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yvela ufleba daculia. am Jurnalis arc erTi nawilis (iqneba es teqsti, foto, ilustracia Tu sxva) gamo-

yeneba aranairi formiT da saSualebiT (iqneba es eleqtronuli Tu meqanikuri) ar SeiZleba gamomcemlis 

werilobiTi nebarTvis gareSe.  

saavtoro uflebebis darRveva isjeba kanoniT. 

gamoqveynebuli masalis sizusteze pasuxismgebelia avtori (avtorebi). 



 guga WoxoneliZe 90 wlisaa 
 

 
90 weli adamianis sicocxlis xangrZlivobis soliduri periodia, miT 

ufro, roca igi uaRresad nayofier samecniero-pedagogiur da sazogadoebriv 

moRvaweobas eweva. 

1945 wels batonma gugam daamTavra Tbilisis me-12 saSualo skola da 

swavla ganagrZo saqarTvelos politeqnikuri institutis samSeneblo 

fakultetze. swavlas kargad uTavsebda sports, mTeli xuTi wlis 

ganmavlobaSi iyo institutis fexburTis nakrebis wevri. 1950 wels warCinebiT 

daamTavra instituti samrewvelo da samoqalaqo mSeneblobis inJinris 

specialobiT. 1951 wlidan saqarTvelos hidroteqnikisa da melioraciis 

samecniero-kvleviTi institutis aspirantia, specialobiT `gruntebis meqanika 

da fuZe-saZirkvlebi~. 1954 wels muSaobas iwyebs imave institutSi umcrosi 

mecnieri TanamSromlis Tanamdebobaze. 1958 wels warmatebiT daicva sakandi-

dato disertacia. 

1965 wels dauswreblad daamTavra saqarTvelos politeqnikuri insti-

tutis geologiis fakulteti sainJinro geologiis specialobiT. 1959 wels 

samuSaod gadadis saqarTvelos mecnierebaTa akademiaSi axlad Camoyalibebul 

hidrogeologiisa da sainJinro geologiis institutSi ufros mecnier-TanamS-

romlad. 1962 wels igi aRniSnul institutSi ikavebs swavluli mdivnis Ta-

namdebobas, xolo 1975 wels xdeba direqtoris moadgile samecniero dargSi. 

SeTavsebiT agrZelebs pedagogiur moRvaweobas saqarTvelos politeqnikur 

institutSi.  

guga WoxoneliZis efeqturma kvlevebma logikurad moamzada niadagi sa-

doqtoro disertaciisaTvis `saqarTvelos susti gruntebi, rogorc hidro-

teqnikur nagebobaTa fuZeebi~, romelic warmatebiT daicva 1974 wels. imave 

wels mieniWa profesoris wodeba. 

1975_1980-ian wlebSi gaagrZela samecniero muSaoba azerbaijanisa da 

somxeTis liosisebri gruntebis kvlevisTvis. Sedegebi gamoqveynda moskovSi 

gamocemul monografiaSi `sabWoTa kavSiris liosebi~, romlis erT-erTi avto-

ric gaxlavT batoni guga.  

1982 wlidan guga WoxoneliZe saTaveSi Caudga saqarTvelos teqnikuri 

institutis gruntebis meqanikisa da fuZe-saZirkvlebis kaTedras. igi axali 



ZaliT da didi enTuziazmiT agrZelebs SemoqmedebiT saqmianobas. 1985 wels 

man kaTedraze Camoayaliba axali specialoba `saqalaqo mSenebloba da meur-

neoba~, romelic kadrebs amzadebs Senoba-nagebobaTa gaZliereba-gamagrebisa 

da rekonstruqciis mimarTulebiT. Seqmna myari laboratoriuli baza, rome-

lic aRWurva axali teqnikiT. amasTan batoni guga did yuradRebas aqcevs 

axalgazrda kadrebis kvalifikaciis amaRlebas. mis mier aRzrdili mravali 

aspiranti disertaciis dacvis Semdeg warmatebiT agrZelebs muSaobas rogorc 

teqnikur universitetSi, ise mis gareT, samSeneblo da sainJinro geologiis 

sferoSi. 

1984 wels guga WoxoneliZes, rogorc maRalkvalificiur da gamorCeul 

specialists, iwveven q. baqoSi, Aazerbaijanis arqiteqturisa da mSeneblobis 

universitetSi disertaciebis dacvis samecniero sabWos wevrad. igi dResac 

agrZelebs aRniSnul universitetTan TanamSromlobas da exmareba mezobel 

saxelmwifos samecniero kadrebis momzadebis saqmeSi. 

2001 wels g. WoxoneliZes irCeven saqarTvelos sainJinro akademiis akade-

mikosad, sadac samSeneblo ganyofilebas xelmZRvanelobs. 

guga WoxoneliZes gamoqveynebuli aqvs 100-mde samecniero Sroma da 

ramdenime monografia. misi gamokvlevebi danergilia mSeneblobis praqtikaSi. 

2000 wels igi, rogorc mkvlevari da pedagogi, dajildovda Rirsebis orde-

niT. imave wels mieniWa saqarTvelos damsaxurebuli mSeneblis wodeba. 

batoni guga _ Tavisi gvaris Rirseuli warmomadgeneli, meojaxe mama da 

meuRle, qveynis erTguli da mxurvale patrioti, studentebisaTvis Tavdade-

buli pedagogi.  

batoni guga saqarTvelos teqnikuri universitetis akademiurma sabWom 

waradgina sapatio Tbiliselis wodebaze. 

RmerTma didxans ucocxlos mSobliur ers batoni guga! 

 

 

saqarTvelos teqnikuri universiteti, 

saqarTvelos sainJinro akademia, 

samSeneblo fakulteti 
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DEVELOPMENT OF EFFECTIVE METHODS FOR ORGANIZATION OF 

MINOR WATER CYCLE 

 

A. Bakhtiari, T.Berberashvili, A. Bagration-Davitashvili, D. Gurgenidze,   

P.Kervalishvili, L. Klimiashvili 

(Georgian Technical University) 

 

Summary: Nowadays, water scarcity beside pollution is one of the most complicated problem in 

the world that many scientists are involved to find solutions. Most of the alternatives are 

based on saving and pollution prevention. However, they are useful, but not sufficient in 

large scale.  

Pollution not only damage to environment resources, but also decrease fresh water 

resources and it is significant, when constant amount of fresh water on the earth is con-

sidered. Therefore, a comprehensive alternative not only remove water scarcity, but also 

save the world from pollutants. 

 

Key words: water crisis; water minor cycle; water economy; reusing water; water resources. 

 

1. INTRODUCTION 

Water, as the most vital matter on the earth is prominent enough, that does not need to in-

troduce, how is shown on the maps since ancient times civilization and potable water relation 

that all of them were established water resource nearby. However, natural potable water re-

sources are about 3% of water resources in the world and it has not been distributed uniform on 

the earth. On the other hand, population growth and industries demand made it more serious, 

that resources management is inevitable.  

Nowadays, water scarcity1 is one the most serious problem in the world, that many organ-

izations are involved to find suitable and reasonable alternatives. Not only changes environ-

ment, but also effect on societal-economic factors, how UN secretary mentioned, "All are plac-

                                                 
1An area is experiencing water stress, when annual water supplies drop below 1,700 m3 per person. 

When annual water supplies drop below 1,000 m3 per person, the population faces water scarcity, and 

below 500 cubic meters "absolute scarcity". 
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es, where shortages of water contribute to poverty. They cause social hardship and impede de-

velopment. They create tensions in conflict-prone regions." [1] 

 Around 700 million people in 43 countries suffer today from water scarcity. 

 By 2025, 1.8 billion people will be living in countries, or regions with absolute water scarci-

ty, and two-thirds of the world's population could be living under water stressed conditions. 

 With the existing climate change scenario, almost half the world's population will be living 

in areas of high water stress by 2030, including between 75 million and 250 million people in Afri-

ca. In addition, water scarcity in some arid and semi-arid places will displace between 24 million 

and 700 million people.[1] 

 
Figure 1: Water scarcity map in the world [1] 

There are two different water scarcities: 

1- Physical 

2- Economical 

Physical scarcity depends on fresh water scarcity that 17% of world population involved 

and 7% are close it.1 

Economical scarcity refers to lack of water jobs facilities, then lack of fresh water access 

that 23% of world population are involved.[1] 

On the other hand, refer to fix amount of fresh water on the earth, resources saving from 

pollution are very important too. Meanwhile, wasteshould be managed to prevent environment 

pollution. According to water role in the world, as a carrier media, wastewater management is 

also significant.In words, resources pollution makes not only fresh water shortage, that effect on 

scarcity directly, but also damage on ecosystem then other resources. Therefore, water crisis is 

better expression instead of water scarcity and then finding a comprehensive solution for both 

scarcity and pollution is inevitable.  
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II. THE BODY OF THE ARTICLE 

1. Water economy and routine treatment methods 

Refer to Merriam Webster dictionary, economy means thrifty and efficient use of material 

resources. There is a fixed amount of water on the earth without increase or decrease and, as a 

vital substance, it is necessary for all of the creatures, then it should nourish all of them in the 

water cycle to make ecosystem, therefore water is not separated from its cycle. Hence, water 

economy is defining: 

 “The analysis of elements that influence water demand and management and their socio-

economic and environmental impact are of particular interest given that their results help de-

fine policies for the sustainability of the water cycle.” 

In fact, analysis without data and indicators is meaningless. On the other hand, beside water 

usage directly, there are many other different consumptions, as indirect like agriculture, food in-

dustries, power plants, so on.  Then water economy can define relate to its socialized usage also: 

“The definition and analysis of indicators related to the environmental efficiency of busi-

nesses, emphasizing the water footprint of products, processes and production units, combined 

with the development of cost-effective and cost-benefit methodologies to support decision mak-

ing.” 

 

 
 

Figure 2: Water consumption 

Refer to definitions; water economy has two different aspects. First, relates to water hy-

drologic cycle, that is involved in ecosystem, as major cycle, second, is depended on localized 

demand than management. 

According to population growing up and non-equal water resources on the earth, demand 

is increased. On the other hand, more localized usage without environmental considerations and 
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hydrologic cycle attention, damage to ecosystem via natural hydrologic cycle deficit; because 

more consumption change, natural-balanced hydrologic cycle.   

According to figure 2, power generation consumes the biggest water contribution. On the 

other hand, energy consumption is related to GDP directly too, what was shown in figure 3. 

Therefore, it is approved water consumption relates to economic growth in direct and indirect 

aspects and refer to population growth it will be more.Then hydrologic cycle and localized cycle 

interference is logic.  

 

 

Figure 3: World GDP and water consumption relation[2] 

 

Hence, water management should be under environmental considerations, what less is at-

tended these days. To prove the claim, as an example, drinking water supply via reverse osmosis 

process in Persian Gulf without environmental consideration is significant. 60% of seawater 

treatment plants are in the Persian Gulf and almost 7% increase yearly. [3] All of them use sea-

water as feed, then treat it to drinking, but its waste what known is, as brine puts away in the 

sea, that prominent as one of the pollutants with two times TDS greater.  

Salinity is one of the most important sea ecosystem factor, that can guarantee its health. 

On the other hand, according to geographic conditions, Persian Gulf water replaces during per 4 

years, what should considered beside 7% plants growth. Therefore, water supply without envi-

ronmental consideration damage the ecosystem. 

Despite of environmental consideration, water product price is one of the most important 

factor, that not only effect on drinking water price directly, but also influence on the other prod-

ucts what are related to water (As an example, food industries, energy generation, agriculture 

and so on). Therefore, product cost influence on the economy more, than expectations. 
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2. Analysis 

Refer to data, water crisis is serious, then to find alternatives should be priority. [4] There 

are different alternatives suggested by experts, but totally, they are based on saving and keep 

clean resources in all of aspects to save environment beside cheaper treatment process to pro-

duce cheaper water.  

However, one of the alternatives is reuse water, what can make minor cycle beside major 

cycle (figure 4). It means, water is used in a process could be treated again and reuse instead of 

wasting. Then, not only resources are saved via fresh resources usage restriction, but also envi-

ronment considerations are observed via waste limitation then less pollution.  

 
 

 

Figure 4: Minor cycle in Macrocycle 

 

On the other hand, water treatment means impurities and contaminants release to achieve 

standard qualifications. It is obvious, that standards suggest quality according to minimum re-

quirements, what depend on the case.   

In fact, treated water quality is depend on usage necessity then, it is flexible. In words, 

drinking water standard is not necessary to pass in all of the cases, what means treatment cost 

optimization. As an example, irrigation does not need drinking water qualification most of the 

times, then maybe first farm waste after light treatment could be the other farms feed water or it 

could be used in the first one after a cheap treatment.  

Beside treatment flexibility, according to requirements for treatment cost optimization, 

waste treatment to find drinking water or high quality water is possible too [5], but often it will 

not be feasible via common methods. This is happened in most industries, that feed by fresh wa-
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ter, then their waste will be polluted more, than what needs a cheap treatment as reusing. There-

fore, an innovative process is necessary to make a feasible minor cycle. 2 

In other words, reused water gives a chance to recharge waste, as feed water source than 

environment consideration could be observed too. Beside environment considerations, if treat-

ment cost be reasonable, it will be one the best alternative, that not only preserve environment, 

but also produce reasonable price product. 

Normally, feed water (treated water) from municipal treatment sources will carry more 

impurities after process passing and then it goes back to the resources and should be treated 

again. Now, if there is a minor cycle, processed water could be reused. Therefore, not only 

waste and pollutants are managed, but also save water resources via less demand. On the other 

hand, waste management could make value added via raw material, or semi- raw material recy-

cling; if capable. 

Reusing instead of wasting can make value adding via not only material recycling, but al-

so gives a chance to have selective treatment. Then, waste recycling makes value adding instead 

of pollution; selective treatment can produce cheaper water to feed and then less demand from 

major cycle (or municipal treated water) via minor cycle. Therefore, the minor cycle concept 

according to win-win economic strategy could be significant.  

Now, current treatment process investigation could be useful to find a comprehensive so-

lution.Totally, water supply cost is depend on three zones: 

1- Intake 

2- Treatment 

3- Transmission    

 

Therefore, per cubic water price is depended on all of the above costs, as their summation, 

then each section discount can decrease total price. However, precise judge about cost should be 

case study, but treatment cost is the most important item generally, then its investigation could 

be useful. 

Totally, there are three major impurities in water: 

1-TSS (Total suspended solid) 

                                                 
2As an example, if a factory uses fresh water with X impurities summation and wants to reuse waste as 

feed, it will have X+Y impurities; Y impurities have been added because of factory process; what means 

more expensive treatment, because treatment process equipment then treatment cost depends on quality 

and quantity of impurities and contaminants. 
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2-TDS (Total dissolved solid) 

3-Infection 

Solid suspended and infection do not have chemical bond with water molecule and there 

are different physical specifications, which used to separate them from water, but dissolved sol-

id has chemical bond in water then it is more difficult to separate. There are two different main 

methods for separation: 

 Saline bond distract by vaporization  MSF, MED, VD 

 Saline bond distract by filtration  RO 

According to the basis of thermal process, in routine method like MSF water has to 

change, its liquid phase to vapor, that takes 2260 kj.kg-1at 100 0C for vaporization, but in mem-

brane process, it is not necessary. Therefore, water latent heat is the main factor of energy con-

sumption in thermal processes and decrease of latent heat effect in the thermal process gives 

lower energy consumption and lower product cost. 

Meanwhile, in common thermal processes, water should boil in normal atmosphere pres-

sure (about 100 0C at 1 atm) then vapor cooling after water vaporization is another significant 

subject. High temperature of treated vapor effects on its cooling rate and it needs more efficient 

heat exchanger. Therefore, phase change of water at lower temperature and decrease of its latent 

heat effect are the keys of thermal processes improvement. 

As a matter of fact, evaporation means loosing of force between molecules. As figure 5, 

bubbles burst not only release heat, but also its turbulence make fine water particles; atomizing, 

that splash from the surface then surface/volume ratio through particles is increased by ultra-

sound. On the other hand, evaporation is from the surface more, than contact face, as more con-

tact surface of water and environment, it means more energy exchange and more vaporization.  

 

However, RO is the most favorite desalination method, but refer to concept; it is possible 

to make more thermal feasible process, that makes minorcycle of reasonable process.[6] 
 

 

Figure 5: Ultrasound effect [6] 
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III. CONCLUSION 

 

According to water crisis in the world, water economy is one of the most important priori-

ty. On the other hand, water economy without water cycle concept consideration is not possible. 

Therefore, alternative without environment consideration is not perfect and damage ecosystem 

in long term.  

Refer to water utilization in many aspects in the world, minor cycle could be defined, as a 

small new cycle what parallel to grand cycle, as hydrologic cycle. This minor cycle is executed, 

as reusing water, then saving fresh water resources via demand fresh water restriction and man-

age waste to pollutant limitation could be significant alternative. Shortly, nature way imitation, 

as minor cycle, could be the best solution refer to all of the aspects observation.  

However, reused water procedure is utilized occasionally, but it is not cultivated generally. 

Of course, refer to case, minor cycle doctrine should be investigated. Sometimes integration of 

methods makes feasible opportunity not only save environment, but also produce cheaper water. 

Hence, innovative ways like ultrasonic heating can break routine rules and make a feasible 

minor cycle, then not only supply water through reusing, but also save water resources, as a 

comprehensive alternative. 

In the end, minor cycle doctrine, as a comprehensive alternative, not only solve scarcity, 

but also provide a solution via waste management and then improve both sides of water econo-

my, as physical and economical.  
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udawneo nakadebis mdgradoba wriuli kveTis wyalsatarebSi  

 

S. gagoSiZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi ganixileba talRuri moZraobis mdgradoba wriuli kve-

Tis udawneo wyalsatarebSi. talRuri SeSfoTebis meTodis gamo-

yenebiT pirveladaa maTematikurad dasabuTebuli, Tu ratom xdeba 

wriuli kveTis gvirabebsa da milsadenebSi nakadis SeferxebiT 

gadineba, roca isini TiTqmis piramdea savse. miRebuli Teoriuli 

Sedegebi srul SesabamisobaSia arsebul eqsperimentul da natu-

rul dakvirvebebTan, romelTa Tanaxmad wriuli kveTis wyalsa-

tarSi nakadis SeferxebiT gadineba yovelTvis vlindeba wyalsa-

taris 92_93%-iT Sevsebisas. 

 gamoyvanilia agreTve mcired da naxevrad Sevsebul wriuli 

kveTis wyalsatarSi nakadis talRuri SeSfoTebis asimptoturi 

gantolebebi, romelTa analizi miuTiTebs wyalsatarSi nakadis 

Tavisufali zedapiris mdgradobaze. 

 

naSromi Sesrulebulia SoTa rusTavelis erovnuli samecniero fon-

dis FR 35/9-120/14 grantis farglebSi. 

 

sakvanZo sityvebi: udawneo wyalsatari; wriuli kveTi; talRuri moZraoba; 

mdgradoba. 

 

 

1. Sesavali 

 

sainJinro TvalsazrisiT, mdgradobis Seswavla aucilebelia wyalsa-

tari nagebobebis zomebis dasadgenad, vinaidan Tu mxedvelobaSi ar iqna mi-

Rebuli nakadebis mdgradoba da wyalsatari nageboba (arxi, swrafdenadi, 
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saderivacio Tu sakanalizacio gvirabi da a.S.) gaTvlilia mxolod damya-

rebuli an daumyarebeli reJimisTvis, SeiZleba moxdes, magaliTad, udawneo 

reJimisTvis gaTvaliswinebuli gvirabis dawneviT an naxevrad dawneviT, im-

pulsur reJimebSi gadasvla, rac metad arasasurvelia gvirabis mwyobridan 

gamosvlis an misi sruli dangrevis TvalsazrisiT.  

gamokvlevebi gviCvenebs, rom zogadad nakadis mdgradobas ganapirobebs 

misi siCqare, wyalsataris geometriuli zomebi da forma. am ukanasknelze 

mdgradobis damokidebuleba naklebadaa Seswavlili Tu ar CavTvliT qarT-

vel mecnierTa (T. voiniC-sianoJenskis, n. qarTveliSvilisa da a.S.) Sromebs 

[1, 2], romlebSic hidravlikuri meTodebiT Seswavlilia nakadebis mdgra-

dobaze wyalsataris hidravlikuri maCveneblis gavlena. 

hidravlikuri meTodebisgan gansxvavebiT, ufro „sufTa“ hidrodina-

mikuri meTodebiT nakadebis mdgradobis kvleva sxvadasxva formis wyalsa-

tarSi uaRresad rTuli maTematikuri aparatis gamoyenebasTanaa dakavSire-

buli. es Seexeba talRuri SeSfoTebebis Seswavlas iseTi erTi SexedviT 

martivi kveTisTvis, rogoricaa naxevrad wriuli kveTis wyalsatari (lambi 

[3]), rom araferi vTqvaT wriuli wyalsataris nebismieri Sevsebaze. magram, 

garkveuli miaxloebiT, mainc SesaZlebelia sami, praqtikuli Tvalsazri-

siT, metad mniSvnelovani zRvruli SemTxvevis analizuri ganxilva da Sesa-

bamisi daskvnebis gamotana. es SemTxvevebia:  

1. wriuli kveTis wyalsatari TiTqmis piramdea Sevsebuli;  

2. wyalsatarSi wylis siRrme mcirea mis radiusTan SedarebiT;  

3. wriuli kveTis wyalsatari naxevradaa Sevsebuli.  

 

 

2. ZiriTadi nawili 

 

wriuli kveTis udawneo wyalsatarebSi talRur moZraobaTa Seswavli-

sas ufro mosaxerxebelia, Tu visargeblebT naxazze warmodgenili cilind-

ruli ,,rx  sakoordinato sistemiT da RerZis gaswvriv mudmivi siCqariT 

moZravi nakadis Tavisufal zedapirze talRuri moZraobis gawrfivebul 

gantolebaTa sistemas [3, 4] CavwerT Semdegi saxiT: 
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sadac (1) gantoleba siTxis uwyvetobis laplas-helmholcis gantolebaa, 

talRur moZraobaTa siCqaris   potencialis mimarT, romelic sruldeba 

siTxis mier dakavebul nebismier wertilSi; (2) gantoleba (romelSic t 

droa) _ gawrfivebuli dinamikuri sasazRvro piroba, romelic sruldeba 

0U  mudmivi siCqariT moZravi siTxis SeuSfoTebel zedapirze; misi ganto-

lebaa hr sin , sadac h  nakadis SeuSfoTebeli zedapiris niSnulia, aTv-

lili wyalsataris ekvatoruli sibrtyidan; „±“niSnebi aiReba, Sesabamisad, 

wyalsataris naxevarze metad da naklebad Sevsebis SemTxvevaSi; (3) 

sasazRvro piroba _ siCqaris normaluri mdgenelis nulTan toloba 0R -

radiusiani wyalsataris Siga cilindrul zedapirze da migviTiTebs wyal-

sataris uJonvadobaze.  

 
 

wriuli kveTis udawneo wyalsatarSi nakadis talRuri  

moZraobis saangariSo sqemebi: a) TiTqmis savse wyalsatari; 

b) radiusTan SedarebiT mcired Sevsebuli wyalsatari 

 

amasTan, SerCeul cilindrul sakoordinato sistemaSi, siTxis nawilakebis 

siCqaris x  RerZis gaswvrivi, radialuri ( r  radius-veqtoris gaswvrivi) da 
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tangenciuri ( r  radius-veqtoris mier Semowerili rkalis mxebi) mdgenelebi 

Sesabamisad ganisazRvreba Semdegi saxiT:  

 xu U
x
 
0  ;  rv

r



;  v
r



1  ,         (4)     

xolo kavSiri amave naxazze moyvanil  , , rx  cilindrul da zyx ,,  dekartis 

koordinatTa sistemebs Soris - tolobebiT: 

 x x;  ;cosry   sinrz  .      (5)  

aq igulisxmeba, rom x  RerZi kvlav emTxveva wyalsataris RerZs, xolo 

z RerZi wriuli wyalsataris geometriuli centridan vertikalurad zevi-

Taa mimarTuli. 

dasmuli sasazRvro amocanis zogadi amoxsna dakavSirebulia jerje-

robiT gadauWrel maTematikur problemebTan, radgan SeuZlebelia SeirCes 

iseTi sakoordinato sistema, romelSic wyalsataris cilindruli zedapiri 

da masSi gamavali nakadis Tavisufali zedapiri erTdroulad iqneba asa-

xuli wrfivi damokidebulebebis meSveobiT. kerZod, Tu Cven mier SerCeul 

cilindrul sakoordinato sistemaSi wyalsataris kedeli aRiwereba 0Rr   

wrfivi (3) gantolebiT, maSin nakadis SeuSfoTebeli horizontaluri zeda-

piri aisaxeba arawrfivi r sin h    damokidebulebiT. dekartis sakoordina-

to sistemaSi piriqiT xdeba: nakadis Tavisufali (SeuSfoTebeli) zedapiri 

aisaxeba wrfivi pirobiT, xolo misi SemomzRudavi cilindruli zedapiri _ 

arawrfiviT. sxva saxis gardaqmnebi iwvevs ZiriTad gantolebaTa sistemis 

arawrfiv cvlilebas da warmoSobs axal sirTuleebs. swored amis gamo 

iZulebuli varT SemovifargloT wyalsataris im sami maxasiaTebeli Sevse-

bis ganxilviT, romlebic zemoT iyo CamoTvlili. amisaTvis Tavdapirvelad 

CavataroT zogadi xasiaTis gardaqmnebi, romlis safuZvelia potencialis 

warmodgena t  drosa da x  grZivi koordinatis gaswvriv perioduli komp-

leqsuri funqciis saxiT:  

   i( t kx )r , e       ,             (6) 

sadac e aRniSnavs eqsponentas (neperis ricxvs); i _ warmosaxviTi erTeuli; 

/   2  _ talRur moZraobaTa sixSire;   _ periodi; _  /2k  _ talRu-
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ri ricxvi,   _ zedapiruli talRebis sigrZe (manZili talRuri zedapiris 

erTnair fazaSi myof or mezobel wertils Soris). 

ZiriTad gantolebaTa (1÷3) sistema, (6) aRniSvnis gaTvaliswinebiT, 

standartuli gardaqmnebis Semdeg iqneba: 

 k
r r r r

          
  

2 2
2

2 2 2

1 1
0 ;  (7) 

   g coskU g sin ,
r r

       
 

2

0  roca ;sin hr       (8) 

 ,0



r


 roca 0Rr   .  (9) 

(7÷9) gantolebaTa sistema kvlav inarCunebs zogadobas, radgan igi 

SeiZleba safuZvlad daedos nebismieri radiusisa da Sevsebis wriuli kve-

Tis wyalsatarSi udawneo nakadis Tavisufal zedapirze zeddebuli tal-

Rebis gaangariSebisa da mdgradobis sakiTxebis Seswavlas. 

 

nakadis mdgradoba TiTqmis piramde Sevsebul wyalsatarSi. Tu wyalsa-

tari TiTqmis piramdea savse, SegviZlia CavTvaloT, rom nakadis viwro Ta-

visufali zedapiris farglebSi polaruli kuTxis cvlileba umniSvneloa 

da misi sinusi da kosinusi, Sesabamisad, Rebulobs mniSvnelobebs: 1sin  ; 

0cos  . am SemTxvevaSi, (8) pirobidan gamomdinare, SegviZlia aseve miviCni-

oT, rom   funqcia ar icvleba   kuTxeze damokidebulebiT arc Tavi-

sufal zedapirze da arc siTxis nebismier Siga wertilSi; (7) gantolebaSi 

ugulebelvyoT potencialis meore warmoebuli polaruli kuTxiT, maSin 

(7÷9) gantolebaTa sistema gamartivdeba da miiRebs saxes:  

 k ;
r r r

      
 

2
2

2

1
0             (10) 

  
r

gkU

  2

0  , roca hr  ;         (11) 

 ,
r

 


0  roca r R 0  .            (12) 

rogorc vxedavT (da es metad mniSvnelovania), gamartivebuli (11) sa-

sazRvro piroba, ZiriTadi (8) pirobisgan gansxvavebiT, wylis zedapiris si-
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ganis simciris gamo, sruldeba ara, roca hr sin , aramed simetriis 

RerZis hr   wertilSi. 

