
 

 

მაია ჯიხვაძე 

 

 

 

არასტაციონაrუl და დრეკადკედლებიან არხებში სითხის  

მოძრაობის თავისებურებათა გამოკვლევა 

 

 

 

 

წარდგენილია  დოქტორის აკადემიური ხარისხის  

მოსაპოვებლად 

 

 

 

საქართველოს ტექნიკური უნივერსიტეტი 

თბილისი, 0175, საქართველო 

აპრილი, 2012 

 

 

 

 

© საავტორო უფლება  მაია ჯიხვაძე 

 
 



ii 

საქართველოს ტექნიკური უნივერსიტეტი 

 

ენერგეტიკის და ტელეკომუნიკაციის ფაკულტეტი  

 

 

ჩვენ, ქვემორე ხელისმომწერნი ვადასტურებთ, რომ გავეცანით მაია ჯიხვაძის   მიერ 

შესრულებულ სადისერტაციო ნაშრომს დასახელებით: ‘არასტაციონალურ და 

დრეკად კედლებიან არხებში სითხის მოძრაობის თავისებურებათა გამოკვლევა~  

და ვაძლევთ რეკომენდაციას საქარველოს ტექნიკური უნივერსიტეტის 

ენერგეტიკის და ტელეკომუნიკაციის ფაკულტეტის სადისერტაციო საბჭოში 

მის განხილვას დოქტორის აკადემიური ხარისხის მოსაპოვებლად. 

 

თარიღი  

 

ხელმძღვანელი:  ე. მაჭავარიანი 

რეცენზენტი:                                         

რეცენზენტი:                                           

 

 

 

 

 

 

 

 

 

 



iii 

 

საქართველოს ტექნიკური უნივერსიტეტი 

 2012   წელი  

  

 

ავტორი:  მაია ჯიხვაძე 

დასახელება:  არასტაციონალურ და დრეკად კედლებიან არხებში სითხის 

მოძრაობის თავისებურებათა გამოკვლევა 

ფაკულტეტი :   ენერგეტიკა  და ტელეკომუნიკაცია 

აკადემიური ხარისხი:  დოქტორი 

სხდომა ჩატარდა:   თარიღი   

 

ინდივიდუალური პიროვნებების ან ინსტიტუტების მიერ ზემომოყვანილი 

დასახელების დისერტაციის გაცნობის მიზნით მოთხოვნის შემთხვევაში მისი 

არაკომერციული მიზნებით კოპირებისა და გავრცელების უფლება მინიჭებული აქვს 

საქართველოს ტექნიკურ უნივერსიტეტს. 

 

ავტორის ხელმოწერა 

 

ავტორი ინარჩუნებს დანარჩენ საგამომცემლო უფლებებს და არც მთლიანი 

ნაშრომის და არც მისი ცალკეული კომპონენტების გადაბეჭდვა ან სხვა რაიმე 

მეთოდით რეპროდუქცია დაუშვებელია ავტორის წერილობითი ნებართვის გარეშე.  

ავტორი ირწმუნება, რომ ნაშრომში გამოყენებული საავტორო უფლებებით 

დაცული მასალებზე მიღებულია შესაბამისი ნებართვა (გარდა იმ მცირე ზომის 

ციტატებისა, რომლებიც მოითხოვენ მხოლოდ სპეციფიურ მიმართებას 

ლიტერატურის ციტირებაში, როგორც ეს მიღებულია სამეცნიერო ნაშრომების 

შესრულებისას) და ყველა მათგანზე იღებს პასუხისმგებლობას. 

 

 

 



iv 

 

 

 

 

   ვუძღვნი  ჩემი  მეუღლის,  თემიმურაზ  ენუქიძის   ნათელ ხსოვნას. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

 

 

მადლიერება 

ავტორი დიდ მადლობას უხდის დისერტაციის სამეცნიერო ხელმძღვანელს,  

ბატონ ევტიხ მაჭავარიანს დისეტრაციის დამუშავების პროცესში გაწეული 

კონსულტაციებისათვის და გამოხატავს მადლიერების გრძნობას საქართველოს 

ტექნიკური უნივერსიტეტის ენერგეტიკისა და ტელეკომუნიკაციის ფაკულტეტის 

თბო და ჰიდროენერგეტიკის დეპარტამენტის თანამშრომლების და განსაკუთრებით 

ფაკულტეტის დეკანის, ბატონ გია არაბიძის  მიმართ, დოქტურანტურაში სწავლის 

პერიოდში გაწეული გულისხმიერებისა და თანადგომის გამო. 

  



6 

რეზიუმე 

naSromSi dasabuTebulia arastacionaრuლ, elastiკur da 

drekadkedlebian milebSi siTxis moZraobis reJimebis kvlevis 

aqtualoba, rogorc sufTa gamoyenebiTi, aseve samecniero 

TvalsazrisiT. Catarebulia plastiur 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 arastacionaluri da 

drekadkedlebiani arxebis Tboteqnologiur danadgarebSi gamoyenebiT 

SesaZlebelia, erTi mxriv aseTi danadgarebis konstruqciuli 

gamartiveba da masalatevadobis mniSvnelovani Semcireba, xolo 

meores mxriv, TbodamamuSavebeli danadgarebisa da Tbogadamcemi 

aparatebis energoefeqturobis gazrda. amasTan, arastacionalur da 

drekad kedlebian milebisaTvis hukis kanonisa da realuri siTxis 

moZraobis egreTwodebuli flateruli reJimis ganxilvis safuZvelze 

dasabuTebulia, rom Tbogadamcem danadgarebSi drekadi da 

elastikuri 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. 

naCvenebia, rom drekadkedlebian arxebSi hidrodinamikuri 

procesebis Seswavlis analizuri meTodebi Seiswavlian mxolod 

idealuri siTxis dinebis kanonzomierebebs da praqtikuli 
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gaangariSebebisaTvis saWiro sizustiT ver asaxaven realuri siTxeebis 

dinebis kanonzomierebebs. movlenebis Sesaswavlad jer kidev didi 

upiratesoba kvlevis eqsperimentul meTodebs eniWeba. 

naSromSi ZiriTadad eqsperimentuli xasiaTisaa. warmodgenilia 

sami sxvadasxva eqsperimentuli stendi da damuSavebylia 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 

winaRobis xarisxobrivi urTierTSedarebisaTvis Sesrulebuli 

eqsperimentuli kvlevis monacemebi. am monacemebis analizis 

safuZvelze gamoTqmulia rekomendaciebi Semdgomi kvlevis 

Casatareblad. 

eqsperimentulad gazomilia cali mxridan arastacionaluri 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 

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 
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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-

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; 



9 

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. 

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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liTonis milebiT ganxorcielebuli Tbogadacemis procesebis 

intensiurobis urTierT Sesadarebeli eqsperimentebis Sedegebis 

Sesatanad. 

cxrili 3.5.  liTonisa da plastmasis milebSi ganxorcielebuli Tbogadacemis 

procesis intensiurobis urTierTSedareba. 

cxrili  4.1.  dakvirvebaTa Sedegebi  ΔP=1520 mm wy. sv. toli dawnevisas. 

cxrili 4.2.  dakvirvebaTa Sedegebi roca ΔP=2025 mm wy. sv. toli dawnevisas. 
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naxazebis nusxa 

 

nax. 1.1. polimeruli afskis damuSaveba aerodinamikur sayrdenebze 
gadatarebiT. 

nax. 1.2. plastikuri da elastikuri milis bolos hermetuli SeerTeba 
samile cxaurasTan. 

nax. 2.1. milis diametris absoluturi deformaciis sidide saangariSo 
Z kveTis win da Semdeg dinebis mimarTulebiT, sami sxvadasxva 
siblantis mqone masalidan damzadebuli milebisaTvis. 

nax. 2.2. milis diametris fardobiTi deformaciiis damokidebuleba 
wnevis impulsiT gamowveuli talRis frontis gadaadgilebaze 
sxvadasxva masalis milebisaTvis. 

nax. 2.3. wnevis talRis amplitudis nazrdi sxvadasxva masalis mile-
bisaTvis. 

nax. 2.4. elastikuri milis kedlis deformaciebi. 

nax. 2.5. flatrul reJimSi moZravi siTxis siCqarisa da merxevi kveTis 
farTobis damokidebuleba droze. 

nax. 3.1.   # 1 eqsperimentuli danadgaris principuli sqema. 

nax. 3.2. samiltuCe koleqtori. 

nax. 3.3.  miltuCebis ganlageba samiltuCe koleqtorze. 

nax. 3.4.  # 1 eqsperimentuli stendis sqema. 

nax. 3.5.  plastikuri  da  drekadi  milebiTa  da liTonis milebiT 
ganxorcielebuli Tbogadacemis procesebis  urTierT 
Sesadarebeli eqsperimentuli danadgaris gamzomi ubnis sqema. 

nax. 3.6.  # 2 eqsperimentuli stendi.  

nax. 4.1. mimRebi WurWlis Sevsebis drois damokidebuleba sxvadasxva 
masalis milis diametrze. 

nax. 4.2. dawnevis mniSvnelobebs Soris arsebuli gansxvavebis Sedareba 
Sevsebis drois dafiqsirebul mniSvnelobebs Soris arsebul 
gansxvavebasTan. 

nax. 4.3. Sevsebis drois damokidebuleba diametrze metalis da poli-
meruli milebisaTvis (ΔP = 1520 mm wy. sv.). 

nax. 4.4. Sevsebis drois damokidebuleba diametrze metalis da poli-
meruruli milebisaTvis (ΔPP= 2025 mm wy. sv.). 

nax. 4.5. moculobiTi siCqaris damokidebuleba diametrze metalis da 
polimeruli milebisaTvis (ΔP= 1520 mm wy. sv.). 

nax. 4.6. moculobiTi siCqaris damokidebuleba diametrze metalis da 
polimeruli milebisaTvis  (ΔPP= 2025 mm wy. sv.). 
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nax. 4.7. xazovani siCqaris damokidebuleba diametrze (ΔPP= 1520 mm wy. 
sv.). 

nax. 4.8. xazovani siCqaris damokidebuleba diametrze  (ΔPP= 2025 mm wy. 
sv.). 

nax. 4.9. reinoldsis ricxvis damokidebuleba diametrze (ΔPP= 1520 mm 
wy. sv.). 

nax. 4.10. reinoldsis ricxvis damokidebuleba diametrze (ΔP= 2025 mm 
wy. sv.). 

nax. 5.1. aerodinamikuri sayrdeni polimeruli afskisaTvis. 

nax. 5.2. aerodinamikur sayrdenSi haeris dinebis Sesaswavli stendis 
sqema. 

nax. 5.3. aerodinamikuri sayrdenis perforirebul milze wnevis gasa-
zomi naxvretebisa da gamomyvani kapilarebis ganlageba. 

nax. 5.4. aerodinamikuri  sayrdenis  RreCos  sisqisa  da  sahaero  
baliSSi wnevis cvlilebis tipiuri suraTi. 

nax. 5.5. gamosaxulebiT (5.7) gamoTvlili wnevis Sedareba eqsperi-
mentebiT miRebuli SedegebTan Catarebuli cdebis rvave 
seriaSi. 

nax. 5.6. danadgarSi masalis moZraobis sqema da perforirebuli mile-
bis ganlageba. 
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Sesavali 

 

 
sayovelTaod cnobilia, rom saerTod polimeruli masalebi da 

maT Soris plastikuri da elastikuri afskebi pouloben sul ufro 

farTo gamoyenebas teqnikisa da teqnologiis mraval dargSi. am mxriv 

aRsaniSnavia Tundac TbomeurneobaSi polimeruli milebis gamoyenebis 

Tanamedrove masStabi. 

meores mxriv cnobilia,  rom plastikur da elastikur kedlebian  

arxebSi siTxeebis moZraoba mkveTrad gansxvavdeba myar da 

stacionalurkedlebian arxebSi moZraobisagan, vinaidan drekadi arxis 

kedlebi TavianTi moZraobiT aqroben kedlis zedapirebTan warmoqmnil 

Segrigalebebs da xels uwyoben mdgradi laminaruli Sris arsebobas, 

rac uzrunvelyofs arxis gacilebiT nakleb hidravlikur winaRobas. 

aqedan gamomdinare, arxis kedlebis plastikuroba da drekadoba 

mniSvnelovnad amcirebs arxSi siTxis mocemuli xarjis 

gatarebisaTvis aucilebel wnevaTa sxvaobas da, maSasadame Sesabamis 

energodanaxarjebsac. cnobilia, rom adamianis sisxlis mimoqcevis 

sistemis analogiur, myari kedlebis mqone milebian sistemaSi imave 

raodenobis sisxlis sacirkulaciod gacilebiT meti dawneva da 

tumboze energodanaxarjebia saWiro, vidre amas guli akeTebs. Cven 

Sors varT im azrisagan, rom sisxlis mimoqcebis sistemaSi mTavari 

roli sisxlZarRvebis drekadobasa da elastiurobas ekuTvnis, magram 

faqtia, rom plastikur da elastikur milebSi siTxeebis moZraobis 

TaviseburebebiT jer kidev gasuli saukunis ormocdaaTian wlebSi 

dainteresdnen [1, 2]. amasTan, mxolod im TvalsazrisiT, rom 

SeeswavlaT sisxlZarRvebSi sisxlis moZraobis kanonzomierebani. 

dRemde am sakiTxisadmi miZRvnili mravali samecniero Sroma 

gamoqveynda, magram maTi absoluturi umravlesoba, rogorc wesi, 
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dakavSirebulia sisxlis mimoqcevis problemebTan da faqtiurad 

mxolod samedicino interesebis sferos ganekuTvneba.  

mcire nawili am tipis publikaciebisa eZRvneba plastikur da 

elastikur milebSi siTxeebis dinebis hidrodinamikuri 

maxasiaTeblebis kvlevas, Tumca miRebuli Sedegebi isev samedicino 

mimarTulebazea orientirebuli [3-5]. 

cnobilia agreTve, rom zogierTi wylis binadari, magaliTad 

delfini, iseT did siCqares aviTarebs wyalSi moZraobisas, rom imave 

formis myari sxeulis imave siCqariT wyalSi amoZravebas gacilebiT 

meti energodanaxarjebi esaWiroeba, vidre delfinis kunTovani 

sistemis mier gaweuli danaxarjebia. internetSi mopovebuli uaxlesi 

informaciiT es faqti delfinis tyavis elastikurobiT da 

plastikurobiT aixsneba (ix. danarTi I).   

garda amisa, aucilebelia aRiniSnos sakiTxis kidev erTi mxare, 

kerZod plastikuri da elastikuri afskebis warmoebis Tanamedrove 

teqnologiur procesebSi xSirad iyeneben Termuli damuSavebisaTvis 

aucilebel iseT danadgarebs romlebSic rulonuri polimeruli 

masalebi mraval urTierT paralelur RerZebze arian gadadebuli da 

zigzagiseburad gadadian  erTi mbrunavi RerZidan meoreze. amave dros 

am danadgarebSi miewodeba sakmaod didi raodenobis cxeli haeri an 

sxva gazebi masalis Sesabamisi Termuli damuSavebisaTvis.  

Cveni azriT aris realuri SesaZlebloba imisa, rom aseT 

danadgarebSi mbrunavi da mkacrad urTierTparaleluri RerZebis 

nacvlad damontaJdes uZravi aerodinamikuri sayrdenebi, romelTa 

sahaero baliSebSi miwodebuli iqneba Sesabamis temperaturamde 

gacxelebuli haeri da amgvarad erTdroulad da erTi da imave 

saSualebiT moxdeba masalebis zigzagiseburad samoZrao sayrdenebis 

konstruqciuli gamartiveba da masalaze energomiwodebis procesis 

realizacia-intensifikacia. aseTi aerodinamikuri sayrdenebi 

faqtiurad warmoadgens haeris an romelime sxva gazis samoZrao 

arxebs, romlebic erTi mxridan SemosazRvrulia TviT plastikuri da 

elastikuri afskiT da, aqedan gamomdinare, realizdeba siTxis (gazis) 
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nakadisa da plastikuri da elastikuri kedlis urTierTqmedeba. 

xsenebuli urTierTqmedebis Seswavla mniSvnelovnad ganaviTarebs 

erTis mxriv plastikuri da elastikuri rulonuri masalebiT 

(afskebiT) Seqmnil arxebSi siTxis moZraobis kanonzomierebaTa 

Teorias da meores mxriv Seqmnis warmoebaSi aerodinamikuri 

sayrdenebis farTod gamoyenebis da TbodamamuSavebeli danadgarebis 

energetikul efeqturobis gaumjobesebis perspeqtivas. 

yovelive zemoTqmulidan gamomdinare, SeiZleba gavakeToT 

daskvna, rom plastikur da elastikur milebSi anu drekadkedlebian 

arxebSi siTxeebis moZraobis TaviseburebebaTa kvlevas aqvs rogorc 

Teoriuli, aseve sakmarisad mniSvnelovani praqtikuli interesi.   
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Tavi I  

problemis arsi da samuSaos mizani 

 

1.1. sakiTxis istoria 

saqarTvelos teqnikuri universitetis energetikis fakultetze 

gasul wlebSi mimdinareobda Txeli polimeruli, plastikuri da 

elastikuri afskebis Termuli damuSavebis optimaluri teqnologiis 

sakvlevi samuSaoebi, romelTa safuZvelze dadgenili iqna, rom 

xsenebuli afskebis damuSavebis yvelaze energoefeqturi teqnologia 

miiRweoda afskebis aerodinamikur sayrdenebze (egreTwodebul sahaero 

baliSebze) zigzagiseburad gadatarebiT da sayrdenebSi miwodebuli 

haeris winaswari gaTbobiT afskis Termuli damuSavebisaTvis 

aucilebel temperaturamde. mocemuli temperaturis haeriT 

polimeruli afskis Termuli damuSavebis saWiro xangrZlivoba 

gansazRvravda haeris baliSebze afskis zigzagiseburi moZraobis 

nominalur siCqares.     

1.1nax-ze warmodgenilia rulonad daxveuli polimeruli afskis 

Termiuli damuSavebisaTvis gankuTvnili  aerodinamiursayrdenebiani 

danadgaris principuli sqema [6]. aerodinamikuri sayrdenebi 

warmoadgenen liTonis milebs 1, romlebsac erT msaxvelze garkveuli 

bijiT aqvT xvrelebi 2. am xvrelebidan gamoedineba afskis Termuli 

damuSavebisaTvis saWiro temperaturis mqone haeri da milis mTel 

sigrZeze qmnis sayrden baliSs. haeri winaswar cxeldeba 

eleqtrokaloriferSi da ventilatoris saSualebiT miewodeba 

sakoleqtore kolofs 3, saidanac nawildeba kolofTan cali boloTi 

SeerTebul  da xistad damagrebul liTonis milebSi. milebis meore 

boloebi daxSulia. afskis gadaagileba xdeba mimRebi rulonis 4 

RerZze moqmedi amZravi meqanizmiT. 

naSromSi [6] naCvenebia, rom polimeruli afskis Termuli 

damuSaveba aerodinamikur sayrdenebze gacilebiT maRalefeqturia 

damuSavebis sxva tradiciul meTodebTan SedarebiT. iqve es faqti 
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axsnilia haeris baliSze myofi afskis Tavisufali vibraciiT, ris 

gamoc mcirdeba afskis zedapirTan moZravi haeris nakadis laminaruli 

sasazRvro Sre da izrdeba Tbogacemis koeficienti. 

 

 

          

nax. 1.1. polimeruli afskis damuSaveba aerodinamikur  

sayrdenebze gadatarebiT 

 

 

aRniSnuli sferoSi saqarTvelos teqnikuri universitetis 

energetikis da telekomunikaciis fakultetis Tbo- da 

hidroenergetikis departamentis energiis aratradiciuli da 

ganaxlebadi wyaroebis  mimarTulebis TanamSromelTa mier 

gagrZelebuli gamokvlevebis Sedegebi [7, 8] cxadyofen, rom siTxisa da 

airis dineba drekadkedlebian arxebSi xasiaTdeba mTeli rigi 

TaviseburebebiT, rogorc aero-da hidrodinamikis, aseve Tbogadacemis 

procesebis TvalsazrisiT. am procesebis kvleva amJamadac 

mimdinareobs.  
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1.2. sakiTxis dasma 

1.2.1. arastacionarul da drekadkedlebian milebis 

Tbogadamcem danadgarebSi SesaZlo gamoyenebis Sesaxeb 

vinaidan afskis Termuli damuSavebis zemoT aRwerili 

danadgari faqtiurad siTbogadamcem danadgars warmoadgens, 

bunebrivad wamoiWra mosazreba rekuperaciul Tbogadamcem danadgarSi 

gamyofi kedlis rolSi, polimeruli, plastikuri da elastikuri 

masalis gamoyenebis SesaZleblobis Sesaxeb.  

qvemoT warmovadgenT am konceptualuri mosazrebis 

gaanalizebis Sedegebs. 

rekuperaciul garsacmmilovan siTbogadamcemSi, rogorc wesi, 

CamontaJebulia samile cxaurebSi boloebiT damagrebuli liTonis 

milebis kona da gaTvaliswinebulia temperaturis cvlilebiT 

gamowveuli meqanikuri deformaciebis sakompensacio romelime tipis 

mowyobiloba. milebis kedlebis gavliT xdeba Tbocvla milebis 

kedlebis sxvadasxxva mxares moZrav siTbos matareblebs Soris. 

