zomebi da sxva maxasiaTeblebi. aRniSnuli 

eqsperimentuli monacemebis analizze dayrdnobiT miRebulia 

aerodinamikur baliSSi wnevis gasaangariSebeli gamosaxuleba da 

damuSavebulia polimeruli da sxva rulonuri masalebis 

maRalefeqtur TbodamamuSavebel danadgarebSi gamoyenebis 
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perspeqtivis mqone aerodinamikuri sayrdenis inJinruli gaangariSebis 

meTodika.  

naSromi Sedgeba Sesavlis, xuTi Tavisa da daskvnebisagan. 

citirebuli literaturis sia Seicavs ZiriTadad ucxouri wyaroebis 

35 dasaxelebas. naSromis bolos moTavsebul danarTSi moyvanilia 

Teqvsmeti sxvadasxva seriis eqsperimentuli monacemebi, romlebic 

damuSavebulia Microsoft Office Excel 2007 programiT  da warmodgenilia 

cxrilebisa da diagramebis saxiT.  

 naSromis Sedegebi aprobirebulia or saerTaSoriso 

konferenciaze. naSromis sxvadasxva nawili gamoqveynebulia oTx 

samecniero statiaSi, maT Soris erTi Tanaavtorebis gareSe.  

 

 

 

 

ABSTRACT 

 

Actuality of research of fluid motion modes in tubes with unsteady, elastic and 

flexible walls has been well-founded in the thesis from the applied as well as scientific 

standpoint. Analysis of peculiarities of fluid motion in plastic and elastic tubes has been 

carried out and results of the above analysis have been presented.    

It has been shown that real fluid motion in pipes and channels with unsteady and 

flexible walls is characterized by a number of peculiarities that stipulates hydrodynamic 

difficulty of the phenomenon and scientific actuality of further research of it. 

Basing upon the carried out literary review and analysis of its results, it has been 

well-founded that constructive simplification of heat engineering plants as well as significant 

reduction of material capacity on the one hand and significant growth of power efficiency of 

heat processing plants and heat-exchange apparatuses on the other hand, is possible by using 

of unsteady and flexible channels in heat engineering plants. Herewith, basing upon the 

review of Hook’s Law and so called flutter mode of real fluid motion for unsteady and 

flexible tubes, it has been well-founded that important and multilateral positive effects may 

be achieved by using of tubes made with plastic and flexible polymeric materials in heat-
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exchange plants. It is known that flutter mode of flow in flexible tubes is characterized by 

self-oscillations of the tube wall with distinct frequency that stipulates actuality of research 

of the phenomenon in the viewpoint of possible growth of efficiency of heat engineering 

processes. 

It has been shown that the analytic methods of research of hydrodynamic processes in 

the channels with flexible walls, study regularities of ideal fluid flow only and don’t show 

regularities of real fluid flows with the exactness required for practical calculations. 

Experimental methods of research are still prevailed in order to study the phenomenon; 

The thesis bears experimental character on the whole. There are three different 

experimental stands and appropriate methodology of research and processing of received 

data has been processed by using of them. Experimental stands have been processed in order 

to be possible to use them in training laboratories of heat-power engineering fields of 

technical higher institutes. Experimental research data made for qualitative inter-comparison 

of hydraulic resistance of metal and plastic tubes has been presented. Recommendations for 

further research have been expressed basing upon the analysis of the above data.   

Distribution of static pressure created to the direction of air flow in the flat channel 

with unsteady and flexible wall from the one side and values of the width of the channel 

have been measured experimentally. It has been shown that the flexible wall of the channel 

changes the curve radius to the direction of flow and balances dynamic impact to its internal 

and external surfaces. Geometric sizes and dynamic characteristics of aerodynamic bearing 

have been examined, on the basis of which optimal sizes and other characteristics of 

aerodynamic bearing have been specified., Methodology of engineering calculation of 

aerodynamic bearing having perspective of using in efficient heat processing facilities of 

polymeric and other roll materials, have been processed basing upon the analysis of the 

above experimental data.  

The thesis consists of introduction, five chapters and conclusions. The list of quoted 

literature includes 35 titles of mainly foreign sources. Experimental data of sixteen different 

series have been provided in the supplement at the end of the thesis, which have been 

processed via Microsoft Office Excel 2007 program and presented in tables and diagrams. 
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The results of the thesis have been approved at two international conferences. The 

different parts of the thesis have been published in four scientific articles, including one - 

without co-authors.  
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