 (10)÷(12) sasazRvro amocana zust amoxsnas eqvemdebareba. kerZod, (10) 
gantolebis amonaxsni zogadi saxiT Caiwereba beselis nulovani rigis 

modificirebul funqciebSi [5, 6, 7]: 

    C I kr C K kr  1 0 2 0  ,            (13) 

sadac 
1C  da 

2C  integrirebis mudmivebia ( 0K funqcias makdonaldis funqcia-

sac uwodeben).  krI0  da  krK 0  funqciebi ganekuTvneba specialur funqciaTa 

klass, romlebic ar gamoisaxeba elementarul funqciebSi. amitom, sainJin-

ro daproeqtebisas specialuri funqciebis nacvlad xSirad mimarTaven am 

funqciebis asimptotur (zRvrul) gamosaxulebebs, romlebic, rogorc wesi, 

gamoisaxeba ra elementaruli funqciebis meSveobiT, pasuxobs argumentis 

(Cvens SemTxvevaSi kr -is) did mniSvnelobebs [6, 7, 8]. am asimptoturi for-

mulebis gaTvaliswinebiT, zogadi (13) amonaxsni Caiwereba Semdegi saxiT: 

 
kr

kreC C e
krkr

  
1 2

22
.          (14) 

Tu gamoviyenebT asimptoturi gamosaxulebis gawarmoebis wess [4,9], ga-

vawarmoebT (14) gamosaxulebas da CavsvamT (12) sasazRvro pirobaSi, 
1C  da 

2C  

mudmivebi SesaZlebelia daviyvanoT erT C  mudmivaze: 

 
kR

kRe CC C e
kk R R

   


0

0

1 2

0 0

1 1

2 22
,          (15) 

saidanac advilad ganisazRvreba 1C  da 2C  mudmivebi, xolo am ukanasknelTa 

CasmiT (14) gamosaxulebaSi potencialis saZiebeli   nawili (amplituda)  

  R
C cosh k R r

r
  0

0 .            (16) 

 (16) gamosaxulebisa da misi asimptoturi warmoebulis CasmiT (11) sasaz-

Rvro pirobaSi, romelic sruldeba siTxis Tavisufal zedapirze, sadac 

hr  , sabolood miviRebT talRur rxevaTa sixSiris ganmsazRvrel gan-

tolebas: 

      kU cosh k R h g sinh k R h    2

0 0 0 ,       (17) 
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romlis amoxsnas  sixSiris mimarT aqvs Semdegi saxe: 

   kU gk tanh k R h    0 0  .            (18) 

swored (18) gamosaxulebis safuZvelze SegviZlia vimsjeloT siTxis 

talRuri moZraobis helmholciseul mdgradobaze TiTqmis piramde Sev-

sebul wyalsatarSi. kerZod, (18) damokidebulebis Tanaxmad, vinaidan wylis 

zedapiris niSnuli h  yovelTvis naklebia wyalsataris (gvirabis) 0R  ra-

diusze, xolo talRuri ricxvi k  0 , fesvqveS moTavsebuli sidide uaryo-

fiTia, ris gamoc, (18) gamosaxulebiT dadgenili talRur rxevaTa sixSire 

kompleqsuri ricxvia 

   hRkgkikU  00 tanh .           (19) 

Tu (19) tolobiT gansazRvrul sixSiris am mniSvnelobas CavsvamT 

siCqareTa velis potencialis (6) gamosaxulebaSi, advilad davrwmundebiT, 

rom (19) formulis erT-erT fesvs, kerZod uaryofiTniSnians, mivyavarT 

potencialis drois mimarT eqsponencialurad zrdad damokidebulebamde:  

 mt~ e , sadac  m gk tanh k R h ) 0           (20) 

anu talRuri moZraobis aramdgradobamde. 

amrigad, Tu wriuli kveTis wyalsatari (gvirabi an milsadeni) TiTqmis 

piramdea savse, maSin am nakadis zedapirze aRZruli nebismieri SeSfoTeba 

aucileblad gaizrdeba da gamoiwvevs siTxis aSxefebas wyalsataris Werze. 

es moxdeba maSinac ki, roca saqme gvaqvs wriuli ganivkveTis TiTqmis piram-

de Sevsebul grZel avzTan, romelSic wyali uZravia ( 00 U ). 

roca 00 U , aramdgradobis es gamovlineba ganapirobebs ZiriTadi, gas-
wvrivi dinebis Seferxebas da wriuli kveTis wyalsataris gamtarunaria-

nobis Semcirebas (gavixsenoT Tundac boTlidan wylis gadmosxmis procesi, 

romelsac mudam axlavs Wavlis ryeva da siTxis impulsuri aSxefeba boT-

lis Werze, radgan wyals uWirs Tanabari siCqariT gadmoRvra boTlis 

Seviwroebuli yelidan). 

wriuli kveTis wyalsatarebis eqsperimentuli kvlevis Sedegebi marT-

lac adasturebs im faqts, rom, roca wyalsatari TiTqmis piramdea savse, 

metad rTuldeba masSi gamavali siTxis xarjis gazomva. qarTvel hidrav-
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likos-eqsperimentatorTa erT-erTi TvalsaCino warmomadgeneli a. WaniSvi-

li, mis mier jer kidev 1947 wels Catarebuli skurpulozuri cdebis 

Sedegad mivida daskvnamde [10], rom ,,sakmarisad saimedo eqsperimentireba 

SesaZlebelia mxolod 0,93_0,95 D-s (D diametria) tol Sevsebamde. roca 

Sevseba icvleboda 93_95%-dan 100%-mde, cdebis Catareba SeuZlebeli xdeba. 

milsadenis TiTqmis piramde Sevsebisas ver gviSvela verc saventilacio 

xvrelebma da verc saTvalTvalo Riobebma~. garda amisa, rac CvenTvis yve-

laze ufro aRsaniSnavia, a. WaniSvili askvnida, rom „miuxedavad qanobebis 

cvlilebisa (e.i. siCqareebis cvlilebisa, avt.), eqsperimentul milsadenSi 

maqsimaluri gamtarunarianoba (e.i. siTxis mdgradi saxiT gatareba, avt.) 

aRiniSneboda milsadenis 92_93%-iT Sevsebisas“. amave dros, „cdebiT ver 

iqna dadgenili, ra gavlena aqvs ventilacias (anu haeris Sris arsebobas, 

avt.) zogadad nakadis winaRobaze“. 

rogorc vxedavT, Cveni Teoriuli Sedegebi srul SesabamisobaSia a. Wa-

niSvilis laboratoriuli kvlevebis SedegebTan. es Sesabamisoba, garda 

imisa, rom aramdgradobis maxasiaTebeli m  maCvenebeli ar aris damokidebu-

li nakadis Tanabari moZraobis 0U siCqareze, vlindeba imaSic, rom (20) gamo-

saxulebis Tanaxmad, m damokidebulia  hR 0  Riobze siTxis Tavisufali 

zedapirsa da wyalsataris Wers Soris SeSfoTebis talRis sigrZeze 

 k/2  . am sidideebis zrdasTan erTad mcirdeba m koeficienti da naka-

di miiswrafvis stabilurobisken. 

wriul wyalsatarebSi siTxis moZraobis Taviseburebis am gamovlinebas 

hidravlikosTa erTi nawili saerTod uaryofda da miaCnda, rom siTxis 

donis matebasTan erTad xdeba nakadis xarjis gamudmebuli mateba [11], xo-

lo meores (maT Soris TviT a. WaniSvils da amJamadac asea miCneuli 

hidravlikis umravles saxelmZRvaneloSi) _ rom aramdgradobis es gamov-

lineba aixsneba Sezis empiriuli formulis ganzogadebiT udawneo wriuli 

kveTis wyalsatarebze. kerZod, Sezis formulis Tanaxmad, miaRwevs ra 

wylis xarji garkveul Sevsebas (95%-s lugeris mixedviT [12]), TandaTano-

biT iwyebs klebas garkveul mniSvnelobamde, rac SeiZleba (magram maTema-

tikurad dausabuTeblad) safuZvlad daedos ganxiluli movlenis axsnas. 

Cveni kvlevis Sedegad ki, roca wriuli kveTis wyalsatari 90%-iT da meta-
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daa Sevsebuli, Sezis formuliT sargebloba dauSvebelia, vinaidan aseTi 

Sevsebisas, rogorc zemoT iyo naCvenebi, principulad SeuZlebelia mdgradi 

stacionaruli reJimis realizeba, rasac Seesabameba Sezis formula. 

swored, nakadis aramdgradi gadineba iwvevs TiTqmis piramde savse 

wyalsatarSi xarjisa da siCqaris xan impulsur matebas, xan klebas. 

 

nakadis mdgradoba mcired Sevsebul wyalsatarSi. am kerZo zRvrul 

SemTxvevaSi (naxazi, b)   polaruli kuTxe Rebulobs TiTqmis -90°-is tol 

uaryofiT mniSvnelobebs ise, rom kmayofildeba Semdegi miaxloebiTi to-

lobebi: 1sin  da 0cos  .  

aseT SemTxvevaSi anu roca wylis horizonti wyalsataris centris qve-

moTaa moqceuli, (2) dinamikur sasazRvro pirobaSi h -is win saWiroa „–“ ni-

Sani. Sedegad, (5÷7) gantolebaTa sistema miiRebs saxes: 

 
d d k
dr r dr
     

2
2

2

1
0  ;               (21) 

   dkU g ,
dr
    2

0    roca r h ;       (22) 

 
d ,
dr
  0      roca r R 0 .       (23) 

aqac, iseve rogorc (10) gantolebaSi, ugulebelyofilia potencialis 

meore rigis warmoebuli polaruli kuTxiT, rogorc mcire sidide. es 

ugulebelyofa mniSvnelovnadaa ganpirobebuli imiTac, rom rogorc (10), 

ise (22) sasazRvro pirobebSi, romlebic sruldeba siTxis Tavisufal zeda-

pirze, ar Sedis potencialis warmoebuli polaruli kuTxiT. 

(9)÷(11) da (21)÷(23) gantolebaTa sistemebs Soris sxvaoba vlindeba 

mxolod „-“ niSanSi, romelic Tavs iCens 
d
dr

-is win (22) sasazRvro pirobaSi.  

(21)÷(23) sistemis amoxsna faqtobrivad imeorebs wina punqtSi moyvanili 

amoxsnis proceduras. aq SemovifarglebiT mxolod amoxsnis saboloo − 

asimptoturi Sedegebis moyvaniT. kerZod, iseve rogorc wina SemTxvevaSi, 

siCqareTa velis potenciali asimptoturi saxiT Caiwereba Semdegi kompleq-

suri damokidebulebiT: 
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       i t kx i t kxRe C cosh k R r e
r

        0
0 .  (24) 

magram am SemTxvevaSi, (19) damokidebulebisgan gansxvavebiT, dispersiuli 

kavSiri talRur rxevaTa sixSiresa da talRur ricxvs Soris gamoiTvleba 

formuliT:  

  kU gk tanh k R h   0 0 ,  (25) 

romlis Tanaxmad, talRuri rxevebis sixSire ar aris kompleqsuri sidide, 

rac migviTiTebs talRur moZraobaTa mdgradobaze wriuli kveTis 

wyalsataris mcired Sevsebis SemTxvevaSi. 

 

nakadis mdgradobis Sesaxeb naxevrad Sevsebul wriuli kveTis wyal-

satarSi. roca wriuli kveTis wyalsatari naxevradaa Sevsebuli, SegviZlia 

CavTvaloT, rom Tavisufal zedapirze   polaruli kuTxe icvleba nulTan 

maxloblobaSi ise, rom sruldeba Semdegi miaxloebiTi tolobebi: sin    da 

cos  1  (niSani „-“ aiReba simetriis RerZidan marcxena naxevarwris gan-

xilvis SemTxvevaSi. Cven ganvixilavT marjvena naxevarwres „+“ niSniT, rac 

amocanis simetriulobis gamo, marcxena naxevarwris ganxilvis identuria). 

am tolobebis gaTvaliswinebiT, ZiriTad gantolebaTa (5)÷(7) sistema 

Rebulobs saxes: 

 k
r r r r

          
  

2 2
2

2 2 2

1 1
0 ;  (26) 

   gkU ,
r

   


2

0  roca 0 ;  (27) 

 ,
r

 


0  roca 0Rr   .   (28) 

rogorc vxedavT, (26)÷(28) gantolebaTa sistema mniSvnelovnad gansx-

vavdeba zemoT ganxilul zRvrul SemTxvevaTa (9)÷(11) da (21)÷(23) sisteme-

bisgan. es sxvaoba, pirvel rigSi, vlindeba Tavisufal zedapirze arsebul 

(27) pirobaSi, romelSic talRur rxevaTa sixSire damokidebulia poten-

cialis warmoebulze polaruli kuTxiT. ori sxvadasxva argumentiT gan-

sazRvruli (27) da (28) sasazRvro pirobebi migvaniSnebs, rom gansaxilvel 

SemTxvevaSi SesaZloa amocanas hqondes mravali amonaxsni an migviTiTebdes 
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naxevrad Sevsebuli wriuli kveTis horizontalur wyalsatarSi dinebis 

absolutur mdgradobaze. 

3. daskvna 

 

amgvarad, wylis talRur moZraobaTa wrfivi Teoriis farglebSi, 

sainJinro praqtikaSi pirvelad dasabuTda kargad cnobili efeqti, rac 

gamoixateba TiTqmis piramde Sevsebuli wriuli kveTis mqone hidroteqnikur 

nagebobebSi wylis nakadis impulsuri aSxefebebiT wyalsataris Werze, rac 

aixsneba mxolod wylis talRur SeSfoTebaTa aramdgradobiT. es efeqti ar 

aris damokidebuli arc nakadis siCqaresa da arc haeris Sris arsebobaze 

wylis zedapirsa da wyalsataris TaRs Soris, damokidebulia mxolod 

wyalsataris Sevsebis doneze.M 

meore mxriv, Tu wriuli kveTis wyalsatari an horizontaluri cilin-

druli avzi mxolod naxevramdea Sevsebuli, maTSi an saerTod ar aRiZvreba 

talRebi an Tu aRiZra, am talRebs eqneba milevadi an regularuli xasiaTi. 
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uak 628.1 

 

Camdinare wylebis myari fazis hidravlikuri 

sisxos dazustebis sakiTxi  

 

z. gviSiani, l. klimiaSvili, g. soselia, q. gordeziani  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia Camdinare wylebi rogorc polidispersiuli, hetero-

genuli, agregatulad aramdgradi sistema; eqsperimentirebisaTvis 

Seqmnili xelsawyo Camdinare wylebSi nawilakebis hidravlikuri 

sisxos gansazRvrisaTvis maTi gaumWviri garemos gaTvaliswinebiT. 

miRebuli Sedegebi warmodgenilia grafikuli da empiriuli damo-

kidebulebebis saxiT da Sepirispirebulia sxva avtorTa mier mi-

Rebul monacemebTan. dadginda, rom miuxedavad arsebuli dasaSvebi 

cdomilebisa, SesaZlebelia miRebul empiriul damokidebulebaTa 

sainJinro praqtikaSi gamoyeneba.  

 

sakvanZo sityvebi: Camdinare wylebi; polidispersiuli; heterogenuli; agre-

gatulad aramdgradi sistema; hidravlikuri sisxo; hori-

zontaluri qviSadamWeri. 

 

 

1. Sesavali 

 

cnobilia, rom Camdinare wylebi polidispersiuli, heterogenuli, ag-

regatulad aramdgradi sistemaa [1,11,17,18,19]. misi fizikur-meqanikuri Tvise-

bebi xarisxobrivad icvleba myari fazis daleqvis procesSi, rac ganpi-

robebulia nawilakebis simkvriviT, formiT, zomiT, mineralogiuri da qi-

miuri SedgenilobiT [2,3,8,10,20]. gasaTvaliswinebelia is garemoebac, rom 

gansxvavebuli qimiuri Sedgenilobis nakadTa Serwyma iwvevs koagulantebis 

warmoqmnas, rac cvlis nawilakebis formasa da zomas [6,11,12,13,14]. zemoaR-

niSnulidan gamomdinare, rTuldeba suspenziur garemoSi mimdinare da-
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leqvis procesis kanonzomierebaTa gansazRvra. kvlevas viwyebT sainJinro 

praqtikaSi aRiarebuli hidravlikuri sisxos damokidebulebebiT miRebuli 

Sedegebis SedarebiT [4,5,10,13,14]. mokled aRvwerT hidravlikuri sisxos 

gansazRvrisaTvis SemuSavebul xelsawyos [6,7]; warmovadgenT hidravlikuri 

sisxos empiriul damokidebulebebsa da maTi gamoyenebis magaliTs – hori-

zontaluri qviSadamWeris gaangariSebas. 

 

2. ZiriTadi nawili 

 

nawilakebis suspenziur garemoSi, romelsac Camdinare wylebic gane-

kuTneba, gadaadgilebis dros, vardnis reJimis miuxedavad, moqmedebaSi mo-

dis garkveuli zona, xolo xsnaris danarCeni masa pirobiTad uZravia. SeS-

foTebisa da uZravi zonebis sazRvarze adgili aqvs Zabvebs, romlebic xsna-

ris reologiuri maxasiaTeblebiTaa ganpirobebuli. am sazRvris gareT 

Zabvebi xsnarSi klebulobs [3,4,5,6,7,9]. maSasadame, nawilakis hidravlikuri 

sisxos klasikuri amocana, polidispersiul sistemebSi vardnis dros, 

saWiroebs suspenziis blant-plastikuri Tvisebebis gaTvaliswinebas. 

hidravlikuri sisxos Teoriul models g. stoqsis mixedviT aqvs 

Semdegi saxe: 

  



18

12
2

0

 gdu ,  (1) 

gamosaxuleba (1) gamoiyeneba vardnis laminaruli reJimis dros, rode-

sac Re<1 da nawilakebis diametri d <0.05 mm; xolo vardnis turbulenturi 

reJimis dros ( 400Re   da nawilakebis diametri 5.2d mm) ki: 

 gdu
1

12
0 9.0 

  , (2) 

sadac d  nawilakis diametria; g  _ Tavisufali vardnis aCqareba; 2  _ nawila-

kis simkvrive; 1  _ xsnaris simkvrive;  _ siblantis dinamikuri koeficienti.  

miuxedavad (1), (2) Teoriuli damokidebulebebis universalurobisa, 

mravalma mecnierma Caatara eqsperimentuli kvleva misi dazustebisa da 

srulyofis mizniT. miRebulia damokidebulebebi, romlebic gansazRvravs 

koeficientebs zemoaRniSnuli modelisaTvis. maT ganekuTneba m. velika-
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novisa da a. zegJdas [4,5,10] mier sakuTari da sxva mecnierTa eqsperimentul 

kvlevebze dayrdnobiT miRebuli empiriuli damokidebuleba sferosebri 

nawilakebisaTvis: 

 1Rearctg
π

2.65514.5Re0.105
u

1
1ρ
2ρgd

















0

 ,   (3) 

sadac 

 


ru0Re  . 
gamosaxuleba (3) martivi gardaqmnebis Semdeg stoqsis formulis saxes 

iRebs mcire zomis nawilakebisaTvis, xolo msxvili nawilakebis SemTxvevaSi 

_ retingerisas. gasaTvaliswinebelia, rom d  ekvivalenturi diametria.  

u. rubma miiRo damokidebuleba, romelic gamoiyeneba reinoldsis 

ricxvis nebismieri mniSvnelobebisaTvis: 

 
1

12
0 

  dgFu  ,  (4) 

sadac 

  121

236

3

2






gd

F . 

mcire zomis nawilakebisaTvis miRebuli Sedegebis Sesamowmeblad saWi-

roa specialuri eqsperimentuli kvlevebis Catareba. gasaTvaliswinebelia 

gaumWviri garemo, romelsac Camdinare wylebi ganekuTvneba.  

eqsperimentis Casatareblad Seiqmna xelsawyo, romelic Sedgeboda: 

myar fuZeze damagrebuli SuSis milisagan, holis sensorebisa (magnituri 

velis maregistrirebeli gadamwodebi) da kompiuterTan SeuRlebis blokis-

gan. mowyobilobis moqmedebis principi gadamwodebis mier gagzavnil sig-

nalTa drois Sualedis dafiqsirebaSia. signalebi warmoiqmneboda gadamwo-

debis gaswvriv, magnituri mtveriT daniSnuli nawilakebis Cavlisas. ga-

damwodebs Soris manZili 500 mm iyo. xelsawyos tarirebisaTvis ganisazRvra 

cdomileba, romelmac %15.0  Seadgina. 

eqsperimentis sawyis etapze moxda nawilakebis daxarisxeba formisa da 

diametris mixedviT. nawilakebi daiyo 3 jgufad: 1. 0,01 mm-dan 0,1 mm CaTv-



hidroinJineria, #1-2(25-26), 2018 _ Hydroengineering, #1-2(25-26), 2018  _ Гидроинженерия,  #1-2(25-26), 2018 

 

30 

 

liT; 2. 0,15 mm-dan 1 mm CaTvliT; 3. 1 mm-dan 10 mm CaTvliT. jgufebis mi-

xedviT Catarda cdebi wyalSi sferosebri nawilakebisaTvis. eqsperimentebis 

dros nawilakebi vardeboda wylis zedapiridan milis RerZis gaswvriv.  

kvlevis Sedegebi wrewirze aRniSnulia markerebiT (naxazebi: 1, 2 da 3). 

marTkuTxedi markerebiT naCvenebia b. gonCarovis [10], samkuTxedi markerebiT 

ki _ "b. vedeneevis saxelobis ski-s" monacemebi [13].  

 

nax. 1. sferosebri nawilakebis hidravlikuri sisxo 

maTi wyalSi vardnis dros, d = 0,01mm-dan 0,1 mm CaTvliT 

 

 
nax. 2. sferosebri nawilakebis hidravlikuri sisxo 

maTi wyalSi vardnis dros, d = 0,15 mm-dan 1mm CaTvliT 
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nax. 3. sferosebri nawilakebis hidravlikuri sisxo 

maTi wyalSi vardnis dros, d = 1mm-dan 10 mm CaTvliT 

 

monacemTa damuSavebis maTematikuri statistikis meTodebis gamoyenebiT 

nawilakTa TiToeuli jgufisTvis miRebulia empiriuli damokidebuleba: 

 = 475,2 + 19,73 − 0,169 (5) 

 = 112,0 − 1,96 (6) 

 = −1,498 + 47,01 + 101,9 (7) 

sadac  nawilakebis hidravlikuri sisxoa (mm/wm); d _ nawilakebis diametri 

(mm).  

(5), (6) da (7) gamosaxulebebSi saSualo kvadratulma gadaxram, Sesabami-

sad, R . ,2 0995  R ,2 1 999.02 R Seadgina, rac misi praqtikulad gamoyenebis sa-

Sualebas iZleva [15].  

gaangariSebis magaliTi. gamovTvaloT horizontaluri qviSadamWeris 

zomebi.  

mocemulia:  

 Camdinare wylebis maqsimaluri da minimaluri xarjebi: 75.0max q მ
წმ 

და 25.0min q მ
წმ ; 
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 wylis siRrme mimwodebel arxSi maqsimaluri xarjis dros: ℎ=0,9 m; 
 wylis nakadis siCqare maqsimaluri xarjis dros: =300 mm⁄wm; 

 dasaleqi nawilakebis diametri: d =0,25mm; 

 wylis temperatura _ 20°  . 

amoxsna: mocemuli diametris nawilakebisaTvis hidravlikuri sisxos 

mniSvneloba ganisazRvreba [2]-Si warmodgenili cxrilis Sesabamisad da ud-

ris: =26,0 mm⁄wm b. vedeneevis saxelobis ski-s [13] monacemebi _ 28,5 mm⁄wm, xo-

lo damokidebuleba (13)-is Tanaxmad iqneba: 26,05 mm⁄wm. aRsaniSnavia, rom [13]-s 

monacemTa cxrilSi 15°C wylis temperaturisas nawilakTa hidravlikuri 

sisxos mniSvneloba 26,7 mm⁄wm-ia.  

 nakadis siCqaris vertikaluri turbulenturi mdgeneli ganisazRvreba 

formuliT:  =0.05 =0.05x300=15mm⁄wm (gaangariSeba grZeldeba cxrilSi). 

 

horizontaluri qviSadamWeris gaangariSeba 

 

saangariSo formula b. gonCarovi 
b. vedeneevis 

saxelobis ski 

damokidebu-

leba (13) 

nawilakebis daleqvis 
siCqare (mm/wm):  = −  

21,26 24,23 21,30 

qviSadamWeris sigrZe (m): = ∙ ℎ		 12,70 9,47 12,67 

qviSadamWeris wylis 
sarkis farTobi (m^2 ): 

 =  
35,27 26,3 35,21 

 

 

3. daskvna 

 

Camdinare wylebis polidispersiul, heterogenul da agregatulad 

aramdgrad bunebas kargad miesadageba d.stoqsis hidravlikuri sisxos mode-

li suspenziuri garemosTvis (formula (4)). misi gamoyeneba SesaZlebelia na-
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wilakis hidravlikuri sisxos suspenziur garemoSi gansazRvrisas, reolo-

giuri parametrebis gaTvaliswinebiT da vardnis laminaruli reJimis dros. 

(5), (6) da (7), damokidebulebebi Sepirispirebuli iyo sxva avtorebis 

mier miRebul monacemebTan. Catarda horizontaluri qviSadamWeris zomebis 

gaangariSeba b. gonCarovisa da (13) damokidebulebis monacemebis gamoyene-

biT. horizontaluri qviSadamWeris sigrZe 13 m-ia (ix. cxrili), Sedegi 

identuria. zemoaRniSnuli damokidebulebebis gamoyeneba praqtikul saqmia-

nobaSi sakmaod iolia. oRond gasaTvaliswinebelia: 

 nawilakTa simkvrive _ 2,65 t⁄m3; 

 nawilakis vardnis samive reJimi _ laminaruli, gardamavali da tur-

bulenturi; 

 gaangariSebebisas sawyisi monacemi mxolod nawilakis diametria.  

miRebuli Sedegebi saSualebas gvaZlevs gavagrZeloT kvleva Camdinare 

wylebis myari Semadgenelis formis gavlenaze, nawilakTa hidravlikur 

sisxoze. 
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uak 628.1 

 

nawilakebis formis gavlena hidravlikur sisxoze 

Camdinare wylebis meqanikuri gawmendis dros  

 

z. gviSiani, d. gurgeniZe, z. cinaZe, s. bukia  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia nawilakebis formis gavlena hidravlikur sisxoze Cam-

dinare wylebis meqanikuri gawmendis amocanebSi. kvlevis Sedegad 

miRebuli monacemebi warmodgenilia grafikuli da empiriuli da-

mokidebulebebis saxiT. dadginda, rom miRebuli empiriuli damo-

kidebulebis gamoyeneba sainJinro praqtikaSi SesaZlebelia. 

 

sakvanZo sityvebi: Camdinare wylebi; meqanikuri gawmenda; hidravlikuri sis-

xo; nawilakebis formis gavlena. 

 

 

1. Sesavali 

 

Camdinare wylebis meqanikuri gawmendis amocanebis gadaWrisas saniaRv-

re an gaerTianebuli wyalarinebis sistemebSi katastrofuli atmosferuli 

naleqebis dros didi mniSvneloba eniWeba zedapiruli wylebis myari fazis 

granulometriuli Sedgenilobisa da nawilakebis formis gaTvaliswinebas 

[1,3,4,6,10,19,20,21].  

 

2. ZiriTadi nawili 

 

nawilakebis wyalSi vardnisas, vardnis reJimis miuxedavad, hidravliku-

ri sisxos klasikur modelSi saWiroa nawilakis formis gaTvaliswineba. 

cnobilia avtorTa [7,8,11,12,13,14,16,17,18] naSromebi da praqtikaSi aprobirebu-
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li damokidebulebebi. magaliTisaTvis ganvixiloT a.b.veqsleris [6,12] damo-

kidebuleba: 

 d

d d
d d

. Re
w ,

g Re . Re
Re Re







                            

1
2

2

12 5
1

2

2 12 5

1
1 1 75 103

1
42 24 441 1 1 1 75 10

45

  (1) 

sadac 

 
d

d
Re gd

     
2

1

1 . 

hidravlikuri sisxos formula (1), laminaluri reJimis dros ( 1Re   da 

nawilakebis diametri d 0.05 mm-ze), stoqsis formulis saxes iRebs: 

 
 gd

w ,
 




2
2 1

18  
 (2) 

xolo turbulenturi reJimis dros ( 400Re   da nawilakebis diametri 

5.2d mm-ze)  

 w gd
.

 


2 1

109
,  (3) 

sadac d  nawilakis diametria; g  - Tavisufali vardnis aCqareba; 2  _ nawi-

lakis simkvrive; 1  _ xsnaris simkvrive;   _ siblantis kinematikuri koefi-

cienti. 

nawilakis formis 	koeficienti a.b. veqsleris (4) damokidebulebiT 

ganisazRvreba, romelic, Tavis mxriv, v.v. romanovskis [12,15] empiriul 

monacemebs eyrdnoba:  

 w

. .

Re

  
   
 

2

2 4 1 75
1

75
1

, (4)  

sadac  
ab

d 2

 , 

d  dayvanili diametria, a da b _ nawilakis udidesi kveTis sigrZe da 

sigane.  
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Catarebulma kvlevebma cxadyo, rom nawilakTa vardnis laminaruli re-

Jimis dros forma gavlenas ar axdens da βw=1, xolo turbulenturi reJi-

mis dros, rodesac Re≥400, (4) martivdeba: 

 75.04.2  w .  (5) 

r.s. retingerma SeimuSava hidravlikuri sisxos formula [11,15] turbu-

lenturi reJimis dros: 

  1 dKw p , (6) 

sadac  nawilakis formis koeficientia;  _ nawilakis fardobiTi simkv-

rive. 

eqsperimentuli gziT r.s. retingerma gansazRvra nawilakis formis koe-

ficientis mniSvneloba: sferosebri nawilakebisaTvis _ 2.73, waxnagovani 

formisaTvis _ 2,97, firfitovani formisaTvis _ 1,97. 

m.a. velikanovma da a.p. zegJdam [4,5,6,15] sakuTar da sxva mecnierTa eqspe-

rimentul kvlevebze dayrdnobiT sferosebri nawilakebisaTvis miiRes empi-

riuli damokidebuleba:  

 

gd
.

. . Re arctg Re
w

 

       


2

1 1 1

1
2655

0105 45 ,  (7) 

sadac  
wr

Re 


. 

gamosaxuleba (7) martivi gardaqmnebis Semdeg stoqsis formulis saxes 

iRebs mcire zomis nawilakebisaTvis, xolo msxvili nawilakebis SemTxveva-

Si _ retingerisas. gasaTvaliswinebelia, rom d ekvivalenturi diametria. 

nawilakebis formis hidravlikur sisxoze gavlenis mizniT Catarda 

eqsperimentuli kvleva specialur mowyobilobaze, romlis moqmedebis prin-

cipi mdgomareobs gadamwodTa mier gagzavnil signalTa drois Sualedis 

fiqsirebaSi. signalebi warmoiqmneboda gadamwodebis gaswvriv magnituri 

mtveriT daniSnuli nawilakebis Cavlisas. gadamwodebs Soris manZili 500 mm-

ia. xelsawyos tarirebisas ganisazRvra cdomileba, romelmac . %015  Seadgi-

na. eqsperimenti Catarebul iqna sferosebri, mravalwaxnagovani da firfito-

vani formis nawilakebze, romelTa diametri 0.1 mm-dan 10 mm-mde icvleboda. 
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eqsperimentebis dros nawilakebi vardeboda wylis zedapiridan milis Rer-

Zis gaswvriv. Sedegebi warmodgenilia naxazze.  

monacemebis maTematikuri statistikis meTodebiT damuSavebis Semdeg 

miRebulia empiriuli damokidebulebebi: 

sferosebri formis nawilakebisaTvis:  

 96.10.1120  du ; (8) 

  

mravalwaxnagovani formis nawilakebisaTvis:   

 1,85- 105.7 0 du  ;  (9) 

  

firfitovani formis nawilakebisaTvis:  

 0,98 - 56 0 du  , (10) 

 

sadac 0u  nawilakebis hidravlikuri sisxoa, mm/wm; d _ nawilakebis diametri, mm. 