Tbogadamtanebi ZiriTadad moZraoben tumbos meSveobiT. 

aRwerili tipis rekuperaciuli siTbogadamcemebi xasiaTdebian 

Semdegi uaryofiTi mxareebiT: 

1. liTonis milebis boloebis samile cxaurasTan hermetuli 

mierTeba warmoadgens rTul, Sromatevad da Zvir samuSaos.  

2. temperaturis cvlilebiT gamowveuli meqanikuri 

deformaciebis sakompensacio mowyobiloba arTulebs konstruqcias da 

aZvirebs Tbogadamcems. 

3. xistad damagrebul milebSi da milebs Soris sivrceSi 

siTbos matareblebis moZraobisas, milebis Siga da gare zedapirebTan, 

siTbos matareblebis nakadebis gaswvriv, yalibdeba stabiluri 

laminaruli sasazRvro Sre, romelic amcirebs siTbogacemis 

koeficients milebis kedlis orive mxares da, aqedan gamomdinare, 

Tbogadamcemis Tbur simZlavres.  
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4. liTonis milis Siga zedapirze warmoqmnili nadebi amcirebs 

siTbos matareblis nakadis turbulenturi gulis diametrs, ris gamoc 

izrdeba milis hidravlikuri winaaRmdegoba da energodanaxarjebi 

tumbos amZravze anu izrdeba Tbogadamcemis saeqspluatacio 

danaxarjebi.   

5. liTonis milebi ganicdian korozias da male gamodian 

mwyobridan gansakuTrebiT im SemTxvevebSi, rodesac siTbos 

matareblebi warmoadgenen agresiul nivTierebebs.    

6. liTonis milebi Zviria da mZime. 

garda zemoT CamoTvlilisa, aRsaniSnavia agreTve, rom kvebis 

mrewvelobaSi gamoyenebul liTonis milebian Tbogadamcemebs, 

ekologiuri mosazrebebidan gamomdinare,  amzadeben ZviradRirebuli 

uJangavi foladisagan an aluminis specialuri Senadnobebisagan, ris 

gamoc mkveTrad izrdeba maTi TviTRirebuleba. 

mosalodnelia, rom SemoTavazebuli konceptualuri mosazrebis 

realizacia uzrunvelyofs aRniSnuli naklovanebebis aRmofxvras.  

mosazrebis arsia is, rom TbogadamcemSi liTonis milebis 

nacvlad CamontaJebulia elastikuri, plastikuri masalisagan  

damzadebuli milebi, ris xarjzec Tbogadamcemma SeiZleba SeiZinos 

axali Tvisebebi da aRar xasiaTdebodes zemoT CamoTvlili naklovani 

mxareebiT.  

kerZod, am winadadebis praqtikuli realizaciis SemTxvevaSi 

plastikuri da elastikuri milebis boloebis hermetuli SeerTeba 

samile cxaurasTan SeiZleba moxdes 1.2 naxazze warmodgenili sqemis 

mixedviT. cxauris 1 naxvretebSi gayril plastikuri da elastikuri 

milebis 2 boloebSi plastmasis centralur xvreliani sacobis 3 

CaWedva   gacilebiT martivi, naklebad Sromatevadi da iafia, vidre 

hermetizaciis uzrunvelyofa liTonis milebis SemTxvevaSi. amasTan 

plastikuri da elastikuri milebi ar ayeneben SeerTebis adgilebs 

raime meqanikur daZabulobas da, aqedan gamomdinare, ar saWiroeben 

Termuli deformaciebis makompensirebel mowyobilobas. garda amisa, 

plastikuri masalisagan damzadebuli mili gacilebiT msubuqi, iafi 
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da koroziamedegia liTonis milTan SedarebiT. aRniSnulis 

safuZvelze miiRweva Tbogadamcemis konstruqciuli gamartiveba, 

simsubuqe, gaiafeba da misi muSaobis resursis gazrda.   

 

                  

nax. 1.2. plastikuri da elastikuri milis bolos  

hermetuli SeerTeba samile cxaurasTan 

 

garda aRniSnulisa, TbogadamcemSi Tbogadamtanebis 

moZraobisas, plastikuri da elastikuri milebi ganicdian ra rxevebsa 

da vibracias, maT zedapirebze mudmivad moxdeba laminaruli 

sasazRvro Sris rRveva-gaTxeleba da milebis kedlebis orive mxridan 

miiRweva Tbogacemis koeficientebis SedarebiT maRali mniSvnelobebi, 

rac iZleva Tbogadamcemis simZlavris gazrdis saSualebas. milis Siga 

zedapirze warmoqmnili laminaruli sasazRvro Sris gaTxelebiT ki 

gaizrdeba milSi moZravi Tbogadamtanis nakadis turbulenturi gulis 

diametri, ris gamoc Semcirdeba milis hidravlikuri winaRoba da 

Sesabamisad,  energodanaxarjebi tumbos amZravze. 

damatebiT unda aRiniSnos, rom milis kedlebis vibracia xels 

uSlis mis zedapirebze saxvadasxva danaleqis warmoqmnas, romlebic 
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droTa ganmavlobaSi mniSvnelovnad amcireben Tbogacemis koeficients 

rogorc Sida, aseve gare mxridan.  

gamoTqmuli konceptualuri mosazrebis zemoT warmodgenili 

analizis safuZvelze unda aRiniSnos, rom am mosazrebis realizaciiT 

SesaZlebelia mniSvnelovnad amaRldes qimiur da kvebis mrewvelobaSi 

gamoyenebuli Tbogadamcemebis energoefeqturoba da maTi remontamde 

muSaobis resursi. 

dasasrul aRsaniSnavia, rom plastikuri da elastikuri 

masalebisagan damzadebuli siTbogadamcemebis kvebis mrewvelobaSi 

gamoyeneba mniSvnelovnad Seamcirebs produqciis (sxvadasxva sasmelis) 

TviTRirebulebas da gaaumjobesebs maT ekologiur maxasiaTeblebs. 

zemoT aRniSnuli konceptualuri mosazreba da misi 

gaanalizebis Sedegebi moxsenebuli iqna saerTaSoriso samecniero-

teqnikur konferenciaze `garemos dacva da mdgradi ganviTareba~ [9] da 

seriozuli interesi daimsaxura. 

 

 

1.2.2. rulonuri masalebis teqnologiaSi aerodinamikuri 
          sayrdenebis gamoyenebis Sesaxeb 

 

cnobilia, rom mravali rulonuri masalis damzadebis 

teqnologiuri procesi moicavs masalis Termiul damuSavebasac. 

Termuli damuSavebis procesi warmoadgens Tburi, difuzuri, qimiuri 

da sxva movlenebis sakmaod rTul kompleqss. es sirTule 

gansakuTrebiT iCens Tavs rodesac saqme exeba Termuli damuSavebis 

intensifikacias. rulonuri plastikuri masalebis warmoebaSi 

mniSvnelovani adgili uWiravs Termiul damuSavebas,romlis drosac 

xdeba masalis Sroba, polimerizacia, struqturizacia da sxva 

fizikuri da qimiuri procesebi. cnobilia, rom sxvadasxva masalebis 

Termiul damuSavebaze ixarjeba qimiur mrewvelobaSi gamoyenebuli 

saTbobisa da eleqtronergiis 20 %-ze meti [10]. amitomac Tburi 

damuSavebis intensiuri procesebis SemuSavebas da Sesabamisi, mcire 
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energo da masalatevadobis aparaturis Seqmnas didi mniSvneloba 

eniWeba. 

samecniero literaturaSi mravlad moipoveba mrewvelobis mier 

gamoSvebuli sxvadasxva masalis Tburi damuSavebisadmi miZRvnili 

samecniero Sromebi da aRwerilia mravalnairi teqnologiuri 

mowyobiloba. aseTi naSromebis sakmarisad sruli mimoxilva 

warmodgenilia [11]-Si, saidanac naTlad Cans, rom teqnologiuri 

procesebi da aparatura umravles SemTxvevaSi muSavdeba da iqmneba 

cal-calke, konkretuli masalebisaTvis. ufro metic, fiziko-qimiurad 

erTgvarovani da geometriulad TiTqmis erTnairi sxvadasxva 

masalebis Termiuli damuSavebisaTvis Seqmnilia sruliad 

gansxvavebuli teqnologiuri procesebi da Sesabamisi aparatura. 

magaliTad, monografiebSi [12-14] moyvanilia qsovilis, 

qaRaldis, polimeruli afskebis, kinofotomasalebis, muyaos da sxva 

zolovani da rulonuri masalebis konveqciuri tipis saSrobi 

danadgarebis 30-mde konstruqciuli saxeobis aRweriloba. es 

konstruqciebi damuSavebulia garegnuli formis mixedviT 

praqtikulad erTnairi masalebisaTvis da Tan erTidaimave mizniT _ 

sakmaod Txeli dasamuSavebeli masalidan tenis mocileba. amave mizniT 

naSromSi [15] xisgan anaTali Txeli furclebis damuSavebisaTvis war-

modgenilia danadgari, romelSic masalaze Tburi energiis miwode-

bisaTvis mas aTavseben maRali sixSiris eleqtruli  velis rxeviT 

konturSi. naSromebSi [16, 17] aRwerilia Termuli damuSavebis danad-

garebi, romlebSic masalis gadasaadgileblad gamoyenebulia Sekum-

Suli haeri da siTbos misawodeblad ki kontaqturi da sxva meTodebi. 

masalebis Tburi damuSavebis teqnologiuri procesebisa da 

Sesabamisi TbodamamuSavebeli danadgarebis aseTi mravalferovneba 

srulebiTac araa gamowveuli mxolod konkretuli saWiroebebiT da 

warmoebis pirobebiT an moTxovnebiT.  umravles SemTvevaSi es siWrele 

gapirobebulia ama Tu im sakvlevi Tu saproeqto organizaciebis 

dargobrivi daqvemdebarebiT da calkeuli pirebis mier 
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energomiwodebis procesis ganxorcielebis ama Tu im meTodis 

amoCemebiT. 

Zalian bevri samuSao eZRvneba masalebis Termuli damuSavebis 

procesebis optimizacias misi energotevadobis Semcirebis mizniT. 

aseTi samuSaoebis mimoxilva warmodgenilia naSromebSi [18-20], 

romelTa gaanalizebis safuZvelze advilad SeiZleba im daskvnis 

gakeTeba, rom praqtikuli gadawyvetebis da aparaturis mravalsaxeobis 

tendencia am mimarTulebiTac  SenarCunebulia.   

 yovelive zemoT Tqmuli gvaZlevs safuZvels davaskvnaT, rom 

masalebis Tburi damuSavebis teqnologiuri procesebis  da Sesabamisi 

aparaturis mravalsaxeoba amcirebs damamuSavebeli aparaturis 

msxvilseriuli warmoebis sruli standartizaciis SesaZleblobas, 

zrdis materialur da finansur danaxarjebs, auaresebs warmoebis 

pirobebs da arTulebs maTi eqspluataciisaTvis saWiro kadrebis 

momzadebis process. 

aRniSnulidan gamomdinare gamovTqvamT mosazrebas, rom 

damuSavebuli iqnes aerodinamiur sayrdenebiani TbodamamuSavebeli 

danadgari, romelic vargisi iqneba yvela tipis Txeli rulonuri 

masalebisaTvis. kerZod qaRaldisaTvis, polimeruli afskebisaTvis, 

kinofotomasalebisaTvis, uqsovadi da moqsovili qsovilebisaTvis, 

muyaosaTvis, muSambisaTvis, xelovnuri tyavisaTvis da sxva.  

aerodinamikursayrdenebiani TbodamamuSavebeli danadgaris 

principuli sqema wina paragrafSi iyo ganxiluli. aq avRniSnavT 

mxolod imas, rom is SeiZleba gamoyenebuli iqnas praqtikulad yvela 

rulonuri Txeli masalebisTvis da gaaCnia yvela teqnologiuri 

parametris centralizebuli da avtomaturi regulirebis saSualeba. 

kerZod, Termuli damuSavebis dros calsaxad sazRvravs danadgarSi 

masalis gatarebis siCqare. masalisaTvis siTbos miwodeba intensiuria, 

vinaidan sasurveli temperaturis haeri masalaze moqmedebs Wavlebis 

saxiT da orive mxridan, xolo haeris temperatura ki advilad 

regulirdeba kaloriferis simZlavris regulirebiT. rac Seexeba 

masalis gadasaadgileblad saWiro energodanaxarjs, is minimaluria, 
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radgan masala praqtikulad xaxunis gareSe gadaagdildeba haeris 

baliSebze.   

 

 

 

 

1.3. samuSaos miznebi 

yovelive zemoT aRniSnulidan gamomdinare, winamdebare  

samuSaos ZiriTadi mizania arastacionarul da drekadkedlebian 

arxebSi siTxis moZraobis TaviseburebaTa Seswavla am TaviseburebaTa 

teqnikur mowyobilobebSi gamoyenebis TvalsazrisiT.  

xsenebuli mizniT Cven davgegmeT problemas mivdgomodiT erTi 

mxriv, arastacionarul da drekadkedlebian milebis Tbogadamcem 

danadgarebSi SesaZlo gamoyenebis da meores mxriv, drekadi, 

plastikuri da elastikuri Txeli rulonuri masalebis Termiuli 

damuSavebisaTvis saWiro danadgarebSi aerodinamikuri sayrdenebis 

SesaZlo gamoyenebis TvalsazrisiT.   

aqedan gamomdinare, samuSaos konkretul miznebs warmoadgens: 

1. drekad, plastikur da elastikur milebSi siTxis moZraobis 

TaviseburebaTa Seswavla. 

am mizniT dagegmili iyo Semdegi samuSaoebis Sesruleba: 

1.1. arxebSi siTxis moZraobis hidrodinamikur kanonzomierebaTa 

Seswavlis zogadi meTodologiis gacnoba. 

1.2. drekad da plastikurkedlebian arxebSi siTxis moZraobis 

TaviseburebaTa gaanalizeba Tbogadacemis SesaZlo 

intensifikaciis kuTxiT. 

1.3. drekadi da plastikurkedlebiani arxebisaTvis 

rekomendebuli analizuri gamosaxulebebis moZieba 

Tbocvlis procesebis  gaangariSebis SesaZleblobis 

gamovlenis TvalsazrisiT. 

1.4. liTonis milebisa da elastikuri, plastikuri da drekadi 

masalisagan damzadebuli milebis hidravlikuri 
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winaaRmdegobebis xarisxobrivi urTierTSedarebis 

Casatarebeli eqsperimenuli danadgaris daproeqteba da 

Sesabamisi eqsperimentebis Catarebis meTodikis damuSaveba. 

1.5. Tbogadamtanebs Soris moTavsebuli drekadi, plastikuri da 

elastikuri kedlis gavliT siTbos gadacemis procesis 

Sesaswavli eqsperimentuli danadgaris daproeqteba da 

eqsperimentis Catarebis meTodikis damuSaveba. 

2. drekadi, plastikuri da elastikuri rulonuri masalis 

aerodinamikuri sayrdenis eqsperimentuli gamokvleva.  

am mizniT dagegmili iyo Semdegi samuSaoebis Sesruleba: 

2.1. drekad polimerul afsksa da stacionarul cilindrul 

kedels Soris moTavsebuli aerodinamikuri sayrdenis 

muSaobis pirobebis analizi. 

2.2. aerodinamikuri sayrdenis eqsperimentuli maketis Seqmna, 

cdebis Catarebis meTodikis damuSaveba da aerodinamikuri 

sayrdenis sahaero baliSSi wnevis ganawilebis 

eqsperimentuli gamokvleva. 

2.3. rulonuri masalebis Termuli damuSavebis danadgarebSi 

gamosayenebeli aerodinamikuri sayrdenebis inJinruli 

gaangariSebis meTodikis damuSaveba.  

3. samuSaos Sesrulebis procesSi Seqmnili eqsperimentuli 

danadgarebis  da maTze Casatarebeli gazomvebis meTodikis imgvarad 

damuSaveba, rom maT bazaze SemdegSi damzadebuli iqnes 

laboratoriuli danadgarebi saqarTvelos teqnikuri universitetis 

energetikisa da telekomunikaciis fakultetis Tbo da 

hidroenergetikis departamentis mimarTulebebis  saswavlo 

laboratoriebisaTvis.   
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Tavi II  

 
elastikur da drekadkedlebian milebSi siTxis  

moZraobis Teoriuli sakiTxebi 
 

2.1. arxebSi siTxis moZraobis kvlevis zogadi meTodika. 

cnobilia, rom rekuperaciul Tbogadamcem danadgarebSi siTbos 

gadacema erTi Tbogadamtanidan meore Tbogadamtanze mimdinareobs. am 

Tbogadamtanebis gamyofi kedlis sxvadasxva mxares dinebis procesSi 

da aqedan gamomdinare, Tbogadamtanebs Soris Tbocvlis mimdinareobis 

intensiurobaze dinebis pirobebs gadamwyveti mniSvneloba eniWebaT. 

magaliTad, Tbocvlis procesebis Sesaswavlad gamoyenebuli 

diferencialuri gantolebebis sistema, uSualod Tbocvlisa da 

Tbogamtarobis diferencialur gantolebebTan erTad Seicavs siTxis 

moZraobisa da uwyvetobis diferencialur gantolebebs da Sesabamis 

calsaxobis pirobebs.  amitomac nebismieri Tbogadamcemi dandgaris 

Seqmna daproeqtebisas aucilebelia misi hidravlikuri gaangariSeba, 

anu im kanonzomierebaTa codna, romlebsac adgili aqvT Tbogadamtani 

siTxeebis ama Tu im sadenebSi moZraobisas.  

cxadia, rom zemoT gamoTqmuli konceptualuri mosazrebis 

praqtikuli realizaciisaTvis pirvel rigSi saWiroa im hidravlikur 

kanonzomierebaTa codna, romlebic Tavs iCens siTxis moZraobisas 

drekad, plastikur da elastikur kedlebian sadenebSi.  

nebismier arxSi siTxis moZraoba gamowveulia siTxeze garkveuli 

Zalebis zemoqmedebiT. cnobilia [21], rom siTxeze moqmedebs ori saxis 

gare Zala: masuri da zedapiruli. masuri Zala moqmedebs gansaxilvel 

siTxeSi gamoyofil nebismieri sididis moculobaze, xolo Tu siTxe 

erTgvarovania, masuri Zala gamoyofili moculobis proporciulic 

aris da amitom, roca  =const- masur Zalas moculobiT Zalasac 

uwodeben. am Zalas miekuTvneba gamoyofili moculobis simZimis Zala 

da inerciis Zalebi (siTxis moZraobis SemTxvevaSi). 
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rac Seexeba zedapirul Zalebs, maT ZiriTadad miekuTvneba wnevis 

da xaxunis Zalebi. xaxunSi igulisxmeba gansaxilveli siTxis 

gamoyofili moculobis xaxuni mezoblad mdebare TviT gansaxilveli 

siTxis moculobebTan an xaxuni arxis zedapirTan, roca am 

ukanasknels uSualod esazRvreba gamoyofili moculoba.  

sxvadasxva arxSi siTxis moZraobis kanonzomierebaTa 

gamosakvlevad iyeneben sxvadasxva avtoris mier miRebul analizuri 

gamosaxulebebis sistemas. am gamosaxulebebs miekuTvneba: 

bernulis gantoleba, romelic siTxis nawilakze moqmed wnevas 

akavSirebs am nawilakis moZraobis siCqaresTan da misi kedlidan 

daSorebis manZilTan.  

lagranJis diferencialuri gantoleba, romelic kavSirs 

amyarebs moZraobis dasawyisSi siTxis romelime nawilakis 

koordinatebsa (sawyis koordinatebs) da amave nawilakis mier 

garkveuli drois Semdeg dakavebuli axali mdebareobis koordinatebs 

Soris. 