 

 

 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20

ჰი
დ
რ
ავ
ლ
იკ

უ
რ
ი
სი

სხ
ო

,მ
მ/
წმ

დიამეტრი მმ

sxvadasxva formis nawilakis hidravlikuri sisxo: 

     _ sferosebri;   _ mravalwaxnagovani;   _ firfitovani 



hidroinJineria, #1-2(25-26), 2018 _ Hydroengineering, #1-2(25-26), 2018  _ Гидроинженерия,  #1-2(25-26), 2018 

 

39 

 

(8), (9) da (10) gamosaxulebebisaTvis ganisazRvra saSualo kvadratuli 

gadaxra, romelmac Sesabamisad 995.02 R , 993.02 R  da 998.02 R  Seadgina. 

miRebuli mniSvnelobebi praqtikaSi gamoiyeneba. 

cdebis Sedegebis analizma gviCvena (naxazi), rom sferosebri da mraval-

waxnagovani formis nawilakebis hidravlikuri sisxos mniSvnelobebi gansx-

vavdeba, magram erTmaneTTan miaxloebulia. maTTvis aRiniSna nawilakTa 

vardnis sami reJimis arseboba - laminaruli, gardamavali da turbulenturi. 

rodesac firfitovani formis nawilakebis hidravlikuri sisxos Semcirebisa-

ken sagrZnobi gadaxra Cans, adgili aqvs vardnis laminarul da gardamaval 

reJimebs, rac ganpirobebulia firfitovani formis TaviseburebiT. kerZod, 

nawilakis wyalSi vardnisas udidesi wibo orientirebulia moZraobis mimar-

Tulebis perpendikularulad [9,17]. Sesabamisad, izrdeba wylisa da nawila-

kis Sexebis farTobi da winaRobis Zalis mniSvneloba. gamokvleuli firfi-

tovani formis nawilakebis diametrTa mTel diapazonSi vardnisas aRiniSna 

horizontalur sibrtyeSi marjvniv da marcxniv gadaadgileba, rasac piro-

biTad "friali" vuwodeT. es movlena vardnasac aferxebs.  

monacemTa damuSavebis Semdeg etapze miRebuli damokidebuleba (8), (9) 

da (10) empiriul formulebs aerTianebs: 

  f/]1,96- 112.04[0 du   (m/wm),  (15) 

sadac d nawilakis diametria mm; f  _ formis koeficienti, uganzomilebo 

sidide, misi mniSvnelobebia: sferosebri formisTvis - 1, mravalwaxnagovani 

formisTvis - 1.06, firfitovani formisTvis - 2; 65.2 g⁄sm3 _ nawilakTa 

simkvrive.  

miRebuli Sedegebis Sesamowmeblad ganvixiloT magaliTi. ganvsazRv-

roT horizontaluri qviSadamWeris sigrZe.  

mocemulia: Camdinare wylebis maqsimaluri da minimaluri xarjebi, 

Sesabamisad, =0.75m3⁄wm da =	0.25m3⁄wm; wylis siRrme mimwodebel arxSi 

maqsimaluri xarjis dros _ h=0.9m; wylis nakadis siCqare maqsimaluri 

xarjis dros _ =300mm⁄wm; dasaleqi nawilakebis diametri _ d=0.25 mm; 

wylis temperatura _ 20°C. 
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amoxsna. mocemuli diametris nawilakebisaTvis hidravlikuri sisxos 

mniSvneloba ganisazRvreba (15) damokidebulebiT. sferosebri nawilakebi-

saTvis _ =26,05 mm⁄wm, mravalwaxnagovanisaTvis _ =24,57 mm⁄wm,  firfi-

tovani formisaTvis _ =13,02 mm⁄wm.  

w nakadis siCqaris vertikaluri turbulenturi mdgeneli ganisazRvreba 

formuliT: = 0.05 =0.05x300=15mm⁄wm (gaangariSeba grZeldeba cxrilSi). 

 

saangariSo 
formula 

nawilakebis forma

sferosebri  
d . 025  mm 

mravalwax-

nagovani 

d . 025  mm 

firfitovani 

 

d . 03 mm 

 

d . 045 mm 

 

d . 05 mm 

nawilakebis 

daleqvis siCqare 

(mm/wm):  = −  

21.3 19.5 5.0 19.0 22.5 

qviSadamWeris 

sigrZe (m): = ∙ ℎ		 12.0 13.0 53.6 14.2 12.0 

   

cxrilidan Cans, rom sferosebri da mravalwaxnagovani nawilakebisT-

vis qviSadamWeris sigrZe L (m) erT diapazonSia.  

 im SemTxvevaSi, roca firfitovani formis nawilakebis ekvivalenturi 

diametri 0,25 mm-ia, misi hidravlikuri sisxo 13,02 mm/wm-ia, nawilakis daleq-

vis siCqaris formulaSi  

 = −     (16) 

fesvqveSa gamosaxuleba uaryofiT mniSvnelobas iRebs. es mianiSnebs, rom 

nawilaki mocemul pirobebSi ar daileqeba - darCeba Setivnarebuli. 

firfitovani formis nawilakebis ekvivalenturi diametris zrda iwvevs 

qviSadamWeris sigrZis Semcirebas. 0,25 mm sferosebri formis nawilakis 

diametris da 0,5 mm firfitovani formis nawilakis ekvivalenturi diamet-

ris dros qviSadamWeris sigrZe L (m) erTmaneTTan miaxloebulia.  
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3. daskvna 

 

Camdinare wylebis meqanikuri gawmendis safexurze nagebobaTa hidrav-

likuri gaangariSebisas nawilakebis ekvivalenturi diametriT operireba 

mizanSewonili ar aris.  

cxrilSi warmodgenili gaangariSeba cxadyofs, rom qviSadamWeris op-

timaluri zomebis dasadgenad aucilebelia nawilakebis formis gavlenis 

gaTvaliswineba hidravlikur sisxoze. 

Camdinare wylebis qviSadamWeris zomebis dazusteba wylis gawmendis 

efeqturobis amaRlebis saSualebas iZleva. 

Camdinare wylebis gawmendis pirvel safexurze miRebuli dadebiTi 

efeqti _ winaswar gansazRvruli diametris nawilakebis mocileba _ gaw-

mendis sruli ciklisa da misi ekonomikuri efeqturobis amaRlebas iwvevs.  
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uak 628.339 

 

Camdinare wylebis saleqrebSi Sewonili nawilakebis 

koncentraciis cvlilebis dinamikis kvleva  

 

i. inaSvili, i. denisova  

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi ganxilulia Camdinare wylebis gawmendis dros, saleqreb-

Si gravitaciuli daleqvisas, Sewonili nawilakebis koncentraciis 

cvlilebis dinamika. laplasis hifsometrul kanonze dayrdnobiT, 

miRebulia Sewonili nawilakebis moculobiTi koncentraciis, da-

leqvis siRrmeze damokidebulebis saangariSo gantoleba. gansazRv-

rulia Sewonili nawilakebis laminarul da gardamaval garsSemo-

denis reJimebs Soris zRvruli koncentraciis mniSvneloba. gamoTv-

lilia, ra siRrmeze xdeba nawilakebis laminaruli garsSemodenis 

reJimis gadasvla gardamavali garsSemodenis reJimSi. 

  

sakvanZo sityvebi: Camdinare wylebi; sedimentacia; hidravlikuri sisxo; 

zRvruli koncentracia; nawilakis garsSemodenis reJimi. 

 

 

1. Sesavali 

 

Camdinare wylebis gawmendis yvelaze martivi da efeqturi saSualebaa 

Sewonili, dispersiuli minarevebis moSoreba sedimentaciiT (daleqviT). se-

dimentaciis procesi mimdinareobs gravitaciuli Zalebis zegavleniT, TviT-

neburad, specialur nagebobebSi _ saleqrebSi.  

saleqrebs iyeneben Camdinare wylebis saboloo gawmendisTvis (mxolod 

uxsnari minarevebis moSorebis saWiroebis SemTxvevaSi) an rogorc mosamza-

debel etaps biologiuri gawmendis win, amitom saleqrebis gaangariSebisaT-
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vis Camdinare wylebis daleqvisas mimdinare procesebis kvlevas didi praq-

tikuli mniSvneloba eniWeba. 

vinaidan Camdinare wylebi polidispersiuli, heterogenuli, agregatu-

lad aramdgradi sistemaa, amitom saleqrebis gaTvlisas aucilebelia Ziri-

Tadi saangariSo parametrebis swori gansazRvra. Camdinare wylebis sedi-

mentaciis kvlevisas umniSvnelovanesi parametrebia Sewonili nawilakebis 

hidravlikuri sisxo (daleqvis siCqare) da maTi koncentracia. 

saleqrebSi gravitaciuli daleqvisas Sewonili nawilakebis koncent-

racia TandaTanobiT izrdeba wylis zedapiridan saleqris fskeris mimar-

TulebiT (nax. 1). Tavisufali daleqvis zonis qvemoT (1) yalibdeba SezRu-

duli daleqvis (2) da naleqis gamkvrivebis (3) zonebi. realurobaSi Sewoni-

li nawilakebis daleqvisas ZiriTad zonebs Soris warmoiqmneba mcire sis-

qis mqone gardamavali zonebi. 

 
 

nax.1. saleqarSi Sewonili nawilakebis daleqvis procesis sqema 

1- Tavisufali daleqvis zona; 2 - SezRuduli daleqvis zona; 

3 - naleqis gamkvrivebis zona 
 

ganvixiloT Camdinare wylebSi Sewonili nawilakebis sedimentaci-

isas koncentraciis cvlilebis dinamika.  
 

 
nax. 2. Sewonili nawilakebis daleqvis siCqaris droze 

damokidebulebis grafiki 
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daleqvis sawyis etapze (nax. 2) nawilakebis moZraoba aCqarebulia (mo-

nakveTi ab). nawilakebze moqmedi Zalebis dinamikuri wonasworobis damyare-

bis Semdeg, rodesac winaRobis Zala gautoldeba simZimis Zalisa da amomg-

debi Zalis tolqmeds, nawilakebi iZens mudmiv siCqares (monakveTi bc). nawi-

lakebis koncentraciis zrdasTan erTad Tavs iCens SezRuduli daleqva, 

romlis drosac dispersiuli fazis nawilakebs Soris urTierTqmedebis 

Sedegad Cndeba damatebiTi Zalebi. koncentraciis zrdasTan erTad izrdeba 

hidrodinamikuli winaaRmdegoba. yovelive es iwvevs Sewonili nawilakebis 

daleqvis siCqaris klebas (monakveTi cd). daleqvis procesis bolo fazaze 

xdeba naleqis gamkvriveba. koncentracia imdenad izrdeba, rom rTuldeba 

siTxis SeRweva nawilakebs Soris. am procesis dros nawilakTa daleqvis 

siCqare Zalian mcirea [1, 2, 3, 4, 5]. 

 

2. ZiriTadi nawili 

 

ganvsazRvroT Camdinare wylebSi Sewonili nawilakebis koncentraciis 

daleqvis siRrmeze damokidebuleba. amisaTvis, SegviZlia visargebloT lap-

lasis hifsometruli kanoniT, romelic perenma gamoiyena myardispersiuli 

sistemisTvis. perenma daadgina, rom siTxeSi, gravitaciuli daleqvis piro-

bebSi, Sewonili nawilakebis daleqvis siRrmis matebasTan erTad nawila-

kebis raodenoba eqsponencialurad izrdeba. igive damokidebulebiT xdeba 

molekulebis ganawilebis kleba haeris svetis simaRlis matebasTan erTad. 

amitom, nawilakebis koncentraciis daleqvis siRrmeze damokidebulebis ga-

saangariSeblad, perenma gamoiyena gravitaciul velSi molekulebis simaR-

leze ganawilebis kanoni _ = exp − . mravalricxovani cdebis meSveo-

biT dadginda am kanonis marTebuleba monodispersiuli, Txevadi, mcire zo-

mis nawilakebis Semcveli sistemebisTvisac [6, 7, 8, 9, 10].  

bolcmanis mudmivas temperaturaze namravlis (kT), saSualo kinetikuri 

energiis saSualebiT gamosaxviT, kT= კ, hifsometruli formula miiRebs 

Semdeg saxes:  
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  = exp −
კ

, (1) 

sadac aris Sewonili nawilakebis sawyisi raodenobrivi koncentracia; 

 _ siRrmeSi Sewonili nawilakebis raodenobrivi koncentracia;  

m _ Sewonili nawilakebis masa, kg; კ _ nawilakebis saSualo kinetikuri 

energia, j: 

  კ = 	
, (2) 

 _ Sewonili nawilakebis daleqvis saSualo siCqare, m/wm; h _ nawilakebis 

daleqvis siRrme, m. 

gamovsaxoT raodenobrivi koncentraciebi moculobiTi koncentracie-

bis meSveobiT:  

  =
ნ
	; (3) 

  =
ნ	 , (4) 

sadac  aris h siRrmeSi nawilakebis moculobiTi koncentracia;  _ 

Sewonili nawilakebis sawyisi moculobiTi koncentracia. 

kinetikuri energiis sididisa da (3, 4) gantolebebis gaTvaliswinebiT, 

gamosaxuleba (1) miiRebs Semdeg saxes: 

  = exp . (5) 

gantoleba (5) Sewonili nawilakebis moculobiTi koncentraciis damo-

kidebulebaa daleqvis siRrmeze.  

am gantolebis galogariTmebiT gamovTvaloT Sewonili nawilakebis 

daleqvis siRrme: 

  ℎ = ∙	 		 . (6) 

miRebuli (5, 6) damokidebulebebis gamoyenebiT SesaZlebelia davadgi-

noT, ra koncentraciis SemTxvevaSi (an ra siRrmisas) gadadis nawilakebis 

daleqva laminaruli garsSemodenis reJimidan gardamavali garsSemodenis 

reJimSi. amisaTvis, orive SemTxvevisTvis ganvsazRvroT nawilakze moqmedi 

winaRobis Zalis sidideebi. 

Camdinare wyalSi Sewonili nawilakebis sawyisi raodenoba 
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 =
ნ
= . (7) 

Tavisufali daleqvisas, nawilakebis laminaruli garsSemodenis dros, 

sistemis yvela nawilakze moqmedi winaRobis Zala წინ
ლ
 gamoisaxeba damokide-

bulebiT: 

  წინ
ლ = 3 ლ = ∙ 3 ლ = ლ, (8) 

sadac aris siTxis dinamikuri siblante, pawm; ლ- nawilakis hidravlikuri 

sisxo laminaruli garsSemodenisas, m/wm. 

koncentraciis zrdasTan erTad, nawilakebs Soris urTierTqmedebis Se-

degad gaCenili damatebiTi winaRobis Zalebis gamo, nawilakebis garsSemo-

dena kargavs laminarul xasiaTs. am SemTxvevaSi winaRobis Zala gamoiTv-

leba niutonis blanti xaxunis winaRobis formuliT: 

   წინ
გ = ს გ = ს გ , (9) 

sadac წინ
გ  aris nawilakze moqmedi winaRobis Zala gardamavali reJimiT 

garsSemodenisas; 		_ nawilakze moqmedi winaRobis koeficienti; გ	_ nawi-
lakis hidravlikuri sisxo gardamavali reJimiT garsSemodenisas, m/wm; 	_ 
sferosebri nawilakis midelis farTobi, m2:  

  S = . (10) 

amgvarad, gardamavali reJimiT nawilakebis garsSemodenisas yvela nawi-

lakze moqmedi winaRobis Zala iqneba: 

  წინ
გ = ს გ = ს გ = ს გ , (11) 

sadac aris nawilakebis raodenoba gardamaval reJimSi;  _ gardamaval 

reJimSi nawilakebis moculobiTi koncentracia. 

koncentraciis zRvrul mniSvnelobad miviCnioT nawilakebis iseTi moculo-

biTi koncentracia , romlis drosac nawilakebis laminarul da gar-

damaval reJimebSi garsSemodenisas winaRobis Zalebi erTnairia: 

  წინ
ლ 	= 	 წინ

გ  ლ = ს გ  = ლ

ს გ
. (12) 

gantoleba (12) nawilakebis laminarul da gardamaval garsSemodenis 

reJimebs Soris koncentraciis zRvrul mniSvnelobaa. 



hidroinJineria, #1-2(25-26), 2018 _ Hydroengineering, #1-2(25-26), 2018  _ Гидроинженерия,  #1-2(25-26), 2018 

 

48 

 

imis dasadgenad, Tu ra ℎზღ  siRrmeze xdeba nawilakebis daleqvis la-

minaruli garsSemodenis reJimis gadasvla gardamavali garsSemodenis 

reJimSi, (6) gantolebaSi zRvruli koncentraciis mniSvneloba gamovsaxoT 

(12) gantolebis meSveobiT: 

  ℎზღ = 	 ∙ ln ლ

ს გ
. (13) 

 (13) gantolebiT ganisazRvreba, saleqarSi Sewonili nawilakebis da-

leqvisas, laminaruli garsSemodenis reJimis gardamaval garsSemodenis re-

Jimze gadasvlis siRrme. 

 

 

3. daskvna 

 

amgvarad, Catarebuli analizis Sedegad miRebulia damokidebulebebi, 

romlebic saSualebas iZleva Sewonili nawilakebis daleqvis siRrmidan ga-

momdinare davadginoT maTi moculobiTi koncentracia, aseve koncentraciis 

zRvruli mniSvneloba nawilakebis laminarul da gardamaval garsSemode-

nis reJimebs Soris da am koncentraciisas Sewonili nawilakebis daleqvis 

siRrme.  

miRebuli damokidebulebebis gamoyenebiT SesaZlebelia, Camdinare 

wylebSi Sewonili nawilakebis koncentraciis mixedviT, davadginoT, romel 

garsSemodenis reJimSi ileqeba Sewonili nawilakebi da romeli formuliT 

unda vawarmooT nawilakebze moqmedi winaRobis Zalisa da hidravlikuri 

sisxos gaangariSeba.  
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 uak 691.32 

 

betonis danamatebis fizikur-qimiuri aspeqtebi  

 

l. klimiaSvili, d. gurgeniZe, a. Ciqovani  

(saqarTvelos teqnikuri universiteti) 

 

reziume: adgilobrivi masalebisa da teqnogenuri narCenebis aqtivacia da 

erTgvarovnobis amaRleba xorcieldeba maTi meqanikur-qimiuri da-

muSavebiT safqvav agregatebSi. Tu dafqva xdeba zedapirul-aqtiur 

nivTierebebTan erTad, viRebT organul-mineralur danamats, rome-

lic efeqturad gamoiyeneba samSeneblo duRabebsa da betonebSi. 

  

sakvanZo sityvebi: qimiuri da mineraluri danamati; mikroSemavseblebi; 

dafqva; aqtivacia; epiteqcia; dipoli; kompoziciuri 

Semkvreli; silani; silikoni; polarizeba; aditiuroba. 

 

 

1. Sesavali 

 

betonis struqturis formireba cementis comSi erTdroulad mimdinare 

hidratuli da struqturawarmoqmnis procesebis Sedegia, romelic ganixile-

ba, rogorc koagulaciuri struqturis gadasvla sivrcobrivi kristaluri 

karkasis warmoqmnaze. modifikatorebiT Sevsebuli cementiani betonis simt-

kicisa da struqturis amaRlebisaTvis aucilebelia dispersiuli fazis op-

timaluri koncentraciis miRweva, xolo modifikatoris dispersiulobis op-

timaluri pirobebis dros – sistemis zRvruli Cawyoba da Semkvriveba. 

betonis narevSi modifikatoris da cementis nawilakebi sivrcobriv 

badeSi fiqsirdeba koagulaciuri kontaqtebis daxmarebiT. Sevsebuli cemen-

tiani betonis simtkice qimiuri, fizikur-qimiuri da fizikur-meqanikuri pro-

cesebis sinTezis Sedegia, romelSic Semavsebeli aqtiurad monawileobs. 
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2. ZiriTadi nawili 

 

betonisa da betonis narevis struqturis aqtiuri marTvisaTvis, qimiuri 

danamatebis gverdiT gamoiyeneba mineraluri danamati (md), romelic 

bunebrivi an teqnogenuri nedleulisgan (mikrokaJmiwa, dafquli mTis qani an 

wida, nacari da sxva) miRebuli sxvadasxva xasiaTis mineraluri fxvnilia. 

mineraluri danamati aqtiuri da inertulia. aqtiur md-s unari aqvs 

Cveulebriv temperaturaze, wyalTan erTad, imoqmedos kalciumis dioqsidTan 

da Seqmnas Semkvreli Tvisebis naerTi, romelic betonSi Seyvanisas urTierT-

qmedebs portlandcementis hidrataciis dros gamoyofil Ca(OH)2-Tan. md-s 

Tvisebebze did gavlenas axdens marcvlovani Sedgeniloba, romelic gan-

sazRvravs kuTr zedapirs da, Sesabamisad, reaqciis unars an betonis Semkv-

rivebis SesaZleblobas. 

inertuli md, magaliTad kvarcis qviSa, Cveulebriv temperaturaze 

reaqciaSi ar Sedis cementis komponentebTan, magram garkveul pirobebSi 

SeuZlia gamoavlinos reaqciis unari (magaliTad, avtoklavuri damuSavebisas). 

xSir SemTxvevaSi, inertuli danamati gamoiyeneba, rogorc myari fazis 

`Semvsebi_cementi_mineraluri danamati~ marcvlovani Sedgenilobisa da 

sicarielis da betonisa da betonis narevis Tvisebebis regulirebis mizniT. 

bunebrivi md miiReba sxvadasxva vulkanuri (tufi, trasi, ferfli) an 

danaleqi (diatomiti, trepeli, opoka) warmoSobis mTis qanis dafqviT. 

Tavdapirvelad swored tufisTvis gamoiyenes termini `pucolani~ (italiuri  

saxelwodeba, sadac is moipoveba). 

betonis efeqturobis asamaRleblad da ekologiuri problemis gada-

sawyvetad betonis teqnologiaSi farTod gamoiyeneba kaJmiwa Semavsebeli, 

rogorc adgilobrivi masala (saCxerisa da suramis kvarcis qviSebi). 

portlandcementis, duRabisa da betonis miRebisas Semavseblad gamoiyeneba 

wmindad dafquli kvarcis qviSa, kirqva, carci, dolomiti, magnezitis, 

qromitis, talkis, Samotis danamati, warmoebis narCeni (nacari, martenis, 

eleqtroTermofosforis da sawvavis widebi da a.S.). 

kompoziciuri saSeni masalebis struqturis formireba cementis comSi 

erTdroulad mimdinare hidratuli da struqturawarmoqmnis Sedegia, e.i. 
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Tanamimdevruli gadasvla koagulaciuri struqturidan sivrcobrivi kris-

taluri karkasis Seqmnaze. 

cementian kompozitebSi gamoyofen: mikro-, mezo- da makrodones. 

mikrodone xasiaTdeba cementis hidrataciis produqtebis SemavsebelTan 

molekuluri urTierTqmedebiT. qimiurad aqtiuri Semavsebeli reaqcias 

mimarTavs hidrataciis produqtebis intensiuri gamoyofis mxares, miabams 

ra uxsnar naerTebTan. ase, magaliTad, kaJmiwa Semavsebeli Sedis urTierT-

qmedebaSi Ca(OH)2-Tan da qmnis dabalfuZian hidrosilikatebs. kalciumisa da 

magniumis karbonatebi urTierTqmedebs aluminSemcveli klinkeris minera-

lebTan, qmnis etringitis msgavs kompleqsur naerTebs. 

Semavseblis maqsimalurad SesaZlo dispersiis miRweva Cveulebriv da-

debiTad moqmedebs mis Tvisebebze. aqvs ra didi kuTri zedapiri, Semavsebe-

li pirdapir qimiur qmedebasTan erTad gavlenas axdens fazaTa gayofis ze-

dapiris fizikur-qimiur procesebze. kondesaciur-kristalizaciuri struq-

turis Seqmnis Sedegad mwebav masasa da Semavseblis marcvlebs Soris xdeba 

epitaqsiuri kontaqtebis formireba. Semavseblis mineralebis kristaluri 

mesris SenebasTan erTad mikrodoneze izrdeba epitaqsiuri kontaqtebi 

axlobel qimiur bunebasTan. 

hips-folmeris Teoriis Sesabamisad, myar da Txevad fazebs Soris Tavi-

sufali zedapiruli energiis Semcirebisas, gayofis energiis xarjze, Semav-

sebeli mniSvnelovnad aCqarebs axalwarmonaqmnTa kristalizacias. Termo-

teniani damuSavebisas Sevsebuli cementis sistemebi met efeqts gvaZlevs, 

vidre normalur pirobebSi gamagrebuli. 

vamcirebT ra Semavseblis marcvlebis dispergirebis radiuss da zeda-

pirul daWimulobas `kristal-Txevadi fazis~ sazRvarze, eleqtrolitebis 

da sxva gamagrebis damaCqareblis xarjze, SeiZleba mniSvnelovnad avamaR-

loT axali fazis warmoqmnis albaToba. kristalebis axalwarmonaqmnTa 

zrdis mixedviT xdeba cementis gelis mikroforebis Sevseba. Semavseblis 

optimaluri koncentraciisa da dispersiulobis Sedegad warmoiqmneba bmis 

wvrilmarcvlovani struqtura, rac dadebiTac aisaxeba xelovnuri qvis 

teqnikur Tvisebebze. 
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konstruqciulTan erTad SesaZlebelia Semavseblis destruqciuli 

gavlena. maRali dispersiulobis Semavseblis siWarbis dros warmoiqmneba 

TviTdaZabulobis ubnebi, ramac kristalebis zrdasTan erTad SeiZleba 

migviyvanos bzarebis warmoSobasa da erTgvarovani struqturis sxva darR-

vevebTan. am movlenebis asacileblad Semavseblis SedgenilobaSi unda Se-

viyvanoT didi zomis nawilakebi. amasTan, SesaZlebelia eleqtrostatikuri 

mizidulobisa da meqanikuri Camagrebis Zalebze dafuZnebuli axali tipis 

epitaqsiuri kontaqtebis warmoqmna. 

mezodone, upirveles yovlisa, xasiaTdeba fizikuri urTierTqmedebiT  

Semavseblis marcvlebs Soris da hidratirebuli cementis nawilakebTan. 

hidratirebul sistemebSi nawilakebis fizikuri urTierTqmedebisas  moqme-

debs SezRuduli pirobebi, romelic gamoirCeva myari fazis moculobiTi 

koncentraciis gadidebiT da wylis moculobiTi nawilis afskurSi gadayva-

niT. SezRuduli pirobebis Seqmna uflebas gvaZlevs teqnologiurad da-

sabuTebulad SevamciroT betonis narevis wyalSemcveloba. sxva paramet-

rebis mudmivobis dros Semavseblis gamoyeneba xels uwyobs 

struqturawarmoqmnis koagulaciur stadiaze aseTi pirobebis Seqmnas. 

makrodone xasiaTdeba cementiani betonis formirebiT or doneze: Sev-

sebuli cementis comi – Semavsebeli, Semavsebeli _ cementis comi. Semavse-

belma unda uzrunvelyos Semkvrelis maqsimaluri koheziuri simtkice 

makrodoneze, minimaluri sicariele, cementis comis kontaqtur zonaSi 

gaZevebiT da aseve mTlianad betonis saerTo sicariele. Sevsebis xarisxi 

unda iyos iseTi, rom struqturis Camoyalibebis stadiaze uzrunvelyofili 

iyos narevis saWiro reologiuri parametrebi. 

maRalxarisxiani betonis misaRebad da betonSi cementis efeqturobis 

amaRlebisaTvis gamoiyeneba kompoziciuri Semkvreli. aseTi Semkvrelis sa-

fuZvelia mravalkomponentiani sistemebis meqanikur-qimiuri aqtivacia. maTi 

miRebisaTvis saWiroa specialuri da aqtiuri mineraluri danamatebis gamo-

yeneba. aseTi kompoziciuri Semkvrelis magaliTia dabali wyalmoTxov-

nilebis Semkvrelebi (dwS), romelTa simtkice 1,5...2-jer metia sawyisi ce-

mentis simtkiceze, dafqul widasTan an kvarcis qviSasTan ganzavebuli 

(50...70%) uzrunvelyofs imave simtkices, rac hqonda sawyis cements. dwS-is 
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teqnologiis Semdgomi ganviTareba gamoiwvia wvrildispersiuli Semkvreli 

nivTierebisa da kompoziciuri masalebis Seqmnam. amasTan, didi yuradReba 

eTmoba SemavsebelTan urTierTqmedebis meqanizms. 