eileris diferencialuri gantoleba, romelic kavSirs amyarebs 

siTxis romelime nawilakze moqmed moculobiT Zalebsa da am 

nawilakis moZraobis siCqares Soris. 

moZraobis diferencialuri gantoleba, romelic siTxis mocemul 

nawilakze moqmed Zalebs akavSirebs amave nawilakis moZraobis 

siCqaresTan, koordinatebTan da moZraobis dawyebidan gasul drosTan. 

uwyvetobis diferencialuri gantoleba, romelic gamoyvanilia 

masis Senaxvis kanonze dayrdnobiT da erTmaneTan akavSirebs siTxis 

moZravi nawilakis siCqares da am nawilakis koordinatebs. 

garda CamoTvlilisa, siTxeebis dinebis procesebis analizuri 

Seswavlisas gamoiyeneben  sxva gantolebebsac. magaliTad SeiZleba 

dasaxeldes  sen-venanis diferencialur gantoleba.  

cnobilia am ukanasknelis miRebis sxvadasxva analizuri gza. 

kerZod, sen-venanis diferencialuri gantoleba miiReba rogorc 

moZraobis  raodenobis  gantolebaze   dayrdnobiT,   aseve   energiis   
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gantolebis  gamoyenebiTac, xolo n. qarTveliSvilis naSromSi [22]  

miRebulia reinoldsis gantolebis gamoyenebiT.  

hidrodinamikis procesebis maTematikuri analizisaTvis 

gamoyenebuli yvela gantoleba miRebulia fizikis zogad kanonebze 

dayrdnobiT da amitom siTxeebis dinebis movlenebs aRweren  

uzogadesi saxiT. bunebasa da teqnikaSi mimdinare uamravi 

hidrodinamikuri movlena ki erTmaneTisagan gansxvavdeba garkveuli, 

mxolod ama Tu im movlenisaTvis damaxasiaTebeli kerZo pirobebiT. 

amitomac, romelime konkretuli SemTxvevis gaanalizebisas, 

zemoxsenebul diferencialur gantolebebis amoxsnis procesSi 

iTvaliswineben kidev egreTwodebul calsaxobis pirobebs, romlebSic 

Sedis uSualod Sesaswavli hidrodinamiuri movlenis maxasiaTebeli 

geometriuli, fizikuri, sasazRvro da droiTi pirobebi. calsaxobis 

pirobebi SeiZleba miRebuli iqnas ama Tu im parametrebis ricxviTi 

mniSvnelobebis, maT Soris arsebuli funqcionaluri 

damokidebulebebis, an diferencialuri gantolebebis saxiT.  

aRsaniSnavia, rom hidrodinamikis zemoT CamoTvlili 

gantolebebi ZiriTadad Sedgenilia idealuri siTxeebisaTvis anu 

iseTi warmosaxviTi siTxeebisaTvis, romlebsac ar gaaCniaT siblante 

da, aqedan gamomdinare, maTi moZraobisas xaxunis Zalebi ar 

warmoiqmneba. magram realuri siTxeebis moZraobis pirobebSi am 

Zalebis uguvebelyofa dauSvebelia. literaturaSi arsebobs 

sxvadasxva arxebSi realuri siTxis moZraobis aRmweri 

diferencialuri gantolebebi, kerZod, navie-stoqsis diferencialuri 

gantolebebi, magram maTi gamoyeneba realuri amocanebis gadawyvetisas 

praqtikulad SeuZlebelia, radgan erTi mxriv realur nakadebSi 

warmoqmnili xaxunis Zalebis ganawilebis gaTvaliswineba Zalian 

rTulia da, meore  mxriv, gansakuTrebiT didi moculobis 

gamoTvlebis Sesrulebis aucileblobasTan aris dakavSirebuli [23].  

garda amisa SeuZlebelia calsaxobis pirobebis zusti dadgena. 

magaliTad, geometriuli formebisa da zomebis, fizikuri 
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maxasiaTeblebis mniSvnelobebis, drois da sasazRvro pirobebis 

ricxviTi mniSvnelobebis dadgenisas yovelTvis adgili aqvs garkveul 

cdomilebebs.  

aRniSnulidan gamomdinare, analizur meTodebs jer kidev ara 

aqvT gadamwyveti mniSvneloba bunebasa da teqnikaSi mimdinare 

hidrodinamikuri movlenebis Seswavlis saqmeSi. amitom, umravles 

SemTxvevaSi, realuri siTxis nakadebis gaangariSebas atareben 

idealuri siTxisaTvis Seqmnili maTematikuri gamosaxulebebiT da am 

gziT miRebuli Sedegebisa da daskvnebis praqtikul amocanebze 

gavrcelebas axdenen garkveuli Semasworebeli koeficientebis 

gamoyenebiT. amasTan, xsenebul Semasworebel koeficientebs adgenen 

uSualod ama Tu im realuri siTxis ama Tu im realur arxSi dinebis 

procesze ganxorcielebuli eqsperimentuli dakvirvebebis safuZvelze. 

  vinaidan winamdebare kvlevis mizans drekad, plastikur da 

elastikurkedlebiani Tbogadamcemi danadgarebis SesaZlo 

energoefeqturobis Taobaze gamoTqmuli konceptualuri mosazrebis 

samarTlianobis Semowmeba warmoadgens, amitomac winamdebare 

samuSaoSi hidrodinamikis procesebis aRmweri arc erTi gantoleba 

dawvrilebiT ar ganvixileT.   

igive mizeziT qvemoT SemovifarglebiT mxolod literaturaSi 

moZiebuli im naSromTa zogadi da mokle ganxilviT, romlebic 

uSualod Txelkedla, plastikur, elastikur da drekad milebSi 

siTxis moZraobis kanonzomierebaTa Seswavlas eZRvneba. 

 

 

 

2.2. elastiur da drekad kedlebian arxebSi siTxis 

moZraobis kanonzomierebaTa Teoriuli Seswavlis 

Sesaxeb 

 
winamdebare samuSaos Sesaval nawilSi naTqvami gvaqvs, rom 

plastikur da elastikur milebSi siTxeebis dinebis hidrodinamikuri 
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maxasiaTeblebis kvlevas yovelwliurad mravali samecniero naSromi 

eZRvneba da yoveli maTgani praqtikulad samedicino mimarTulebazea 

orientirebuli (vinaidan sisxlZarRvebi ganixileba rogorc 

plastikuri, elastikuri milebi) da sisxlis moZraobis 

kanonzomierebaTa Seswavlas emsaxureba.  

yovel SemTxvevaSi xsenebuli publikaciebis analizi naTlad 

gvaCvenebs, Tu raoden rTuli bunebisaa plastikur da elastikur- 

kedlebian milebSi blanti siTxis moZraoba da ramdenad 

mravalmxrivia siTxis dinebis maxasiaTeblebsa da milis drekad 

kedlebs Soris warmoqmnili kavSirurTierTobebi. swored am 

sirTuleebiTaa gapirobebuli is garemoeba, rom jer kidev ar aris 

damuSavebuli xsenebuli kavSirurTierTobebis iseTi maTematikuri 

modeli, romlis safuZvelzec miRebuli iqneboda praqtikuli 

gamoTvlebisaTvis metnaklebad vargisi saangariSo analizuri 

gamosaxulebebi. 

magaliTisaTvis SegviZlia ganvixiloT moskovis sainJinro 

fizikuri institutis mecnierTa naSromi [24], romelSic 

dasabuTebulia, rom elastikur da drekad milSi siTxis moZraobis 

maTematikuri modeli aRiwereba uwyvetobis diferencialuri 

gantolebiT da navie-stoqsis organzomilebiani diferencialuri 

gantolebis RerZuli komponentiT Sedgenili sistemiT. xsenebuli 

sistema ase gamoiyureba: 

 

                                 +  = 0                           (2.1) 

      +   +   +    = 0[  +  (r )]       (2.2) 
 

sadac  = ( , , )  da  =  ( , , )- Sesabamisad aris siTxis dinebis 

siCqaris radialuri da RerZuli komponentebi; 0 _ kinematikuri 
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siblantis koeficienti;   _ siTxis simkvrivea; P = P ( , ) _ siTxis 

wneva. 
gantolebaTa warmodgenili sistema zemoT xsenebul naSromSi  

rTuli maTematikuri gardaqmnebisa da garkveuli daSvebebis 

gamoyenebiT dayvanilia erT, meoTxe xarisxis gantolebamde, romelic 

amoxsnilia sami sxvadasxva midgomiT da sxvadasxva damatebiTi 

daSvebebis gaTvaliswinebiT. miRebuli amonaxsnebi warmoadgenen 

sakmaod grZel, rTul maTematikur gamosaxulebebs da aq ar 

warmovadgenT, vinaidan maTi dawvrilebiTi ganxilva scildeba Cveni 

amocanis farglebs. avRniSnavT marto imas, rom isini erTmaneTTan 

akavSireben siTxeSi gavrcelebuli wnevis talRis amplitudas da 

elastikuri milis deformacias, romelic wnevis talRiTaa 

gamowveuli.  aRniSnuli movlenis sirTulis sademonstraciod 

warmovadgenT mxolod miRebul amonaxsnebis mixedviT agebul 

grafikebs, romlebic zemoxsenebul kavSirebs asaxaven.  

2.1 naxazze warmodgenilia milis diametris absoluturi 

deformaciiis sidide saangariSo Z kveTis win da Semdeg dinebis 

mimarTulebiT, sami sxvadasxva siblantis mqone masalidan 

damzadebuli milebisaTvis. rogorc am diagramidan Cans, rac metia 

milis masalis kinematikuri siblante, miT naklebia kedlis 

deformacia da Sesabamisad naklebia wnevis talRis amplituda. 

2.2 naxazze naCvenebia milis diametris fardobiTi deformaciiis 

damokidebuleba wnevis impulsiT gamowveuli talRis frontis 

gadaadgilebaze sxvadasxva masalis milebisaTvis. am diagramidan Cans, 

rom milis kedlis masalis siblantis zrdasTan erTad xdeba rogorc 

wnevis talRis amplitudis Semcireba, aseve talRis frontis erTgvari 

gamdovreba. 2.3nax-ze naCvenebia wnevis talRis amplitudis nazrdi 

procentebSi milis kedlis masalis siblantesTan damokidebulebaSi 

da talRis milis sigrZeze gavrcelebis areali.  

zemoT warmodgenil diferencialur gantolebaTa sistemis 

amonaxsnebiT miRebuli grafikebi faqtiurad erTida igive movlenas 

aRweren. marTlac, milis diametris absoluturi deformaciiis sidide 
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(nax. 2.1)), diametris fardobiTi deformaciiis damokidebuleba wnevis 

impulsiT gamowveuli talRis frontis gadaadgilebaze (nax. 2.2) da 

talRis amplitudis nazrdi (nax.2.3) erTmaneTTan pirdapirproporciul 

damokidebulebaSi arian, xolo kedlis masalis siblantesTan 

ukuproporciul damokidebulebaSi. es ukanaskneli savsebiT 

logikuria, magram, samwuxarod, xsenebuli sistemis samive amonaxsni 

mkveTrad gansxvavdeba erTmaneTisagan, funqciebis argumentTan 

damokidebulebis xasiaTiT.  pirvel grafikze Z = 0 wertilis 

maxloblobaSi funqcias (milis diametris deformacias) eqstremumic 

axasiaTebs da safexurebrivadac icvleba, meore SemTxvevaSi Z = 0 

wertilis marcxniv da marjvniv fardobiTi deformacia mdovred 

icvleba da eqstremumis gareSe, xolo  mesame SemTxvevaSi (talRis 

amplitudis nazrdi)  Z = 2 wertilis siaxloves simetriuli maqsimumiT 

xasiaTdeba safexurebis gareSe. 

yovelive zemoT Tqmuli naTlad adasturebs, Tu ramdenad 

rTulia elastiur da drekad kedlebian milebSi siTxis dinebis 

movlena, misi maTematikuri modelireba da praqtikuli 

gaangariSebebisaTvis gamosayenebeli analizuri gamosaxulebebis 

miReba. aqedan gamomdinare savsebiT cxadia, rom analogiuri 

amocanebis Seswavlisas eqsperimentuli meTodebis gamoyenebas jer 

kidev didi upiratesoba unda mivaniWoT. 
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Mnax. 2.1. milis diametris absoluturi deformaciiis sidide 

saangariSo Z kveTis win da Semdeg dinebis mimarTulebiT, sami 

sxvadasxva siblantis mqone masalidan damzadebuli 

milebisaTvis. 

 

 

nax. 2.2. milis diametris fardobiTi deformaciiis damokidebuleba 

wnevis impulsiT gamowveuli talRis frontis gadaadgilebaze  

sxvadasxva masalis milebisaTvis. 
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nax. 2.3. wnevis talRis amplitudis nazrdi  

sxvadasxva masalis milebisaTvis 

 

 

 

2.3. siTxis dinebis Taviseburebebi arastacionalur da 
drekadkedlebian milebSi 

 

Txelkedla elastkiur milebSi siTxis moZraobis Seswavla 

warmoadgens saintereso da sakmaod rTul fizikur amocanas. 

msoflios sxvadasxva qveynis mecnierebi, dawyebuli hodrodinamikuri 

problemebis cnobil frang mkvlevar puazelidan, araerTgzis 

mimarTavdnen drekadkedlebian milebSi siTxis moZraobasTan 

dakavSirebul sxvadasxva hidrodinamikuri sakiTxis gamokvlevas. am 

amocanebiT gansakuTrebiT dainteresdnen sisxlis mimoqcevis 

biomeqanikis dargSi moRvawe mecnierebi [25_27], romelTa mier 

miRebuli iqna sakmarisad saintereso Sedegebi ara marto 
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hemodinamikis, aramed uSualod hidrodinamikis TvalsazrisiTac. 

yvelaze meti warmatebebi miRweuli iqna nakadis hidrodinamikaze 

siTxis reologiuri Tvisebebis gavlenis Seswavlisa da sxvadasxva 

modelis eleqtrohidrodinamikuri analogiebis gamoyenebis sferoSi 

[28_30].  

elastikuri masalisagan damzadebul milSi siTxis moZraobis 

hidrodinamikuri Taviseburebebi Seswavlilia naSromSi [31], sadac 

amgvari moZraoba dayofilia sam damoukidebel movlenad. kerZod: 1) _ 

garkveul droSi, siTxis garkveuli moculobiTi raodenobis 

gadaadgileba milis gaswvriv, 2) _ wnevis talRis gavrceleba, 

romelsac biomeqanikaSi pulsuri talRa ewodeba da romlis 

gavrcelebis siCqare Cveulebriv ufro metia vidre TviT siTxis 

gadaadgilebis siCqare da 3) _ garkveul pirobebSi sistemis `nakadi-

kedeli~ mdgradobis dakargvis gamo aRZruli maRalsixSiruli 

rxevebi, romelTa TanxlebiT mimdinare dinebis reJims dinebis 

flateruli reJimi ewodeba.  

  specialur samecniero literaturaSi zemoT CamoTvlili samive 

movlena damoukideblad aRiwereba uwyvetobisa da navie_stoqsis 

diferencialuri gantolebebidan gamomdinare sakmarisad rTuli 

analizuri gamosaxulebebiT, romlebsac winamdebare naSromSi ar 

ganvixilavT, miT umetes, rom rogorc es zemoT iyo naTqvami, realuri 

amocanebis gadawyvetisas upiratesi mniSvneloba kvlevis 

eqsperimentul meTodebs eniWeba. Tumca aRsaniSnavia, rom vinaidan 

navie_stoqsis diferencialuri gantoleba arawrfivia, cxadia 

xsenebuli movlenebidan romelimes mainc eqneba arawrfivi xasiaTi, 

rac adasturebs movlenis sirTules da, aqedan gamomdinare, 

amarTlebs Cvens gadawyvetilebas jerjerobiT ar CavuRrmavdeT 

problemis hidrodinamikur mxares yovel SemTxvevaSi manam, sanam ar 

dadasturdeba plastikur, elastikur da arastacionalurkedlebiani 

milebis Tbogadamcem danadgarebSi gamoyenebis momgebianoba, rogorc 

wminda Tboteqnikuri, aseve ekonomikuri, konstruqciuli da sxva 

TvalsazrisiT. 
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miuxedavad zemoT Tqmulisa, problemis sirTulis, originalobis 

da garkveulad perspeqtiulobis ukeT demonstrirebis mizniT, qvemoT 

SevexebiT drekad milebSi siTxis dinebis movlenis analizTan 

dakavSirebul oriode sakiTxs. kerZod gavaanalizebT hukis kanons 

drekad da elastiur milebSi siTxis moZraobis TvalsazrisiT da 

ganvixilavT xsenebul milebSi siTxis dinebis flaterul reJims.  

 

2.4. hukis kanoni elastikuri da drekadi milisaTvis.  

 

Cvens mier gansaxilvel sakiTxebSi hukis kanonis Seyvana, 

ganapiroba im garemoebam, rom rogorc cnobilia zogadad es kanoni 

amyarebs damokidebulebas sxeulze moqmed Zalasa da am Zalis 

zemoqmedebis Sedegad gamowveuli deformaciis sidides Soris. 

vinaidan nebismier kveTSi milis kedlebze moqmedi Zala gapirobebulia 

Sesabamis kveTSi siTxis statikuri wneviT da amasTanave saqme gvaqvs 

advilad deformirebad masalasTan, aseTi kavSiri wnevasa da 

deformaciis sidides Soris damatebiT gvaZlevs gantolebas, romelic 

SesaZlebelia yovelTvis iqnas gamoyenebuli aRniSnuli 

hidravlikurad rTuli movlenis aRmwer mravalucnobian gantolebaTa 

sistemaSi.  

movlenis arsis naTlad warmodgenisaTvis davuSvaT, rom gvaqvs 

elastikuri Txelkedla mili, romelSic ganxorcielebulia siTxis 

nakadi da wnevis Zalis gavleniT xdeba milis kedlis deformacia. 

ganvixiloT ramodenime SemTxveva: 

1. wnevisa da siTxis siCqaris dabali mniSvnelobebis da milis mcire 

Siga diametris SemTxveva, roca mosalodnelia, rom milis kveTis 

farTobi mcire sididiT Seicvleba (gansakuTrebiT naklebad 

drekadi masalebis gamoyenebisas); 
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2. wnevisa da siTxis siCqaris dabali mniSvnelobebis, magram milis 

didi Siga diametris an/da metad elastikuri masalis SemTxvevaSi 

mosalodnelia milis kveTis farTobis seriozuli cvlileba; 

3. wnevisa da siTxis siCqaris maRali mniSvnelobebis SemTxvevaSi 

mosalodnelia seriozuli deformaciebi. 

qvemoT warmovadgenT hukis kanonis samecniero literaturaSi 

cnobil im formebs, romlebsac gamoiyeneben zemoxsenebuli 

praqtikuli SemTxvevebis analizis procesSi. 