Sevsebul cementis sistemebSi kontaqturi urTierTqmedebis meqanizmis 

analizi saSualebas gvaZlevs davsaxoT Semavseblis aqtivaciis gzebi, raTa 

gaZlierdes misi adhezia SemkvrelTan da struqturawarmoqmnis roli. 

yvela kontaqturi sistemis dayofa aris gawonasworebuli da gauwonas-

worebeli. gawonasworebel sistemebSi kontaqtirebadi fazis komponentebis 

qimiuri potenciali erTnairia, adheziuri kavSirebi lokalizdeba TiToeu-

li fazis zedapirul atomebze, xdeba atomebTan mosazRvre Tavisufali va-

lentobis urTierTgajereba, rasac Tan axlavs TiToeuli fazis moculoba-

Si atomTSorisi kavSirebis gawyveta. 

gauwonasworebel sistemebSi gayofis sazRvarze mimdinareobs qimiuri 

reaqcia TiToeuli fazis moculobaSi atomTSorisi kavSirebis nawilobrivi 

gawyvetiT, warmoiSoba sxvadasxva tipis Sualeduri SeerTeba, xdeba difu-

zia, erTi fazis gaxsna meoreSi. Tavdapirveli sazRvari fazebs Soris iS-

leba da xSirad formirdeba axali. magaliTad, erT-erT fazasa da Suale-

duri qimiuri SenaerTis fenas Soris Semavseblis arCevasa da misi aqtivaci-

is gzebis gansazRvrisas, umjobesia mivaRwioT maRali adheziuri simtkicis 

qimiurad gawonasworebuli sistemebis Seqmnas. 

sakmaod mtkice adheziuri kontaqtebis Seqmna `cement-Semavseblis~ sis-

temaSi SesaZlebelia im SemTxvevaSi, Tu Semavseblis zedapiruli energia 

gacilebiT meti iqneba, vidre cementis. es daskvna dafuZnebulia adheziis 

Termodinamikur koncefciaze, romelTa SeTavsebiT adheziuri simtkicis 

formirebaSi ZiriTadi roli ekuTvnis adhezivis zedapiruli energiisa da 

substratis fardobas, amasTan adhezivis zedapiruli energia naklebia, vid-

re substratis. 

siTxisaTvis zedapiruli energiis cnebis ekvivalentia zedapiruli 

daWimuloba, romelic ganisazRvreba kargad damuSavebuli eqsperimentuli 

meTodebiT. myari sxeulebisaTvis mis mniSvnelobaze SeiZleba mxolod iri-

bad vimsjeloT – meTodebis an zogierTi meqanikuri naerTis gazomviT. maga-

liTad, mineralebis zedapiruli energiis Sefasebisas gamoiyeneba xexvis, 



hidroinJineria, #1-2(25-26), 2018 _ Hydroengineering, #1-2(25-26), 2018  _ Гидроинженерия,  #1-2(25-26), 2018 

 

55 

 

burRvis, nakawrebis, milevadi rxevebis meTodi. aseve iyeneben daSlis ener-

giaze dafuZnebul meTodebs, romelic grifitsis Teorias emyareba. 

fxvnilisebri Semavseblis aqtivaciis dros zedapiruli energiis 

Secvlis SefasebisaTvis sainteresoa meTodebi, romlebic dafuZnebulia 

dasvelebis Seswavlaze sistemaSi `myari sxeuli-siTxe~, kerZod kritikuli 

zedapiruli daWimulobis (zismanis meTodi) gansazRvris meTodi, romelic 

varaudobs myari sxeulis dasvelebis kuTxis kosinusis eqsperimentul 

dadgenas, siTxis zedapirul daWimulobasTan damokidebulebaSi. 

zedapiruli energiis mniSvnelobaTa intervali sxvadasxva masalisaTvis 

farToa: 0,072 jouli/m2-dan, normaluri temperaturis wylisaTvis, 1...2 jou-

li/m2-mde iseTi masalisaTvis, rogoricaa almasi an kaJbadis korundi. 

zedapiruli energia sxeulis sruli energiis nawilia, romelic 

ganisazRvreba atomTa rxevis energiis jamuri efeqtiT, mikronawilakebis 

(molekula, atomi, ioni, Tavisufali eleqtroni da sxva) qaosuri winsvliTi 

da brunviTi moZraobis kinetikuri energiiT, nawilakebis potenciuri ener-

giis urTierTqmedebiT, atomebisa da ionebis eleqtronuli energiiT, Siga-

birTvuli energiiT, eleqtromagnituri gamosxivebis energiiT. 

hibs-helmholcis Teoriis Tanaxmad, kuTri zedapiruli energia gani-

sazRvreba gantolebiT: 

TTU   , 

sadac U sruli zedapiruli energiaa; TT  erTeuli zedapiris Seqmnis 

siTbo. 

kristaluri masalisaTvis kuTri zedapiruli energia damokidebulia 

gisosis simtkicesa da im garemoze, romliTac garemoculia sxeuli. Semav-

seblis aqtivaciis efeqturi saSualebaa qimiur-meqanikuri damuSaveba. zeda-

piruli energiis gazrda, upirveles yovlisa, gamowveulia struqturis 

atomTSorisi kavSiris gawyvetiT. es xdeba myari sxeulis damsxvrevis, 

dafqvis, xexvis dros. axlad warmoqmnil zedapirs aqvs gacilebiT meti 

adheziuri aqtiuroba. axali daqucmacebuli mineraluri masalebis (kvarci, 

kirqva, magneziti, TabaSiri da sxva) zedapirTa gansakuTrebuli energetiku-

li mdgomareoba SeiZleba aixsnas didi raodenobis gaujerebeli valenturi 

kavSirebis warmoqmniT. ase, magaliTad, kvarcis kristalebis daqucmacebisas 
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Si O  kavSiris mniSvnelovani wyvetis Sedegad marcvlebis zedapirze 

Si ,O 4 2  ionebi iqmneba. 

daqucmacebisas kvarcis Semavseblis aqtiurobis amaRlebaSi garkveuli 

wvlili aseve Seaqvs zedapirul amorfulobas. daqucmacebuli kvarcis ze-

dapiruli amorfizebuli fenis sisqe 150...400
0

A  aRwevs. karbonatuli masale-

bis daqucmacebisas xdeba maTi kristaluri struqturis Rrma daSla nawi-

lobriv disociaciamde CO2-is gamoyofiT. 

mineraluri da organuli masalebis meqanikuri daqucmacebis procesebi, 

zedapiruli energiis zrdasTan erTad, iwvevs fxvnilis izobaruli poten-

cialis da, Sesabamisad, qimiuri aqtivobis zrdas, rac SemkvrelTan kontaq-

tisas aseve xels uwyobs maRal adheziur simtkices. unda gaviTvaliswinoT 

dafquli fxvnilis miswrafeba haerze misi dezaqtivaciisaken, maRali adsorb-

ciuli unarisa da warmoqmnili muxtebis urTierTkompensaciis gamo. qimiur-

meqanikuri damuSavebisas warmoqmnili radikalebis haerSi arsebobis dro 

10-3...10-6 wm Seadgens. 

axaldafquli fxvnilebis sinestisa da naxSirorJangis orTqlisagan 

adsorbcias da arakompensirebuli molekuluri ZalebiT gajerebas ara mar-

to Semavseblis zedapiris `daberebisaken~ mivyavarT, aramed damatebiT wina-

aRmdegobas qmnis axali saimedo adheziuri kavSirebis damyarebisas. amis ga-

mo, Semavseblis qimiur-meqanikuri aqtivacia efeqturia, roca struqturire-

buli Semkvrelis dafqvis procesSi iqmneba marcvlebis pirveladi kontaq-

turi fena. mineraluri fxvnilebis aseTi aqtivaciis dadebiTi cdebi miR-

weulia asfaltbetonis teqnologiaSi. cnobilia, rom polimeruli kompo-

zitebis simtkicis zrda aseve miiRweva polimeruli Semavseblis zedapiris 

damuSavebiT, adhezivis da monomeris TanxlebiT.  

Semavseblis adheziuri unaris aqtivacias, misi Tavisufali zedapiruli 

energiis gazrdis xarjze, SeiZleba mivaRwioT eleqtruli da magnituri 

velis zemoqmedebiT, ultrabgeriTi damuSavebiT, ionizebuli gamosxivebis 

daxmarebiT. 
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gare eleqtruli velis moqmedebiT masalis Semqmneli molekulebi da 

ionebi polarizdeba. gamoirCeva polarizebis sami meqanizmi: eleqtronuli, 

ionuri, orientaciuli. 

jamuri polarizeba a SeiZleba miviRoT aditiurobis pirobidan: 

oriv aaaa  . 

ionuri kristaluri sxeulebisaTvis damaxasiaTebelia eleqtronuli 

da ionuri polarizacia, arapolaruli nivTierebebisaTvis – mxolod eleq-

tronuli. eleqtronuli (atomuri) polarizebadoba aris atomis yvela 

eleqtronis polarizebis jami, ionuri – atomTSorisi daSorebisa da gan-

zidvis funqcia. orientaciuli polarizebadoba dipolisa da temperaturis 

funqciaa. eleqtronuli velis moqmedebiT nawilakebis garkveuli gada-

adgilebis Sedegad iqmneba dipoli. 

dipolis momenti 

aE , 

sadac E eleqtronuli velis daZabulobaa. 

eleqtronul velSi nawilakebis mier muxtis SeZena xdeba sami gziT: 

kontaqturi muxtiT eleqtronze, Sewonil mdgomareobaSi moculobiTi da-

muxtviT, gvirgvinisebri muxtis saSualebiT nawilakebis tribologiuri 

damuxtviT, e.i. muxtis SeZena aglomeratis xaxuniT an damsxvreviT. 

nawilakebis tribologiuri damuxtva xdeba, magaliTad, daqucmacebis 

procesSi da warmoiqmneba, rogorc ionebis fluqtuaciis Sedegi, 

damsxvrebisas. qimiur-meqanikuri procesebis gverdiT is garkveul rols 

asrulebs mineraluri nivTierebebis aqtivaciis procesSi. damuxtuli 

sxeulis nawilakebi, romlebic dens ar atarebs kontaqturi gadacemisas 

iZens muxts. moculobiTi damuxtvis ZiriTadi wyaro, romlis drosac 

eleqtrodebs Soris daleqvis xarjze xdeba nawilakebis ionizacia, aris 

gvirgvinisebri muxti, romelic SeiZleba ganxorcieldes airSi, mkveTrad 

araerTgvarovan eleqtrul velSi, eleqtrodebis daxmarebiT, gamtarebis 

sistemis koaqsialuri cilindrebis an sibrtyeze nemsebis saxiT da a.S. 

gvirgvinisebri ganmuxtva xdeba garkveuli kritikul-daZabuli velis dros. 

eleqtronul velSi nawilakze moqmedi Zala misi muxtis warmoebulisa 

da velis daZabulobis proporciulia. adheziur simtkiceze eleqtronuli 
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velis dadebiT gavlenas ganapirobebs eleqtruli mustis zemoqmedebiT 

dasvelebis kuTxis Semcireba, fuZeSris zedapiridan sinestis kvalisa da hae-

ris mocileba, forovani masalis gamoyenebisas ki – gaJRenTis arsebiTi daC-

qareba. 

fazaTSorisi zedapiruli energiis Semcirebis efeqturi gzaa Semavseb-

lis damuSaveba zedapirul-aqtiuri nivTierebiT (zan). zan-is efeqturobis 

aucilebeli pirobaa misi Semavseblis nawilakebis zedapirTan qimiuri 

STanTqmis zemoqmedebis unari. mJava xasiaTis mineraluri masalisaTvis, zo-

gad SemTxvevaSi, yvelaze efeqturia kaTionis tipis zan-i, fuZis tipisaTvis 

– anionaqtiuri. 

adsorbciul-aqtiuri garemos gavlena fazaTSorisi zedapiruli ener-

giis sxvaobaze, zan-is gareSe da misi TanxlebiT, izrdeba Semavseblis dis-

persiulobisa da koncentraciis zrdiT, rac dakavSirebulia fazaTSorisi 

zedapiris gadidebasa da, Sesabamisad, Warb zedapirul energiasTan. 

fazaTSorisi gayofis zedapirze zedapiruli energiis minimaluri 

mniSvneloba miiRweva Semkvrelsa da Semavsebels Soris molekuluri bune-

bis siaxloviT. rebinderis wesis Sesabamisad, damasvelebeli siTxis fazaT-

Sorisi zedapiruli daWimuloba miT naklebia, rac naklebia gansxvaveba mya-

ri sxeulisa da siTxis polarobaSi. Semavseblis Semkvrelisadmi swrafvis 

amaRleba miiRweva mis zedapirze aqtiuri funqciuri jgufebis modifika-

ciiT. es meTodi gamoiyeneba polimerebis adheziuri urTierTqmedebis aqti-

vaciisaTvis. is perspeqtiuli iqneba araorganuli SemavseblisTvisac. maga-

liTad, kvarcis qviSis zedapirs silikogelis polimerul kompozitebSi 

xSirad saxes ucvlian, iyeneben ra mis unars sxvadasxva silanisa da sili-

konis reaqciisadmi. am reaqciis Sedegad xdeba organosilikaturi jgufis 

kaJmiwa Semavseblis zedapirTan Serwyma. aseTi kaJmiwiT modificirebuli ka-

uCukis Semavseblis gamoyenebas mivyavarT kompozitebis fizikur-meqanikuri 

Tvisebebis mkveTr gaumjobesebasTan. 

Semavseblis aqtivaciis erT-erTi gzaa misi zedapiris optimaluri re-

liefis Seqmna. Semavseblis xorklianobis gadideba ara marto xels uwyobs 

Semkvrelis meqanikur Casolvas, aseve amaRlebs kontaqtis zedapirs. am 
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SemTxvevaSi adheziuri simtkicis gadideba xdeba dasvelebis pirobebis gaum-

jobesebiT. 

nawilakebis forma da zedapiris xasiaTi damokidebulia dafqvis agre-

gatis tipsa da masalis bunebaze. vibrowisqvilSi uxeSad dafqvisas msxvili 

marcvlebi miiReba momrgvalebuli, wvrili ki – SedarebiT kuTxovani. burTu-

lebian wisqvilSi marcvlebis 0,5...0,6 mm-mde daqucmacebisas meti mrgvali 

marcvlebi miiReba. dezintegratoruli dafqva upiratesad gvaZlevs qviSis 

kuTxovan marcvlebs. 

Semavseblis SemkvrelTan urTierTqmedebis aqtivaciis gzebTan erTad 

sainteresoa Semavseblis aqtivaciis meTodebi, Semkvrelis epitaqsiuri krista-

lizaciis intensifikaciis mizniT. aRsaniSnavia rom, cementis sistemebTan da-

kavSirebiT, Semavsebeli ufro ukeTesi qvefuZea hidratuli axalwarmonaqmnis 

Canasaxis SeqmnisaTvis, vidre sawyisi cementis nawilakebi. hidratebis organ-

zomilebiani warmonaqmnebi myarad fiqsirdeba Semavseblis zedapirze da 

intensiurs xdis cementis qvis organizebul zrdas, maTi gaxsniT Camorecxil 

wyalSi da aRmoCndeba ra masSi Sewonil mdgomareobaSi, xels uwyobs SemTx-

veviTi, araorganizebuli struqturis cementis qvis warmoqmnas. 

bevri adgilobrivi masala da sawarmoo narCeni araerTgvarovania, ami-

tom maTi gamoyeneba winaswari damuSavebis gareSe ar SeiZleba. amasTan da-

kavSirebiT, betonis qarxanaSi iTvaliswineben adgilobrivi masalisa da 

narCenis aqtivaciis da erTgvarovnobis asamaRlebel mosamzadebel ganyo-

filebas. es saSualebas gvaZlevs miviRoT kondicirebuli kaJmiwa mikro-

Semavsebeli an mravalkomponentiani efeqturi Semkvreli. 

 

 

3. daskvna 

 

adgilobrivi masalebisa da teqnogenuri narCenebis aqtivizaciisa da 

erTgvarovnobis asamaRleblad xdeba maTi meqanikur-qimiuri damuSaveba 

safqvav agregatebSi. Tu aRniSnul masalebs davfqvavT zedapirul-aqtiur 

nivTierebasTan (zan) erTad, miviRebT maRali erTgvarovnobisa da dabali 
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wyalmoTxovnilebis organul-mineralur danamats, romelic efeqturad ga-

moiyeneba samSeneblo duRabebsa da betonebSi.  
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strategiuli kulturebis morwyva gaumjobesebuli, 

poziciurad moqmedi dasawvimi agregatiT  

 

v. nanitaSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: naSromSi ganxilulia Caisa da citrusovani kulturebis morw-

yvis sakiTxi, rogorc didmniSvnelovani RonisZieba, romelic 

iZleva maRali da xarisxiani mosavlis miRebis garantias, ori-

entirebuls saeqsporto produqciis gazrdaze. 

mocemulia Caisa da citrusovani kulturebis sarwyavi, da-

sawvimi danadgarebis konstruqciuli sqemebi, ZiriTadi kvan-

Zebi da muSaobis principebi, agreTve teqnikuri parametrebi da 

morwyvis teqnologia.  

 

sakvanZo sityvebi: sarwyavi teqnika; irigaciuli erozia; ekologiuri usafrT-

xoeba; dawvimeba. 

 

 

1. Sesavali 

 

saqarTveloSi meCaieoba da mecitruseoba formirebulia, rogorc da-

moukidebeli dargi soflis meurneobaSi. qveynis meurneobis ganviTarebaSi 

am dargs gansakuTrebuli mniSvneloba aqvs. rogorcYyurZeni, ise Cai da 

citrusebi ZiriTad miekuTvneba strategiul kulturebs da wamyvani adgili 

ukavia soflis meurneobis mTliani, maT Soris saeqsporto produqciis war-

moebaSi. 

saqarTvelos niadagur-klimaturi pirobebi ganapirobebs sasoflo-

sameurneo kulturebis morwyvis aucileblobas aRmosavleT raionebSi, ro-

melic arasakmarisi tenianobis zonaSia moqceuli, aseve dasavleTSic, sadac, 
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miuxedavad atmosferuli naleqebis siWarbisa, maTi araTanabari ganawilebis 

gamo, wlis ganmavlobaSi SeigrZnoba tenis deficiti mcenaris vegetaciis pe-

riodSi, amitom Caisa da subtropikuli kulturebis morwyva, sxva teqnolo-

giur procesebTan erTad, iTvleba mniSvnelovan agroteqnikur RonisZiebad, 

romelic iZleva maRali da xarisxiani mosavlis miRebis garantias, 

orientirebuls saeqsporto potencialis gazrdaze.  

rwyvis teqnologiebidan Caisa da citrusovani kulturebisaTvis CvenSi 

farTod gamoiyeneba dawvimebis stacionaruli sistemebi. magram, imis gamo, 

rom aseTi sistemebi iTvleba kapitalur nagebobebad da maTTvis saWiroa 

didi raodenobiT milsadeni, sxva deficituri masalebi da, Sesabamisad, 

didi kapitaluri dabandebebi, amitom aseTi sistemebis mSenebloba moma-

valSi naklebad mizanSewonilia. 

 

2. ZiriTadi nawili 

 

Caisa da citrusebis rwyvis ganxorcieleba ufro efeqturia poziciuri 

moqmedebis dasawvimi danadgarebiT, romelTa gabaritebi saSualebas iZleva 

gamoviyenoT isini ise, rom mcenareTa rigTaSoris gadaadgileba moxdes ma-

Ti amoZirkvisa da dazianebis gareSe. 

ukanasknel wlebSi saqarTveloSi damuSavda da damzadda grZelWav-

liani dasawvimi danadgari ddC-50 (avtori o. nanitaSvili, teqn. mecn. doq-

tori).  

dasawvimi danadgar ddC-50-is teqnikuri monacemebi: 

mwarmoebluroba, ha/sT .................................................................................................... 0,65 

ZiriTadi sigane rigTaSoris, romelzec 

gaTvlilia danadgari, m  ................................................................................... 1,75, 2,05 

wylis xarji, l/wm  ...............................................................................................................  50 

wneva, m  .................................................................................................................................................. 70 

moqmedebis radiusi, m  .......................................................................................................  68 

wvimis intensiuroba, mm/sT  .....................................................................................  12-13 

manZili mrwyvelebs Soris, m  ..................................................................................  100 

manZili poziciebs Soris, m  ...................................................................................... 110 
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yvelaze maRali mosarwyavi mcenaris simaRle, m  ...........................  0,90 

momsaxure personali, kaci  ............................................................................................  1 

danadgaris masa Zaluri danadgariTa da  

satumbi agregatiT, kg  .................................................................................................  2850 

gabarituli zomebi, mm 

 sigrZe  ..........................................................................................................................................  4120 

 sigane  ...........................................................................................................................................  2450 

 simaRle  .....................................................................................................................................  3265  

 

 

 

nax. 1. dasawvimi danadgar ddC-50-is sqema 

 

Cais plantaciebis sarwyavi grZelWavliani dasawvimi maRali liandis 

mqone pnevmoTvlebiani (wina Tvlebis mosabrunebeli meqanizmiT) danadgari 

ddC-50 aris misabmeli, romelic Sedgeba Semdegi ZiriTadi kvanZebisagan (nax. 

1): CarCo (1), koWa (2), xelna (3), xrutuna (4), baqani (5), isari (6), muxruWi (7). 

sakiduri (8), Semwovi milyeli (9), sadawneo milsadeni (10), kibe (11), jalambari 

(12), satumbi agregati (13), savali borbali (14), dasawvimi aparati (15). 

danadgari muSaobs poziciurad rogorc wreze (nax. 2), ise seqtorze. 

igi wyals iRebs sarwyavi arxidan an milsadenis daxuruli qselis hid-

rantidan. muSaobis adgilamde da poziciidan poziciamde misi gadaadgileba 

xdeba Cais modifikaciis t-16mC markis TviTmavali SasiT. poziciebze danad-

gari fiqsirdeba muxruWiT, ris Semdegac moexsneba TviTmavali Sasi sxva 

samuSaos Sesasruleblad. 
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 ________ danadgaris gadaadgilebis gza 

 --------------- sarwyavi arxi 

 danadgaris dgomis adgili 

nax. 2. dasawvimi danadgar ddC-50-is muSaobis sqema 

Cais plantaciebis wreze rwyvis dros 

 

danadgaris rTul reliefur pirobebSi gamoyenebisaTvis Catarda kvle-

vebi misi muSaobis usafrTxoebis mizniT, ferdobis daxrilobis mixedviT. 

miRebuli Sedegebis mixedviT, danadgars aqvs maRali dinamikuri mdgradoba, 

rac saSualebas iZleva rekomendebul iqnes igi mTiani masivebis mosarw-

yavad. dawvimebisas eroziuli procesebis kvlevebma gviCvena, rom msubuqi da 

saSualo meqanikuri Sedgenilobis Tixnar niadagebSi danadgaris gamoyeneba, 

eroziuli procesebis warmoqmnis gareSe, Caisa da citrusovani kulturebis 

rwyvis Catarebis srul garantias iZleva 11_12 gradusamde daxrilobis 

ferdobebze, xolo mZime Tixnar niadagebSi garantiis zRvarma 9 graduss ar 

unda gadaaWarbos. aRniSnul pirobebSi ufro meti daxrilobis ferdobebze 

rwyvis Catarebas Tan axlavs eroziis warmoqmnis saSiSroeba.  

dawvimebis danadgaris erT-erTi mniSvnelovani teqnikuri maxasiaTebe-

lia mdgradobis maCveneblebi, romlis mixedviT ganisazRvreba danadgaris 
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eqspluataciis SesaZlo areali, muSaobis usafrTxoebis xarisxi da, Sesa-

bamisad, misi saerTo teqnikur-ekonomikuri maCveneblebi. 

mdgradobis maCveneblebis sidideebi kidev ufro mniSvnelovania danad-

garis ferdobze muSaobis dros. mobiluri manqanebis analogiurad, fer-

dobze momuSave dawvimebis danadgaris mdgradoba (rogorc statikuri, ise 

dinamikuri pirobebisTvis) SeiZleba daxasiaTdes misi grZivi da ganivi 

mdgradobis maxasiaTeblebiT.  

grZivi mdgradobis darRvevis SemTxvevaSi danadgari gadayiravdeba win 

(daRmarTi) an ukan (aRmarTi), xolo ganivi mdgradobis darRvevis SemTxveva-

Si – gverdiT (marjvniv an marcxniv).  

amrigad, gansaxilveli dawvimebis danadgari poziciuri moqmedebis ag-

regatia. mis dinamikur mdgradobaze, niadagis mikroreliefisa da saeqsp-

luatacio wonis garda, gavlenas axdens saWirxni saqSenidan maRali wneviT 

(70 m) gamodinebuli Wavlis mier ganviTarebuli reaqtiuli Zala, romelic 

moqmedebs damWirxni milyelis vertikaluri RerZis garSemo mbrunavi 

saqSenis RerZis gaswvriv. es ukanaskneli, Tavis mxriv, niadagis sibrtyis 

mimarT daxrilia  kuTxiT, romlis optimaluri sidide 3228  -is farg-

lebSi meryeobs, rac Wavlis maqsimaluri frenis manZils Seesabameba. 

reaqtiuli P Zala, saqSenTan erTad, asrulebs brunviT moZraobas 

n . 05 1  br/wT sixSiriT, amitom P Zalis mier Seqmnili momenti, ayiravebis 

SesaZlo RerZis mimarT, erTi periodis ganmavlobaSi icvlis mdgomareobas 

amyiravebel, mastabilizebel da am or sapirispiro xasiaTis momentebs Sua 

arsebul SualedSi (amyiravebel-mastabilizebeli). danadgaris dinamikuri 

(rogorc grZivi, ise ganivi) mdgradobis TvalsazrisiT, P Zalis is 

mimarTulebaa saintereso, romlis drosac es Zala cdilobs amoayiravos 

momuSave agregati. amitom, dawvimebis danadgaris mdgradobis ganxilvisas 

reaqtiul P Zalas pirobiTad miniWebuli aqvs fiqsirebuli mimarTuleba, 

kerZod iseTi, rodesac mis mier Seqmnili momenti ayiravebis RerZis (grZivi 

an ganivi) mimarT asrulebs amyiravebeli momentis funqcias. am daSvebis 

gaTvaliswinebiT (ferdobis mikroreliefis Taviseburebas mxedvelobaSi ar 

viRebT) ganvsazRvroT agregatis dinamikuri mdgradobis kuTxeebi. 
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grZivi dinamikuri mdgradobis sazRvrebis gamoTvlisaTvis ganvixiloT 

d -gradusian aRmarTze momuSave dawvimebis danadgarze moqmed ZalTa sqema 

(nax. 3). mdgradobis kriteriumad am SemTxvevaSi gamoiyeneba niadagis 

normaluri reaqciis sidide gantvirTul Tvalze. Cvens SemTxvevaSi aseTad 

gvevlineba BZ  reaqcia wina Tvlebze. misi dadebiTi mniSvnelobis dros 

wina Tvlebi karg kontaqtSia niadagTan da danadgari SeiZleba ar amoyirav-

des (e. lvovi). 

BZ  reaqciis dasadgenad SevadginoT danadgarze moqmed ZalTa momente-

bis gantoleba ukana datvirTuli Tvlebis niadagTan kontaqtis O2 werti-

lis mimarT  

 , (1) 

sadac P reaqtiuli Zalaa; h0  da l0  _ reaqtiuli Zalis modebis O3 wertilis 

Sesabamisad vertikaluri da grZivi koordinatebi O2 wertilis mimarT; G – 

danadgaris wona; H da a – simZimis O centris vertikaluri da grZivi 

koordinatebi;   _ saqSenis daxris kuTxe; L – danadgaris baza. 

 

 

nax. 3. aRmarTze momuSave dasawvim danadgarze  

moqmed ZalTa sqema 

 

(1) gantolebidan ganvsazRvroT BZ  reaqciis sidide 

 
   

B

G a cos H sin P l sin h cos
Z

L

       


d d 0 0  . (2) 

0cossinsincos 00   PhPlHGGaLZ B dd
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amrigad, danadgaris grZivi dinamikuri mdgradobis piroba, misi aR-

marTze muSaobis dros, SeiZleba gamoisaxos utolobiT: 

 ;   (3) 

am reaqciis nulovani mniSvneloba 

   (4) 

aris danadgaris aramdgradi wonasworobis piroba Kd  kuTxis kritikuli 

mniSvnelobiT. am kuTxis sidide gamoiTvleba formuliT: 

  

 K
K

P
H tg a h cos l sin .

G cos
     

d 0 0
d

  (5) 

analogiurad ganisazRvreba ganivi dinamikuri mdgradobis Kd  
kriti-

kuli kuTxe. am SemTxvevaSi mdgradobis kriteriumia niadagis BZ  reaqciis 

sidide. misi mniSvnelobis dasadgenad SevadginoT danadgarze moqmed ZalTa 

momentebis gantoleba datvirTuli Tvlis niadagTan O2 Sexebis wertilis 

mimarT (nax. 4): 

 
 BZ B G . B l cos HG sin Pl sin Ph cos          m d d 0 005 0 , (6) 

sadac B agregatis liandia; lm  _ simZimis O wertilis eqscentrisiteti agre-

gatis grZivi RerZis mimarT; h0  da l0  _ reaqtiuli P Zalis modebis O3 werti-

lis koordinatebi O2 wertilis mimarT. 

 
nax. 4. danadgarze moqmed ZalTa sqema ganivi  

daxris ferdobze muSaobisas 

 

0BZ

0BZ
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(6) gamosaxulebis gardaqmnebiT da wina msjelobebis analogiurad, 

kritikuli Kd  
kuTxis gansazRvrisaTvis viRebT Semdeg damokidebulebas: 

   K
K

P
H tg . B l l sin h cos .

G cos
      

d m 0 0

d

05  (7) 

me-5 nax-ze mocemulia (5) da (7) gantolebebis grafikuli amoxsnebi Kd  

(1 da 2 mrudebis kveTis wertili) da 
K
d  (1 da 3 mrudebis kveTis wertili) 

kuTxeebis mimarT. 

 
 

nax. 5. diagrama dasawvimi danadaris dinamikuri mdgradobis  

kritikuli kuTxeebis gansazRvrisaTvis: 

1. y H tg d - grZivi dinamikuri mdgradobisaTvis; y H tg d  - ganivi dinamikuri 

mdgradobisaTvis; 2.  P
y a h cos l sin

G cos
    

 0 0
d

; 3.    P
y . B l l sin hcos

G cos
     

m
d

05  

 

Tu (5) da (7) gamosaxulebebSi CavsvamT P = 0, miviRebT grZivi da ganivi 

statikuri mdgradobis zRvruli kuTxeebis saangariSo damokidebulebebs. 

 

 

3. daskvna 

 

niadagis mdgomareobisa da mikroreliefis garemoebaTa mixedviT, fer-

dobis realuri qanobebi, romlebzec SeuZlia imuSaos danadgarma ddC-50-ma, 

gacilebiT naklebia ferdobis zedapiris aradeformirebuli pirobebidan 

gamoTvlil Teoriul mniSvnelobebze.  
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uak 332.025 

 

„mkvdari kapitalis“ CarTvis efeqturoba qveynis ekonomikur 

brunvasa da samSeneblo saqmeSi  

 

e. qristesiaSvili, r. maxvilaZe, i. gogolaZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: naSromSi ganxilulia msofliosa da saqarTveloSi mosaxleobis 

faqtobriv sargeblobaSi arsebuli “mkvdari kapitalis” samoqala-

qo brunvaSi CarTvis roli qveynis ekonomikis, maT Soris samSe-

neblo saqmianobis ganviTarebis sferoSi. 

  

sakvanZo sityvebi:. ipoTeka; mkvdari kapitali; materialuri da Sinagani Ri-

rebuleba; miwa; Senoba-nagebobebi; uZravi qoneba; materia-

luri aqtivi; developmenti; kumulaciuri efeqti. 

 

 

1. Sesavali 

 

mniSvnelovania aRiniSnos, Tu ratom miiCneva samSeneblo seqtoris yve-

laze efeqtur ganmaviTareblad ipoTeka, ra gansakuTrebuli Tvisebebis mata-

rebelia es konkretuli sanivTo ufleba, ra Sedegebis momtania misi gamo-

yenebis ekonomikuri meqanizmi, rom mas garantirebulad SeuZlia samSeneblo 

seqtorSi progresis inicireba da misi Semdgomi ganviTareba. 

ipoTekis arsze, mis SesaZleblobebsa da gamoyenebis efeqturobaze yu-

radReba Tavdapirvelad gavamaxvile CemTvis saetapo naSromis, kerZod pe-

rueli ekonomistisa da moazrovnis, ernando de sotos naSromis _ „kapi-

talis misteria - ratom zeimobs kapitalizmi dasavleTSi da warumatebelia 

danarCen msoflioSi" _ wakiTxvisas. 

naSromSi aRniSnuli ritorikuli kiTxva, savaraudod, ganviTarebis 

gzaze mdgomma yvela adamianma da saxelmwifom unda dasvas. bunebrivia, Tu 
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konkretuli sistema warmatebulia sxva qveynebSi, Tu sxvagan ekonomika gan-

viTarebulia, ratom ver aRwevs Cveni qveyana imave warmatebas, raSia mizezi? 

aRniSnul naSromSi am kiTxvaze mravalsaxovnadaa gacemuli pasuxi, Tumca 

yvelaze mTavar axsnad, Tu ratom ver aviTarebs esa Tu is qveyana eko-

nomikas, saxeldeba saxelmwifoSi arsebuli e.w. „mkvdari kapitalis“ didi 

da gamouyenebeli moculobebi. 

 

2. ZiriTadi nawili 

 

termini „mkvdari kapitali“ ewodeba iseT kapitals, aqtivs, romelic 

araa CarTuli samoqalaqo da ekonomikur brunvaSi, romelic TamaSgare 

mdgomareobaSia da nulovani an umniSvnelo wvlili Seaqvs qveyanaSi dov-

laTis Seqmnis saSur saqmeSi. nebismieri saxis uflebadaudgeneli an gau-

formebeli, an funqciis gareSe arsebuli qonebrivi fondia tipuri `mkvdar 

kapitali”. 

nebismier nivTs, konkretulad samSeneblo seqtoris mTavar produqts -

Senoba-nagebobas aqvs Rirebulebis ramdenime ganzomileba, Tumca SesaZlebe-

lia maTi gamsxvileba or mTavar ganzomilebad: pirveli da zedapiruli 

ganzomilebaa Senoba-nagebobis materialuri Rirebuleba anu im masala-nake-

Tobebisa da mowyobilobebis RirebulebaTa jami, romlisganacaa es Senobaa 

konstruirebuli. Rirebulebis meore ganzomilebaa Senobis aramaterialuri 

Rirebuleba anu is potenciali, is sargebeli da Semosavali, romlis miRe-

bac konkretuli nivTis gonivruli gankargviTa SesaZlebeli. 

ipoTekis bunebis ukeT Sesacnobad samoqalaqo samarTlidan unda ga-

vixsenoT ramdenime cneba, kerZod nivTsa da qonebas Soris arsebuli 

gansxvaveba. 

rogorc cnobilia, nivTi ewodeba materialur sagans, xorciel, fizi-

kur obieqts, romelzec adamianebi faqtobriv batonobas (flobas, sargeb-

lobas, gankargvas) axorcieleben. es, sxva sagnebTan erTad, bunebrivia, 

Seexeba Senoba-nagebobebzec. qonebad nivTi gadaiqceva mxolod im SemTxve-

vaSi, Tu pirs gauCndeba raime saxis ufleba aRniSnul nivTTan mimarTebaSi 

anu martivad rom CamovayaliboT: qoneba = nivTs + ufleba am nivTze. 
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tradiciulad, uZrav nivTebs miekuTvneba kacobriobis yvelaze mTavari 

materialuri aqtivi, kerZod miwa da masTan myarad, uZravad dakavSirebuli 

nivTebi, romlebSic, pirvel rigSi, Senoba-nagebobebi igulisxmeba. 

samSeneblo seqtori Tavisi saqmianobis farglebSi swored uZrav niv-

TebTanaa mWidrod dakavSirebuli, radgan mSenebeli axorcielebs umTavresi 

uZravi qonebis, kerZod miwis nakveTis ganviTarebas, gaumjobesebas, rac ase-

ve meore tipis uZravi nivTebis _ Senoba-nagebobebis agebaSi gamoixateba. 

calke aRniSvnis Rirsia miwis nakveTis aRniSnuli gaumjobesebis, deve-

lopmentis (samSeneblo ganviTareba) Sedegad miRebuli e.w. „sinergiis anu 

kumulaciuri efeqti“, anu carieli, ganuviTarebeli miwis nakveTis Rirebu-

leba nagebobis asaSeneblad saWiro masalebianad, rogor wesi, naklebi Ri-

rebulebisaa, vidre ukve Senoba-nagebobebiT gaumjobesebuli, keTilmowyobi-

li miwis nakveTi. 

sabazro ekonomikis pirobebSi nebismieri piris amocanaa maqsimaluri 

sargebeli miiRos mis daqvemdebarebaSi arsebuli aqtivebisagan. nivTebidan, 

maT Soris uZravi nivTebidan, rogorc zemoT aRvniSneT, SesaZlebelia Rire-

bulebis ori ganzomilebiT sargebloba. nivTebis gamoyenebis yvelaze gavr-

celebuli formaa pirveli anu materialuri Rirebulebis gamoyeneba. Se-

noba-nagebobis ganxilvisas igulisxmeba misi gamoyeneba sacxovreblad, Tav-

Sesafrad, sadgomad da a.S. Senoba-nagebobis Rirebulebis mxolod am nawi-

lis gamoyenebaa bunebrivi, Tumca es namdvilad araa sargeblis is maqsi-

mumi, risi miRebac aqedanaa SesaZlebeli. Senobis Rirebulebis meore gan-

zomilebis gamosayeneblad igi nivTidan qonebad unda gadaiqces anu masze 

sakuTrebis ufleba unda iqnes mopovebuli, rac mxolod faqtobrivi bato-

nobiT ar miiRweva da konkretul saxelmwifo uwyebaSi, kerZod uZrav niv-

Tebze uflebaTa maregistrirebel organoSi, sajaro reestris erovnul 

saagentoSi, uflebis registraciiTaa SesaZlebeli. 

sanivTo uflebis registraciiT nivTi gamodis e.w. „mkvdari kapitalis“ 

reJimidan, iqceva qonebad, Sesabamisad ukve Tavisuflad SeuZlia CaerTos 

samarTlebriv da ekonomikur brunvaSi. qveyanaSi dRemde arsebul da gata-

rebul uflebaTa registraciis saxelmwifo politika, aseve amJamad mim-

dinare reformebi emsaxureba swored leTargiul mdgomareobaSi myofi 
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sanivTo aqtivis samarTlebriv „gamococxlebas“, ekonomikur arenaze maT Se-

moyvanas da, aRniSnulis Sedegad, qveynis mTliani Siga produqtis for-

mirebaSi maT Tanamonawileobasa da pozitiur kontribucias. 

ipoTeka mTeli Tavisi pozitiuri efeqtiT swored am momentidan erT-

veba saqmeSi, kerZod igi gamoiyenebs uZravi qonebis rogorc garegan, mate-

rialur, ise Sinagan, potenciur Rirebulebas, xolo akumulirebuli mocu-

lobiT axdens raime saxis garemoebis gadazRveva-uzrunvelyofas, Tanac ise, 

rom realurad SesaZloa arc gaxdes aRniSnuli Rirebulebis materia-

lizeba saWiro.  

konkretuli magaliTebi kidev ufro TvalsaCinos gaxdis ipoTekis 

efeqts. warmovidginoT avariuli, gasaremontebeli erTsarTuliani sacxovre-

beli saxli, romlis Rirebuleba 20 aTas lars Seadgens. Tu am saxls dav-

tvirTavT ipoTekiT, xolo aRebul Tanxas 10 aTasi laris odenobiT movax-

marT missave gaumjobesebas, Sedegad miviRebT mtkice, garemontebul, keTil-

mowyobil nivTs, romlis Rirebulebac aSkarad meti iqneba, vidre 30 aTasi 

lari. es pirveli efeqtia, rac SesaZlebelia ipoTekiT iqnes miRweuli.  

axla movaxdinoT saxlis ufro ganviTareba da davaSenoT erTi sar-

Tuli. amisaTvis, kvlav datvirToT ukve garemontebuli saxli, amjerad 

Tavisuflad iqneba SesaZlebeli ukve ara 10, aramed 20 aTasi da ufro meti 

odenobis resursis miReba, romelsac Tu amave saxls movaxmarT, Sedegad 

miviRebT TiTqmis 80 aTasamde Rirebulebis qonebas. 

aRniSnuli 2-sarTuliani saxlis gazrdili Rirebulebis ipoTekuri uz-

runvelyofiT SesaZlebelia ukve 40 aTasamde resursis mobilizeba, rom-

liTac SesaZlebelia aRniSnuli saxlis Tavdapirveli mdgomareobis analo-

giuri, 4 sxva saxlis pirveladi gaumjobeseba. Semdgom, Tavis mxriv, im 

saxlebzec SeiZleba, ipoTekuri efeqtis wyalobiT, gazrdili Rirebulebis 

aqtivebis miReba da analogiuri ciklis iteracia. Sesabamisad, aRniSnuli 

procesi SesaZloa praqtikulad usasrulod iqnes gagrZelebuli. 

ipoTekas, rogorc instruments, umniSvnelovanesi adgili uWiravs bi-

naTmSeneblobiTi samSeneblo biznesis warmatebaSi. aRniSnul bazarze moT-

xovnis mxares warmoadgenen uZravi qonebis SeZeniT dainteresebuli pirebi, 

Tumca maT umravlesobas ar gaaCnia aRniSnuli qonebis SesaZenad saWiro 
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resursebi sruli moculobiT, xolo miwodebis mxares _ developerebi, ro-

melTac surT maTi samSeneblo produqciis efeqturi da rentabeluri rea-

lizacia. swored aRniSnul situaciaSi erTveba saqmeSi ipoTekuri meqanizmi, 

kerZo samarTalurTierTobaSi Semodis Tavisufali finansuri resursis 

mqone piri (rogorc wesi, komerciuli banki), romelic akavSirebs da SesaZ-

lebels xdis moTxovnisa da miwodebis mxareebis sargeblian korelacias. 

ipoTekuri meqanizmis saSualebiT ikvreba samkuTxa wredi da SesaZlebeli 

xdeba finansuri nakadebis moZraoba bazris monawileebs Soris. 

 

 
 

gonivruli dagegmvis pirobebSi ipoTekis pozitiuri efeqti SesaZlebelia 

geometriuli progresiiT gaizardos, igi eqsponenturi xasiaTisaa, Tumca 

garkveuli SezRudvebiT. aRniSnuli efeqti anu Siga Rirebulebis gamoyeneba 

sakuTari Tavis gasaZliereblad SesaZloa figuralurad Sedardes im mov-

lenas, rodesac baronma miunhauzenma sakuTari Tavi da cxeni Tavad, sakuTari 

ZaliT amoaTria Waobidan. aseTive, Tanac masStaburi efeqtis moxdenaa SesaZ-

lebeli qveyanaSi optimalurad organizebuli ipoTekuri meqanizmiT. 

msoflio mosaxleobis umetesi nawili ipoTekuri sesxebiT sargeblobs 

ara marto uZravi qonebis SesaZenad, aramed sxva moTxovnilebebis dasakmayo-

filebadac. am mxriv sainteresoa msoflioSi arsebuli wliuri saprocento 

ganakveTis odenoba ipoTekur sesxebze, kerZod aRniSnuli monacemi yvelaze 

dabalia iaponiaSi da 1,16%-s Seadgens, Semdeg modis Sveicaria _ 1,44%, fineTi 

_ 1,49%, germania _ 1,49%, SvedeTi _ 1,89%, slovakeTi _ 1,94%, safrangeTi _ 2%, 

CexeTi, taivani da litva _ 2,05%, singapuri _ 2,1%, avstria, dania, hongkongi, 

espaneTi, belgia, estoneTi, italia, niderlandebi, norvegia, latvia, portu-
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galia, kanada, didi britaneTi, rumineTi, israeli, samxreT korea, slovenia, 

malta, poloneTi, saudis arabeTi, irlandia, aSS, kviprosi, serbeTi, ara-

beTis gaerTianebuli saemiroebi, Cile, avstralia da a.S. yvelaze maRali 

maCvenebelia argentinaSi _ 25,94%, saqarTveloSi _ 11,86%, ruseTSi _ 11,98%, 

ukrainaSi _ 21,05%, somxeTSi _ 13,27%, azerbaijanSi _ 9,47%. 

statistikuri monacemebiT saqarTvelos mosaxleobis naxevarze meti 

anu ekonomikurad aqtiuri 2 mln. adamianidan 1,16 mln. cxovrobs soflad, 

sadac dakavebulni arian dabali intensivobis TviTkmari fermeruli 

(sasoflo-sameurneo) saqmianobiT. saqstatis „erTsaaTiani dasaqmebulobis“ 

kriteriumis gaTvaliswinebiT, soflad mcxovrebi glexebi ekuTvnian TviT-

dasaqmebulTa kategorias, rac statistikur monacemebze gavlenas axdens. 

aRniSnuli meTodologiiT ojaxis ufrosi gaTanabrebulia „individualur 

mewarmesTan“, xolo ojaxis danarCeni wevrebi, romlebic daxmarebas uweven 

meurneobis gaZRolaSi, klasificirebuli arian, rogorc „anazRaurebis 

gareSe momuSaveebi“. statistikuri monacemebis damuSavebis aRniSnuli meTo-

dologiidan gamomdinare, umuSevrobis done soflad bevrad dabali maCve-

neblebiT gamoisaxeba (4.8% 2015 wels da 5% 2016 wels), vidre qalaqad 

mcxovrebTa analogiuri maCvenebeli, sadac aRniSnuli monacemi 20%-ian niS-

nuls aWarbebs. 

 

 
 

saqarTveloSi Sinameurneobis (ojaxebis) Semosavlebi sxvadasxva ode-

nobiT, Tumca stabilurad izrdeba 2000 wlidan. 2004_2016 wlebSi Semosav-

lebi 3-jer metad gaizarda, xolo 2016 wels, wina welTan SedarebiT, 2%-

iani mateba dafiqsirda. 
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2017 wlis III kvartalSi saqarTveloSi ganxorcielebulma pirdapirma 

ucxourma investiciebma 594,5 mln aSS dolari Seadgina, saidanac ipoTekur 

bazarTan pirdapir kavSirSi myofi seqtorebi Seadgens aRniSnuli resursis 

ZiriTad komponentebs. kerZod, pirvel adgilzea transportisa da kavSirgab-

mulobis seqtori 177,8 mln. aSS dolariT (29,9%), meore adgilze _ uSualod 

mSeneblobis seqtori 116.2 mln. aSS dolariT (19,5%), mesame adgilze _ 

energetikuli seqtori 72,3 mln. aSS dolariT (12,2%), meoTxe adgilze _ 

safinanso seqtori 71,5 mln. aSS dolariT (12%), mexuTeze _ sastumroebisa da 

restornebis seqtori 30,1 mln. aSS dolariT (5,1%), xolo meeqvse adgilze _ 

uSualod uZravi qonebis seqtori 20,6 mln. aSS dolariT (3,5%). 

 

3. daskvna 

 

qveyanaSi damoukideblobis mopovebidan dRemde ganxorcielebuli re-

formebi, aseve uZrav nivTebze uflebaTa registraciis amJamindeli saxelm-

wifo politika unda emsaxurebodes leTargiul mdgomareobaSi myofi saniv-

To aqtivis samarTlebriv „gamococxlebas“, ekonomikur arenaze maT Semoy-

vanas da, aRniSnulis Sedegad, qveynis mTliani Siga produqtis formirebaSi 

maT Tanamonawileobasa da pozitiur kontribucias. gonivruli dagegmvis pi-

robebSi ipoTekis pozitiuri efeqtis gazrda geometriuli progresiiT eqs-

ponenturadaa SesaZlebeli, rac avtomaturad gamoiwvevs masStabur efeqts 

samSeneblo seqtorze.  
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uak 628.1 

 

wylis xarisxis Sefaseba statistikuri hipoTezis 

Sesamowmeblad   meTodis gamoyenebiT  

 

a. begiaSvili, g. soselia  

(saqarTvelos teqnikuri universiteti) 

 

reziume: statistikuri hopoTezis Sesamowmeblad   meTodis gamoyene-

biT SesaZlebelia wylis xarisxis Sefaseba moxdes maTemati-

kuri modelis gamoyenebiT im SemTxvevaSi, roca winaswaraa 

cnobili koeficientebis zusti mniSvnelobebi. 

amocana ganixileba ori hipoTezis _ wylis mdgomareobis 

(uvnebeli da mavne) Semowmebaze. Mmis gadasaWrelad vsargeb-

lobT leimanisa da ceitlinis TeoriebiT, raTa ar moxdes 

`wylis gamwmendis” ekonomikuri interesebis ugulebelyofa 

(ar gauZvirdes xarjebi). gamoTvlisas es piroba mxedvelobaSi 

miiReba. hipoTezis saboloo Sedegi mocemulia cxrilSi. 

esenia   da   mniSvnelobebi _ `wylis gamwmendisa” da wylis 

momxmareblisTvis.  

 

sakvanZo sityvebi: stoqastikuri droebiTi dakvirveba; maTematikuri mo-

lodini; dispersia; statistikuri hipoTeza; stiu-

dentis ganawileba; kritikuli midamo. 

 

 

1. Sesavali 

 

sasmel wyalze anTropogenuli zemoqmedebiT miyenebuli zaralis Se-

degad wylis xarisxis Sesafasebis mravali meTodi arsebobs. wylis xaris-

xis standartebi dadgenilia 800-ze meti qimiur SenaerTisTvis. isini 3 

jgufad iyofa: saerTo-sanitariuli; sanitariul-toqsikologiuri; organo-
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leptikuri. maT dasadgenad gamoiyeneba meTodTa farTo kopleqsi: fiziolo-

giuri; bioqimiuri; fizikur-maTematikuri da sxva. Tanamedrove teqnikuri sa-

Sualebebi uzrunvelyofs wyalSi arsebul, praqtikulad, yvela ingredien-

tis gansazRvras, romelic masSi moxvda anTropogenuli zemoqmedebiT. 

imis gamo, rom es meTodebi sakmaod Sromatevadia da maTTvis gamoyene-

buli aparatura sakmao sirTulisaa, isini praqtikaSi xSirad ar gamoiyene-

ba. sainformacio bazis srulyofis SemTxvevaSi SesaZlebelia maTi statis-

tikuri hipoTezis meTodiT dadgena. qvemoT mocemulia am meTodis vargi-

sobis Seswavla. 

 

2. ZiriTadi nawili 

 

ganxiluli sxva meTodebi emyareba iseT midgomas, rodesac winaswaraa 

cnobili 1 2 nC , C ,..., C   koeficientebis zusti (realuri) mniSvnelobebi, rome-

lic dadginda mocemuli wylis wyarosaTvis. realurad mkvlevars saqme 

aqvs iC , j = n empiriul arCeviT monacemebTan, stoqastikuri droebiTi dak-

virvebidan ki _ principuli albaTuri piroba imis gamo, rom anTropogenu-

li faqtorebi arastacionarulad zemoqmedebs. 

vTqvaT, T
1 2 n(C , C ,…, C )  wyalSi minarevebis koncentraciis SemTxveviTi 

veqtoria, romlis elementebi damoukidebelia da izomeba SemTxveviTi cdo-

milebiT. yoveli j komponentis koncentracias (j = (1,n) aqvs ganawilebis nor-

maluri kanoni _ maTematikuri molodiniT jM{C }  da dispersiiT jD{C } . 

davuSvaT, gvaqvs warmomadgenlobiTi arCeva Nj
i=1ij(C )  moculobiTa da ga-

zomvebis paraleluri mniSvnelobis jN  mavne nivTierebaTa koncentraciiT, 

rac saSualebas iZleva miviRoT parametris Sefaseba  } M{CC jj maTematikuri 

molodiniT da 0.5
j jS  D {C  }  saSualo kvadratuli gadaxris SemTxveviTi 

Sesabamisi ganawilebiT  
j jN N

0.5
j j ij j j ij j j

i 1 i 1
C  : (C  ) = C  /N  ,S = C C / f  

 

 
 

 
 

2

, sadac 

j jf  = N  -1  Tavisufali sididis xarisxis ricxvia  n)(1,= (j Sj . 
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ganvixiloT wylis xarisxis Sefasebis SesaZlo kompleqsuri midgoma 

2.1.5.980 00СанПиН   wyalSi qimiuri nivTierebis aRmoCenisas, romelTac erT-

nairi limitirebuli mavneblobis niSani aqvs. aRmoCenil koncentraciaTa 

jamis Sesabamisoba maqsimaluri daSvebis koeficientTan,  

 1 2 n

1 2 n

C C C  
=   +  +...+

 MPC  MPC  MPC
 1, (1) 

ar unda iyos erTze meti. Fformulis gamoyenebisas igulisxmeba wylis xa-

risxis Sefasebis ori Sedegi _ “uvnebeli”  1  da “mavnebeli”  1 . 

radgan   Ci damabinZurebelia, koncentraciebi SemTxveviTi sidideebia da 

wylis xarisxis kriteriumebic, ramdenadac isini maTzea dafuZnebuli, aseve 

SemTxveviTi iqneba. wylis xarisxis Sesafaseblad aucilebelia visargebloT 

statistikuri hipoTezis TeoriiT (leimani, 1964). 

wylis dabinZurebis   maCveneblis maTematikuri molodinis Sefasebis 

statistika SeiZleba gamoiTvalos (1) formuliT, sadac 
 jC parametrebis nacv-

lad Caismeba maTi Sesabamisi Sefasebebi _ 
n

j j

j 1

C :m=  C  / MPC  


  ; aq maqsima-

luri daSvebis koeficienti namdvili, realuri sididea. 

2
mS - is Sefaseba  D  da 

2
D  dispersiebiT _ wylis xarisxis maC-

venebeli   gamoiTvleba formuliT:  

  2 2 2 2
 

1

/  ; 
n

m j j
j

S S MPC D


      2 2 2

1

/  
n

j j j
j

S S MPC N


 


. (2) 

Fformalurad amocana SemdegSi mdgomareobs: aucilebelia wylis xaris-

xis Sefaseba moxdes ori hipoTezis _ :   1АН μ  (uvnebeli) da :   1ВН μ (mavne) 

mimarT, Semowmebis gziT. amisaTvis gamoviyenebT leimanisa (1964) da ceit-

linis (1984) Teoriebs:  

1. hipoTezis statistikur maxasiaTeblad aiReba stiudentis ganawileba, 

Tavisuflebis xarisxiT mcire mniSvnelobisaTvis  1    25  f f   da Z  normi-

rebuli ganawilebiT maRali sidideebisTvis    25 .f f   

                                                           
1 MPC – mdk (maqsimaluri daSvebis koeficienti) 
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2. 0Н  hipoTezis formulirebisas SecdomiT gadacdoma iZleva did zi-

ans. magaliTad, wyalsatevis ekosistemis TvalsazrisiT, ВН  gadaxra, roca 

is WeSmaritia, migviyvans ufro mZime Sedegamde, vidre Cveulebrivi АН , 

rodesac isic WeSmaritia. aqedan gamomdinare, 0   : μ 1   BH H  alternativis 

sapirispirod 

 1   : μ 1 AH H  .  (3)  

3. кα -s eZleva kritikuli donis mniSvneloba ceitlinis SromebSi. in-

tervali 0,3    1 кα , roca pasuxismgebloba daskvnebze Zalian mcirea, maSin 

0,1    0,3 кα  – mcirea, 0,03    0,1 кα  – Cveulebrivi, 0,001 0,03 кα  – didi da 

0    0,001 кα  – maqsimaluri. 

4. Catardeba aucilebeli eqsperimentebi, romelTa mizania miviRoT war-

momadgenlobaTa SerCeva   1

jN
ij i

C

 moculobiT jN –  1,jC i n

 
 

 



 monacemTa mniSv-

nelobis paraleluri gazomviT. 

5. gamoiTvleba 


 done (  Sesamowmebeli hipoTezis SecdomiTi gadaxra 

0Н , Tu is WeSmaritia):  

 
2 0.5

0.61180,5 0,5 1 ,Ze      
  (4)

 
 

sadac  2 0,5
,[   2   3( )]fZ L L t f     

,  , ,  
  1.5  3;  f fL f t t   

 
. 

  aris zeda zRvari stiudentis ganawilebiT ,   1( )  ft с f


 Tavisuflebis 

xarisxiT, romelic gamoiTvleba uelCas formuliT (braunli, 1977): 

4
4 4

1

/ /
n

m j j
j j

f S S MDK f


  . 

Tu ganixileba 0   BН Н , maSin ,ft   tolia: 

  
, 1  /f at S   

 





 .  (5) 

6. Sesamowmebeli Sedegi miiReba nulovani hipoTezis gadaxris piro-

bidan   Ka 


; Tu Ka 


, maSin 0Н  hipoTezas uarvyofT.  
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nulovani hipoTezis 0Н  formulebi aRniSnavs “wylis momxmareblis” 

Sexedulebas, e.i mosaxleobis, romlebic moixmaren wyals rogorc sas-

melad, ise sayofacxovrebo daniSnulebiT. momxmareblis poziciiT, hipoTe-

zis SecdomiT ugulebelyofas (wyali cudi xarisxisaa) SeiZleba mohyves 

mZime Sedegi. Ka -s kritikuli mniSvneloba airCeva maRali an Zalian maRali 

pasuxismgeblobiT _ .   . .кα 0 01  

aseve unda gaviTvaliswinoT “wylis gamwmendis” ekonomikuri interesebic.  

Tu ugulebelyofilia hipoTeza _ wyali sufTaa АН  da rodesac es WeS-

maritebaa, maSin Zvirdeba xarjebi imasTan SedarebiT Tu SecdomiT aq BН  

ugulebelyofilia. amitom, „wylis gamwmendisTvis“ 0  :   1   АН Н μ 1   :   1BН Н μ  

winaaRmdeg  -s zeda zRvari stiudentis ganawilebiT iqneba: 

  , 1ft S   .
  

(6) 

Sesamowmebeli wg hipoTezisaTvis SeiZleba SevarCioT ufro “rbili” 

done sakvebis pasuximgeblobaze. mag., kritikuli mniSvneloba   0.1кВ0α . 

 ( )0      кiα  1 2  ;( [ ]) i WC WU 2 nulovani hipoTezisagan gadacdomas kriti-

kuls uwodeben.  

kritikuli midamo wg3-sTvis aris :      кwcμ μ μ , xolo wm4 – :  0    .  кwuμ μ μ
 

(4)-is saSualebiT advilia ,ft  -is gamosaxva. μ -is kritikul mniSvnelobebi mi-

iReba (dubnicki, ceitlinidan 1999) maTi (5) da (6) CasmiT. 

  1  ,
S

ft  кwcμ ;   ;   1  ,
S

ft   кwo кwuα α μ ;  . кwuα α  

naxazze   funqciis ganawileba mocemulia, rodesac 0Н  WeSmaritia Fμ

(wyalgamwmendisaTvis) da  ( )P μ  – wylis momxmareblisaTvis. naTelia, rom 

  1  .( ) ( )P F μ μ  

 

 

                                                           
1 WC- wylis gamwmendi (Water Cleaner);  
2 WU- wylis momxmarebeli (Water User) 
3 “wylis gamwmendi” 
4 wylis momxmarebeli 
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daSveba 
 

im piris pozicia, 

romelic adgens 

daskvnas 

hipoTezis WeSmaritebis mixedviT Sedegis 

dadgena 

: 1АН m   uvnebeli 

wyali 

: 1ВН m   

Mmavne wyali 

uaryofa 

: 1ВН m   

uvnebeli 

wylis gamwmendi 

sadguri (wg) 

WeSmaritia: 

gadasaxads iRebs 

uvnebel wyalze 

Secdoma: ixdis 

gadasaxads rogorc 

uvnebelze, sinamdvileSi

is mavnea 

wylis 

momxmarebeli (wm) 

WeSmaritia: ixdis 

uvnebel wyalze 

Secdoma: ixdis rogorc

uvnebelze, magram 

iwamleba mavne wyliT 

 

uaryofa 

: 1АН m   

 

wyali 

mavnebelia 

wylis gamwmendi 

sadguri (wg) 

Secdoma: wylis 

gawmendaze zedmeti 

xarji 

WeSmaritia: saWiroa 

xarjebi wylis 

gasawmendad an jarima 

wylis 

momxmarebeli (wm) 

Secdoma: wylis 

SezRudviT 

gamowveuli xarji 

WeSmaritia: saWiroa 

xarjebi wylis 

SezRuduli miwodebis 

gamo 

 

 

 




 donis mniSvnelobebia kritikul zRvarze, wylis xarisxis 

maCvenebeli   im pirTaTvis, vinc iRebs gadawyvetilebas: a) wylis 

gamwmendi; b) wylis momxmarebeli. 

wylis xarisxis Sefasebisas arsebobs Sualedi ,( )   кwu кwc  romel-

Sic gvxvdeba sadavo sakiTxebi. wg da wm-s TvalsazrisTa Soris am proble-

mis gadasaWrelad unda gavzardoT jN  SerCevaTa moculoba. (3) formulis 

Tanaxmad, saSualo kvadratuli gadaxraa ,Sμ   -is axali SefasebiT  jN  
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mcirdeba iq sadac Sualedi mcirdeba. ufro naklebi xarjia, rodesac orive 

subieqts Soris moxdeba SeTanxmeba da gadaisinjeba kritikuli zRvrebis 

mniSvneloba. 

 

 

3. daskvna 

zemoT moyvanili meTodiT dgindeba Sualedi ,( )   кwu кwc  romelSic 

gvxvdeba wylis momxmareblisa da wylis damxarjis TvalsazrisTa winaaRm-

degoba. am problemis gadasaWrelad unda gaizardos  jN SerCevaTa moculo-

ba.  -is axali SefasebiT  jN mniSvnelobis SemcirebiT miiRweva orive su-

bieqtTaTvis xarjis Semcireba. Ees ukanaskneli saSualebas iZleva ga-

daisinjos kritikuli zRvrebis mniSvnelobebi. 
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uak 628.1 

 

anTropogenuli zemoqmedebis Sedegad miyenebuli zaralis 

daTvlis sakontrolo raionis meTodi  

 

a. begiaSvili, g. soselia  

(saqarTvelos teqnikuri universiteti) 

 

reziume: mocemulia ekonomikuri zaralis dadgenis sami ZiriTadi meTodi: 

sakontrolo raionebis (emyareba dabinZurebulsa da pirobiTad 

sufTas), analitikuri damokidebulebis (emyareba maTematikur kav-

Sirs, mag., mravalfaqtoriani analizi) da kombinirebuli. 

 qvemoT ganvixilavT sakontrolo raionis meTods, romelic 

gulisxmobs Sesaswavli raionis met-naklebad SesabamisobaSi myo-

fi sakontrolo raionis SerCevas, aseve mis ZiriTad principebsa 

da dadebiT mxareebs. am meTodis gamoyeneba SesaZlebelia sxvada-

sxva konkretuli obieqtisaTvis.  