 CamoTvlilTagan pirvel SemTxvevaSi gamoiyeneba hukis kanoni 

Cveulebrivi formiT, kerZod: 

 

                                       ,                                                               (2.3) 

 

sadac _ aris milis mocemuli kveTis farTobi da 

 ki igive kveTis farTobi nakadSi Warbi wnevis, _s gareSe, anu 

milis kveTis farTobi Tavisufal mdgomareobaSi.  aris milis 

kedlis masalis elastikuroba. Txeli garsebis Teoriidan cnobilia, 

rom , sadac E  milis kedlis masalis drekadobis efeqturi 

modulia,  _ kedlis sisqea da  _ milis saSualo diametri, anu Siga 

da gare diametrebis saSualo ariTmetikuli sidide. 

meore SemTxvevaSi, roca wnevisa da siTxis siCqaris dabali 

mniSvnelobebis miuxedavad milis kveTis farTobis seriozuli 

deformacia xdeba, hukis ganons iyeneben Semdegi formiT: 

 

               ,                              (2.4)            

romelSic Warb  wnevasa da masalis fardobiT deformacias Soris 

damokidebuleba wrfivia, magram kveTis farTobis damokidebuleba Warb 

wnevaze atarebs arawrfiv, eqsponencialur xasiaTs. kerZod,  formula 

(2.4)-is amonaxsni Semdegnairad gamoiyureba [25]:  
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.                            (2.5) 

amasTan am ukanasknelis mwkrivad gaSlisas pirveli wevri zustad 

imeorebs formula (2.3)-s. 

wnevisa da siTxis siCqaris maRali mniSvnelobebis da milis 

kedlis seriozuli deformaciebis SemTxvevaSi (mesame SemTxveva) 

aucilebelia gamoyenebuli iqnes hukis kanonis iseTi forma [26], 

romlis gamoyvanisas avtorebis mier gaTvaliswinebulia, rom siTxis 

moZraoba mimdinareobs Txelkedla elastikur da drekad milSi. aseTi 

pirobebisaTvis  hukis kanonis gamosayvanad iyeneben Semdegi saxis 

gamosaxulebas: 

 

  ,                                    (2.6) 

sadac  aris milis Siga moculobis elementi (ix. nax. 2.4), 

romelmac SeiZleba ganicados cvlileba  mocemuli moculobis 

elementis SemomsazRvreli kedlis erTdrouli deformaciiT rogorc 

grZivi (aqsialuri), aseve ganivi (radialuri) mimarTulebiT. es 

ukanaskneli [26]-is avtorebs ar aqvT gaTvaliswinebuli da aRniSnul 

deformaciebs cal_calke ganixilaven. Semdeg mimarTaven Sedegebis 

gasaSualoebas, garkveul daSvebebs da ara rTuli, magram sakmaod 

didi gardaqmnebis Semdeg hukis kanons iReben Semdegi gamosaxulebis 

saxiT: 

 

  ,                            (2.7) 

sadac  – dinebis gaswvrivi koordinataa da U  siTxis moculobis 

elementis grZivi wanacvlebis sididea im wertilTan SedarebiT, 

romelic imoZravebda aradeformirebul milSi ganviTarebuli 

siCqariT. 

rogorc hukis kanonis aq warmodgenili formebidan Cans, (2.3), 

(2.6) da (2.7) gamosaxulebebi erTmaneTTan akavSireben nakadSi 
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ganviTarebuli Warbi statikuri wnevisa Zalebsa da drekadi  da 

elastikuri milebis geometriul parametrebs.  Tumca Cans, rom  

miRebuli gamosaxulebebi miaxloebiTia, vinaidan ganmsazRvreli 

parametrebis cvlilebis didi diapazonis gamo faqtiurad 

SeuZlebelia plastikuri da elastikuri masalis qcevis erT saerTo 

modelSi moTavseba da zusti analizi. 

 

 

nax. 2.4. elastikuri milis kedlis deformaciebi 

 

 

aRsaniSnavia agreTve, rom plastikuri da elastikuri milis 

kedlis grZivi deformacia mWidrodaa dakavSirebuli realuri siTxis 

nakadis elementaruli moculobasa da misi SemomsazRvreli kedlis 

zedapirs Soris arsebul xaxunis ZalasTan, rac samwuxarod, Cvens 

mier dromde mopovebul masalebSi jerjerobiT arsad ar aris 

gaTvaliswinebuli, vinaidan rogorc wesi, analizs atareben idealuri 

siTxis moZraobis SemTxvevisaTvis. xsenebul masalebSi milis grZivi 

deformacia ganixileba, rogorc Tavdapirvelad warmoqmnili ganivi 
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deformaciis Sedegad warmoqmnil difuzorul da konfuzorul 

ubnebze nakadis dinamikuri zemoqmedebiT warmoqmnili deformacia, 

rogorc es 2.3 nax-zea warmodgenili. 

 

 

2.5. drekadkedlian milSi siTxis dinebis  
   flateruli reJimi.  

 

drekad kedlian milSi siTxis dinebis flateruli reJimi, 

rogorc es zemoT iyo aRniSnuli, dinebis iseT reJims ewodeba, 

rodesac milis kedeli iwyebs rxeviT moZraobas. Tavdapirvelad 

elastikur milebSi aseTi reJimis damyareba dakavSirebuli iyo 

sisxlis mimoqcevis sistemaSi gulis mier gavrcelebuli pulsis 

talRis anu wnevis talRis gavlis procesTan. SemdegSi aRmoCnda, rom 

vinaidan elastikur milSi siTxis dineba principulad aramdgradi 

procesia, aseTi reJimi SeiZleba damyardes milSi siTxis xarjis 

mudmivobis, anu dawnevis mudmivobis SemTxvevaSic. nebismieri SemTx=-

eviTi mizeziT, dinebis nebismier adgilze, siTxis raime moculobiTi 

elementis gadaadgilebis siCqaris sul mcire gazrda `bernulis 

efeqti~-s Sesabamisad amcirebs statikur wnevas mocemul kveTSi. 

statikuri wnevis Semcireba avtomaturad iwvevs elastikuri milis 

kveTis farTobis Semcirebas, rac kidev ufro zrdis nakadis siCqares 

da e. i. statikuri wneva kidev ufro mcirdeba. movlena viTardeba 

zvaviseburad da iwvevs milis kveTis srul Caketvas.  vinaidan milze 

saerTo dawnevis zemoqmedebiT siTxis axali ulufis gatareba 

aucilebelia, siTxe TviTon xsnis milis Caketil nawils. amgvarad 

warmoiqmneba TviTmerxevi procesi, anu dinebis flateruli reJimi. 

ruseTis qalaq samaris samedicino universitetis profesor a. 

volobuevs, adamianis sisxlis mimoqcevis sistemis paTologiis 

diagnostikis mizniT, hukis kanonis da uwyvetobisa da impulsebis 

gantolebebisagan Sedgenili sistemis erToblivi amoxsnis safuZvelze 

miRebuli aqvs xsenebul TviTmerxev reJimSi myofi elastikuri milis 
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kveTis farTobisa da am kveTSi siTxis gadaadgilebis siCqaris 

saangariSo gamosaxulebebi [3]. am gamosaxulebaTa winamdebare 

naSromSi moyvana saWiroebas ar moiTxovs, magram sainteresoa maT 

safuZvelze Sesrulebuli gamoTvlebis Sedegebis grafikuli 

warmodgena, romelic aRebulia [3]-dan da mocemulia nax. 2.5-ze. 

 

 

    

 

nax. 2.5. flatrul reJimSi moZravi siTxis siCqarisa da  
merxevi kveTis farTobis damokidebuleba droze. 
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am grafikebidan naTlad Cans, rom milis kveTis Caketvis 

momentSi, anu roca kveTis farTobi nuls utoldeba, siTxis moZraobis 

siCqaris maqsimumi usasrulobisaken miiswrafis. es garemoeba imasTanaa 

dakavSirebuli, rom Teoriuli analizi Catarebuli iyo idealuri, anu 

nulovani siblantis mqone siTxisaTvis. fizikis kursidan cnobilia 

analogiuri Teoriuli efeqti, roca iZulebiTi rxevis amplituda 

rezonansis procesSi miiswrafis  usasrulobisaken garemos 

winaaRmdegobis ar arsebobis SemTxvevaSi. ase rom realuri 

siTxeebisaTvis, romlebic xasiaTdeba siblantiT da, aqedan 

gamomdinare, rogorc Sinagani, aseve milis kedlebTan xaxuniT, arc 

siTxis gadaadgilebis siCqare miaRwevs usasrulobas da arc milis 

kveTis sruli Caketva  moxdeba. es momenti grafikebze warmodgenilia 

milis kveTis Teoriulad Caketvis wertilebTan datanili wyvetili 

xazebiT. am wyvetili xazebis Sesabamisi absoluturi sidideebi, ra 

Tqma unda, damokidebuli iqneba bevr fizikur faqtorze da pirvel 

rigSi siTxis siblanteze.   

 

 

2.6. arastacionarul da drekadkedlebian milebSi 
    siTxis moZraobis TaviseburebaTa analizis 

Sedegebi 

 

zemoT warmodgenili masalebidan naTlad Cans, rom 

arastacionarul da drekadkedlebian milebSi realuri siTxis 

moZraoba aris hidrodinamikurad friad rTuli movlena, romlis 

Rrmad Seswavla sakmaod rTul samecniero problemas warmoadgens. 

vinaidan aRniSnuli problemis gadawyveta mWidrodaa dakavSirebuli 

zogadad sisxlis mimoqcevis sistemis SeswavlasTan da gul-

sisxlZarRvTa daavadebebis diagnostikis efeqturi meTodebis 

damuSavebasTan, elastikur da drekadkedlebian milebSi siTxis dineba 

mravali wlis manZilze  warmoadgens rogorc  hidrodinamikis,  aseve  
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medicinis da sxva dargebis warmomadgenelTa kvlevis sagans. es kvleva 

dResac grZeldeba. 

ukve Catarebuli gamokvlevebis safuZvelze gamoqveynebuli 

Sedegebi adasturebs, rom aRniSnuli movlena xasiaTdeba mTeli rigi 

TaviseburebebiT, romelTa Soris Tboteqnologiuri procesebis 

efeqturobis SesaZlo gazrdis TvalsazrisiT yvelaze sainteresoa 

siTxeebis elastikur da plastikur milebSi moZraobis is 

egreTwodebuli flateruli reJimebi, romelTa damyarebisas xdeba 

milis kedlis TviTrxeva, anu avtomaturi vibracia. 

CvenTvis cnobilia, rom Tboteqnologiur procesebSi 

gamoyenebul milebian TbogadamcemebSi siTbos gadacemis 

intensifikaciis meTodebs Soris upiratesi mniSvneloba eniWeba iseT 

mowyobilobebs, romlebic iwveven nakadis xelovnur turbulizacias. 

magaliTad xelovnuri xaoianoba, milebSi dagrexili zolebis 

moTavseba da a. S. [32]. aseT mowyobilobebs miekuTvneba agreTve 

specialuri vibratorebi, romelTa amoqmedebazec, ra Tqma unda, 

damatebiT ixarjeba energiis garkveuli raodenoba [33]. 

aRniSnulidan gamomdinare, Tbogadamcemi mowyobilobis milis 

kedlis TviTvibracia uTuod xels Seuwyobs orive Tbogadamtanis 

nakadis turbulizacias rogorc milis SigniT, aseve milis gareT anu 

milTaSoris sivrceSi da aqedan gamomdinare mosalodnelia, rom 

gazrdis Tbogadamcemi danadgaris energoefeqturobas.   

garda amisa Cveulebriv teqnikur sistemebSi, roca pirveladi 

Tbogadamtanis gasaciveblad wyals iyeneben da es ukanaskneli Tbeba 

zedapirebze gamoleqavs sxvadasxva marilebsa da WuWys, rac auaresebs 

Tbogacemis koeficients. gamoleqvis movlenis sawinaaRmdegod xSirad 

isev xelovnur vibracias mimarTaven [34], xolo TviTmerxev sistemebSi, 

cxadia, amis saWiroeba aRar iqneba.   

aranakleb sainteresoa agreTve is faqti, rom elastikur 

sisxlZarRvebSi sisxlis macirkulirebeli organo, guli gacilebiT 

naklebi simZlavrisaa, vidre es dasWirdeboda tumbos sisxlis 

mimoqcevis sistemis msgavs teqnikur sistemaSi sisxlis siblantis 
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toli siblantis mqone siTxis sacirkulaciod. aqedan gamomdinare 

mosalodnelia, rom drekadi da elastikuri plastikuri milebisagan 

damzadebul teqnikur sistemebSi siTxeebis macirkulirebeli tumbos 

amZravi energetikulad ufro efeqturi iyos. 

damatebiT unda aRiniSnos, rom Tanamedrove etapze Zalze 

mniSvnelovani problemaa Tbogadamcemi mowyobilobebis masisa da 

gabaritebis Semcireba, gansakuTrebiT saaviacio da kosmosuri teqnikis 

moTxovnilebebidan gamomdinare. cxadia, rom Txelkedla, plastikuri 

da elastikuri milebiT metalis milebis Secvla mniSvnelovnad 

Seamcirebs Tbogadamcemebis xsenebul maxasiaTeblebsac. 

Cven jerjerobiT Zalian Sorsa varT imis mtkicebisagan, rom 

TbogadamcemebSi gamoyenebuli metalis milebis plastikuri milebiT 

masiuri Secvla uTuod dadebiT Sedegebs gamoiRebs, magram imis Tqma 

ki SegviZlia, rom aucilebelia am sakiTxis Zirfesviani Seswavla da 

radganac Tbogadamcemebis gamoyenebis areali Zalian farToa, didia 

agreTve TbogadamcemebSi Tbogadamtanebad monawile nivTierebaTa 

raodenoba da gamoyenebuli milebis asortimenti (rogorc masalebis, 

asev geometriuli zomebis TvalsazrisiT), advili SesaZlebelia 

romelime konkretul SemTxvevaSi Cvens mier gamoTqmuli mosazreba 

metalis milebis plastikuri milebiT Secvlis Taobaze 

gamarTlebuli iyos.  

amasTan unda aRvniSnoT, rom am etapze aucileblad migvaCnia 

arastacionarul, plastiur da elastikur milebSi realuri siTxis 

nakadis hidravlikuri winaRobis da aseTi milis kedlis gavliT 

ganxorcielebuli Tbogadacemis procesis eqsperimentuli Seswavla, 

miT umetes, rom  verc specialur literaturaSi da verc internetSi, 

jerjerobiT ver moviZieT raime iseTi masala, romelic mieZRvneboda 

drekad, plastikur da elastikur kedlebian arxebSi siTxeebis 

moZraobis Tanmxlebi siTbogadacemis movlenis kanonzomierebaTa 

Seswavlas. 
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yovel SemTxvevaSi Catarebuli mimoxilvis Sedegad SeiZleba  

davaskvnaT, rom: 

1. arastacionarul da drekadkedlebian milebSi realuri siTxis 

moZraobas axasiTebs mTeli rigi Taviseburebebi, rac ganapirobebs  

movlenis hidrodinamikur sirTules da misi Semdgomi kvlevis 

samecniero aqtualobas; 

2. arastacionarul da drekadkedlebian milebSi realuri siTxis 

moZraobis is Tavisebureba, rom axasiTebs milis kedlis TviTrxeva, 

anu egreTwodebuli flateruli reJimi, ganapirobebs movlenis 

kvlevis aqtualobas Tboteqnologiuri procesebis efeqturobis 

SesaZlo gazrdis TvalsazrisiT; 

3. hidrodinamikuri procesebis kvlevis analizuri meTodebi 

Seiswavlian mxolod idealuri siTxis dinebis kanonzomierebebs da 

realuri siTxeebis dinebis movlenebis Sesaswavlad jer kidev didi 

upiratesoba eniWeba kvlevis eqsperimentul meTodebs; 

4. hukis kanonisa da arastacionarul da drekadkedlebian 

milebSi realuri siTxis moZraobis flateruli reJimis ganxilvis 

safuZvelze dasabuTebulia, rom Tbogadamcem danadgarebSi 

plastikuri da elastkiuri milebis gamoyenebam SesaZloa mogvces 

mravalmxrivi dadebiTi efeqti. 
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Tavi III  
 

eqsperimentuli danadgarebi da cdebis 
Catarebis meTodika 

 

3.1. plastiuri da drekadi milebisa da liTonis milebis 
hidravlikuri winaaRmdegobis Sesadarebeli 
eqsperimentuli danadgari 
 
liTonis milebisa da imave cocxali kveTis farTobis mqone 

elastiuri, plastikuri da drekadi masalisagan damzadebuli milebis 

hidravlikuri winaRobebis xarisxobrivi urTierTSedarebisaTvis 

damuSavebuli iqna martivi eqsperimentuli danadgaris (SemdegSi 

danadgari # 1) proeqti. 

aRniSnuli   # 1  danadgaris   principuli   sqema   

warmodgenilia  3.1nax-ze. 

danadgari warmoadgens daaxloebiT 10 litri moculobis sawyis 

tevadobas, romelSic garkveul donemde moTavsebuli iqneba wyali. 

sawyisi moculobis konstruqcia iTvaliswinebs saWiroebis SemTxvevaSi 

garemodan mis hermetizacias. wylis donis sakontroleblad xsenebul 

sawyis tevadobas gaaCnia donis mzomi mili. sawyisi moculobis qveda 

are milgayvanilobiT da Camketi ventiliT dakavSirebulia 

wyalsadenis sistemasTan. aseve milgayvanilobiT da Camketi ventiliT 

sawyisi moculobis zeda are dakavSirebulia haeris laboratoriul 

kompresorTan, romlis saSualebiT SesaZlebeli iqneba garkveuli 

raodenobis haeris Catumbva sawyis moculobis zeda areSi. aseT 

SemTxvevaSi sawyis moculobaSi ganviTarebuli wnevis gasazomad 

gaTvaliswinebulia manometri. saWiroebis SemTxvevisaTvis 

gaTvaliswinebulia agreTve sahaero mili. 

aRwerili sawyisi moculobis fskerze mierTebulia specialuri 

samiltuCe koleqtori, romelic meti TvalsaCinoebisaTvis calke 

naxazebzea warmodgenili (ix. nax. 3.2 da 3.3). 

  samiltuCe koleqtori Sedgeba 3 sm simaRlis liTonis 

cilindrisagan, romelsac aqvs furclovani liTonis fskeri da xufi. 
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fskers da xufs aqvT specialuri wriuli Rarebi, romlebSic 

moTavsebulia sahermetizacio sadebi. koleqtoris cilindri Tavsdeba 

zeda da qveda sadebebes Soris da fskerisa da xufis gare, 

periferiul xvrelebSi gayrili sahermetizacio momWerebiT xdeba 

koleqtoris Siga moculobis hermetizacia.  

koleqtoris xufze mierTebulia erTi centraluri mili, 

romlis saSualebiT koleqtori 3.1nax-ze warmodgenil sawyis 

tevadobas uerTdeba, xolo koleqtoris fskerze mierTebulia 

ramodenime miltuCi liTonis myari  da plastmasis drekadi 

gamosakvlevi da urTierTSesadarebeli milebis misaerTeblad.  

urTierTSedarebis sizustisaTvis miltuCebi koleqtoris centridan 

Tanabar manZilebzea ganlagebuli (ix. nax. 3.3). 

plastikuri da drekadi milebisa da liTonis milebis 

hidravlikuri winaRobis Sesadarebeli eqsperimentebis Casatarebeli 

laboratoriuli stendis saerTo sqema warmodgenilia 3.4nax-ze. 

laboratoriul magidaze (1) moTavsebulia specialuri sadgari 

(2), romelzec ganlagebulia wylis sawyisi moculoba (3). am 

ukanasknelis xufze mierTebulia sawyis moculobaSi ganviTarebuli 

wnevis gamzomi manometri (4) da `b~ 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).      

 



50 

 

 

 

nax. 3.1.  # 1 eqsperimentuli danadgaris principuli  

sqema 

 

nax. 3.2. samiltuCe koleqtori 
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          nax. 3.3.  miltuCebis ganlageba samiltuCe koleqtorze. 

 

         

 

nax. 3.4.  # 1 eqsperimentuli stendis sqema 
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3.2. plastiuri da drekadi milebisa da liTonis milebis 
hidravlikuri winaaRmdegobis Sesadarebeli  

eqsperimentebis Catarebis meTodika 
 

plastikuri da drekadi milebisa da liTonis milebis 

hidravlikuri winaRobebis urTierTSesadareblad dagegmilia cdebis 

ori seria: a) Tavisufali dineba atmosferuli wnevis pirobebSi da b) 

iZulebiTi dineba sxvadasxva Warbi wnevis pirobebSi. orive seriaSi 

eqsperimentebi unda Catardes nebismieri Siga da gare diametris, 

magram erTi da igive sigrZis mqone milebze. amasTan liTonis 

milebisaTvis kedlis sisqes araviTar mniSvnelobas ar vaniWebT, xolo 

plastikuri masalebisagan damzadebuli milebis kedlebis sisqeebi 

sasurvelia mravalnairi iyos.   

ganvixiloT orive seriaSi cdebis Catarebis Cvens mier 

damuSavebuli meTodika.  

a). Tavisufali dinebis SemTxveva. 

am seriis cdebis Catareba unda moxdes Semdegi TanmimdevrobiT:  

1. Tavdapirvelad `c~ da `d~ ventilebi (ix. nax. 3.4) daketili 

unda iyos, xolo `a~ da `b~ ventilebi ki unda gaiRos. wyalsadenis 

wyali `a~ ventilidan Seva sawyis moculobaSi (3) xolo am 

moculobaSi myofi haeri gamova sahaero milidan `b~ ventilis gavliT. 

unda davukvirdiT sawyis moculobaSi miRweul wylis dones donis 

mzomi milis meSveobiT da sasurveli donis miRwevis Semdeg davketoT 

mxolod `a~ onkani. aqve unda aRiniSnos, rom marTalia sawyis 

WurWelSi atmosferuli wneva iqneba, magram sacdel milebSi 

ganviTarebul dinebaze garkveul zegavlenas moaxdens WurWelSi 

Tavdapirvelad arsebuli wylis done (siTxis svetis dawneva). amitomac 

yvela cda unda Catardes sawyis WurWelSi wylis Tavdapirveli donis 

erTi da igive mniSvnelobis dros. 