 

sakvanZo sityvebi: statistikuri damuSaveba; analitikuri urTierTkavSiri; 

regresiis done; funqcia – faqtori. 

 

 

1. Sesavali 

 

dedamiwis mosaxleobis zrda iwvevs teqnologiebis ganviTarebas, aseve 

sawarmoo da sameurneo moculobebis zrdasac. izrdeba ganuaxlebad nedle-

ulTa gamoyenebac. kacobriobis saarsebo arealis zrdisas sagrZnoblad 

icvleba manamde damkvidrebuli kanonzomierebebi. adamianis zemoqmedebis – 

anTropogenulis Sedegad, xSir SemTxvevaSi, garemos adgeba didi masStabis 

zarali. warmoebis, meurneobis, axali qalaqTmSeneblobis da daba-dasaxle-

bebis daproqtebisas aucilebelia Sefasdes is zemoqmedeba, romelsac zem-

oT CamoTvlili gamoiwvevs. sasurvelia da aucilebeli winaswar ganisazRv-
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ros mrewvelobis, meurneobis, eqspluataciis gaSvebis Semdeg ra realobas-

Tan gveqneba saqme. ekonomiuri zaralis Sefaseba xdeba dRes arsebuli Sem-

degi ZiriTadi meTodebidan: pirdapiri daTvlis (sakontrolo raionis Ser-

Ceva); analitikuri; kombinirebuli; empiriuli. statistikuri prognozirebis 

meTodebidan qvemoT ganxilulia pirveli – sakontrolo raionis SerCevis 

meTodi, mocemulia misi mokle aRwera da gamoyenebis perspeqtiuli mimar-

Tulebebi. 

 

2. ZiriTadi nawili 

 

sakontrolo raionis SerCeva imgvarad xdeba, rom masSi recipientebis 

mdgomareoba (mag., mosaxleobis sqesobriv-wlovanebiTi Semadgenloba, samedi-

cino momsaxurebis done, garemos xarisxi, meurneobis masStabi da struqtura 

da a.S.) miaxloebuli iyos da ufro ukeTesia Tu toli iqneba sakvlev 

raionTan. sakontrolo raioni, rogorc wesi, yoveli lokaluri zarali-

saTvis SeirCeva individualurad, rac sakmaod rTuli amocanaa. amis gamo, 

mkvlevars uxdeba mravali amocanis gadaWra. pirvel rigSi imis gamo, rom, 

iSviaTi gamonaklisis garda, Zalian Zneldeba iseTi raionis moZebna, romlis 

maCveneblebi dabinZurebuli raionis identuria. rogorc gamocdileba gvkar-

naxobs, mizanSewonilia sawyis etapze ganisazRvros is maCveneblebi, ro-

melic prioritetulia TiToeuli konkretuli SemTxvevisaTvis. amavdroulad 

SeZlebisdagvarad unda moxdes cdomilebaTa xarisxebis Sefaseba. meore 

mxriv, mravali maCveneblis raodenobis gansazRvra SeuZlebelia, radgan ar 

aris sakmarisad informaciuli, amitom mizanSewonilia daveyrdnoT praqti-

kul gamocdilebas da adgilobrivi specialistebis intuicias. garda amisa, 

sakontrolo raioni ar warmoadgens absoluturad sufTas, radgan aqvs da-

binZurebis garkveuli done. swored amitom saWiroa gamoTvlebisas aseve 

dadgindes koeficientebi, romlebic saSualebas mogvcems mocemul Sedegebze 

movaxdinoT koreqtireba, raTa isini Seesabamebodes realur mdgomareobas. 

idealur sakontrolo raionad SeiZleba CaiTvalis is, romelic imyofe-

ba dabinZurebis Sesabamis geografiul wertilSi da drois sxvadasxva peri-

odSi mniSvnelovnad xdeboda misi dabinZurebis xarisxis cvlilebac. dabin-
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Zurebis doneebisa da mniSvnelobebis ekonomikuri maCveneblebis Sedareba, 

dabinZurebamde da dabinZurebis Semdeg, saSualebas mogvcems dabinZureba 

gamoixatos Tanxobrivad. am situaciis naTeli magaliTia sistemis Seswavla 

samrewvelo obieqtis mwyobrSi Sesvlamde (romelic momavalSi iqneba dabin-

Zurebis wyaro) da Semdgom; aseve gamwmendi nagebobis amuSavebamde da Semdeg. 

pirvel SemTxvevaSi sawyis etapze gvqonda pirobiTad sufTa raioni, xolo 

Semdgom dabinZurebuli, meore magaliTSi _ piriqiT. garda amisa, zaralis 

Sefaseba rTulia imis gamo, rom saWiroa didi raodenobis pirveladi infor-

maciis Segroveba, rac mraval faqtorTanaa dakavSirebuli, kerZod am infor-

maciis misaRebad saWiroa mravali sxvadasxva mimarTulebis mecnieris Tanx-

vedra. sakontrolo da dabinZurebuli raionebis maCveneblebis Sedareba, 

sxvadasxva recipientze zemoqmedebisas, SeiZleba gamoixatos Semdegi for-

muliT: Δ	 = 	 (კ)–	 	(დ) , sadac	Δ	  recipientis mdgomareobis cvlilebis 

maCvenebelia; 	(დ) – misi mdgomareoba dabinZurebul raionSi da (კ)	–	igive 
sakontrolo raionSi. am formulaSi gansxvaveba aiReba absoluturi maCveneb-

liT, radgan sakontrolo raionSi produqtuloba unda iyos meti, vidre da-

binZurebulSi. sakontrolo raionebis meTodi saSualebas gvaZlevs miviRoT 

faqtobrivi da ara prognozirebadi zarali. 

 

3. daskvna 

 

sakontrolo raionis meTodis mimoxilvis Sedegad marTebulia CavTva-

loT, rom misi gamoyeneba im SemTxvevaSi, rodesac SesaZlebelia sakontro-

lo raionis maqsimalurad miaxloebuli SerCeva SesaswavlTan SesaZlebelia, 

miT umetes am meTodis gamoyenebisas viRebT konkretul Sedegebs. 
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uak 628.1 

 

dabinZurebis normireba da garemos mdgomareobis  

maCvenebeli  

 

a. begiaSvili, g. soselia  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia garemoze zemoqmedebisas dasaSveb doneTa kavSiri ga-

remos mdgomareobaze. mocemulia garemos dabinZurebaze normire-

buli maCveneblebis dRes arsebuli ganmarteba, dabinZurebuli 

wylis obieqtebis klasifikacia, wylis xarisxis integraluri da-

xasiaTeba da qimiuri damabinZureblebis jamuri maCveneblebi.  

 

sakvanZo sityvebi: normireba; maqsimalurad dasaSvebi koncentracia; maqsima-

lurad dasaSvebi done; droebiTad daSvebuli CaRvra; 

wylis dabinZurebis indeqsi; dabinZurebis jamuri maCve-

nebeli. 

 

 

 

1. Sesavali 

 

normireba - garemos faqtorebis raodenobrivi maxasiaTeblebis dadge-

na, romlebic iTavaliswinebs mosaxleobis janmrTelobisa da sicocxlis 

usafrTxo dones. normireba dgindeba organizmze garemos zemoqmedebis yo-

velmxrivi Seswavlis Sedegad.  

garemos dabinZurebis normireba ZiriTadad xorcieldeba higienur kri-

teriumebze dayrdnobiT. normirebis safuZvlebi eyrdnoba organizmis Siga 

(homeostaza) da gare garemosTan mudmivobis SenarCunebas. am dros mxedvelo-

baSi miiReba garemoze faqtorTa zemoqmedebis intensivoba da xangrZlivoba, 

romlis drosac xdeba arasasurvel efeqtTa dadgena. 
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higienuri standartebi (mdk, mdd) dgindeba higienur kvlevebze dayrdno-

biT (sacdel cxovelebze eqsperimentebiT, amavdroulad samedicino praqti-

kis gaTvaliswinebiT). 

maqsimaluri dasaSvebi koncentraciis dadgena higienuri kvlevebiT mo-

iTxovs did drosa da xarjebs. 

normativebis dasabuTebisas gamoiyeneba Semdegi saxis kompleqsebi: fi-

ziologiuri, bioqimiuri, fizika-maTematikuri da a.S. normativebis saboloo 

aprobacia xorcieldeba adamianTa janmrTelobis mdgomareobisa da normi-

rebul faqtorTan uSualo kontaqtis Seswavlis Sedegad. 

arsebobs meTodebi, rodesac xdeba mavne faqtorTa kompleqsuri zemoq-

medebis Seswavla. 

normirebul faqtorTa garemoze zemoqmedeba iTvaliswinebs Semdeg pi-

robebs: mdk, narCen raodenobaTa dasaSvebi zRvari, maqsimalurad dasaSvebi 

done, maqsimalurad dasaSvebi CaRvrebi, droebiTad dasaSvebi CaRvrebi. 

naklebad Seswavlil nivTierebaTa gamoTvlebiT da maTTan axlos 

arsebul nivTierebaTa analogebis gziT droebiT dgindeba usafrTxo sao-

rientacio zemoqmedeba da dasaSvebi zRvrebi. sxvadasxva qveyanaSi garemos 

xarisxebs Soris gansxvavebas iwvevs is faqtori, rom maTi dadgena sxva-

dasxva gziT xdeba.  

maqsimalurad dasaSvebi koncentracia (mdk) aris mavne nivTierebaTa 

Semcveloba haerSi, niadagSi, wyalSi, rodesac garemosa da adamianze ar 

xdeba arc pirdapiri da arc arapirdapiri mavne zemoqmedeba.  

maqsimalurad dasaSvebi done (mdd) aris is maqsimaluri done, romlis 

drosac arc mosaxleobasa da arc garemoze ar xdeba iseTi zemoqmedeba, 

romelic maT saarsebo areals Secvlis. 

imisaTvis, raTa moxdes ramdenime dambinZureblis erTdrouli zemoqme-

debis gamoTvla, dgindeba SefardebiTi donis dadgena. es sidide S -iT aRi-

niSneba. 

 1 1 2 2 3 3 / / /  iS S C MPC C MPC C MPC     , 

sadac iC  aris i -uri nivTierebis faqtobrivi koncentracia, xolo mdk _ misi 

maqsimalurad dasaSvebi koncentracia. normad iTvleba is SemTxveva, rode-

sac sruldeba Semdegi piroba: /    1,span S    es /span  . es midgoma iTva-

liswinebs, rom /span   TiToeuli damabinZurebeli nivTiereba erTmaneTisa-

gan damoukideblad zemoqmedebs. saqme imaSia, rom ramdenime damabinZureblis 
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erTdrouli zemoqmedebisas adgili aqvs sin-energetikul efeqts, amitom erT-

drouli zemoqmedebisas mdk-is mniSvnelobis Semcireba unda moxdes. 

 

2. ZiriTadi nawili 

 

dabinZurebis gazomvis hidroqimiuri meTodebi 

dRevandeli teqnikuri saSualebebi praqtikulad saSualebas gvaZlevs 

ganvsazRvroT yvela ingredientis bunebrivi Sedgeniloba wylis antropoge-

nuli dabinZurebisas. es meTodebia: atomur-absorbciuri da emisiur-speqt-

rofotometruli _ araorganuli nivTirebebisa da qromatografikuli mas-

speqtrometruli mravalaTasiani organuli SenaerTisTvis. imis gamo, rom es 

meTodebi sakmaod rTuli aparaturis gamoyenebas saWiroebs, analizis dad-

gena Sromatevadia da Zviria, maT naklebad iyeneben. yvela tipis wylis obi-

eqtisaTvis, saerTo moTxovnilebis gansazRvrisas, xdeba mxolod damabinZu-

reblebis Sedareba mdk-Tan.  

dki (dabinZurebis kombinatoruli indeqsi) _ hidroqimiuri kvlevisas 

gamoiyeneba wylis xarisxis integraluri Sefaseba, romelic iTvaliswinebs 

masSi damabinZureblis aRmoCenis sixSiresa da nivTierebis raodenobas. am 

meTodis gamoyenebesas TiToeuli ingredientisTvis xdeba balebis dadgena, 

romelic mdk-is jerad ricxvebs warmoadgens. 

i
i

i

C
K

MPC
 ;  i

i

MPC
i

N
H

N
 ; i i iB   K   H  , 

sadac iC  wyalSi i -uri ingredientis koncentraciaa, xolo mdk _ ingredien-

tis maqsimalurad dasaSvebi koncentracia, mdk-ze meti SemTxvevebis ricxvi 

i -uri ingredientisTvis. iN  _ i -uri ingredientebis dasadgenad Casatarebel 

SemTxvevaTa ricxvi. 

im ingredientebisTvis, romelTa saerTo Semafasebeli balis sidide me-

tia an tolia 11-is, dgindeba limitirebuli dabinZurebis maCvenebeli (ldm). 

dabinZurebis kombinirebuli indeqsis gamoTvla Semdegnairad xdeba: xdeba 

yvela Sesafasebeli balis jamebis gamoTvla, ris Semdegac dgindeba 

dabinZurebuli wylis saboloo klasis dadgena.  

 

 

 



hidroinJineria, #1-2(25-26), 2018 _ Hydroengineering, #1-2(25-26), 2018  _ Гидроинженерия,  #1-2(25-26), 2018 

 

91 

 

3. daskvna 

 

dabinZurebuli wylis obieqtebis klasifikacia 

 

wylis 

dabinZurebis 

kombinatoruli 

indeqsis 

mniSvneloba 

  wylis 

dabinZurebis 

klasi 

  

1 2 3 4 5 

pirobiTad 

sufTa 

mcired 

dabinZu-

rebuli 

dabinZu-

rebuli 
binZuri 

Zalian 

binZuri 

dlm1-is ar 

arsebobis 

SemTxvevaSi 

 

1 

 

1-2 

 

2.1-4 

 

4.1-10 

 

10 

1 dlm 0.9 09.1.8 1.9-3.6 3.7-9.0 9.0 

2 dlm 0.8 0.8-1.6 1.7-3.2 3.3-8.0 8.0 

3 dlm 0.7 0.7-1.4 1.5-2.8 2.9-7.0 7.0 

4 dlm 0.6 0.6-1.2 1.3-2.4 2.5-6.0 6.0 

5 dlm 0.5 05.1.0 1.1-2.0 2.1-5.0 5.0 

 

 

 

 

wdi2 
wylis xarisxis 

klasi 
wylis xarisxis Sefaseba 

0.2-ze naklebi I Zalian sufTa 

0.2-1-ze meti II sufTa 

1-2-ze meti III sagrZnoblad dabinZurebuli 

2-4-ze meti  IV dabinZurebuli  

4-6-ze meti V binZuri 

6-10-ze meti VI Zalian binZuri 

10-ze meti VII metismetad binZuri 

 

                                                           
1 dasaSvebi limitirebuli maCvenebeli 

2 wylis dabinZurebis indeqsi 
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cZ  

niadagis 

dabinZurebis 

xarisxi 

niadagis 

dabinZurebis 

kategoria 

mosaxleobis janmrTelobis 

maCvenebeli dazianebul kerebSi 

<88-16 

 

minimalurad 

dabali 

dasaSvebi 

bavSvebis daavadebis yvelaze mcire 

maCveneblis sixSire, romelic 

gvxvdeba funqciur gansxvavebebSi 

16-32 saSualo 
zomierad 

saxifaTo 
saerTo daavadebis zrda 

32-128 maRali saxifaTo 

xSirad moavadmyofe bavSvebis 

saerTo maCvenebelis zrda, 

romelic gamoixateba qronikuli 

avadmyofobiT, gul-sisxlZarRvTa 

sistemebis funqciis darRveviT 

>128 
Zalian 

maRali 

metismetad 

saxifaTo 

sabavSvo asakis mosaxleobis 

daavadebaTa zrda, qalTa 

reproduqciulobis darRveva 

(orsulobis dros toqsikozis 

zrda, vadaze adre mSobiaroba, 

mkvdradSoba, axaldabadebulTa 

hipotrofia 
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uak 621.81 

 

wveTwarmoqmna wveTovani kondensaciis dros da Tbogacemis 

procesis analizi  

 

S. mestviriSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: naSromSi mocemulia wveTovani kondensaciis dros Tbogacemis ana-

lizi da procesis sruliad axali xedva, romelic damyarebulia 

fizikisa da koloiduri qimiis klasikur gamokvlevebze. mocemulia 

wveTwarmoqmnisa da kondensatis afskis warmoqmnis meqanizmi, war-

moqmnili wveTebis roli Tbogacemis procesSi maTi sididis mi-

xedviT. Sedarebulia wylisa da vercxliswylis wveTovani konden-

saciis Tbogacemis koeficientebi da Semotanilia meoreuli orTq-

lis cneba da misi roli kondensaciis procesis mimdinareobaSi. 

  

sakvanZo sityvebi: wveTovani kondensacia; wveTwarmoqmna; meoreuli orTqli; 

kondensati; kritikuli radiusi. 

 

 

1. Sesavali 

 

wveTovani kondensacia bunebaSi erT-erTi yvelaze gavrcelebuli pro-

cesia. miuxedavad imisa, rom Tbur procesebs Soris Tbogacema wveTovani 

kondesaciis dros yvelaze intensiuriaa, is naklebadaa Seswavlili, radgan 

teqnikaSi naklebad gamoiyeneba misi aramdgradobis gamo. Tbogacemis Ses-

wavlas isic arTulebs, rom procesi Zalian dinamikuria da dakavSirebulia 

mcire sidideebTan, romelTa dafiqsireba uaxles teqnikas moiTxovs. aRniS-

nulis gamo, saWiroa mwiri eqsperimentuli monacemebis analiziT ganisazRv-

ros is parametrebi, romelTa codnac sasurvel Sedegs mogvcems. 
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2. ZiriTadi nawili 

 

wveTovani kondensaciis dros aradasvelebad zedapirze warmoiqmneba 

kondensatis afski, romelic aramdgradia, is maleve iSleba da wveTebad 

Camoyalibdeba [2,3], ris Semdegac wveTebi, brounis moZraobis msgavsad, 

iwyeben qaosur moZraobas, zogi maTgani ejaxeba erTmaneTs da xdeba 

koalescencia (koagulacia) da maTi swrafi zrda, zogi ki, romelTa ra-

diusi Rk-ze mcirea, orTqldeba da warmoqmnis meoreul orTqls. meoreuli 

orTqli ZiriTad orTqlis nakads uerTdeba da masTan erTad ganmeorebiT 

monawileobs kondensaciis procesSi da sagrZnob gavlenas axdens Tbogace-

mis procesze [1]. rogorc zemoT aRvniSneT, afskis daSlisas sxvadasxva zo-

mis wveTi warmoiqmneba, wveTis zoma ki gansazRvravs mis mdgradobas. patara 

zomis wveTi maSinve orTqldeba, didebi ki aorTqlebis mimarT mdgradia. 

kritikuli radiusi, romelic gansazRvravs aorTqlebad wveTsa da darCe-

nil wveTs Soris sazRvars, gamoiTvleba kelvinis formuliT: 

 Rკ = 2Tნσ /rρს( Tნ– Tკ), (1) 

sadac Tნ da Tკ aris, Sesabamisad, orTqlis najerobisa da kedlis temperatu-

ra; σ _ kondensatis (wveTis) zedapiruli daWimuloba; r _ aorTqlebis faru-

li siTbo; ρს _ siTxis simkvrive. 

afskis daSlisas TiToeul nawilze warmoiSoba 2 saxis zedapiri –

afskidan darCenili da axalwarmoqmnili. axalwarmoqmnil zedapirze, mole-

kulebis urTierTqmedebis gamo, myis warmoiqmneba zedapiruli daWimuloba 

da uerTdeba Zveli afskisgan darCenil zedapirs. aRniSnuli procesis das-

rulebas mosdevs ukve danawevrebuli afskis wveTebad formireba. wveTebi 

iRebs sferul an masTan miaxloebul formas. am dros wveTis zedpiris 

farTobi minimaluria mocemuli masis sxva nebismier formasTan SedarebiT, 

e.i. afskis nawilebis wveTebad Camoyalibebisas maTi jamuri zedapiris far-

Tobi mcirdeba da Semcirebisas gamoiyofa siTbo, romelic iwvevs wveTis 

gaTbobas, gamoyofili siTbos nawili ki gadadis meqanikur energiaSi. afs-

kis danawevrebisas miRebuli nawilebi sxvadasxva zomisaa, Sesabamisad maT-

gan warmoqmnili wveTebis zomebic erTmaneTisgan gansxvavdeba. warmoqmnili 

wveTis simZimis centridan manZili wveTis zedapiramde ufro didia, vidre 
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afskis im nawilis simZimis centris, saidanac is wveTi warmoiqmna. 

aRniSnulis gamo, misgan warmoqmnili wveTis simZimis centri Sordeba 

kondensaciis zedapirs, rac misgan mTlianad wveTis droebiT watacebas 

iwvevs [5], ris Semdegac wveTi gravitaciuli an kondensirebadi orTqlis 

zemoqmedebiT ukan ubrundeba kondensaciis zedapirs (ZiriTadad kondensi-

rebadi orTqlis nakadi yovelTvis zedapirisken aris mimarTuli). wveTebis-

gan zedapiris myis gaTavisufleba ukve sakmarisia kondensaciis zedapirze 

axali afskis warmosaqmnelad. rogorc ukve aRvniSneT, afskis sisqe Tanda-

Tan izrdeba, Semdeg iSleba [2,3] da wveTebs warmoqmnis. aRniSnuli procesi 

mudmivad meordeba mTeli wveTovani kondensaciis periodSi da is ara-

stacionarul process warmoadgens, magram misi droSi gasaSualebis SemTx-

vevaSi SegviZlia stacionarul procesad ganvixiloT. 

Sesabamis literaturaSi [1] mocemulia, rom kondensaciis zedapirze 

gvaqvs 2 komponenti – dakondensirebuli siTxis afski, romlis sisqe 1 mk-s 

ar aRemateba da wveTebi radiusiT, romelic Rk-s aRemateba; iqve mocemulia 

Termuli winaRobis analizi da maTi roli Tbogacemis procesSi. kondensa-

tis afsks mTlianad uWiravs kondensaciis zedapiri da masTan SexebaSia. 

aRniSnulis gamo, misi Termuli winaRoba Zalian mcirea da metwilad gan-

sazRvravs Tbogacemis process. rac Seexeba wveTebs, romlebic zedapirze 

mdebareobs, maTi Sexebis farTobi mcirea da kondensaciis zedapirTan Tbu-

ri kontaqti afskis gavliT aqvs, amitom wveTebis roli Tbogacemis pro-

cesSi mcirea da kondensatis transportirebas ZiriTadad kondensaciis ze-

dapiridan awarmoebs. 

ganvixiloT meoreuli orTqlis roli, romelic warmoiqmneba mcire dia-

metris wveTebis aorTqlebiT. is naTlad Cans, Tu SevadarebT vercxlis-

wylisa da wylis orTqlis wveTovani kondensaciis dros Tbogacemis koefi-

cientis eqsperimentul monacemebs [4]. vnaxavT, rom wylis orTqlis konden-

saciis dros Tbogacemis intensivoba, erTi da igive temperaturaTa sxvaobis 

SemTxvevaSi, vercxliswylis kondensaciis intensivobasTan SedarebiT, sagrZ-

noblad didia. Tu gavaanalizebT [1]-Si mocemul formulas: α=[ λ/δ](1–m/G), vna-

xavT, rom formulaSi mocemuli m meoreuli orTqlis masa mniSvnelovan 

rols asrulebs Tbogacemis procesSi, damokidebulia kondensatis zedapi-
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rul daWimulobaze. afskis daSlisas warmoqmnili sferuli formis wveTebs 

Tu SevadarebT vercxliswylisa da wylis kondensaciis dros warmoqmnili 

wveTebis kritikul radiusebs, formulis gamoyenebiT miviRebT, rom 

vercxliswylis wveTis kritikuli radiusi daaxloebiT 100-jer metia wylis 

wveTis kritikul radiusze, e.i. 100-jer meti radiusis mqone vercxliswylis 

wveTebi eqvemdebareba aorTqlebas, Sesabamisad meoreuli orTqlis masac 

didia, rac iwvevs, vercxliswylis kondensaciis dros, Tbogacemis koeficien-

tis sagrZnob Semcirebas. e.i. aRniSnuli uaryofiTi efeqti imdenad didia, 

rom, miuxedavad vercxliswylis kondensaciis dros warmoqmnili afskis Ter-

muli winaRobis simcirisa (wyalTan SedarebiT vercxliswylis 18-jer 

mcirea), wylis Tbogacemis koeficienti sagrZnoblad didia, rac kargad Cans 

grafikze datanili eqsperimentis Sedegebidan [4]. 

 

 

grafikze datanilia: Tbogacemis koeficientis α k.k./m20c sT; damokidebu-

leba temperaturis sxvaobaze (tნ–tკ)0c. zeda mrudi aris wylis orTqlis wve-

Tovani kondensacia, qveda _ vercxliswylis wveTovani kondensacia. 

 

 

3. daskvna 

wveTovani kondensaciis dros siTbo gadaecema kondensaciis zedapirs 

masze warmoSobili afskis gavliT, afskis sisqe icvleba 0-dan maqsimumamde, 

romlis sisqe mikronis rigisaa. 
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afskis daSlisas warmoiqmneba wveTebi, ris Semdegac zedapirze isev 

Seiqmneba afski, romelic kondensaciis procesSi mudmivad meordeba. 

warmoqmnili wveTebi, romelTa radiusi Rk-ze naklebia, maleve orTql-

deba da warmoqmnis meoreul orTqls, romelic isev kondensirdeba da amci-

rebs Tbogacemis koeficientis sidides. 

wveTebi, romelTa radiusi Rk-ze metia, TiTqmis ar monawileobs Tbo-

gacemis procesSi da maTi gazrda koalescenciiT xdeba, isini Tbogacemis 

zedapiridan ZiriTadad kondensatis transportirebas axdenen. 

wveTovani kondensacis dros hidrofoburi nivTierebis gamoyenebisas 

kondensatis zedapiruli daWimuleba da warmoqmnili afskis Termuli wina-

Robac icvleba, rac Tbogadacemis koeficientis sidideze moqmedebs.  
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uak 691.32 

 

TviTSemWidroebadi betonis Seklebis universaluri modeli  

 

a. sayvareliZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: Catarebulia TviTSemWidroebadi betonis Seklebis eqsperimentul-

Teoriuli kvleva.  

gamoicada TviTSemWidroebadi betonis sxvadasxva asakis (t=14; 

28; 60 da 180 dRis) nimuSebi. damzadebis Semdeg yvela nimuSi cdis 

dawyebamde inaxeboda `standartul~ pirobebSi [1]. gamosacdeli 

nimuSebis zomebi, kompozitis Sedgeniloba da teqnologiuri 

parametrebi mocemulia naSromebSi [1, 2, 3].  

gamoTvlilia sxvadasxva asakis TviTSemWidroebadi betonis 

wrfivi Seklebis koeficientebi da mocemulia masalis Seklebis 

deformaciebis ganmsazRvreli formulebi garemos fardobiTi te-

nianobis mTel diapazonSi, 100÷0%. dadgenilia TviTSemWid-

roebadi betonis Seklebis, masalis asakze damokidebulebis kano-

ni da SemuSavebulia am kanonis aproqsimaciis formulebi. 

Seqmnili universaluri modelebi maqsimaluri sizustiT 

asaxavs kompozitis Seklebis realur deformaciul procesebs.  

 

sakvanZo sityvebi: Sekleba; asaki; TviTSemWidroebadi betoni; wrfivi Sekle-

bis koeficienti; tenSemcveloba; fardobiTi tenianoba; 

kanoni; formula; eqsperimenti; modeli. 

 

 

1. Sesavali 

 

Catarebulia adgilobrivi warmoebis masalebiT damzadebuli axali 

saxis cementisfuZiani kompozitis, TviTSemWidroebadi betonis [2] Seklebis 
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sakiTxebis eqsperimentul-Teoriuli kvleva. nimuSebis asaki gamocdis win 

iyo t0=14, 28, 60 da 180 dRe. gamoicada TviTSemWidroebadi betonis [2] nimuSebi 

_ cilindrebi, romelTa diametri 70 mm-ia, sigrZe 70 mm (woniTi 

eqsperimentebi) da 300 mm (gamocdebi Seklebaze). 

damzadebis Semdeg yvela nimuSi inaxeboda `standartul~ pirobebSi: 

garemos fardobiTi tenianoba φ=100%, temperatura _ T=20±10C [1, 3, 4]. aseT 

pirobebSi yvela asakis nimuSis tenSemcveloba praqtikulad erTnairia 

W=4.5% (masis mixedviT). Catarda eqsperimentis paraleluri seriebi: 1) yvela 

asakis kompozitis tenSemcvelobis dasadgeni fardobiTi tenianobis xuTive 

garemoSi _ 100, 70, 50, 20 da 0%; 2) yvela asakis kompozitis Seklebis de-

formaciis gansazRvris, aRniSnul fardobiTi tenianobis yvela garemoSi. 

TviTSemWidroebadi betonis tenSemcveloba 100%-ian fardobiTi tenianobis 

garemoSi mudmivi rCeboda _ W=4.5% (masis mixedviT). 70, 50, 20 da 0% 

fardobiTi tenianobis garemoSi nimuSebi ganicdida gamoSrobas sxvadasxva 

intensiurobiT [1, 3, 4]. cdebis Catarebisas nimuSebis boloebi iyo 

izolirebuli da tenis dakargva gamoSrobisas xdeboda cilindrebis gver-

diTi zedapirebidan, realizdeboda usasrulo cilindris amocana mesame 

rigis sasazRvro pirobebSi [1÷5]. woniT eqsperimentebSi nimuSebidan tenis 

desorbaciis dros, 70, 50, 20 da 0% fardobiTi tenianobis garemos Sesaty-

visi tenSemcvelobis dadgena masalaSi xdeboda cilindrebis perioduli 

awonviT 300 dRis ganmavlobaSi. cdebma gviCvena, rom dasaxuli tenianobis 

(70, 50, 20 da 0%) garemos Sesabamisi tenSemcvelobis miRwevas yvela asakis 

nimuSSi sWirdeboda araumetes 180 dRe. 180÷300 dRis ganmavlobaSi tenSemc-

velobas miRweuli sidideebi ucvleli darCa. 

paralelur eqsperimentebSi Seklebis deformaciebi Tavis zRvrul 

mniSvnelobebs, Sesabamisi fardobiTi tenianobis kamerebSi, aRwevda 180 

dReSi. 180÷300 dRis diapazonSi Seklebis deformaciebis zRvruli sidide-

ebi ucvleli darCa. 
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2. ZiriTadi nawili 

woniTi eqsperimentebiT dadgenilia, rom TiToeuli donis fardobiTi 

tenianobis garemos Sesabamisi tenSemcveloba yvela asakis TviTSemWidroe-

badi betonis nimuSebSi praqtikulad erTnairia. φ=70, 50, 20 da 0% far-

dobiTi tenianobis garemoSi nimuSebis tenSemcveloba iyo W=4,5; 3,2; 2,0 da 1,0 

% (masis mixedviT). 

kompozitis Seklebis gansazRvris paralelur eqsperimentebSi gamoica-

da nimuSebi W=4,5% (masis mixedviT). t0=14, 28, 60 da 180 dRis asakis nimuSebi 

moaTavses sxvadasxva fardobiTi tenianobis garemoSi (φ=100, 70, 50, 20 da 

0%) [1, 3, 6]. Seklebaze gamoicada 70mm diametris da 300mm sigrZis 

cilindrebi izolirebuli boloebiT. nimuSebi aseT pirobebSi 

gamoSrobisas tens kargavs gverdiTi zedapiridan [1, 3, 5]. eqsperimentebma 

aCvena, rom 180 dRis bolos nimuSebsa da Sesabamis garemos Soris tengacv-

lis procesi mTavrdeba. am SemTxvevaSi tenis gradientis sidide nulis 

tolia. dgeba teniani wonasworobis mdgomareoba nimuSebsa da garemos So-

ris. am momentisaTvis Seklebis deformaciebi aRwevs zRvrul mniSvnelo-

bebs. sxvadasxva asakis TviTSemWidroebadi betonis Seklebis zRvruli 

mniSvnelobebi Sesabamisi fardobiTi tenianobis garemoSi mocemulia 1-el 

cxrilSi. 

 cxrili 1 

kompozitis Seklebis zRvruli mniSvnelobebi 

nimuSebis tenSemcveloba 

W% 

garemos 

fardobiTi 

tenianoba φ% 

nimuSebis asaki t0, dRe 

14 28 60 180 

cdis 

dasawyisSi 

t-t0=0 

cdis bolos 

t-t0=180 
t÷t0 Sekleba 610 Y  

4,5 4,5 100 0 0 0 0 

4,5 3,2 70 75 68 60 55 

4,5 2,0 50 144 127 118 105 

4,5 1,0 20 230 218 205 180 

4,5 0 0 430 390 350 315 
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1-el cxrilis monacemebiT masalis Seklebis tenSemcvelobaze damoki-

debulebis grafikebis Y ~ W agebiT da maTi analiziT davrwmundebiT: yve-

la asakis (t0) kompozitisaTvis garemos fardobiTi tenianobis mTel diapa-

zonSi φ=100÷0% Seklebis deformaciebis damokidebuleba masalis ten-

Semcvelobaze arawrfivia. garemos fardobiTi tenianobis mTel diapazonSi 

(φ=100÷0%) Seklebis deformaciebis gamosaTvlelad saWiroa 2 sxvadasxva 

sididis wrfivi Seklebis koeficienti:  0tY  - fardobiTi tenianobis diapa-

zonSi 100÷35% da  0
/ tY  - fardobiTi tenianobis diapazonSi 35÷0% [1, 3, 6]. 

garemos fardobiTi tenianobis (gft) diapazonSi 100÷35% yvela asakis 

masalis Sekleba gamoiTvleba formuliT: 

     kpYY WWtt  00  ,  (1)  

xolo gft-is 35÷0% diapazonSi yvela asakis masalis Sekleba 

      WWtt kpYY  0
/

0  ,  (2)  

sadac  0tY  sxvadasxva t0 asakis kompozitis Seklebaa;  0tY  da  0
/ tY  _ 

sxvadasxva t0 asakis kompozitis wrfivi Seklebis koeficientebi, Sesabamisad 

gft-is 100÷35% da 35÷0% diapazonSi; KPW  _ kompozitis kritikuli 

tenSemcveloba, romelic Seesabameba cementisfuZiani kompozitebis tenSemc-

velobas (gamoSrobisas) 35% fardobiTi tenianobis garemoSi. 

 (1) formulaSi W  kompozitis tenSemcveloba icvleba max, W 4 5  

KPW W W 0  diapazonSi. 

 (2) formulaSi W  _ 0WWWKp   diapazonSi. 

aq 0W  tenSemcvelobaa (0%) ftg-Si, 00 W . 

TiToeuli asakis t0 kompozitis KPW -is gansazRvriT da Sedegebis ana-

liziT davrwmundebiT, rom TviTSemWidroebadi betonis kritikuli ten-

Semcvelobis sidide ( KPW ) ar aris damokidebuli masalis asakze t0 [1, 3, 5, 6] 

da mudmivia. 

Cvens SemTxvevaSi TviTSemWidroebadi betonis %36.1KPW  (masis mixedviT). 
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 (1), (2)-iT formulebiT da 1-el cxrilis monacemebiT gamoTvlili 

 0tY  da  0
/ tY  wrfivi Seklebis koeficientis sidideebi TiToeuli asakis 

TviTSemWidroebadi betonisaTvis mocemulia me-2 cxrilSi. 

 

cxrili 2 

 0tY  da  0
/ tY  koeficientebis mniSvnelobebi sxvadasxva asakis 

kompozitisaTvis 

 0tY  da  0
/ tY ˙10-2 

asaki t0 dRe 

14 28 60 80 

 0tY  0.56 0.51 0.47 0.42 

 0
/ tY  1.83 1.70 1.58 1.35 

 

rogorc aRvniSneT, Seklebis damokidebulebas masalis tenSemcvelo-

baze arawrfivi xasiaTi aqvs. TiToeuli t0 asakis TviTSemWidroebadi betoni-

saTvis Seklebis arawrfivi amocanis gadasaWrelad (1) da (2) formulebs 

warmovadgenT Semdegi saxiT: 

        000
/

0 1 tWWtt YY   ,  (3)  

sadac 0W  tenSemcvelobaa cdis dasawyisSi (100%-iani ftg-Si), Cvens SemTxve-

vaSi W=4.5% (masis mixedviT); W  _ tenSemcveloba, %5,40 WW ;  0tY  _ sxva-

dasxva t0 asakis TviTSemWidroebadi betonis wrfivi Seklebis koeficienti 

gft-is zRvrebSi _ 100÷35%;  0tY  _ sxvadasxva asakis t0 kompozitis Seklebis 

zRvruli deformaciebi.  0t  koeficienti Caiwereba Semdegi saxiT [3, 6]: 

 
   

  W

WW

t

tt KP

Y

YY








0

00
/


 ,  (4)  

sadac  0
/ tY  sxvadasxva asakis (t0) TviTSemWidroebadi betonis wrfivi Sek-

lebis koeficientia gft-is zRvrebSi _ 35÷0% anu masalis tenSemcvelobis 

zRvrebSi _ 00  WWWKP ; 0WWW  ; 0WWW KPKP  . 

cxadia, TiToeuli t0 asakis kompozitisaTvis: 
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WW

W
t

KP 



roca

 roca

),4(

W,0 KP
0  

(3) da (4) formulebiT gamoTvlili  0tY -is Teoriuli mniSvnelobebiT 

agebuli  0tY ~ W grafikebi kargi sizustiT asaxavs TviTSemWidroebadi 

betonis Seklebis eqsperimentul monacemebs gft-is mTel diapazonSi _ 

100÷0%.  0tY  da  0
/ tY  koeficientebis masalis asakze damokidebulebis 

sakiTxis garkevisaTvis me-2 cxrilis monacemebiT vagebT grafikebs _ 

 0lg tY ~  0lg t  da  0
/lg tY ~  0lg t . agebuli grafikebi gviCvenebs, rom es 

damokidebulebebi kargi sizustiT aris wrfivi  0tY  da  0
/ tY -is t0  asakze 

(t0=14, 28, 60 da 180 dRe). xarisxobrivi damokidebulebebis parametrebi 

ganisazRvreba mocemuli formulidan, 

    
1

0
0



 









t

t
tt CT

CTYY ;    
2

0

/
0

/



 









t

t
tt CT

CTYY , 

umcires kvadratTa meTodis gamoyenebiT. aRniSnuli gamosaxulebebis Seta-

niT (1) da (2) formulebSi miviRebT: 

1. gft zRvrebSi 100÷35% anu %5,40  WWWKP  

      0
0

0

1

WW
t

t
tt CT

CTYY 











 ;  (5)  

2. gft-is zRvrebSi 35÷0% anu %036,1  WWKP  

      WW
t

t
tt KP

CT
CTYY 










2

0

/
0

/



 .  (6)  

 (5), (6) formulebSi CTt  nimuSebis asaki miRebulia standartulad da 

tolia: 28CTt dRe. 

gamoTvlebma aCvena, rom 1  da 2  xarisxis maCveneblebis sidideebi ax-

losaa erTmaneTTan da SesaZlebelia gamoyenebul iqnes maTi saSualo 

mniSvneloba. Cvens SemTxvevaSi   11,021 . 

 ganzogadebul gamosaxulebas, romelic asaxavs sxvadasxva asakis 

cementisfuZiani kompozitebis Seklebas gft-is mTel diapazonSi, 100÷0%, 

aqvs saxe: 
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         CT
CT

CTYY tWW
t

t
tt 











 10

0

/
0 ,  (7)  

sadac 11.0 ; 28CTt dRe; %5,40 0  WW . 

 (7) formulaSi  Tt  gamoisaxeba: 

      
  W

WW

t

tt
t KP

CTY

CTYCTY
T 










/

;  (8)  

   
WW

W
t

KP
T 




roca

 roca

),8(

W,0 KP   (9)  

 (7), (8) da (9) universaluri modelia, gamosaxulebebi maRali sizustiT 

asaxavs kompozitis Seklebas garemos fardobiTi tenianobis mTel 

diapazonSi, 100÷0%. 

3. daskvna 

 

gamokvleulia sxvadasxva asakis TviTSemWidroebadi betonis Seklebis 

sakiTxebi. dadgenilia maTi koeficientebi _  0tY  da  0
/ tY  (Sesabamisad ga-

remos fardobiTi tenianobis diapazonebSi _ 100÷35% da 35÷0%) Seklebis 

deformaciebis gamosaTvlelad. naCvenebia, rom TviTSemWidroebadi betonis 

kritikuli tenSemcveloba masalis asakze ar aris damokidebuli. dadge-

nilia TviTSemWidroebadi betonis masalis asakze damokidebulebis kanoni 

da SemuSavebulia am kanonis amsaxveli axali saxis gamosaxulebebi xa-

risxobrivi funqciebis gamoyenebiT. 

pirvelad aris Seqmnili TviTSemWidroebadi betonis Seklebis uni-

versaluri modeli, romelic iTvaliswinebs masalis struqturas, asaks da 

maRali sizustiT asaxavs kompozitis Seklebis realur process garemos 

fardobiTi tenianobis mTel 100÷0 % diapazonSi. 
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uak 691.32 

 

TviTSemWidroebadi betonis gajirjveba  

 

a. sayvareliZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: Seswavlilia TviTSemWidroebadi betonis gajirjvebis sakiTxebi. 

dadgenilia 28 dRis asakis TviTSemWidroebadi betonis gajirjve-

bis deformaciebi, masalis datenianebis sxvadasxva intensiurobis 

dros, garemos fardobiTi tenianobis mTel diapazonSi, 0÷100%. 

naCvenebia, rom kompozitis gajirjvebis deformaciebi izrdeba 

TviTSemWidroebadi betonis datenianebis intensiurobis zrdis 

proporciulad. mocemulia, rom TviTSemWidroebadi betonis ga-

jirjvebis deformaciebi kargi sizustiT aisaxeba wrfivi gajir-

jvebis erTi koeficientiT, garemos fardobiTi tenianobis mTel 

diapazonSi, 0÷100%. gamoTvlilia 28 dRis asakis TviTSemWid-

roebadi betonis wrfivi gajirjvebis koeficientis sidide.  

 

sakvanZo sityvebi: TviTSemWidroebadi betoni; gajirjveba; nimuSi; cilindri; 

wrfivi gajirjvebis koeficienti; fardobiTi tenianoba; 

tenSemcveloba; eqsperimenti; deformaciebi. 

 

 

1. Sesavali 

 

Catarebulia adgilobrivi warmoebis masalebiT damzadebuli axali 

saxis cementisfuZiani kompozitiis, TviTSemWidroebadi betonis [1,2] gajir-

jvebis sakiTxebis eqsperimentul-Teoriuli kvleva. nimuSebis asaki gamoc-

dis win iyo t0=28 dRe. gamoicada TviTSemWidroebadi betonis [1,2] nimuSebi – 

70 mm diametris da 70 mm (woniTi eqsperimentebi) da 300 mm (gajirjvebis eqs-

perimentebi) sigrZis cilindrebi. 
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damzadebis Semdeg yvela nimuSi inaxeba `standartul~ pirobebSi: gare-

mos fardobiTi tenianoba φ=100%, temperatura _ T=20±10C [2, 3, 4]. aseT piro-

bebSi yvela nimuSis tenSemcveloba praqtikulad erTnairia _ W=4.5% (masis 

mixedviT). Catarda eqsperimentis paraleluri seriebi: 1) kompozitis ten-

Semcvelobis dasadgeni fardobiTi tenianobis garemoSi _ 70 da 100%. 2) 

kompozitis gajirjvebis deformaciebis gansazRvris aRniSnul fardobiT 

tenianobis garemoSi. gamoicada mudmiv wonamde gamomSrali `standartuli~ 

nimuSebi W=0% (masis mixedviT) tenSemcvelobiT. 70 da 100% fardobiTi te-

nianobis garemoSi nimuSebi ganicdida datenianebas sxvadasxva inten-

siurobiT (2, 3, 4]. cdebis dros nimuSebis boloebi iyo izolirebuli da 

tenis STanTqma datenianebisas xdeboda cilindrebis gverdiTi zedapiridan; 

realizdeboda usasrulo cilindris amocana, mesame rigis sasazRvro 

pirobebSi [2, 3, 4, 5, 6, 7]. 

woniT eqsperimentebSi (nimuSebSi tenis sorbciis dros) 70 da 100% 

fardobiTi tenianobis garemos Sesabamisi tenSemcvelobis dadgena kompo-

zitSi xdeboda nimuSebis perioduli awonviT 300 dRis ganmavlobaSi. cde-

biT dadgenilia, rom dasaxuli tenianobis (70 da 100%) garemos Sesabamis 

tenSemcvelobis miRwevas (tenis sorbciis dros) cilindrebSi sWirdeboda 

araumetes 180 dRe. 180÷300 dRis periodSi nimuSebSi miRweuli tenSemcve-

lobis done ucvleli rCeboda. 

gajirjvebis paralelur eqsperimentebSi deformaciebi Tavis zRvrul 

mniSvnelobebs Sesabamis fardobiTi tenianobis garemoSi (70 da 100%) 

aRwevda 180 dReSi. 180÷300 dRis diapazonSi gajirjvebis deformaciebis 

zRvruli sidideebi rCeboda ucvleli. 

 

2. ZiriTadi nawili 

 

woniTi eqsperimentebiT dadgenilia TiToeuli donis (70 da 100%) far-

dobiTi tenianobis Sesabamisi 28 dRis asakis TviTSemWidroebadi betonis 

tenSemcvelobis sidideebi. kompozitis gajirjvebis dasadgen paralelur 

eqsperimentebSi gamoicada 28 dRis nimuSebi W=0% (masis mixedviT) tenSemc-

velobiT. nimuSebi moaTavses 70 da 100% fardobiTi tenianobis garemoSi [4]. 
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gajirjvebaze gamoicada nimuSebi – 70 mm diametris da 300 mm sigrZis ci-

lindrebi izolirebuli boloebiT. nimuSebi aseT pirobebSi datenianebisas 

tens STanTqavs cilindris gverdiTi zedapiridan [2, 3, 4, 7]. eqsperimentebiT 

dadgenilia, rom 180 dRis bolos nimuSebsa da garemos Soris tengacvlis 

procesi sruldeba. am SemTxvevaSi tenis gradientis sidide nuls udris. 

dgeba teniani wonasworobis mdgomareoba cilindrsa da garemos Soris. am 

droisTvis gajirjvebis deformaciebi aRwevs zRvrul mniSvnelobebs. TviT-

SemWidroebadi betonis gajirjvebis zRvruli mniSvnelobebi Sesabamis 

fardobiTi tenianobis garemoSi mocemulia cxrilSi. 

 

kompozitis gajirjvebis zRvruli mniSvnelobebi 180 dReSi 
 

nimuSebis tenSemcveloba, W% 
garemos fardobiTi 

tenianoba, φ% 
zRvruli 

deformacia 
cdis dasawyisSi 

t-t0=0 
cdis bolos 

t-t0=180 cdis ganmavlobaSi 610H  

0 0 0 0 
0 2.3 70 60 
0 3.3 100 86 

 

cxrilis monacemebiT gajirjvebis deformaciebis masalis tenSemcve-

lobaze damokidebulebis H ~ W grafikis agebiT davrwmundebiT, rom sorb-

ciis dros garemos fardobiTi tenianoba mTel diapazonSi (0÷100%) gajir-

jvebis deformaciebis damokidebuleba kompozitis tenSemcvelobaze 

wrfivia. tenis sorbciis dros gajirjvebis deformaciebis gamosaTvlelad 

garemos fardobiTi tenianobis mTel diapazonSi (φ=0÷100%) saWiroa erTi 

wrfivi gajirjvebis koeficienti. 

gajirjvebis deformaciebi, garemos fardobiTi tenianobis mTel 

diapazonSi, 0÷100%, gamoiTvleba formuliT: 

 H H w w     0 ,  

sadac H  TviTSemWidroebadi betonis gajirjvebis deformaciaa; H  _ kom-

pozitis wrfivi gajirjvebis koeficienti; 0w  _ masalis tenSemcveloba 

cdis dasawyisSi, %00  ww ; w  _ kompozitis tenSemcveloba diapazonSi, 

maxw . % w  0 33 . 
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cxrilis monacemebiT formulidan gansazRvruli wrfivi gajirjvebis 

koeficienti 28 dRis asakis TviTSemWidroebadi betonisaTvis tolia: 

21025.0 H . 

 

3. daskvna 

 

dadgenilia, rom 28 dRis asakis mSrali (W=0%) TviTSemWidroebadi be-

tonis datenianebisas gajirjvebis deformaciebi (garemos fardobiTi tenia-

nobis mTel diapazonSi, 0÷100%) izrdeba masalis datenianebis proporciu-

lad. naCvenebia, rom gajirjvebis deformaciebis damokidebuleba kompo-

zitis tenSemcvelobaze wrfivia. dadgenilia aseve, rom TviTSemWidroebadi 

betonis gajirjvebis deformaciebi kargi sizustiT gamoiTvleba wrfivi ga-

jirjvebis erTi koeficientiT. 

 cxrilis monacemebiT, formuliT gamoTvlili 28 dRis asakis TviTSem-

Widroebadi betonis wrfivi gajirjvebis koeficienti   2
0 1025.028 tH -is 

tolia. 
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referatebi 

 

 

uak 628.1.034 

wylis minoruli ciklis organizebis efeqturi meTodebis Semu-

Saveba. l. baxTiari, T. berberaSvili, a. bagration-daviTaSvili,  

d. gurgeniZe, p. kervaliSvili, l. klimiaSvili // hidroinJineria, #1(25), 

2018, gv. 8-15. 

reziume: dRes wylis dabinZureba msoflios erT-erTi yvelaze 

rTuli problemaa, romlis gadawyvetaSi mravali mecnieria CarTuli. 

arsebuli alternativebis umravlesoba efuZneba sisufTavis SenarCuneba-

sa da dabinZurebis prevencias. es alternativebi Tumca sasargebloa, 

magram didi masStabisaTvis arasakmarisi. 

wylis dabinZureba ara mxolod garemos ayenebs zians, aramed mniSv-

nelovania dedamiwaze sufTa wylis resursebis ganxilvis drosac. aqedan 

gamomdinare, yovlismomcveli alternativis arseboba ara mxolod aR-

mofxvris wylis naklebobas, aramed msoflios gadaarCens wylis dama-

binZureblebisgan. 

sakvanZo sityvebi: wylis krizisi; wylis minoruli cikli; wylis 

ekonomia; wylis ganmeorebiT gamoyeneba; wylis resursi.  

 

uak 627.521.1 

udawneo nakadebis mdgradoba wriuli kveTis wyalsatarebSi.  

S. gagoSiZe // hidroinJineria, #1(25), 2018, gv. 16-26. 

reziume: statiaSi ganixileba talRuri moZraobis mdgradoba 

wriuli kveTis udawneo wyalsatarebSi. talRuri SeSfoTebis meTodis 

gamoyenebiT pirveladaa maTematikurad dasabuTebuli, Tu ratom xdeba 

wriuli kveTis gvirabebsa da milsadenebSi nakadis SeferxebiT gadineba, 

roca isini TiTqmis piramdea savse. miRebuli Teoriuli Sedegebi srul 

SesabamisobaSia arsebul eqsperimentul da naturul dakvirvebebTan, ro-

melTa Tanaxmad wriuli kveTis wyalsatarSi nakadis SeferxebiT gadi-

neba yovelTvis vlindeba wyalsataris 92_93%-iT Sevsebisas. 
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 gamoyvanilia agreTve mcired da naxevrad Sevsebul wriuli kveTis 

wyalsatarSi nakadis talRuri SeSfoTebis asimptoturi gantolebebi, 

romelTa analizi miuTiTebs wyalsatarSi nakadis Tavisufali zedapiris 

mdgradobaze. 

 

naSromi Sesrulebulia SoTa rusTavelis erovnuli samecniero 

fondis FR 35/9-120/14 grantis farglebSi. 

 

sakvanZo sityvebi: udawneo wyalsatari; wriuli kveTi; talRuri 

moZraoba; mdgradoba. 

 

uak 628.1 

Camdinare wylebis myari fazis hidravlikuri sisxos dazustebis 

sakiTxi. z. gviSiani, l. klimiaSvili, g. soselia, q. gordeziani // hid-

roinJineria, #1(25), 2018, gv. 27-34. 

reziume: ganxilulia Camdinare wylebi, rogorc polidispersiuli, 

heterogenuli, agregatulad aramdgradi sistema; eqsperimentirebisaTvis 

Seqmnili xelsawyo Camdinare wylebSi nawilakebis hidravlikuri sisxos 

gansazRvrisaTvis maTi gaumWviri garemos gaTvaliswinebiT. miRebuli Se-

degebi warmodgenilia grafikuli da empiriuli damokidebulebebis sa-

xiT da Sepirispirebulia sxva avtorTa mier miRebul monacemebTan. dad-

ginda, rom miuxedavad arsebuli dasaSvebi cdomilebisa, SesaZlebelia 

miRebul empiriul damokidebulebaTa sainJinro praqtikaSi gamoyeneba.  

sakvanZo sityvebi: Camdinare wylebi; polidispersiuli; heterogenu-

li; agregatulad aramdgradi sistema; hidravlikuri sisxo; horizon-

taluri qviSadamWeri. 

 

uak 628.1 

nawilakebis formis gavlena hidravlikur sisxoze Camdinare 

wylebis meqanikuri gawmendis dros. z. gviSiani, d. gurgeniZe, z. cinaZe, 

s. bukia // hidroinJineria, #1(25), 2018, gv. 35-42. 

reziume: ganxilulia nawilakebis formis gavlena hidravlikur 

sisxoze Camdinare wylebis meqanikuri gawmendis amocanebSi. kvlevis Se-
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degad miRebuli monacemebi warmodgenilia grafikuli da empiriuli da-

mokidebulebebis saxiT. dadginda, rom miRebuli empiriuli damokidebu-

lebis gamoyeneba sainJinro praqtikaSi SesaZlebelia. 

sakvanZo sityvebi: Camdinare wylebi; meqanikuri gawmenda; hidravliku-

ri sisxo; nawilakebis formis gavlena. 

 

uak 628.339 

Camdinare wylebis saleqrebSi Sewonili nawilakebis koncentra-

ciis cvlilebis dinamikis kvleva. i. inaSvili, i. denisova // hidroin-

Jineria, #1(25), 2018, gv. 43-49. 

reziume: statiaSi ganxilulia Camdinare wylebis gawmendis dros, 

saleqrebSi gravitaciuli daleqvisas, Sewonili nawilakebis koncent-

raciis cvlilebis dinamika. laplasis hifsometrul kanonze dayrdnobiT, 

miRebulia Sewonili nawilakebis moculobiTi koncentraciis, daleqvis 

siRrmeze damokidebulebis saangariSo gantoleba. gansazRvrulia Sewon-

ili nawilakebis laminarul da gardamaval garsSemodenis reJimebs Soris 

zRvruli koncentraciis mniSvneloba. gamoTvlilia, ra siRrmeze xdeba 

nawilakebis laminaruli garsSemodenis reJimis gadasvla gardamavali 

garsSemodenis reJimSi. 

sakvanZo sityvebi: Camdinare wylebi; sedimentacia; hidravlikuri 

sisxo; zRvruli koncentracia; nawilakis garsSemodenis reJimi. 

  

uak 691.32 

betonis danamatebis fizikur-qimiuri aspeqtebi. l. klimiaSvili, 

d. gurgeniZe, a. Ciqovani // hidroinJineria, #1(25), 2018, gv. 50-60. 

reziume: adgilobrivi masalebisa da teqnogenuri narCenebis aqtivacia 

da erTgvarovnobis amaRleba xorcieldeba maTi meqanikur-qimiuri damuSave-

biT safqvav agregatebSi. Tu dafqva xdeba zedapirul-aqtiur nivTiere-

bebTan erTad, viRebT organul-mineralur danamats, romelic efeqturad 

gamoiyeneba samSeneblo duRabebsa da betonebSi. 

sakvanZo sityvebi: qimiuri da mineraluri danamati; mikroSemavseble-

bi; dafqva; aqtivacia; epiteqcia; dipoli; kompoziciuri Semkvreli; sila-

ni; silikoni; polarizeba; aditiuroba. 
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uak 631.367 

strategiuli kulturebis morwyva gaumjobesebuli, poziciurad 

moqmedi dasawvimi agregatiT. v. nanitaSvili // hidroinJineria, #1(25), 

2018, gv. 61-69. 

reziume: naSromSi ganxilulia Caisa da citrusovani kulturebis 

morwyvis sakiTxi, rogorc didmniSvnelovani RonisZieba, romelic iZleva 

maRali da xarisxiani mosavlis miRebis garantias, orientirebuls saeqs-

porto produqciis gazrdaze. 

mocemulia Caisa da citrusovani kulturebis sarwyavi, dasawvimi da-

nadgarebis konstruqciuli sqemebi, ZiriTadi kvanZebi da muSaobis prin-

cipebi, agreTve teqnikuri parametrebi da morwyvis teqnologia.  

sakvanZo sityvebi: sarwyavi teqnika; irigaciuli erozia; ekologiuri 

usafrTxoeba; dawvimeba. 

 

uak 332.025 

„mkvdari kapitalis“ CarTvis efeqturoba qveynis ekonomikur 

brunvasa da samSeneblo saqmeSi. e. qristesiaSvili, r. maxvilaZe,  

i. gogolaZe // hidroinJineria, #1(25), 2018, gv. 70-76. 

reziume: naSromSi ganxilulia msofliosa da saqarTveloSi 

mosaxleobis faqtobriv sargeblobaSi arsebuli “mkvdari kapitalis” 

samoqalaqo brunvaSi CarTvis roli qveynis ekonomikis, maT Soris 

samSeneblo saqmianobis ganviTarebis sferoSi. 

sakvanZo sityvebi: ipoTeka; mkvdari kapitali; materialuri da Sina-

gani Rirebuleba; miwa; Senoba-nagebobebi; uZravi qoneba; materialuri 

aqtivi; developmenti; kumulaciuri efeqti. 

 

uak 628.1 

wylis xarisxis Sefaseba statistikuri hipoTezis Sesamowmeblad 

  meTodis gamoyenebiT. a. begiaSvili, g. soselia // hidroinJineria, 

#1(25), 2018, gv. 77-83. 

reziume: statistikuri hopoTezis Sesamowmeblad   meTodis gamoye-

nebiT SesaZlebelia wylis xarisxis Sefaseba moxdes maTematikuri mode-
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lis gamoyenebiT im SemTxvevaSi, roca winaswaraa cnobili koeficien-

tebis zusti mniSvnelobebi. 

amocana ganixileba ori hipoTezis _ wylis mdgomareobis (uvnebeli 

da mavne) Semowmebaze. Mmis gadasaWrelad vsargeblobT leimanisa da ceit-

linis TeoriebiT, raTa ar moxdes “wylis gamwmendis” ekonomikuri inte-

resebis ugulebelyofa (ar gauZvirdes xarjebi). gamoTvlisas es piroba 

mxedvelobaSi miiReba. hipoTezis saboloo Sedegi mocemulia cxrilSi. 

esenia   da   mniSvnelobebi _ wylis gamwmendisa da wylis momxma-

reblisTvis.  

sakvanZo sityvebi: stoqastikuri droebiTi dakvirveba; maTematikuri 

molodini; dispersia; statistikuri hipoTeza; stiudentis ganawileba; 

kritikuli midamo. 