2. sawyis moculobaSi sasurveli donis miRwevis Semdeg unda 

davicadoT daaxloebiT 10 wuTi, raTa moculobaSi myofi wyali 
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dawynardes, raTa Sevsebis procesSi warmoqmnilma moZraobam 

sxvadasxva cdis dros sxvadasxva zegavlena ar moaxdinos sacdel 

milebSi ganviTarebul nakadebze. 

3. Semdeg unda gavaRoT `c~ onkani da erTdroulad dawyebuli 

unda iqnas drois aTvla wamsazomis saSualebiT. sawyisi moculobidan 

urTierTSesadarebeli milebis gavliT wyali Camoedineba moculobis 

gamzomi saSualebebiT aRWurvil WurWlebSi (8), romelTa sididisa da 

milebis diametrebis sididis mixedviT xdeba maTi sxvadasxva siCqariT 

Sevseba. romelime WurWlis maqsimalur donemde Sevsebisas unda 

daiketos `c~ ventili da erTdroulad dafiqsirdes `c~ ventilis 

gaRebidan daketvamde gasuli  drois xangrZlivoba.  

4. Semdeg unda gaizomos TiToeul mimReb WurWelSi 

moTavsebuli wylis moculoba υ da yvela monacemebi Setanili unda 

iqnes dakvirvebaTa cxrilSi, romelSic TiToeuli milis kedlis 

masala da geometriuli parametrebi winaswar iqneba Setanili da 

qvemoT warmodgenili saxisaa (ix. cxrili 3.1). 

b). iZulebiTi dinebis SemTxveva. 

cdebis am seriis Catareba unda moxdes Semdegi TanmimdevrobiT:  

1. Tavdapirvelad unda SevavsoT sawyisi WurWeli zustad im 

TanmimdevrobiT, rogorc cdebis pirveli seriis sawyis etapze, 

rogorc es aRwerili iyo a).1 da a).2. punqtebSi. 

2. Semdeg unda Caiketos sahaero milis ventili `b~, gaixsnas 

kompresoridan momavali damWirxni milis ventili `d~ da CairTos 

eleqtrokvebis qselSi kompresori 9 (ix. nax. 3.4). amave dros unda 

dawyebuli iqnas dakvirveba sawyisi WurWlis xufze mierTebul 

manometrze 4 (ix. nax. 3.4). sawyis WurWelSi ganviTarebuli Warbi wnevis 

sasurveli sididis miRwevis Semdeg unda Caiketos ventili `d~, 

gamoirTos kompresori eleqtrokvebis qselidan da dakvirvebaTa 

cxrilSi Setanili unda iqnes manometris Cveneba P (WurWelSi 

ganviTarebuli Warbi wnevis sidide). 
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3. amis Semdeg cdebis Catareba unda movaxdinoT zustad im 

TanmimdevrobiT, rogorc pirvel seriaSi, anu a).3 da a).4 punqtebis 

mixedviT. 

meore seriis cdebi unda gavimeoroT imdenjer, rom sawyis 

WurWelSi miRweuli Warbi wnevebis garkveul diapazonSi normalurad 

SeiZlebodes SesaZlo sxvadasxva damokidebulebebis grafikuli ageba. 

am seriis cdebis Sedegebi unda SevitanoT pirveli seriis 

msgavs dakvirvebaTa cxrilSi, romelsac damatebuli eqneba erTi sveti 

sawyis WurWelSi ganviTarebuli Warbi wnevis mniSvnelobis Casawerad. 

aqve unda aRiniSnos erTi garemoeba. hidravlikuri 

winaaRmdegobebis urTierTSesadareblad ra Tqma unda sasurvelia 

liTonisa da plastikuri masalisagan damzadebul milebs hqondeT 

erTi da igive Siga diametri. rac praqtikulad Zalze Zneli 

gansaxorcielebelia, radgan Cvens kvlevebSi unda gamoviyenoT ukve 

damzadebuli da bazarze sarealizaciod gamotanili milebi da maTi 

Siga diametrebi, calkeuli iSviaTi SemTxvevis garda, ra Tqma unda 

sxvadasxva sididis iqneba. 

miuxedavad aRniSnulisa, eqsperimentarul monacemTa analizis 

Cvens mier SemuSavebuli meTodika saSualebas iZleva xarisxobrivad 

zustad SevadaroT erTmaneTs plastikuri masebidan da liTonidan 

damzadebuli milebis hidravlikuri winaaRmdegobebi. am meTodikas 

qvemoT calke warmovadgenT. 

 

cxrili 3.1. 

dakvirvebaTa cxrili #1 seriis cdebisaTvis 

cdis 
# 

milis 
kedlis 
masala1 

Siga 
diametri 

d, mm 

gare 
diametri2 

D, mmD 

kedlis 
sisqe2 

, mm 

Camodinebis 
dro 

, wm 

Camodinebuli 
moculoba 

υ, l 

Warbi 
wneva3 

P, bari 
1        
2        
3        

. . .         
 

miTiTebuli SeniSvnebi ganmartebulia Semdeg gverdze. 
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3.1 cxrili-is SeniSvnebis ganmarteba : 

1.  liTonisagan da plastikuri, drekadi masalebisagan damzadebuli 

milebis hidravlikuri winaaRmdegobis xarisxobrivi 

urTierTSedarebisaTvis Casatarebeli cdebis orive seriaSi am svetSi 

Setanili unda iqnas mxolod plastikuri masalebidan damzadebuli 

milebis masalebis zusti dasaxeleba, radgan vTvliT, rom sxvadasxva 

liTonis milebis hidravlikur winaRobebs Soris gansxvavebas Cvens 

mier damuSavebuli meTodikiT ver davafiqsirebT dabali sizustis 

gamo. xolo, vinaidan sxvadasxva plastikur masebisagan damzadebul 

milebs, svaraudoa,  eqnebaT sxvadasxva drekadoba, welvadoba da 

elastiuroba da im SemTxvevaSi Tu es maxasiaTeblebi raime seriozul 

gavlenas axdenen milis gamtarunarianobaze, mosalodnelia, rom 

aRniSnuli meTodikiT maTi dafiqsireba SesaZlebeli iqneba; 

2. 1 SeniSvna-is analogiurad liTonis milebis gare diametrebisa da 

kedlis sisqeebis dafiqsireba aucileblobas ar warmoadgens; 

3. Warbi wnevis mniSvnelobebi dakvirvebaTa cxrilSi Seitaneba mxolod 

meore seriis cdebis Catarebisas.   

 

 

3.3. plastikuri da drekadi milebisa da liTonis  

    milebis hidravlikuri winaRobis Sesadarebeli  

 eqsperimentebis Sedegebis damuSavebis  

meTodika 

 
plastikuri da drekadi milebisa da liTonis milebis 

hidravlikuri winaaRmdegobis Sesadarebeli eqsperimentebis pirveli 

seriis Sesabamis dakvirvebaTa cxrilidan yoveli konkretuli 

milisaTvis aviRebT Camodinebuli wylis υ-s moculobis da 

Camodinebis  drois mniSvnelobebis fardobas  υ/-s da davadgenT 

erTi da igive sawyisi pirobebis SemTxvevaSi yoveli milidan 

ganxorcielebul moculobiT xarjs: 
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                                                            , l/wm.                          (3.1) 

Semdeg SevadgenT #2 da N#3 cxrils, rogorc es qvemoTaa 

warmodgenili. 

marTkuTxa koordinatTa sistemis abscisaTa RerZze davitanT 

rogorc liTonis, ise plastikuri milebis diametrebs da ordinatTa 

RerZze ki moculobiT xarjebs da xsenebuli cxrilebis saSualebiT 

davitanT cdiT miRebul yvela wertils. mxolod liTonis milebis 

Sesabamis wertilebze saSualo kvadratuli gadaxris meTodiT 

gavatarebT funqciur damokidebulebis,  -s Sesabamis wirs. 

grafikebi unda aigos cal-calke yoveli ganxorcielebuli wnevis 

mniSvnelobebisaTvis. 

aRniSnul wirTan SedarebiT sxva wertilebis metnaklebad 

seriozuli gabnevis SemTxvevaSi SesaZlebeli iqneba liTonisa da 

plastmasis milebis hidravlikuri winaRobebis xarisxobrivi 

gansxvavebis analizi. arsebuli monacemebis safuZvelze saWiroebis 

SemTxvvaSi SesaZlebeli iqneba milebSi siTxis moZraobis siCqaris, 

dinebis reJimis maxasiaTebeli reinoldsis kriteriumis da sxva 

maxasiaTeblebisa da kavSirurTierTobebis dadgena.  

 

cxrili 3.2. 

wylis moculobiTi xarji sxvadasxva diametris  
liTonis milebisaTvis 

(atmosferuli wnevis pirobebSi) 
milis 

nomeri 
# 1 2 3 4 5 

da ase Semdeg 

(gamocdili milebis 

raodenobis mixedviT) 

milis 

Siga 

diametri 

d, mm      

wylis 

moculobiTi 

xarji 

V, 

l/wm 
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cxrili 3.3. 

wylis moculobiTi xarji sxvadasxva diametris  
plastikuri milebisaTvis 
(Warbi wnevis pirobebSi) 

milis 

nomeri 
# 1 2 3 4 5 

da ase Semdeg   

(gamocdili milebis 

raodenobis mixedviT) 

Warbi wneva 
P, 

bari 
     

milis 
Siga 

diametri 
d, mm      

wylis 
moculobiTi 

xarji 

V, 
l/wm 

     

 

 

 

3.4. plastikuri da drekadi milebiTa da liTonis milebiT 
ganxorcielebuli Tbogadacemis procesebis  urTierT 
Sesadarebeli eqsperimentuli danadgari 
 

liTonis milebisa da elastikuri, plastikuri da drekadi 

masalisagan damzadebuli milebis gamoyenebiT ganxorcielebuli 

siTbogadacemis procesebis intensiurobis xarisxobrivi 

urTierTSedarebisaTvis damuSavebuli iqna martivi eqsperimentuli 

danadgaris (SemdegSi danadgari # 2) proeqti. 

aRniSnuli # 2 danadgaris sacdeli ubnis principuli sqema 

warmodgenilia 3.5 nax-ze. 

sacdeli ubani Sedgeba cilindruli korpusisagan (1), romelsac 

orive boloze miduRebuli aqvs miltuCebi (2). miltuCebze WanWikebiT 

damagrebulia zeda da qveda xufebi (3). miltuCebsa da xufebs Soris 

moTavsebulia SemamWidroebeli safeni (4). zeda da qveda xufebze 

miduRebulia hermetizaciis ganxorcielebis unaris mqone 

SemaerTebeli kvanZebi (5), romlebSic gayrilia liTonisa da 

plastmasis gamosacdeli milebi (6), romelTaSoris sivrceSi cxeli 
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Tbogadamtanis samoZraod sacdeli ubnis korpusze mierTebulia ori 

mili (7 da 8). 

aRwerili sacdeli ubani Tavsdeba #1 laboratoriuli stendis 

samiltuCe koleqtoris qveS, romlis miltuCebTanac xdeba sacdel 

ubanSi gayrili gamosacdeli milebis zeda boloebis mierTeba. 

xsenebuli gamosacdeli milebis qveda boloebi CaSvebulia siTxis 

mimReb WurWlebSi iseve, rogorc es #1 danadgarSi iyo 

ganxorcielebuli (ix. nax. 3.6).    

             

 

 

nax. 3.5.  plastikuri da drekadi milebiTa da liTonis milebiT 

ganxorcielebuli Tbogadacemis procesebis  urTierT  

Sesadarebeli eqsperimentuli danadgaris gamzomi ubnis sqema 
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nax. 3.6.  # 2 eqsperimentuli stendi  
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3.5. plastikuri da drekadi milebiTa da liTonis milebiT 
ganxorcielebuli Tbogadacemis procesebis  urTierT 
Sesadarebeli eqsperimentebis Catarebis meTodika 
 

plastikuri da drekadi milebiTa da liTonis milebiT 

ganxorcielebuli Tbogadacemis procesebis intensiurobis urTierT 

Sesadarebeli eqsperimentebis CatarebisaTvis #2 danadgaris gamzom 

`mili-milSi~ tipis ubanSi (ix. nax. 3.5) moTavsebuli unda iyos 

liTonisa da plastikuri masisagan damzadebuli milebis erTi wyvili 

da maTi zeda da qveda boloebi mierTebuli unda iqnas Sesabamisad 

miltuCebian koleqtorTan da wylis mimReb WurWlebTan.  

cdebis Catareba unda moxdes rogorc atmosferul wnevaze 

(wylis Tavisufali CamodinebiT), ise sxvadasxva wnevaze (iZulebiTi 

CamodinebiT). 

gamzom `mili-milSi~ tipis ubanSi organizebuli unda iyos 

cxeli (temperaturiT 70  80 0C) wylis moZraoba Termostatis 

gamoyenebiT, an gamzomi ubnis milTaSorisi sivrce Sevsebuli unda 

iyos imave temperaturis mqone cxeli wyliT. 

milebis yoveli wyvilis gamocdis dawyebis win unda 

dafiqsirdes rogorc sawyis WurWelSi arsebuli wylis, aseve gamzomi 

ubnis milTaSoris sivrceSi arsebuli cxeli wylis temperaturebi 

(Sesabamisad t1 da t). 

amis Semdeg unda moxdes sawyisi WurWlis wyalsadenis wyliT 

Sevseba ise, rogorc es aRwerili iyo # 1 danadgarze cdebis 

Catarebis meTodikaSi (ix. $ 4, punqti `a~. 1 da `a~. 2). 

Semdeg unda ganxorcieldes wylis Camodineba rogorc 

atmosferul wnevaze, ise sxvadasxva Warb wnevaze imave 

TanmidevrobebiT, rogorc es xdeboda milebis hidravlikuri 

winaRobebis urTierT Sesadarebel eqsperimentebSi mxolod im 

gansxvavebiT, rom amjerad dakvirvebaTa cxrilSi (ix. cxrili 3.4) sxva 

monacemebTan erTad Setanili unda iyos mimReb WurWlebSi 

Camodinebuli wylis temperaturebis mniSvnelobebi. 
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cxrili 3.4. 

dakvirvebaTa cxrili1 plastikuri da drekadi milebiTa da liTonis 
milebiT ganxorcielebuli Tbogadacemis procesebis intensiurobis 

urTierT Sesadarebeli eqsperimentebis Sedegebis Sesatanad2 

 

monacemis 
dasaxeleba 

pirobiTi 
aRniSvna da 
ganzomileba 

wyvili # 1 wyvili # 2 

da ase 
Semdeg   

(gamocdili 
wyvilebis 
raodenobis 
mixedviT) 

liTonis 
mili 

plast. 
mili 

liTonis 
mili 

plast. 
mili 

Warbi wneva P , bari     

Camodinebis dro  , wm     

Camodinebuli 
moculoba 

υ , l     

Camodinebuli 
wylis 

temperatura 
t2 , 0C     

milis 
Siga diametri 

d , mm     

gare diametri D , mmD     

kedlis sisqe  , mm     
milis kedlis 

masala3 
_     

Tbogamtarobis 
koeficienti 

 , 
vt/m2grad. 

     

 

SeniSvna: 

1. winamdebare dakvirvebaTa cxrili unda Sedges cal-calke sawyis 

WurWeli ganxorcielebuli wnevis yoveli mniSvnelobisaTvis; 

2. sasurvelia, rom sxvadasxva cdaSi SenarCunebuli iyos sawyis 

moculobaSi arsebuli wylisa da gamzomi ubnis milTaSoris 

sivrceSi arsebuli cxeli wylis sawyisi temperaturebis mudmivi 

mniSvnelobebi; 

3. sasurvelia milis kedlis masalis zusti dasaxelebis codna, raTa 

Semdeg SesaZlebeli iyos misi Tbogamtarobis koeficientis 

mniSvnelobis dadgena specialuri literaturis gamoyenebiT.  
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3.6. plastikuri da drekadi milebiTa da liTonis 
milebiT ganxorcielebuli Tbogadacemis procesebis  
urTierT Sesadarebeli eqsperimentebis Sedegebis 
damuSavebis meTodika 
 

iseve rogorc plastikuri da drekadi milebisa da liTonis 

milebis hidravlikuri winaRobis Sesadarebeli eqsperimentebis 

pirveli seriis Sesabamis dakvirvebaTa Sedegebis damuSavebisas, 

Tbogadacemis procesebis  urTierT Sesadarebeli eqsperimentebis 

Sedegebis damuSavebas daviwyebT milebis yoveli gamocdili wyvilis 

orive milisaTvis davadgenT liTonis da plastikuri milebidan 

gamzomi ubnis gavliT ganxorcielebul moculobiTi  xarjebis  

mniSvnelobebs  (Sesabamisad VliT. , l/wm  da  Vplast. , l/wm). 

Semdeg formuliT  

                            Q  =  V  c (t2 – t1)  , vt                          (3.2) 

viangariSebT TiToeuli milis mier gamzomi ubnidაn drois erTeulSi 

gamotanili siTbos raodenobebs Q liT. da  Q plast.. 

amis Semdeg cnobili gamosaxulebiT 

                                                                                  (3.3) 

gamovTvliT yoveli gamocdili milis Tbur winaRobebs. am 

gantolebaSi  milis kedlis sisqea metrebSi, xolo   _ milis 

masalis Tbogamtarobis koeficienti, vt / m grad.  

yoveli milisTvis gamovTvliT agreTve Tbogacemis Siga da gare 

zedapirebis saSualo farTobs F saS. . am gamoTvlas vawarmoebT 

formulebiT: 

 

     

da                          F saS.  =   DsaS.  L , 
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sadac  DsaS.  da   F saS.  Sesabamisad arian milis saSualo diametri, (m) 

da kedlis saSulo farTobi (m2). 

rodesac cilindruli kedlis Siga da gare diametrebi didad 

ar gansxvavdeba erTmaneTisagan, maSin rac metia aseTi cilindris 

Tbogacemis saSualo farTobi, zedapiris normalis mimarTulebiT 

kedelSi miT meti siTbo gaivlis. amasTan es siTbo miT naklebia, rac 

metia cilindruli kedlis Tburi winaRoba.  orive am faqtoris 

erTdრouli gaTvaliswinebisaTvis SemoviRoT fardoba 

                                                                                                                                      

(3.4) 

romlis sidide calsaxadaa dakavSirebuli cilindrul kedelSi 

radialuri mimarTulebiT gavlili siTbos raodenobasTan da 

romelic unda gaviangariSoT yoveli gamocdili milisaTvis. am 

fardobas davarqvaT Tbogadacemis geometriuli koeficienti. 

bolos, yoveli gamocdili milebis wyvilebisaTvis unda 

viangariSoT  procentuli gansxvavebebi rogorc Tbogadacemis 

geometriul maxasiaTeblebs Soris (liT. da plast.), aseve  

TiToeuli milis mier gamzomi ubnidაn drois erTeulSi gamotanili 

siTbos raodenobebs  Soris (QliT. da  Qplast.). procentuli 

gansxvavebebis gaangariSebisas yovel wyvilSi liTonis milebis 

kuTvnil sidideebs miviRebT 100 %-is tolad. 

amis Semdeg gaangariSebaTa Sedegebi unda SevitanoT cxrilSi 

(ix. cxrili 5), romelic qvemoTaa warmodgenili. ამასთან ეს ცხრილი უნდა 

შედგეს ცალ-ცალკე amasTan es cxrili unda Sedges cal-calke sawyis 

WurWelSi ganxorcielebuli wnevis yoveli mniSvnelobisaTvis.  

im SemTxvevaSi Tu gamocdili milebis romelime wyvils 

aReniSneba zemoTxsenebul geometriul maxasiaTeblebsa da milebis  

mier gamzomi ubnidan gamotanil siTbos raodenobebs Soris mkveTrad 

gamoxatuli sxvadasxva procentuli gansxvaveba, SesaZlebeli iqneba 

liTonisa da plastmasis milebSi ganxorcielebul Tbogadacemis 



64 

procesebs Soris xarisxobrivi gansxvavebis analizi. arsebuli 

monacemebis safuZvelze saWiroebis SemTxvevaSi SesaZlebeli iqneba 

Tbogadacemis koeficientisa da sxva maxasiaTeblebis da 

kavSirurTierTobebis dadgena.   

                                                                                                                   

cxrili 3.5 
 

liTonisa da plastmasis milebSi ganxorcielebuli Tbogadacemis procesis 
intensiurobis urTierTSedareba 

monacemis 
dasaxeleba 

pirobiTi 
aRniSvna da 
ganzomileba 

wyvili # 1 wyvili # 2 

da ase 
Semdeg   

(gamocdili 
wyvilebis 
raodenobis 
mixedviT) 

liTonis 
mili 

plast. 
mili 

liTonis 
mili 

plast. 
mili 

Warbi wneva P , bari     

drois 
erTeulSi 
gamotanili 

siTbo 

Q , vt     

თbogadacemis 
geometriuli 
maxasiaTebeli 

 , 

 

    

პროცენტული 

განსხვავება 

გეომეტრიულ 

მახასიათებელში 

% 100  100  

პროცენტული 

განსხვავება 

გამოტანილ 

სითბოში 

% 100  100  
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Tavi IV 

 
plastikuri, drekadi milebisa da liTonis milebis 

hidravlikuri winaRobis Sesadarebeli 
eqsperimentebis Sedegebi 

 
4.1. gamokvleuli milebi da Catarebuli  

gazomvebis Sedegebi  
 
 

saqarTvelos teqnikuri universitetis energetikis da 

telekomunikaciis fakultetis energiis aratradiciuli da 

ganaxlebadi wyaroebis mimarTulebis sacdel laboratoriul ubanze 

ganxorcielebuli iqna plastikuri, drekadi milebisa da liTonis 

milebis hidravlikuri winaRobis Sesadarebeli eqsperimentuli 

danadgaris moqmedi maketi, romelzec gamokvleuli iqna 11 sxvadasxva 

masalisa da sxvadasxva diametris mili.  maT Soris 5 mili (4; 5,6; 8,4; 

11 da 13 mm-iani diametrebiT) iyo sxvadasxva metalis da sxvadasxva 

kedlis sisqis. maTi dawvrilebiTi daxasiaTeba zedmetad migvaCnia, 

radgan winamdebare naSromSi isini ganixileba rogorc stacionaluri 

xistkedlebiani arxebi.  

danarCeni 6 mili (3; 5,8; 6; 6,5; 8 da 13,5 mm-iani diametrebiT), 

romlebic elastikur da drekad kedlebian arxebs unda mivakuTvnoT, 

aRebuli gvqonda bazarze arsebuli nomenklaturidan. maT Soris iyo 

rogorc samedicino gadasxmebis milsadenebi, aseve sxva siTxeebisaTvis 

gamosayenebeli  plastikuri milebi . samedicino gadasxmis milsadenis 

kedlis sisqe  0,5 mm-is toli iyo, xolo danarCeni milebis kedlis 

sisqe 1 mm-s da mets Seadgenda. yvelaze elastikuri da garegnulad 

rbili iyo  6,5 mm-iani diametris mqone mili, romelic masaliTac 

gansxvavdeboda sxva polimeruli milebisagan.   

yvela gamokvleuli milis sigrZe iyo erTi da igive da 

Seadgenda 112 sm-s. yovel maTganSi wylis Camodinebisas zeda sawyis 

WurWelSi moTavsebuli wylis done iyo erTi da igive.  
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cdebi Catarebuli iyo zemoT warmodgenili meTodikis mixedviT. 

drois aTvla xdeboda eleqtronuli wamsazomis gamoyenebiT. wylis 

mimRebi qveda WurWeli warmoadgenda polimeruli masalisagan 

damzadebul viwroyelian qilas. drois aTvla iwyeboda xsenebul 

qilaSi gamosacdeli milidan gamomavali nakadis CaSvebis momentSi da 

wamsazomis moqmedeba wydeboda Sevsebuli mimRebi WurWlis viwro 

yelidan siTxis gadmoRvris momentSi.  

cdebis sizustis gasazrdelad yoveli gamosacdeli milisaTvis 

tardeboda ramodenime aTeuli cda da Sevsebis dro iangariSeboda 

rogorc miRebuli Sedegebis saSualo ariTmetikuli. 

sul Catarebuli iqna cdebis ori seria. erT SemTxvevaSi 

wnevaTa sxvaoba sawyis WurWelsa da milis qveda gamosasvlel kveTs 

Soris Seadgenda  1520 mm-wy.sv da meore SemTxvevaSi ki 2025 mm-wy.sv. 

gamokvleuli milebis Siga diametrebi da qveda mimRebi WurWlis 

Sevsebis drois saSualo mniSvnelobebi warmodgenilia 4.1 da 4.2 

cxrilebSi. 

 

cxrili 4.1 

dakvirvebaTa Sedegebi  ΔP=1520 mm wy. sv. toli dawnevisas 

cdis # 
milis 
kedlis 
masala 

Siga 
diametri 

d, mm 

Camodinebis 
dro 

, wm 

Camodinebuli 
moculoba 

υ, l 
1 polimeri 13,5 8,62 

2,9 litri 

2 spilenZi 13 9,05 
3 uJ. fol. 11 15,21 
4 spilenZi 8,4 33,68 
5 polimeri 8 38,15 
6 rezini 6,5 57,08 
7 polimeri 6 75,92 
8 polimeri 5,8 82,62 
9 foladi 5,6 80,02 
10 uJ. fol 4 178,87 
11 polimeri 3 343,89 
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cxrili 4.2 

dakvirvebaTa Sedegebi roca ΔP=2025 mm wy. sv. 

cdis 

# 

milis 

kedlis 

masala 

Siga 

diametri 

d, mm 

Camodinebis 

dro 

, wm 

Camodinebuli 

moculoba 

υ, l 

1 polimeri 13.5 5.73 

2,9 litri 

2 spilenZi 13 6.96 

3 uJ. fol. 11 11.61 

4 spilenZi 8.4 26.11 

5 polimeri 8 27.53 

6 rezini 6.5 39.81 

7 polimeri 6 55.22 

8 polimeri 5.8 63.54 

9 foladi 5.6 65.23 

10 uJ. fol 4 157.52 

11 polimeri 3 264.53 

 

 

 

 

4.2.  cdomilebaTa Sefaseba 

 

vinaidan Cvens mizans warmoadgenda metalisa da polimeruli 

masalebisagan damzadebuli milebis hidravlikuri winaRobebis 

xarisxobrivi urTierTSedareba, Cven ar mivmarTeT cdomilebaTa 

analizis klasikur meTodebs da SemovifargleT mxolod 

cdomilebaTa Sefasebis martivi miaxloebiTi meTodiT. kerZod 

erTmaneTs SevadareT SedarebiT dabali dawnevis dros sxvadasxva 

milebiT erTi da igive 2,91 l tevadobis mimRebi WurWlis Sevsebis 
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drois xangrZlivoba da igive drois xangrZlivoba imave cdebis 

ganxorcielebisas SedarTebiT maRali dawnevis pirobebSi.  

 am mizniT 4.1 da 4.2 cxrilebSi Setanili uSualo gazomvebiT 

miRebuli monacemebis mixedviT avageT 4.1nax-ze warmodgenili mrudebi. 

am grafikze metalisa da plastmasis milebi erTmaneTisagan ar arian 

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 TerTmetive  

gamocdili milisaTvis Semcirda erTi da igive moculobis 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 4.2nax-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 (maqsimalur 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.   
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nax. 4.1. mimRebi WurWlis Sevsebis drois damokidebuleba  

sxvadasxva masalis milis diametrze 

 

 

 

 

     1 - P =  1520 mm wy. sv. 

     2 - P =  2025 mm wy. sv. 
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nax. 4.2. dawnevis mniSvnelobebs Soris arsebuli gansxvavebis  
Sedareba Sevsebis drois dafiqsirebul mniSvnelobebs  

Soris arsebul gansxvavebasTan. 

 

 

 

4.3.  gazomvebis Sedegebis damuSaveba da analizi 

 

4.1 da 4.2 cxrilebSi Setanili monacemebi davamuSaveT me-3 TavSi 

warmodgenili meTodikis mixedviT da programa Microsoft Office Excel-is 

gamoyenebiT. damuSavebis Sedegebi moyvanilia 3-e danarTSi  

moTavsebul cxrilebSi (3.1 cxrilidan  3.4 cxrilamde   wylis  svetis  
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1520 mm-is toli dawnevisaTvis da 3.5 cxrilidan  3.8 cxrilamde  wylis 

svetis 2025 mm-is toli dawnevisaTvis).  

xsenebul cxrilebSi warmodgenili monacemebis mixedviT, igive   

Microsoft Office Excel-is programis meSveobiT avageT sxvadasxva 

diagramebi,  romlebic  naCvenebia  naxazebze 4.3  4.10. 

naxazebze 4.3 da 4.4 warmodgenilia Sevsebis drois 

damokidebuleba diametrze calk calke, metalis da polimeruli 

milebisaTvis Sesabamisad 1520 mm.wy.sv-is toli da 2025 mm.wy.sv-is  

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  4.5 da 4.6 naxazebzea warmodgenili. 

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 ar arseboba ver gvaZlevs am daskvnis 

Tamamad gakeTebis SesaZleblobas.   

sxvadasxva milebSi ganviTarebuli gadataniTi (wrfivxazovani) 

siCqaris damokidebuleba diametrze warmodgenilia 4.7 da 4.8 

naxazebze. nax. 4.7-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 
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polimerul, magram sqelkedla da mouxeSav milSi ganviTarebuli 

siCqare. aRniSnuli gansxvaveba kidev ufro didia ΔP=2025 mm wy. sv.-is 

toli dawnevis SemTxvevaSi, rac kargad Cans 4.8nax-ze. amave naxazidan 

Cans, rom polimerul milebSi ganviTarebuli nakadebis siCqareebi 

aWarbebs 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 4.3nax.-ze da 

4.4nax-ze warmodgenili uSualod gazomvebiT miRebuli Sedegebis 

mixedviT cal-calke metalisa da polimeruli masalis milebisaTvis 

agebuli damokidebulebebis simdovre calsaxad metyvelebs miRebuli 

Sedegebis garkveul saimedoobaze.  

imis gasarkvevad Tu dinebis rogori reJimebi myardeba Cvens 

mier gamokvleul milebSi, viangariSeT agreTve reinoldsis ricxvis 

mniSvnelobebi, romlebic Sesabamisi dawnevis SemTxvevebisaTvis 

warmodgenilia 4.9 4.9 da 4.10. naxazebze. 

cdebSi ganxorcielebuli siCqarisa da dawnevis eqsperimentul 

monacemebiT da milebis geometriuli parametrebiT viangariSeT 

agreTve milebis hidravlikuri winaaRmdegobebis mniSvnelobebi, 

risTvisac gamoviyenet darsis cnobili formula. am gaangariSebaTa 

Sedegebi moyvanilia 4.11 da 4.12 naxazebze.   

dasasrul unda aRiniSnos, rom Cven mier SemuSavebuli 

eqsperimentuli danadgaris proeqtis, eqsperimentebSi gamoyenebuli 

moqmedi maketis, cdebis Catarebis da monacemTa damuSavebis 

warmodgenili meTodikis bazaze SesaZlebelia saqarTvelos teqnikuri 

universitetis energetikis da telekomunikaciis fakultetis Tbo-da 

hidroenergetikis departamentis mimarTulebebisaTvis laboratoriuli 

danadgaris Seqmna  da saswavlo procesSi gamoyeneba. 
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nax. 4.3. Sevsebis drois damokidebuleba diametrze                                 

metalis da polimeruli milebisaTvis 

(ΔP= 1520 mm wy. sv.) 

 

 



74 

 

 

nax. 4.4. Sevsebis drois damokidebuleba diametrze                                 

metalis da polimeruli milebisaTvis 

(ΔP= 2025 mm wy. sv.) 
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nax. 4.5. moculobiTi siCqaris damokidebuleba diametrze                                  

metalis da polimeruli milebisaTvis 

(ΔP= 1520 mm wy. sv.) 
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nax. 4.6. moculobiTi siCqaris damokidebuleba diametrze                                    

metalis da polimeruli milebisaTvis 

    (ΔP= 2025 mm wy. sv.) 
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nax. 4.7. xazovani siCqaris damokidebuleba diametrze 

(ΔP= 1520 mm wy. sv.) 
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nax. 4.8. xazovani siCqaris damokidebuleba diametrze 

      (ΔP= 2025 mm wy. sv.) 
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nax. 4.9. reinoldsis ricxvis damokidebuleba diametrze 

(ΔP= 1520 mm wy. sv.) 
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        nax. 4.10. reinoldsis ricxvis damokidebuleba diametrze 

    (ΔP= 2025 mm wy. sv.) 
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nax. 4.11. reinoldsis ricxvis damokidebuleba diametrze 

(ΔP= 1520 mm wy. sv.) 

 
 

 
 

nax. 4.12. reinoldsis ricxvis damokidebuleba diametrze 

    (ΔP= 2025 mm wy. sv.) 
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 Tavi V  
 

drekadi, plastikuri da elastikuri rulonuri  
masalis aerodinamikuri sayrdenis  

eqsperimentuli gamokvleva 
 

5.1. drekad polimerul afsksa da stacionarul  
cilindrul kedels Soris moTavsebuli  

aerodinamikuri sayrdenis muSaobis pirobebi 
 

winamdebare naSromis 1.2.2 paragrafSi avRniSneT, rom 

aerodinamikuri sayrdeni SeiZleba gamoyenebuli iqnas polimeruli 

afskebis rulonebis saxiT warmoebaSi, kerZod am afskebis Termuli 

damuSavebisaTvis saWiro danadgarebSi. garkveuli siganis mqone 

polimeruli afski gadadebuli unda iyos ramodenime aerodinamikur 

sayrdenze da moZraobdes zigzagiseburad, afskis grZivi 

mimarTulebiT. rulonuri, polimeruli masalebis Tburi damuSavebis 

danadgarebSi Cven 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 

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, saboloojamSi, masalis  mTlianobis darRvevas gamoiwvevs.  
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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 5.1 naxazze. 

gansakuTrebiT yuradsaRebia is faqti, rom polimeruli 

afskebis Termuli 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 Termiuli damuSavebisaTvis 

aucilebel temperaturamde. polimeruli afskis aerodinamikuri 

sayrdenis areSi moTavsebuli nawili karg Tbur kontaqSia 

gacxelebul haerTan, riTac uzrunvelyofili xdeba afskis gacxeleba 

sasurvel temperaturamde. amasTan, zigzagiseburi moZraobis gamo, 

polimeruli afski gacxelebul haerTan kontaqtSi Sedis Tavis xan 

erTi da xan meore zedapiriT, rac uzrunvelyofs afskis orive 

mxridan Tanabar gacxelebas da Txeli afskebis SemTxvevaSi afskis 

ganivkveTSi arsebuli temperaturuli velis praqtikulad srul 

izoTermulobas.  

Tburad dasamuSavebel polimerul masalaze siTbos miwodebis 

aRwerili    procesi    migvaCnia    erTerT,    yvelaze    intensiur  
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energomiwodebis procesad, vinaidan aerodinamikur sayrdenSi cxeli 

haeri Semodis Wavlebis saxiT, romlebic uSualod masalis 

zedapirebzea  mimarTuli  da  rogorc cnobilia [35], siTbos mimReb 

zedapirze Tbogadamtanis Wavluri zemoqmedeba xasiaTdeba yvelaze 

maRali Tbogacemis koeficientiT konveqciuri Tbogacemis sxva  

SemTxvevebs Soris. 

 

 

 

 

 

 

nax. 5.1. aerodinamikuri sayrdeni polimeruli afskisaTvis 
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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. 

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 damo-kidebulia haerSemberis mier 

perforirebul milSi ganviTarebul wnevaze. 

aqve unda aRiniSnos, rom sahaero baliSis sisqe aerodinamikuri 

sayrdenis ama Tu im kveTSi mniSvnelovnadaa damokidebuli mocemul 

kveTSi  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                    (5.1) 
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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 

mudmivi sididea, anu ar icvleba baliSis mTel farTobze. jamuri 

wnevis meore da mesame Sesakrebebi ki cvalebadia. kerZod meore 

Sesakrebi gamoiTvleba rogorc [6] 

 

                       PdaW = Fl / (R + )    n/m2 P                    (5.2) 

 

sadac Fl - aris dasamuSavebeli masalis erT ganiv metrze mosuli 

teqnologiuri daWimulobis Zala, n;  

         R _ aerodinamikuri sayrdenis perforirebuli milis 

radiusi,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 arxis aerodinamikuri winaaRmdegobis 

dasaZlevad saWiro dawneva.  

 naTqvamidan gamomdinare, cxadia, rom aerodinamikuri sardenis 

sahaero baliSSi wnevis ganawilebis Teoriuli gaangariSeba rTulia. 
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amitom Cven miviReT gadawyvetileba eqsperimentulad Segveswavla es 

sakiTxi. miT umetes rom winamdebare sadisertacio naSromis ZiriTad 

mizans drekad kedlebian arxebSi siTxis dinebis TaviseburebaTa 

gamokvleva warmoadgens.   

 

 

5.2.  eqsperimentuli stendis aRwera da  
     cdebis Catarebis meTodika.  

eqsperimentuli stendi warmodgenilia 5.2naxazze.  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 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 
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arian daZruli, raTa ar moaxdinon erTmaneTze raime gavlena. meti 

TvalsaCinoebisaTvis, perforirebul milze wnevis gasazomi 

naxvretebisa da gamomyvani kapilarebis ganlageba naCvenebia 5.3naxazze. 

eqsperimenti iwyeboda perforirebul milSi haeris miwodebiT. 

perforaciidan gamosuli haeri miawveboda ra milze gadakidebul 

polimerul afsks, aswevda mas maRla Tavis Wokianad da Wokze 

Camokidebuli tvirTianad. ramodenime wamSi xdeboda nakadebis 

stabilizacia, ris Semdegac sruldeboda gazomvebi. kerZod 

fiqsirdeboda wneva TviT perforirebul milSi da haersavalze 

dayenebuli mricxveliT fiqsirdeboda aerodinamikur sayrdenSi 

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.    
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nax. 5.2. aerodinamikur sayrdenSi haeris dinebis 

gamosakvlevi stendis sqema 
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nax. 5.3. aerodinamikuri sayrdenis perforirebul milze 

 wnevis gasazomi naxvretebisa da gamomyvani  

kapilarebis ganlageba  

 

 

5.3.  aerodinamikuri sayrdenis eqsperimentuli 
                  gamokvlevis Sedegebi 

aerodinamikuri saydenis sahaero baliSSi wnevis ganawilebis da 

TviT baliSis sisqis eqsperimentuli gazomvebi Catarda 51 mm-is toli 

gare diametris mqone da 60 sm sigrZis perforirebuli milis 

gamoyenebiT haeris moculobiTi xarjis ori sxvadasxva mniSvnelobis 
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SemTxvevaSi. kerZod  9,41 l/wm da 5.5 l/wm-is SemTxvevebSi. gazomvebi 

Catarda perforaciis naxvretebis sxvadasxva diametris da milis 

msaxvelze maTi ganlagebis sxvadasxva bijis dros. sul Catarda 

cdebis rva sxvadasxva seria. 5.1cxrilSi naCvenebia perforaciis 

naxvretebis diametrebisa da Sesabamisi bijebis gamokvleuli 

mniSvnelobebi da miTiTebulia IV danarT-Si moyvanili cxrilebis 

nomrebi, romlebSic xsenebuli seriebis Sesabamisad warmodgenilia 

sahaero baliSis sisqisa da masSi wnevis ganawilebis gazomili 

mniSvnelobebi. amave danarTSi yoveli cxrilis qveS warmodgenilia 

cxrilis monacemebiT agebuli diagrama.  

 

 

cxrili 5.1 

perforaciis naxvretebis diametrebis, Sesabamisi  
bijebis da baliSSi haeris ganxorcielebuli xarjebis  

gamokvleuli mniSvnelobebi 

cdebis 
seriis 
nomeri 

perforaciis 
diametri, mm 

biji, mm 

haeris xarji 
sahaero 
baliSSi, 

l/wm 

gazomvebis 
Sedegebis 
cxrili 

danarTSi IV 

1 
2 15 

9,41 cxrili d-4.1 

2 5,5 cxrili d-4.2 

3 
2 7,5 

9,4 cxrili d-4.3 

4 5,5 cxrili d-4.4 

5 
3 7,5 

9,4 cxrili d-4.5 

6 5,5 cxrili d-4.6 

7 
3 3,75 

9,4 cxrili d-4.7 
8 5,5 cxrili d-4.8 

 

 

 

meti TvalsaCinoebisaTvis xsenebul diagramebze wneva 

gadazomilia kiloniutonebSi erT kvadratul metrze, radgan am 

erTeulebSi wnevis mniSvnelobebi ricxobrivad imave Tanrigisaa, rac 

sahaero baliSis, anu RreCos sisqis milimetrebSi gazomili 
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mniSvnelobebi amrigad wnevac da RreCos sisqec erTi da igive 

ordinatTa RerZzea gadazomili rac miRebuli Sedegebis 

gasaanalizeblad ufro mosaxerxebelia.    

 

 

 

 

nax. 5.4. aerodinamikuri sayrdenis RreCis sisqisa da sahaero 

 baliSSi wnevis cvlilebis tipuri suraTi 
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5.4 naxazze 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 

haeris xarji dinebis uvela kveTSi 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 5.4nax-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 

kidev inarCunebs elifsur formas.  

 

5.4.  aerodinamikuri sayrdenis inJinruli  
             gaangariSebis meTodika 

rogorc zemoT avRniSneT rulonuri polimeruli masalebis 

Termulad damamuSavebel danadgarebSi aerodinamikuri sayrdenebis 

gamo-yeneba amartivebs danadgarebis eqspluatacias, amcirebs maT 

masalateva-dobas da zrdis energoefeqturobas. amasTan Catarebuli 

eqsperimentuli kvlevis Sedegebis analizma dagvarwmuna rom 

miuxedavad konstruqciuli simartivisa aerodinamikuri sayrdenis 

normaluri muSaoba sxvadasxva faq-torzea damokidebuli. kerZod: 

sahaero baliSSi ganviTarebuli wneva, poli-meruli masalis afskis 

daWimulobis Zala, sahaero baliSSi gamavali haeris xarji, sayrdenis 

perforirebuli milis naxvretebis diametri, am naxvretebis 

ganlagebis biji da TviT perforirebuli milis  gare  diametri. 

yvela es  parametri  garkveulad  dakavSirebulia   erTmaneTTan  da  
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aerodinamikuri sayrdenis efeqturi muSaobisaTvis aucilebelia maTi 

swori gansazRvra.  

eqsperimentuli monacemebis analizma saSualeba mogvca 

dagvemuSavebina xsenebuli masalebis Termulad damamuSavebeli 

danadgarebisaTvis aerodinamikuri sayrdenebis gaangariSebis meTodika.  

gaangariSebis mizania warmoebis konkretuli pirobebis 

gaTvaliswinebiT gamoTvlili iqnas perforirebuli milis gare 

diametris (D), perforaciis diametrisa (d) da bijis (s), 

perforirebuli milebis anu zigzagiseburi moZraobis svlebis 

aucilebeli raodenoba (n), TbodamamuSavebel danadgarSi moTavsebuli 

dasamuSavebeli masalis sigrZe (L), haeris gamaxureblis Tburi 

simZlavre (Q), sayrdenSi Sesaqmneli wneva (P), haeris aucilebeli 

wamuri xarji (G).  

CamoTvlili rvave sidide gaangariSebuli unda iyos imgvarad, 

rom uzrunvelyos garkveuli siganis (Ω) mqone polimeruli masalis 

Termiuli damuSaveba mocemuli daWimulobis Zalis (F), masalis 

damuSavebisaTvis aucilebeli temperaturis (t) da Termuli 

damuSavebisaTvis saWiro xangrZlivobis () pirobebSi.    

  

  5.4.1. perforirebuli milis gare diametris SerCeva da   
sahaero baliSSi ganviTarebuli wnevis gamoTvla. 

5.1nax-dan Cans, rom dasamuSavebeli polimeruli masalis 

Sewonil mdgomareobaSi SesanarCuneblad aucilebelia, rom 

teqnologiuri daWimulobis Zala (F) gawonasworebuli iyos sahaero 

baliSis mxridan dasamuSavebel masalaze moqmedi wnevis ZaliT (F’). 

maSasadame adgili unda hqondes tolobas  

 

                                                               F = F’ P                           (5.3) 
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martivi dasamtkicebelia, rom perforirebul milze gadadebuli  

da milis zedapirTan SexebaSi myofi rulonuri masala, Setivtivebul 

mdgomareobaSi rom gadavides, warmoqmnil sahaero baliSSi arsebuli 

wneva baliSze Setivtivebuli masalis yvela wertilSi imoqmedebs 

masalis zedapiris marTobulad da SeiZleba daiSalos or, 

vertikalurad zemoT mimarTul da horizontalur mdgenelebad. 

cxadia, rom teqnologiuri daWimulobis Zala unda gaabaTilos 

baliSSi sxvadasxva ubanSi arsebuli wnevis vertikaluri mdgenelebis 

tolqmedi wnevis Zalam.  

baliSis TiToeul elementarul ubanSi arsebuli wnevis 

vertikaluri mdgeneli cvalebadi sididea da kuTxis mixedviT 

icvleba garkveuli maqsimumidan (0 gradusze) nolamde (90 gradusze) 

da misi jamuri tolqmedis gansazRvra arc Tu rTuli maTematikuri 

gaamoTvliT SeiZleba.  

magram Catarebuli cdebis Sedegebidan gamomdinare, Cven viciT 

rom yvela SemTxvevaSi sahaero baliSSi wneva praqtikulad mudmivia 

baliSis farTobis TiTqmis 80 %-ze. Tu davuSvebT, rom haeris wneva (P) 

mudmivia sahaero baliSis mTel farTobze, da Tu gaviTvaliswinebT, 

rom xsenebuli vertikaluri mdgenelebis moqmedeba xdeba farTobis 

usasrulod viwro da rulonuli masalis siganis toli sigrZis mqone 

elementarul horizontalur zolebze, romelTa jami milis 

diametrisa (D) da sigrZis namravlis tolia, maSin teqnologiuri 

daWimulobis gamawonasworebeli Zala (F’) miaxloebiT ase 

gamoiTvleba: 

  

                                                F’ = P  D   Ω ,                                                                    (5.4) 

sadac Ω – dasamuSavebeli masalis siganea, m. 

gamosaxuleba (5.4)-is (5.3)-Si SetaniT miviRebT: 

 

                                                 F = P  D   Ω ,                                                                    (5.5) 
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saidanac gamovTvliT masalis Sewonil mdgomareobaSi 

SenarCunebisaTvis aucilebel wnevas _ 

                                

                                                                                                                                                       (5.6) 

aqve unda aRiniSnos, rom wnevis mudmivobis daSveba sahaero 

baliSis mTel farTobze, romlis safuZvelzec davwereT (5.4) 

gamosaxuleba, ra Tqma unda gazrdis (5.6)-iT gamoTvlil baliSSi 

gasaviTarebeli wnevis mniSvnelobas, magram amave dros, garkveulad 

zrdis masalis Sewonil mdgomareobaSi Sekavebis garantiis marags. 

Tu gaviTvaliswinebT, rom dasamuSavebeli masalis sigane (Ω) da 

teqnologiuri daWimulobis Zala (F) Cveulebrivad cnobili 

sidideebia, maSin (5.6) SeiZleba asec Caiweros: 

  

                                                                    ,                                                                                      (5.7) 

sadac = F / Ω _ aris masalis siganis erTeulze (erT metrze) mosuli 

teqnologiuri daWimulobis Zala, n / m. 

(5.7) gamosaxulebidan Cans, rom masalis erTeul siganeze 

mosuli daWimulobis Zalis fiqsirebuli mniSvnelobis pirobebSi 

mxolod perforirebuli milis diametrzea damokidebuli. am 

gamosaxulebiT gamoTvlili wnevis mniSvnelobebi 10 %-is sizustiT 

emTxveva eqsperimentiT miRebul Sedegebs daWimulobis  Zalis Cvens 

mier gamokvleuli ori mniSvnelobisaTvis,  rac kargad Cans qvemoT 

warmodgenil 5.5naxazze.    

zemoTqmulidan gamomdinare perforirebuli milis diametri 

unda SeirCes teqnikur-ekonomikuri mosazrebebis gaTvaliswinebiT. 

msxvili milebis gamoyeneba iwvevs danadgaris masalatevadobis da e.i. 

fasis gazrdas, patara diametriani milebis SemTxvevaSi ki gaizrdeba 

masalis Sewonil mdgomareobaSi Sesakavebeli wneva da maSasadame 

gaizrdeba gamoyenebuli haerSemberis fasi. 
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im SemTxvevaSi Tu teqnologiuri daWimulobis Zala mcirea, 

magram dasamuSavebeli masala sakmaod sqeli da naklebad elastiuria, 

maSin perforirebuli milis diametri unda SeirCes im 

TvalsazrisiTac, rom sayrdenze gadaRunviT gamowveuli meqanikuri 

daZabulobis sididem ar gazardos energodanaxarjebi mTlianad 

masalis gadaadgilebaze. 

 

 

 

nax. 5.5. gamosaxulebiT (5.7) gamoTvlili wnevis Sedareba 

eqsperimentebiT miRebuli SedegebTan Catarebuli cdebis rvave seriaSi 

(gamoTvlili sidideebi gamosaxulia wiTeli wertilebiT) 
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  5.4.2. erT aerodinamikur sayrdenSi gamavali haeris   
xarjis gamoTvla 

Catarebuli eqsperimentuli kvlevis safuZvelze Cven 

davadgineT, rom sahaero baliSis minimaluri sisqe () myardeba 

masalis mier aerodinamikuri sayrdenze Semoxvevis perforirebuli 

msaxvelis orive mxridan 90 gradusiani kuTxeebis areSi. cxadia,  rac 

ufro didi iqneba RreCos minimaluri sididis mniSvneloba, miT ufro 

gaizrdeba drois erTeulSi gamavali haeris aucilebeli raodenoba 

da Sesabamisi energo da finansuri danaxarjebi. eqsperimentuli 

gazomvebis Sedegebidan Cans, rom aerodinamikuri sayrdenis 

garantirebuli muSaobisas imisaTvis rom masala ar Seexos 

perforirebul mils da ar isrialos masze, sakmarisia minimaluri 

RreCos sisqe imyofebodes 0.3-dan 3 mm-de farglebSi masalis sisqis, 

misi drekadobis, elastikurobis da zedapiris sisufTavis 

gaTvaliswinebiT.   

sahaero baliSidan gamomavali da zemoT gamoTvlili P wnevis 

mqone haeri gaivlis erTgvar brtyel (masalis mTel siganeze) 

Seviwrovebad saqSens, romelic formirdeba perforirebuli milis 

gare zedapirsa da sahaero baliSze elifsurad gadadebul 

dasamuSavebel masalas Soris. amis Semdeg haeri gamoedineba 

atmosferoSi, romlis wneva Seadgens Pa_s. aseT SemTxvevaSi SeiZleba 

gamoviyenoT idealuri gazis adiabaturi gamodinebis siCqaris 

gamosaTvleli cnobili gamosaxuleba: 

 

                   ,                (5.8) 

sadac k  _ adiabatis maCvenebelia; 

       R  _ haeris airmudmiva; 

       T _ sahaero baliSSi arsebuli haeris absoluturi temperatura, 

K. misi mniSvneloba masalis Termuli damuSavebisaTvis aucilebeli 

temperaturis mixedviT unda iyos dadgenili.          
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viciT ra gamodinebis siCqare, haeris wamuri masuri xarjis 

gamosTvlelad gamoviyenoT uwyvetobis gantoleba: 

 

                                                                                                (5.9) 

 

sadac f _ aris haeris nakadis ganivi kveTis farTobi sahaero baliSis 

minimaluri sisqis SemTxvevaSi anu gamosasvlel kveTSi, rac 

perforirebuli milis horizontaluri diametris sibrtyeSia; 

         _ atmosferoSi gamodinebuli haeris xvedriTi moculobaa. 

haeris nakadis ganivi kveTis farTobi, Tu gaviTvaliswinebT rom 

gamodineba xdeba aerodinamikuri sayrdenis orive mxares, toli iqneba:  

 

                                                                               ,                                                       (5.10) 

sadac Ω dasamuSavebeli masalis siganea. 

rac Seexeba haeris xvedriT moculobas, mas gaviangariSebT 

atmosferuli wnevisa Termiuli damuSavebisaTvis saWiro temperaturis 

mniSvnelobebis mixedviT idealuri airis mdgomareobis maxasiaTebeli 

gantolebis gamoyenebiT.  

                                                                                                                                                        (5.11) 

(5.8), (5.10) da (5.11) gamosaxulebebiT miRebuli mniSvnelobebis 

(5.9) gamosaxulebaSi Setanis Semdeg ganvsazRvravT haeris wamur masur 

xarjs erTi aerodinamikuri sayrdenis, anu erTi perforirebuli 

milisaTvis. 

 

  5.4.3. perforirebul milSi saWiro wnevis gamoTvla da 
perforaciis diametrisa da bijis SerCeva  

aerodinamikuri sayrdenis perforirebul milSi saWiro wnevis 

gamosaTvlelad viyenebT perforaciidan gamodinebuli nakadisaTvis 

daweril uwyvetobis gantolebas: 
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                       ,                    (5.12) 

 sadac C1 _ perforaciidan gamodinebuli haeris nakadis siCqarea, m/wm;  

G1  (5.9) gamosaxulebiT ukve gamoTvlili sididea,  _  erT 

perforirebul milze arsebuli yvela naxvretis jamuri ganivi kveTis 

farTobia, xolo  _ perforirebul milSi arsebuli haeris kuTri 

moculobaa, m3/kg. misTvis (5.11)-is analogiurad gamoviyenoT idealuri 

gazis mdgomareobis gantoleba: 

                                                             (5.13) 

  
da (5.13)-is (5.12)-Si Setanis Semdeg es ukanaskneli  SeiZleba ase 

warmovadginoT  

                          ,                           (5.14) 

 
romliTac ganisazRvreba perforirebul milSi arsebuli wneva. am 

gamosaxurebaSi  da C1 ucnobi sidideebia. maTi dadgena xdeba qvemoT 

moyvanili msjelobis safuZvelze.  

aerodinamikuri sayrdenis eqsperimentuli gamokvlevis Sedegebis 

mixedviT davadgineT, rom sistemis mdgradi dinamikuri wonasworoba 

miiRweva im pirobebSi, roca perforaciidan gamomaval haeris WavlebSi 

nakadis siCqare _ C1, oTxjer mainc naklebia vidre baliSis yvelaze 

Seviwroebuli kveTidan haeris atmosferoSi gamodinebis (5.8) 

gamosaxulebiT gaangariSebuli siCqare C. amitomac am siCqares 

SevirCevT gamosaxulebidan:  

                               C1 = (0,2  0,3) C.                                                              (5.15) 

rac Seexeba erT perforirebul milze arsebuli yvela 

naxvretis jamuri ganivi kveTis farTobs ( ), misi dadgena xdeba 

TandaTanobiTi miaxloebis meTodiT, qvemoT warmodgenili 

TanamimdevrobiT. 
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Tavdapirvelad -is mniSvneloba aRebuli unda iyos sahaero 

baliSis yvelaze Seviwroebuli kveTze (4  5)-jer ufro meti (radgan 

perforaciis naxvretebidan gamodinebis siCqares swored amdenjerve 

naklebs viRebT) da  -is da C1-is amgvarad dadgenili mniSvnelobebiT 

viangariSebT P1-s (5.14) gamosaxulebiT. Semdeg daSvebuli  -is da 

Sesabamisad (5.7) da (5.14) gamosaxulebebiT dadgenili P  da  P1  wnevebis 

mniSvnelobaTa gamoyenebiT idealuri gazis adiabaturi gamodinebisas 

damyarebuli masuri wamuri xarjis cnobili gantolebiT  

 

                                                             (5.16) 

xelaxla viangariSebT heris xarjs, raTa misi mniSvneloba SevadaroT 

(5.9) gamosaxulebiT gaangariSebul mniSvnelobas. amiT mowmdeba 

uzrunvelyofs Tu ara milze arsebuli yvela naxvretis jamuri ganivi 

kveTis farTobis Cvens mier daSvebuli mniSvneloba haeris imave 

xarjis gatarebas, rac sahaero baliSis yvelaze mcire sisqis kveTidan 

gadis atmosferoSi. im SemTxvevaSi Tu G1-is (5.9) da (5.16) 

gamosaxulebebiT gaangariSebuli mniSvnelobebi erTmaneTs sasurveli 

sizustiT ar emTxveva, saWiroa -is axali mniSvnelobis aReba da 

gaangariSebebis xelaxali Catareba (5.14) da (5.16) gamosaxulebebiT, ase 

manam ar moxdeba sasurveli damTxveva. 

(5.16) gamosaxulebaSi myofi sidide  _ sahaero baliSSi 

arsebuli haeris xvedriTi moculobaa da kvlav adealuri gazis 

mdgomareobis maxasiaTebeli gantolebidan gamoiTvleba cnobili 

wnevisa da temperaturis mixedviT. 

                                                          (5.17) 

milze arsebuli yvela naxvretis jamuri ganivi kveTis 

farTobis saboloo mniSvnelobis dadgenis Semdeg xdeba perforaciis 
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naxvretis diametris dadgena. cxadia, rom milze arsebulma yvela 

xvrelis ganivi kveTis farTobis jamurma mniSvnelobam unda Seadginos 

TandaTanobiTi miaxloebis meTodiT napovni mniSvneloba, anu es 

ukanaskneli meores mxriv toli unda iyos Semdegi gamosaxulebis 

                        ,                          (5.18) 

sadac N _ perforirebuli milis erT grZiv metrze arsebuli 

naxvretebis raodenobaa, cali/m;  d _ perforaciis xvrelis diametria 

da Ω _ dasamuSavebeli masalis sigane, anu perforirebuli milis 

sigrZea. 

milis erT metrze arsebuli naxvretebis raodenoba 

damokidebulia maTi bijis mniSvnelobaze. Catarebuli dakvirvebebis 

safuZvelze dadginda, rom aerodinamikuri sayrdenis mdgradi muSaoba 

uzrunvelyofilia im pirobebSi, roca naxvretebis biji  (1,55)d –s  

farglebSia. maSin Tu aviRebT, rom naxvretebis biji  

                          s = 4 d , 

da Tu gaviTvaliswinebT, rom bijis Sebrunebuli sidide erT grZiv 

metrze mosuli naxvretebis raodenobaa, maSin SegviZlia davweroT  

                      .                               (5.19) 

xolo (5.19)-is (5.18)-Si SetaniT da martivi gardaqmniT miviRebT: 

                                                          (5.20) 
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  5.4.4. Tburi damuSavebis danadgarSi moTavsebuli 
dasamuSavebeli masalis sigrZis gansazRvra da 
perforirebuli milebis raodenobis dadgena. 

Tburi damuSavebis danadgarSi moTavsebuli dasamuSavebeli 

masalis sigrZis gansazRvra xdeba Semdegi gamosaxulebiT: 

 

                                                    L =    , m                                 (5.21) 

sadac  _ aris mocemuli masalis Tburi damuSavebisaTvis aucilebeli 

da teqnologiuri pirobebiT dadgenili dro, wm; xolo  _ 

dasamuSavebeli rulonuri masalis gadadgilebis siCqare, m/wm, 

romelic ganisazRvreba masalis uwyveti seriuli warmoebis sxva 

teqnologiur procesebTan mimarTebaSi (warmoebis nakaduri xazis 

arsebobis SemTxvevaSi) an mocemuli TbodamamuSavebeli danadgaris  

mwarmoeblurobis sasurveli mniSvnelobiT.  

 (5.21)-iT gansazRvruli sigrZis ricxviTi mniSvneloba ZiriTadia 

danadgarSi arsebuli aerodinamikuri sayrdenebis (perforirebuli 

milebis) raodenobis gansazRvrisas.  Tu L mcire sididea (magaliTad 

0,5 m da ufro mokle), maSin danadgarSi SeiZleba moTavsebuli iyos 

mxolod erTi aerodinamikuri sayrdeni, anu erTi perforirebuli 

mili. magram im SemTxvevaSi, roca L –is mniSvneloba (ramodenime 

erTeuli an aTeuli metri), maSin perforirebuli milebis rodenobac 

mravali SeiZleba iyos. amasTan, aseT SemTxvevaSi aucilebelia 

dasamuSavebeli masalis danadgarSi moZraobis sqemis Sedgena. garda 

amisa gaTvaliswinebuli unda iyos, rom radgan dasamuSavebel 

masalaze Tburi energiis miwodeba ZiriTadad aerodinamikuri 

sayrdenis  sahaero baliSis midamoebSi xdeba, ar aris sasurveli 

masalis moZraobis mimarTulebis mixedviT mezobeli sayrdenebis 

erTmaneTisagan naxevar metrze ufro met manZilze ganlageba. 

damatebiT gaTvaliswinebuli unda iyos, rom masalis moZraobis sqema 

da aerodinamikuri sayrdenebis ganlageba uzrunvelyofdes masalis 

mier yoveli perforirebuli milis 180 gradusiani kuTxiT Semofenas.  
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5.6 naxazze warmodgenilia TbodamamuSavebel danadgarSi 

masalis moZraobis sqemisa da perforirebuli milebis ganlagebis 

magaliTi. 

 

 

 

 

nax. 5.6. danadgarSi masalis moZraobis sqema da  

perforirebuli milebis ganlageba 

 

 

 

5.4.5. haerSemberis an kompresoris SerCeva da gamaxureblis 
simZlavris dadgena.  

aerodinamikur sayrdenebian TbodamamuSavebel danadgarSi 

misawodebeli haeris saWiro raodenoba ganisazRvreba, rogorc  

                                                  G  =  G1  N    ,                                            (5.22) 

sadac G1 _ aris (5.9) gamosaxulebiT gamoTvlili xarji erTi 

milisaTvis, xolo N _ aerodinamikuri sayrdenebis raodenobaa, 

romelic danadgarSi masalis moZraobis SerCeuli sqemis mixedviT 

gansazRvruli.    
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 saWiro parametrebis haeris mimwodebeli haerSemberis an 

kompresoris SerCeva unda moxdes (5.22)-iT gamoTvlili mwarmoeblobisa 

da (5.14)-iT gamoTvili, perforirebuli milis SigniT arsebuli wnevis 

sididis moxedviT. haeris wyaros marka, tipi da konstruqcia SeirCeva 

ekonomikuri, konstruqciuli, ekologiuri  da sxva mosazrebebis 

gaTvaliswinebiT, magram mwarmoeblobisa da ganviTarebuli wnevis 

mixedviT is aucileblad unda akmayofilebdes G-s da P1-is xsenebuli 

gamosaxulebebiT gamoTvlil mnioSvnelobebs.   

polimeruli masalis Termiuli damuSavebisaTvis aucilebel 

temperaturamde haeris gasacxeleblad gamoyenebuli gamaTbobelis 

Tburi simZlavre iangariSeba cnobili formuliT: 

                                          Q = G cp ( T _ To) vt    ,                          (5.23) 

sadac  G _ haeris (5.22) gamosaxulebiT gaangariSebuli saerTo 

raodenobaa, kg/wm;   cp _ haeris masuri siTbotevadobaa mudmivi wnevis 

pirobebSi, j/kggrad.;  T  da  To _ Sesabamisad  

 masalis TbodamuSavebisaTvis aucilebeli da garemo haeris 

temperaturebi. 

haeris gamacxelebeli kaloriferi SeiZleba moqmedebdes 

sxvadasxva energetikuli wyaroebiT, ris mixedviTac SeirCeva misi 

konkretuli konstruqcia da tipi.      
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daskvna 

 

Sesrulebuli samuSao da miRebuli Sedegebi  Semdegi 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 

monacemebis analizze dayrdnobiT damuSavebulia 

polimeruli da sxva rulonuri masalebis maRalefeqtur 
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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.   
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danarTi I. 

http://dolphini.ru/post/11/ 

Скорость дельфина.  

 

Дельфины очень давно переселились с суши в море и лучше других млекопитающих 
приспособились к жизни в воде. У дельфинов торпедовидная обтекаемая форма тела. 
Такая форма помогает преодолевать сопротивление воды. Главный двигатель – задняя 
хвостовая часть тела. Плавники, так же, как у рыб, служат рулями глубины и поворотов. 
Дельфины – очень быстрые животные. Они шутя перегоняют катера, которые мчатся со 
скоростью 40 километров в час. Учёные долго бились над загадкой – в чём же секрет 
такой скорости? Вода в 800 раз плотнее воздуха. Чтобы преодолеть её сопротивление , 
мускулы дельфина должны быть сильнее, чем у наземных животных в 10 раз. Но проверка 
ничего подобного не показала. Сил на 1 килограмм мышц у дельфина не более, чем у 
тигра или лося. Может быть секрет в коже дельфина? Кожа гасит вихревые потоки, 
которые возникают при его движении. Это было подтверждено с целью использования 
полученных данных в технике. Есть и другая точка зрения. Большие скорости движения 
дельфина, считают учёные, объясняются исключительно совершенством его движетеля. 
Но уже сейчас построены опытные торпеды и корабли с упругой оболочкой, которые при 
той же силе машины движется в полтора раза быстрее.  

 
УЧЕНЫЕ НАШЛИ СЕКРЕТ СКОРОСТИ ДЕЛЬФИНА 

  
 

Физики из Японии обнаружили, как поверхность кожи дельфина создает гидродинамический эффект 
скольжения под водой, благодаря которому они становятся великолепными и скоростными пловцами. Эти 
результаты могут помочь ученым проектировать быстрые и эффективные подлодки, лайнеры и катера.  
Результаты исследования опубликованы в журнале Turbulence. 

  

Ученым давно известно, что дельфины обладают особыми органами в теле, которые помогают им 

уменьшать давление воды на кожу. Но до сих пор никто не знал, играет ли сама мягкая гладкая кожа 

дельфина также жизненную роль в придании телу оптимальной обтекаемой формы и почему они меняют 

свою кожу каждые 2 часа.  

 

Чтобы попробовать роль кожи дельфинов исследователи из Киотского Института Технологий в Японии 

провели детальное компьютерное моделирование движения потока воды по коже дельфина.  

Оказалось, что 'мягкость' или 'волнистость' их кожи помогают уменьшать трение в процессе скольжения в 

воде. Они также обнаружили, что потеря частиц кожи по всему телу создает в процессе движения 

водовороты воды, которые сглаживают трение с потоком вокруг поверхности дельфина, который 

замедляют его движение.  

 

Применение аналогичных дельфиньим технологий скольжения в воде при строительстве судов и 

субмарин, позволит значительно повысить скорость движения кораблей. 
 

 

 

 

http://www.animalworld.com.ua/news/speed-delphine
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danarTi II. 

 

metalisa da polimeruli masalebisagan damzadebuli milebis  
hidravlikuri winaaRmdegobis xarisxobrivad Sesadarebeli 

 eqsperimentebis Sedegad miRebuli monacemebi 
 

cxrili d-3.1 

(ΔP= 1520 mm wy. sv.) 

masala diametr. Sevs. wm masala diametr. 
Sevsebis dro,wm 

metalebi polimerebi 
msx.gamWv. 13.5 8.62 spilenZi 13 9.05  
spilenZi 13 9.05 uJ.fol. 11 15.21  
uJ.fol. 11 15.21 spilenZi 8.4 33.68  
spilenZi 8.4 33.68 rkina 5.6 80.02  
msx.gamWv. 8 38.15 wv.metal. 4 178.87  
TeTri 6.5 57.08 msx.gamWv. 13.5  8.62 
saS.WuWy. 6 75.92 msx.gamWv. 8  38.15 
saS.gamWv. 5.8 82.62 TeTri 6.5  57.08 
rkina 5.6 80.02 saS.WuWy. 6  75.92 
wv.metal. 4 178.87 saS.gamWv. 5.8  82.62 
wv.gamWv. 3 343.89 wv.gamWv. 3  343.89 

 

 

 

cxrili d-3.2 

(ΔP= 1520 mm wy. sv.) 

masala diametri 
siCqare, l/wm 

masala diametri 
moculobiTi siCqare, 

m3/wm 
metalebi polimerebi metalebi polimerebi 

spilenZi 13 0.320442  spilenZi 13 0.00032  
uJ.fol. 11 0.190664  uJ.fol. 11 0.000191  
spilenZi 8.4 0.086105  spilenZi 8.4 8.61E-05  

rkina 5.6 0.036241  rkina 5.6 3.62E-05  

wv.metal. 4 0.016213  wv.metal. 4 1.62E-05  
msx.gamWv. 13.5  0.336427 msx.gamWv. 13.5  0.000336 
msx.gamWv. 8  0.076016 msx.gamWv. 8  7.6E-05 
TeTri 6.5  0.050806 TeTri 6.5  5.08E-05 

saS.WuWy. 6  0.038198 saS.WuWy. 6  3.82E-05 
spilenZi 13  0.0351 saS.gamWv. 5.8  3.51E-05 
uJ.fol. 11  0.008433 wv.gamWv. 3  8.43E-06 
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cxrili d-3.3 

(ΔP= 1520 mm wy. sv.) 

masala diamet. 
farTobi, mm2 

masala diamet. 
farTobi, m2 

metalebi polimer. metalebi polimer. 
spilenZi 13 132.7323  spilenZi 13 0.000133  
uJ.fol. 11 95.03318  uJ.fol. 11 9.5E-05  
spilenZi 8.4 55.41769  spilenZi 8.4 5.54E-05  
rkina 5.6 24.63009  rkina 5.6 2.46E-05  

wv.metal. 4 12.56637  wv.metal. 4 1.26E-05  
msx.gamWv. 13.5  143.1388 msx.gamWv. 13.5  0.000143 
msx.gamWv. 8  50.26548 msx.gamWv. 8  5.03E-05 
TeTri 6.5  33.18307 TeTri 6.5  3.32E-05 

saS.WuWy. 6  28.27433 saS.WuWy. 6  2.83E-05 
saS.gamWv. 5.8  26.42079 saS.gamWv. 5.8  2.64E-05 
wv.gamWv. 3  7.068583 wv.gamWv. 3  7.07E-06 

 

 

 

 

cxrili d-3.4 

(ΔP= 1520 mm wy. sv.) 

masala diamet. 
siCqare, m/wm 

masala diamet. 
reinol. ricxvi 

metalebi polimer. metalebi polimer. 
spilenZi 13 2.414198  spilenZi 13 24031.06  
uJ.fol. 11 2.006289  uJ.fol. 11 16898.3  
spilenZi 8.4 1.553737  spilenZi 8.4 9993.407  
rkina 5.6 1.471409  rkina 5.6 6309.259  
wv.metal. 4 1.290181  wv.metal. 4 3951.55  
msx.gamWv. 13.5  2.350354 msx.gamWv. 13.5  24295.39 
msx.gamWv. 8  1.512285 msx.gamWv. 8  9263.613 
TeTri 6.5  1.531078 TeTri 6.5  7620.222 
saS.WuWy. 6  1.350982 saS.WuWy. 6  6206.653 
saS.gamWv. 5.8  1.328516 saS.gamWv. 5.8  5899.997 
wv.gamWv. 3  1.193015 wv.gamWv. 3  2740.464 

 

 

 

 



115 

 

cxrili d-3.5 

(ΔP= 2025 mm wy. sv.) 

masala diametr. Sevs. wm masala diametr. 
Sevsebis dro,wm 

metalebi polimerebi 
msx.gamWv. 13.5 5.73 spilenZi 13 6.96  
spilenZi 13 6.96 uJ.fol. 11 11.61  
uJ.fol. 11 11.61 spilenZi 8.4 26.11  
spilenZi 8.4 26.11 rkina 5.6 65.23  
msx.gamWv. 8 27.53 wv.metal. 4 157.52  
TeTri 6.5 39.81 msx.gamWv. 13.5  5.73 
saS.WuWy. 6 55.22 msx.gamWv. 8  27.53 
saS.gamWv. 5.8 63.54 TeTri 6.5  39.81 
rkina 5.6 65.23 saS.WuWy. 6  55.22 
wv.metal. 4 157.52 saS.gamWv. 5.8  63.54 
wv.gamWv. 3 264.53 wv.gamWv. 3  264.53 

 

 

cxrili d-3.6 

(ΔP=2025 mm wy. sv.) 

masala diametri siCqare, l/wm masala diametri 
moculobiTi siCqare, 

m3/wm 

  metalebi polimerebi   metalebi polimerebi 
spilenZi 13 0.416667  spilenZi 13 0.000417  
uJ.fol. 11 0.249785  uJ.fol. 11 0.00025  
spilenZi 8.4 0.111069  spilenZi 8.4 0.000111  
rkina 5.6 0.044458  rkina 5.6 4.45E-05  

wv.metal. 4 0.01841  wv.metal. 4 1.84E-05  
msx.gamWv. 13.5  0.506108 msx.gamWv. 13.5  0.000506 
msx.gamWv. 8  0.10534 msx.gamWv. 8  0.000105 
TeTri 6.5  0.072846 TeTri 6.5  7.28E-05 

saS.WuWy. 6  0.052517 saS.WuWy. 6  5.25E-05 
spilenZi 13  0.045641 saS.gamWv. 5.8  4.56E-05 
uJ.fol. 11  0.010963 wv.gamWv. 3  1.1E-05 
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cxrili d-3.7 

(ΔP=2025 mm wy. sv.) 

masala diamet. 
farTobi, mm2 

masala diamet. 
farTobi, m2 

metalebi polimer. metalebi polimer. 
spilenZi 13 132.7323  spilenZi 13 0.000133  
uJ.fol. 11 95.03318  uJ.fol. 11 9.5E-05  
spilenZi 8.4 55.41769  spilenZi 8.4 5.54E-05  
rkina 5.6 24.63009  rkina 5.6 2.46E-05  

wv.metal. 4 12.56637  wv.metal. 4 1.26E-05  
msx.gamWv. 13.5  143.1388 msx.gamWv. 13.5  0.000143 
msx.gamWv. 8  50.26548 msx.gamWv. 8  5.03E-05 
TeTri 6.5  33.18307 TeTri 6.5  3.32E-05 

saS.WuWy. 6  28.27433 saS.WuWy. 6  2.83E-05 
saS.gamWv. 5.8  26.42079 saS.gamWv. 5.8  2.64E-05 
wv.gamWv. 3  7.068583 wv.gamWv. 3  7.07E-06 

 

 

 

cxrili d-3.8 

(ΔP=2025 mm wy. sv.) 

masala diamet. 
siCqare, m/wm 

masala diamet. 
reinol. ricxvi 

metalebi polimer. metalebi polimer. 
spilenZi 13 3.139151  spilenZi 13 31247.29  
uJ.fol. 11 2.628394  uJ.fol. 11 22138.08  
spilenZi 8.4 2.004207  spilenZi 8.4 12890.77  
rkina 5.6 1.805031  rkina 5.6 7739.796  

wv.metal. 4 1.46505  wv.metal. 4 4487.136  
msx.gamWv. 13.5  3.535786 msx.gamWv. 13.5  36549.09 
msx.gamWv. 8  2.095665 msx.gamWv. 8  12837.15 
TeTri 6.5  2.195276 TeTri 6.5  10925.95 

saS.WuWy. 6  1.857416 saS.WuWy. 6  8533.305 
saS.gamWv. 5.8  1.727448 saS.gamWv. 5.8  7671.667 
wv.gamWv. 3  1.550925 wv.gamWv. 3  3562.614 
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danarTi III 

 

 

aerodinamikuri sayrdenis eqsperimentuli kvlevis 

 procesSi miRebuli monacemebi 
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                          cxrili d-4.1 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m 

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 2.03 2.92 1.09 5.53 
10 1.9 2.85 1.07 3.6 
15 1.87 2.8 0.96 3.4 
20 1.88 2.7 0.98 3.35 
30 1.96 2.45 1 2.95 
40 1.96 2.2 1.01 2.55 
45 1.96 1.95 1.02 2.2 
50 1.96 1.73 1.01 1.9 
60 1.96 1.4 1.01 1.23 
70 1.85 1 0.9 0.6 
75 1.71 0.8 0.81 0.5 
80 0.4 0.6 0.7 0.4 
90 -0.33 0.18 -0.14 0.25 
105 -0.03  -0.023  
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                 cxrili d-4.2 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m  

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 2.08 2.2 1.08 2.66 
10 2.05 2.18 1.05 2.75 
15 1.99 2.1 1.03 2.62 
20 2.05 1.9 1.05 2.5 
30 2.06 1.8 1.07 2.2 
40 2.06 1.65 1.07 1.9 
45 2.06 1.45 1.07 1.6 
50 2.05 1.25 1.07 1.3 
60 2.05 0.9 1.06 0.85 
70 1.98 0.5 1 0.36 
75 1.94 0.3 0.94 0.3 
80 0.8 0.22 0.7 0.2 
90 -0.18 0.16 -0.078 0.18 
105 0 0.1 -0.002 0.15 
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                cxrili d-4.3 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m 

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 1.99 3.2 1.007 4.05 
10 1.98 3.15 1.01 3.95 
15 1.98 3.05 0.995 3.82 
20 1.99 2.97 1.01 3.7 
30 1.99 2.75 1.011 3.35 
40 1.99 2.45 1.011 2.97 
45 1.99 2.23 1.011 2.5 
50 1.99 1.95 1.011 2.1 
60 1.98 1.45 1.003 1.75 
70 1.94 0.95 0.98 0.9 
75 1.92 0.75 0.921 0.75 
80 1.5 0.55 0.2 0.6 
90 0.051 0.2 -0.091 0.1 
105 -0.004  -0.0015  
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                         cxrili d-4.4 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m 

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 1.994 2.4 1.046 3.3 
10 1.994 2.35 1.046 2.98 
15 1.994 2.29 1.08 2.91 
20 1.995 2.25 1.05 2.85 
30 1.995 2.1 1.046 2.55 
40 1.995 1.95 1.046 2.25 
45 1.995 1.77 1.046 1.99 
50 1.995 1.6 1.046 1.75 
60 1.995 1.15 1.046 1.27 
70 1.971 0.7 1.023 0.7 
75 1.952 0.51 0.995 0.58 
80 1.01 0.35 0.5 0.45 
90 0.043 0.15 -0.113 0.15 
105 0  0   
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    cxrili d-4.5 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m 

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 1.967 3.05 1.01 3.7 
10 1.97 3.05 1.01 3.75 
15 1.975 3 1.01 3.6 
20 1.98 2.95 1.01 3.5 
30 1.979 2.62 1.02 3.3 
40 1.97 2.35 1.01 2.8 
45 1.975 2.15 1.01 2.5 
50 1.97 1.9 1.009 2.2 
60 1.967 1.4 1.007 1.65 
70 1.937 0.8 1 0.95 
75 1.885 0.63 0.932 0.75 
80 1.05 0.5 0.5 0.55 
90 0.00392 0.15 -0.07 0.15 
105 -0.07   -0.039  
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         cxrili d-4.6 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m 

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 1.96 2.3 1.023 2.95 
10 1.96 2.3 1.025 2.9 
15 1.963 2.25 1.03 2.85 
20 1.965 2.16 1.026 2.8 
30 1.967 1.93 1.023 2.4 
40 1.968 1.65 1.025 2.25 
45 1.969 1.5 1.027 1.93 
50 1.968 1.35 1.025 1.55 
60 1.967 1 1.023 1.3 
70 1.93 0.58 0.98 0.75 
75 1.905 0.45 0.952 0.57 
80 1.135 0.33 0.642 0.4 
90 -0.109 0.1 -0.164 0.25 
105 0   0.001   
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        cxrili d-4.7 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m 

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 1.975 2.98 1.042 3.75 
10 1.981 2.8 1.042 3.73 
15 1.987 2.72 1.042 3.66 
20 1.985 2.65 1.042 3.6 
30 1.983 2.42 1.042 3.14 
40 1.978 2.28 1.042 2.9 
45 1.978 2.03 1.042 2.55 
50 1.978 1.8 1.042 2.2 
60 1.978 1.35 1.035 1.6 
70 1.953 0.86 1.014 1.18 
75 1.928 0.67 0.952 1.04 
80 0.8 0.55 0.53 0.7 
90 -0.183 0.2 -0.157 0.27 
105 -0.003   -0.0063   
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         cxrili d-4.8 

kuTxuri 
koordinati 
(gradusi) 

teqnol. daWim. grZivi Zala 
104,4 n/m 

teqnol. daWim. grZivi Zala 
54,08 n/m 

wneva, kn/m2 RreCos sisqe, mm wneva, kn/m2 RreCos sisqe, mm 
0 1.983 2.22 1.034 3.03 
10 1.983 2.1 1.036 2.92 
15 1.983 2.05 1.038 2.82 
20 1.983 1.95 1.04 2.71 
30 1.983 1.82 1.042 2.47 
40 1.983 1.67 1.038 2.32 
45 1.983 1.53 1.038 2.01 
50 1.983 1.38 1.038 1.7 
60 1.975 1.08 1.038 1.3 
70 1.956 0.78 1.038 0.68 
75 1.936 0.61 0.987 0.52 
80 1.002 0.42 0.45 0.35 
90 -0.062 0.3 -0.148 0.2 
105 -0.0001   -0.004   
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