 

uak 628.1 

anTropogenuli zemoqmedebis Sedegad miyenebuli zaralis daTv-

lis sakontrolo raionis meTodi. a. begiaSvili, g. soselia // hid-

roinJineria, #1(25), 2018, gv. 84-87.  

reziume: mocemulia ekonomiuri zaralis dadgenis sami ZiriTadi 

meTodi: sakontrolo raionebis (emyareba dabinZurebulsa da pirobiTad 

sufTas), analitikuri damokidebulebis (emyareba maTematikur kavSirs, 

mag., mravalfaqtoriani analizi) da kombinirebuli. 

qvemoT ganvixilavT sakontrolo raionis meTods, romelic gulisx-

mobs Sesaswavli raionis met-naklebad SesabamisobaSi myofi sakont-

rolo raionis SerCevas, aseve mis ZiriTad principebsa da dadebiT mxa-

reebs. am meTodis gamoyeneba SesaZlebelia sxvadasxva konkretuli obieq-

tisaTvis.  

sakvanZo sityvebi: statistikuri damuSaveba; analitikuri urTierT-

kavSiri; regresiis done; funqcia – faqtori. 
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uak 628.1 

dabinZurebis normireba da garemos mdgomareobis maCvenebeli.  

a. begiaSvili, g. soselia // hidroinJineria, #1(25), 2018, gv. 88-93. 

reziume: ganxilulia garemoze zemoqmedebisas dasaSveb doneTa 

kavSiri garemos mdgomareobaze. mocemulia garemos dabinZurebaze normi-

rebuli maCveneblebis dRes arsebuli ganmarteba, dabinZurebuli wylis 

obieqtebis klasifikacia, wylis xarisxis integraluri daxasiaTeba da 

qimiuri damabinZureblebis jamuri maCveneblebi. 

sakvanZo sityvebi: normireba; maqsimalurad dasaSvebi koncentracia; 

maqsimalurad dasaSvebi done; droebiTad daSvebuli CaRvra; wylis da-

binZurebis indeqsi; dabinZurebis jamuri maCvenebeli. 

 

uak 621.81 

wveTwarmoqmna wveTovani kondensaciis dros da Tbogacemis pro-

cesis analizi. S. mestviriSvili // hidroinJineria, #1(25), 2018, gv. 94-98. 

reziume: naSromSi mocemulia wveTovani kondensaciis dros Tboga-

cemis analizi da procesis sruliad axali xedva, romelic damyarebulia 

fizikisa da koloiduri qimiis klasikur gamokvlevebze. mocemulia wveT-

warmoqmnisa da kondensatis afskis warmoqmnis meqanizmi, warmoqmnili wve-

Tebis roli Tbogacemis procesSi maTi sididis mixedviT. Sedarebulia 

wylisa da vercxliswylis wveTovani kondensaciis Tbogacemis koeficien-

tebi da Semotanilia meoreuli orTqlis cneba da misi roli kondensaciis 

procesis mimdinareobaSi. 

sakvanZo sityvebi: wveTovani kondensacia; wveTwarmoqmna; meoreuli 

orTqli; kondensati; kritikuli radiusi. 

 

uak 691.32 

TviTSemWidroebadi betonis Seklebis universaluri modeli.  

a. sayvareliZe // hidroinJineria, #1(25), 2018, gv. 99-106. 

reziume: Catarebulia TviTSemWidroebadi betonis Seklebis eqsperi-

mentul-Teoriuli kvleva.  

gamoicada TviTSemWidroebadi betonis sxvadasxva asakis (t=14; 28; 60 

da 180 dRis) nimuSebi. damzadebis Semdeg yvela nimuSi cdis dawyebamde 



117 
 

inaxeboda `standartul~ pirobebSi [1]. gamosacdeli nimuSebis zomebi, 

kompozitis Sedgeniloba da teqnologiuri parametrebi mocemulia 

naSromebSi [1, 2, 3].  

gamoTvlilia sxvadasxva asakis TviTSemWidroebadi betonis wrfivi 

Seklebis koeficientebi da mocemulia masalis Seklebis deformaciebis 

ganmsazRvreli formulebi garemos fardobiTi tenianobis mTel diapa-

zonSi, 100÷0%. dadgenilia TviTSemWidroebadi betonis Seklebis, masa-

lis asakze damokidebulebis kanoni da SemuSavebulia am kanonis aproq-

simaciis formulebi. 

Seqmnili universaluri modelebi maqsimaluri sizustiT asaxavs 

kompozitis Seklebis realur deformaciul procesebs. 

sakvanZo sityvebi: Sekleba; asaki; TviTSemWidroebadi betoni; wrfivi 

Seklebis koeficienti; tenSemcveloba; fardobiTi tenianoba; kanoni; 

formula; eqsperimenti; modeli. 

 

uak 691.32 

TviTSemWidroebadi betonis gajirjveba. a. sayvareliZe // hidro-

inJineria, #1(25), 2018, gv. 107-110. 

reziume: Seswavlilia TviTSemWidroebadi betonis gajirjvebis 

sakiTxebi. dadgenilia 28 dRis asakis TviTSemWidroebadi betonis gajir-

jvebis deformaciebi, masalis datenianebis sxvadasxva intensiurobis 

dros, garemos fardobiTi tenianobis mTel diapazonSi, 0÷100%. naCvene-

bia, rom kompozitis gajirjvebis deformaciebi izrdeba TviTSemWid-

roebadi betonis datenianebis intensiurobis zrdis proporciulad. 

mocemulia, rom TviTSemWidroebadi betonis gajirjvebis deformaciebi 

kargi sizustiT aisaxeba wrfivi gajirjvebis erTi koeficientiT, gare-

mos fardobiTi tenianobis mTel diapazonSi, 0÷100%. gamoTvlilia 28 

dRis asakis TviTSemWidroebadi betonis wrfivi gajirjvebis koefi-

cientis sidide. 

sakvanZo sityvebi: TviTSemWidroebadi betoni; gajirjveba; nimuSi; ci-

lindri; wrfivi gajirjvebis koeficienti; fardobiTi tenianoba; ten-

Semcveloba; eqsperimenti; deformaciebi. 
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SUMMARIES 
 

UDC 628.1.034 

DEVELOPMENT OF EFFECTIVE METHODS FOR ORGANIZATION OF MINOR 

WATER CYCLE. A. Bakhtiari, T.Berberashvili, A. Bagration-Davitashvili, D. Gurgenidze,  

P.Kervalishvili, L. Klimiashvili // Hydroengineering, #1(25), 2018, с. 8-15. 

Summary: Nowadays, water scarcity beside pollution is one of the most complicated 

problem in the world that many scientists are involved to find solutions. Most of the alternatives are 

based on saving and pollution prevention. However, they are useful, but not sufficient in large scale.  

Pollution not only damage to environment resources, but also decrease fresh water resources 

and it is significant, when constant amount of fresh water on the earth is considered. Therefore, a 

comprehensive alternative not only remove water scarcity, but also save the world from pollutants. 

Key words: water crisis; water minor cycle; water economy; reusing water; water resources. 

 

UDC 627.521.1  

STABILITY OF FREE-FLOW STREAMS IN ROUND-CYLINDRICAL CONDUITS. 

Sh. Gagoshidze // Hydroengineering, #1(25), 2018, с. 16-26. 

Summary: There is well known in hydraulic engineering practice, taking into account the 

fact, that for a nearly fully filled gravityflow tunnel with a circular cross section the water flows 

with shocks, i.e. unstable. Such a phenomenon also occurs, when emptying a bottle, but no 

mathematical confirmation has been so far found for it. There is shown, that the instability of 

wave perturbations in such channels depends only on the length of the wave disturbances and 

does not depend either on the velocity of the main stream, or on the presence of an interlayer of 

air between the free water surface and the channel ceiling. 

In the paper, the estimate of the flow stability is obtained also for two limiting cases: - 

when the channel of circular cross-section is nearly empty, i.e. the water flow in the channel has 

small depth, as compared with the radius of the water conduit and when it is half fulled. In both 

limiting cases, the wave motion in a channel is always stable. 

 

The work is carried out within the limits of FR 35/9-120/14 grant of Shota Rustaveli 

national scientific fund. 

 

Key words: free-flow conduit, circular cross section, wave motion, stability of flow. 
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UDC 628.1 

ISSUES OF SETTLING VELOCITY OF SOLID PARTICLES IN WASTEWATER.  

Z. Gvishiani, L. Klimiashvili, G. Soselia, K. Gordeziani // Hydroengineering, #1(25), 2018,  

с. 27-34. 

Summary: There are reviewed wastewateris, as a complex polydisperse, heterogeneous 

and aggregate of unstable system - suspension. A device has been developed for determining the 

particle settling velocity in waste water, taking into account their non-transparency. Our results 

and data obtained by other authors are compared and presented using graphs and empirical 

equation. The dependences deducted from empirical data, allow to carry out calculations with 

sufficient accuracy to be used in engineering work. 

Key words: waste water, polydisperse, heterogeneous, aggregate unstable system, 

suspension, settling velocity, horizontal gravity settler. 

 

UDC 628.1.034 

EFFECT OF SHAPE OF PARTICLES ON THEIR SETTLING VELOCITY DURING 

THE MECHANICAL WASTE WATER TREATMENT. Z.Gvishiani, D. Gurgrnidze,  

Z. Tsinadze, S. Bukia // Hydroengineering, #1(25), 2018, с. 35-42. 

Summary: There is reviewed effect of shape of particles on their settling velocity during 

the mechanical wastewater treatment. Our results and data obtained by other authors are 

compared and presented using graphs and empirical equation. The dependences deducted from 

empirical data, allow to carry out calculations with sufficient accuracy to be used in engineering 

work. 

Key words: waste waters; mechanical waste waters treatment; settling velocity; effect of 

shape of particles. 

 

UDC 628.339 

STUDY OF THE DYNAMICS OF CHANGES THE CONCENTRATION OF THE 

SUSPENDED SOLIDS IN SEDIMENTATION TANKS FOR WASTE WATER TREATMENT. 

I. Inashvili, I. Denisova // Hydroengineering, #1(25), 2018, с. 43-49. 

Summary: The article deals the dynamics of changing the concentration of suspended 

solids during waste water treatment in sedimentation tanks, under gravitational sedimentation. 

Based on the hypsometric law of Laplace, the equation of the dependence of the volume 

concentration of suspended solids on the settling depth have been obtained. The value of the 

boundary concentration, between the laminar and transitional modes of flow around the 
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particles have been determined.In the article, it has been calculated at what depth does the 

laminar mode flow around the particles changes into the transitional mode. 

Key words: waste water, hydraulic size; sedimentation, fall velocity, boundary 

concentration, regimes; flow around the particle. 

 

UDC 691.32 

CHEMICAL-PHYSICAL ASPECTS OF CONCRETE FILLERS. L. Klimiashvili,  

D. Gurgenidze, A. Chikovani // Hydroengineering, #1(25), 2018, с. 50-60. 

Summary: To activate local materials and technical-genetic waste, increase singularity of 

their mechanical-chemical refinement in crushing machines. If crushing happens in combination 

with surface-active materials, we get organic-mineral filler, which is effective for use in 

constructional welding and concrete. 

Key words: chemical and mineral additions; microfillers; grind; activation; dipole; 

compositional astringent; silon; silicon; polarization; additivity. 

 

UDC 631.367 

IRRIGATION OF STRATEGIC CULTURES THE IMPROVED IRRIGATION UNIT 

OF POSITIONAL ACTION. V. Nanitashvili // Hydroengineering, #1(25), 2018, с. 61-69. 

Summary: The question of the irrigation of tea and citrus cultures is discussed as a 

significant measure, which gives a guarantee of the achievement of high and qualitative harvest 

oriented on the increase of export production. 

Construction diagrams of the irrigation water-sprinkler for tea and citrus plantations, main 

units and principles of operation as well as engineering data and irrigation technology are given. 

Key words: irrigation technology; water-sprinkler; lrrigational erosion; ecological safety; 

irrigation. 

 

UDC 332.025 

THE EFFECT OF INCLUSION OF “DEAD CAPITAL” IN THE COUNTRY'S ECONO-

MIC TURNOVER AND CONSTRUCTION BUSINESS. E. Kristesiashvili, R. Makhviladze, 

I. Gogoladze // Hydroengineering, #1(25), 2018, с. 70-76. 

Summary: There is reviewed the role of animation of "dead capital" possessed by 

population in the world, including Georgia, in the development of the country's economy, 

including construction sphere. 
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Key words: hypothec; dead capital; material and internal values; building-constructions; 

immovable property; material active; development; cumulative effect. 

 

UDC 628.1 

TESTING OF WATER QUALITY AND IT’S PURITY TO TEST STATISTICAL 

HYPOTHESIS USING A METHOD. A. Begiashvili, G. Soselia // Hydroengineering, #1(25), 

2018, с. 77-83. 

Summary: Rating quality of water using method for testing of statistical hypothesis is 

doable if predefined coefficients are known using mathematical formula. The goal of the task is 

to test 2 hypothesis: state of water (safe or dangerous), to answer the questions of two theories 

(Lehman and Ceatlin) - not to ignore economic interest of “water purification”. This condition is 

mandatory during calculations. After final result is collected, the table is created, which enables 

analysis of hypothesis results. The results of hypothesis are also in the table. Definition and -1, -

a) For “water purifier” also, 2. -b) for water users. 

Key words: stochastic temporal observation; mathematical expectations; dispersion; 

statistical hypothesis; critical environment. 

 

UDC 628.1 

METHOD OF THE CONTROL AREA FOR CALCULATING THE LOSSES RECE-

IVED UNDER ANTHROPOGENIC INFLUENCE. A. Begiashvili, G Soselia // Hydroengine-

ering, #1(25), 2018, с. 84-87. 

Summary: There is shown the consideration of the method of the control area for 

determining the amount of economic losses. Three main methods are used for this purpose: the 

control area (which is based on contaminated and conditionally pure material), analytical (which 

is based on a mathematical connection, for example, multifactorial analysis) and the third, 

combined method. The method of the control area, which implies the selection of the 

appropriate control area, is presented.There are given the main principles and positive aspects. 

The application of this method is possible for many specific objects. 

Key words: relative index of control region; recipients; statistical processing, analytical 

interconnection, regress level, function-factor. 

 

 

 

 



122 
 

UDC 628.1 

WASTE NORMALIZATION AND ENVIRONMENT MONITORING. A. Begiashvili, 

G. Soselia // Hydroengineering, #1(25), 2018, с. 88-93. 

Summary: Acceptable levels of environmental influence have been reviewed. Up-to-date 

statistics are shown for environmental damage. In addition, there is presented classification of 

object, with dirty water, it’s integral characteristics and total values of chemical damage. 

Key words: normalization; as possible acceptable concentration; as possible acceptable 

level; temporarily accepted pour in; water pollution index; total values of pollution. 

 

UDC 621.81  

THE FORMATION OF DROPLETS DURING CONDENSATION AND THE ANALY-

SIS OF THE HEAT TRANSFER PROCESS. Sh. Mestvirishvili // Hydroengineering, #1(25), 

2018, с. 94-98. 

Summary: In the work a new vision is given for analyzing the process of heat transfer 

and the formation of droplets during condensation, which is based on classical studies of 

physics and colloid chemistry. The mechanism of the formation of droplets and condensate film 

is given. The role of generating droplets in the process of heat exchange in terms of their 

magnitude is also presented. Comparison of heat transfer coefficients of droplet condensation of 

water and mercury is carried out and the concept of secondary vapor and its role during the 

condensation process is introduced. 

Key words: dropping condensation; formation of droflets; secondary vapor; condensate; 

critical radius. 

 

UDC 691.32 

UNIVERSAL SHRINKAGE MODEL FOR SELF-COMPACTING CONCRETE.  

A. Sakvarelidze // Hydroengineering, #1(25), 2018, с. 99-106. 

Summary: There was studied shrinkage of self-compacting concrete of different age 

t0=14, 28, 60 and 180 days. Experiments were conducted over cylindrical specimens with 

diameter 70 mm and length 70 and 300 mm. Specimens were kept in environment of 100 % 

relative humidity during of different t0=14, 28, 60 and 180 days after preparation and afterwards 

were tested in environment of 70, 50, 20 and 0% relative humidity. 

The shrinkage deformation changes of spesiments containing were determined during the 

tests nonlinear dependence of shrinkage of moisture content vere proven. 
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There is created universal model of self-compacting concrete shrinkage. It is first time, 

that universal model of shrinkage takes into account the age and moisture content of material. 

Theoretical calculation is in consensus with experimental data. 

Key words: shrinkage; age; self-compacting concrete; rectilinear; coefficient of 

shrinkage; moisture; relative humidity; law; formula; experiment; model. 

 

UDC 691.32 

SWELLING OF SELF-COMPACTING CONCRETE. A. Sakvarelidze // Hydroengine-

ering, #1(25), 2018, с. 107-110. 

Summary: There was researched swelling of self-compacting concrete. Experiments were 

conducted over cylindrical specimens with diameter 70 mm and length 70 and 300 mm. 

Specimens were kept in environment 100 % relative humidity during 28 days and dried in 

drying cabinet until moisture content of 0 % (by constant weight). 

Afterwards there were tested in environment of 70 and 100 % relative humidity. There 

was dettermined, that the swelling deformation increases proportionally, to the proven moisture 

content of material. Linear coefficient swelling of self-compacting concrete is determined. 

Theorefical conclusions are in consensus with the experimental data. 

Key words: self-compacting concrete; swelling; specimen; cylinder; rectilinear; coef-

ficient of swelling; relative humidity; moisture; experiment; deformation. 
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РЕФЕРАТЫ 
 

УДК 628.1.034 

РАЗРАБОТКА ЭФФЕКТИВНОГО МЕТОДА ДЛЯ ОРГАНИЗАЦИИ ВОДНОГО 

МИНОРНОГО ЦИКЛА. Бахтиари А., Берберашвили Т.М., Багратион-Давиташвили 

А.Н., Гургенидзе Д.Р., Кервалишвили П.Д., Климиашвили Л.Д. // Гидроинженерия, 

#1(25), 2017, с. 8-15. 

Резюме: В настоящее время загрязнение воды является одной из самых сложных 

проблем в мире, в поиске решений которой участвуют многие ученые. Большинство аль-

тернатив основаны на сохранении чистоты и предотвращении загрязнения. Однако, в 

больших масштабах они полезны, но недостаточны. 

Загрязнение не только наносит ущерб водным ресурсам, но также важно его учиты-

вать, когда рассматриваются мировые запасы пресной воды. Поэтому всеобъемлющая 

альтернатива не только помогает устранить нехватку воды, но и спасает мир от ее 

загрязнителей.  

Ключевые слова: водные ресурсы; водный кризис; минорный водный цикл; пов-

торное использование воды; экономия воды. 

 

УДК 627.521.1  

УСТОЙЧИВОСТЬ БЕЗНАПОРНЫХ ПОТОКОВ В КРУГЛОЦИЛИНДРИЧЕС-

КИХ ВОДОВОДАХ. Гагошидзе Ш. Н. // Гидроинженерия, #1(25), 2017, с. 16-26. 

Резюме: Статья посвящена исследованию устойчивости распространения волн в 

безнапорных кругло-цилиндрических водоводах (в тоннелях, в трубопроводах и т.д.). 

Впервые теоретически обосновывается хорошо известное и учитываемое на практике 

гидротехнического строительства явление, заключающееся в сбойном протекании 

жидкости в круглоцилиндрических каналах в условиях их почти полного наполнения. 

Показано, что неустойчивость волновых возмущений в таких каналах зависит лишь от 

длины волновых возмущений и не зависит ни от скорости основного потока и ни от 

наличия прослойки воздуха между свободной поверхностью воды и сводом канала. 

Выводятся также асимптотические уравнения для описания волновых движений в 

малой степени и наполовину наполненных каналах круглого поперечного сечения, 

качественный анализ которых указывает на устойчивость поверхностных волн. 

 



125 
 

Работа выполнена в рамках национально-научного фонда Гранта FR 35/9-

120/14 Шота Руставели. 

 

Ключевые слова: безнапорный водовод; волновое движение; круглое сечение; 

устойчивость. 

 

УДК 628.1 

К ВОПРОСУ УТОЧНЕНИЯ ГИДРАВЛИЧЕСКОЙ КРУПНОСТИ ТВЕРДОЙ 

ФАЗЫ СТОЧНЫХ ВОД. Гвишиани З.Г., Климиашвили Л.Д, Соселия Г.А., 

Гордезиани К.Г. // Гидроинженерия, #1(25), 2017, с. 27-34. 

Резюме: Рассмотрены сточные воды как полидисперсная, гетерогенная и агрегатнo-

неустойчивая система _ суспензия. Разработано устройство для определения скорости 

осаждения частиц в сточных водах с учетом их непрозрачности. Полученные нами 

результаты и данные представлены в графических и эмпирических формах, и сопостав-

лены с результатами других авторов. Предложенные эмпирические зависимости позво-

ляют проводить расчеты с точностью, допустимой в инженерной практике.  

Ключевые слова: агрегатнo-неустойчивая система; гетерогенная; гидравлическая 

крупность; горизонтальный отстойник; полидисперсная; сточные воды; суспензия. 

 

УДК 628.1.034 

ВЛИЯНИЕ ФОРМЫ ЧАСТИЦ НА ГИДРАВЛИЧЕСКУЮ КРУПНОСТЬ ПРИ 

МЕХАНИЧЕСКОЙ ОЧИСТКЕ СТОЧНЫХ ВОД. Гвишиани З.Г, Гургенидзе Д.Р., 

Цинадзе З.О., Букия С.К. // Гидроинженерия, #1(25), 2017, с. 35-42. 

Резюме: Рассмотрено влияние формы чвстиц на гидравлическую крупность при 

решении задач механической очистки сточных вод. Полученные нами результаты и дан-

ные представлены в графических и эмпирических формах. Предложенные эмпирические 

зависимости позволяют проводить расчеты с точностью, допустимой в инженерной 

практике. 

Ключевые слова: влияние формы частиц; гидравлическая крупность; механическая 

очистка; сточные воды.  
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УДК 628.339 

ИССЛЕДОВАНИЕ ДИНАМИКИ ИЗМЕНЕНИЯ КОНЦЕНТРАЦИИ 

ВЗВЕШЕННЫХ ВЕЩЕСТВ В ОТСТОЙНИКАХ ДЛЯ ОЧИСТКИ СТОЧНЫХ ВОД. 

Инашвили И. Д., Денисова И. А. // Гидроинженерия, #1(25), 2017, с. 43-49. 

Резюме: В статье рассмотрена динамика изменения концентрации взвешенных 

веществ при очистке сточных вод в отстойниках методом гравитационного осаждения. 

Основываясь на гипсометрическом законе Лапласа, получено расчетное уравнение 

зависимости объемной концентрации взвешенных веществ от глубины оседания. 

Определено значение граничной концентрации между ламинарным и переходным 

режимами обтекания частиц жидкостью. Рассчитано на какой глубине происходит 

переход ламинарного режима обтекания частиц в переходный режим. 

Ключевые слова: гидравлическая крупность; граничная концентрация; режим 

обтекания частиц; седиментация; сточные воды. 

 

УДК 691.32 

ХИМИКО-ФИЗИЧЕСКИЕ АСПЕКТЫ БЕТОННЫХ ДОБАВОК. 

Климиашвили Л.Д., Гургенидзе Д.Р., Чиковани А.Б. // Гидроинженерия, #1(25), 2017, 

с. 50-60. 

Резюме: Активация и повышение однородности местных материалов и техноген-

ных отходов осуществляются путем их механо-химической обработки в помольных агре-

гатах. В случае помола указанных материалов совместно с добавками ПАВ получают ор-

ганоминеральную добавку, обладающую высокой однородностью и низкой водопот-

ребностью, которая может эффективно применяться в строительных растворах и бетонах.  

Ключевые слова: химические и минеральные добавки; микронаполнители; помол; 

активация; эпитекция; диполь; композиционное вяжущее; силан; силикон; поляризация; 

адитивность. 

 

УДК 631.367 

ОРОШЕНИЕ СТРАТЕГИЧЕСКИХ КУЛЬТУР УЛУЧШЕННЫМ ПОЛИВНЫМ 

АГРЕГАТОМ ПОЗИЦИОННОГО ДЕЙСТВИЯ. Наниташвили В. О. // Гидроинжене-

рия, #1(25), 2017, с. 61-69. 

Резюме: Рассмотрен вопрос орошения чайных и цитрусовых культур как знамена-

тельное мероприятие, которое даёт гарантию получить высокий и качественный урожай, 

ориентированный на увеличение экспортной продукции. 
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Даны схемы и конструкции поливных дождевальных установок для чайных и цит-

русовых плантаций, основные узлы и принципы работ, а также их технические пара-

метры и технология орошения. 

Ключевые слова: поливочная техника; ирригационная эрозия; экологическая безо-

пасность; дождевание. 

 

УДК 332.025 

ЭФФЕКТИВНОСТЬ ВКЛЮЧЕНИЯ «МЕРТВОГО КАПИТАЛА» В ЭКОНО-

МИЧЕСКОМ ОБОРОТЕ СТРАНЫ И В СТРОИТЕЛЬНОЙ ДЕЯТЕЛЬНОСТИ. 

Кристесиашвили Е.Н. , Махвиладзе Р.Л., Гоголадзе И.А. // Гидроинженерия, #1(25), 

2017, с. 70-76. 

Резюме: В работе рассматривается роль включения „мертвого капитала“ находяще-

гося в фактическом владении населения в мире, и в том числе в Грузии, в развитии эконо-

мики страны в том числе. 

Ключевые слова: ипотека; мертвый капитал; материальная и внутренняя ценность; 

земля; здания; сооружения; материальный актив; девелопмент; кумуляционный эффект; 

недвижимый капитал. 

 

УДК 628.1 

ОЦЕНКА КАЧЕСТВА ВОДЫ ДЛЯ ПРОВЕРКИ СТАТИСТИЧЕСКОЙ ГИПО-

ТЕЗЫ ПРИМИНЕНИЕМ  - МЕТОДА. Бегиашвили А.Ш, Соселиа Г. А. // Гидро-

инженерия, #1(25), 2017, с. 77-83. 

Резюме: Для проверки статистической гипотезы с использованием Альфа метода 

оценки качества воды можно применить математическую модель, в том случае, если 

заранее известно точное значение коэффициента. Для проверки состояния воды 

(безвредная или вредная) задача сводится к проверке двух гипотез. Для решения задачи 

пользуемся теориями Леймана и Цейтлина. После получения окончательного результата 

составлена таблица, которая позволяет анализировать полученные данные. По резуль-

татам гипотез построен и график. В нём данные значений Альфа и Мю, когда а) кто 

"очищает воду", б) для "пользователя воды". 

Ключевые слова: математические ожидания, дисперсия, статистическая гипотеза, 

распределение стеблей.  
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УДК 628.1 

РАСЧЁТ УЩЕРБА С ПРИМЕНЕНИЕМ КОНТРОЛЬНОГО РАЙОНА ПРИ 

АНТРОПОГЕННОМ ВОЗДЕЙСТВИИ. Бегиашвили А.Ш, Соселиа Г. А. // Гидро-

инженерия, #1(25), 2017, с. 84-87. 

Резюме: Показано: обсуждение установления экономического ущерба методом 

контрольных районов. Для установления ущерба применяют 3 метода: контрольных ра-

йонов, которые обоснованы сравнением загрязнённого и условно чистого; аналитической 

взаимосвязи (обоснованы по математическому соотношению, например, многофак-

торному анализу), и третий - комбинированный метод. 

Приведённый контрольный район, который по характеристике более-менее близок с 

изучаемым. Указаны основные принципы и положительные стороны этого метода. Этот 

метод можно применить и для других районов.  

Ключевые слова: статистическая обработка; аналитическая взаимосвязь; уровень 

регрессии; функция-фактор. 

 

УДК 628.1 

НОРМИРОВАНИЕ ЗАГРЯЗНЕНИЯ И ПОКАЗАТЕЛЬ СОСТОЯНИЯ ПРИ-

РОДНОЙ СРЕДЫ. Бегиашвили А.Ш, Соселиа Г. А. // Гидроинженерия, #1(25), 2017, 

с. 88-93. 

Резюме: Обсуждена взаимосвязь между разрешенными и нормативными пара-

метрами при воздействии на окружающую среду. Приведёно современное определение 

нормативного показателя взаимодействия с природой, также приведены классификация 

водного объекта; интегральная характеристика качества воды и суммарные показатели 

химических загрязнителей. 

Ключевые слова: нормализация; максимально допустимая концентрация; макси-

мально допустимый уровень; временно разрешенный индекс загрязнения воды; общий 

уровень загрязнения. 

 

УДК 621.81  

КАПЛЕОБРАЗОВАНИЕ ВО ВРЕМЯ КАПЕЛЬНОЙ КОНДЕНСАЦИИ И 

АНАЛИЗ ПРЕЦЕССА ТЕПЛООТДАЧИ. Мествиришвили Ш. А. // Гидроинженерия, 

#1(25), 2017, с. 94-98. 

Резюме: В работе даётся анализ капельной конденсации во время теплоотдачи в 

совершенно новом взгляде на процесс, основанный на классическом исследовании 
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физики и коллоидной химии. Даётся также механизм каплеобразования и возникновения 

плёнки конденсата. Определена роль образованных капель в процесе теплоотдачи 

согласно их радиусу, сверены коэффициенты капельной теплоотдачи и ртути, вместе с 

тем, внесено понятие вторичного пара и его роль в процессе конденсации. 

Ключевые слова: капельная конденсация; каплеобразование; вторичный пар; пар; 

конденсат; критический радиус. 

 

УДК 691.32 

УНИВЕРСАЛЬНАЯ МОДЕЛЬ УСАДКИ САМОУПЛОТНЯЮЩЕГОСЯ 

БЕТОНА. Сакварелидзе А.В. // Гидроинженерия, #1(25), 2017, с. 99-106. 

Резюме: Изучена усадка самоуплотняющегося бетона различного возраста t0=14, 28, 

60 и 180 дней. В экспериментах испытывались образцы-цилиндры диаметрами 70 см и 

длиной 70 и 300 мм. До испытаний образцы хранились в камерах с относительной 

влажностью 100 %. Образцы всех возрастов испытывались в средах с относительной 

влажностью 70, 50, 20 и 20%. Опыты показали: зависимость деформации образцов (всех 

возрастов) от влагосодержания материала нелинейна. 

 На основе экспериментальных данных разработана универсальная модель усадки 

композита. Впервые разработана модель усадки самоуплотняющегося бетона, которая 

учитывает возраст и структуру материала. Теоретические вычисления хорошо согла-

суются с экспериментальными данными.  

Ключевые слова: усадка; возраст; модель; самоуплотняющийся бетон; влагосо-

держание; деформация; среда. 

 

УДК 691.32  

НАБУХАНИЕ САМОНАПРЯГАЮЩЕГОСЯ БЕТОНА. Сакварелидзе А.В. // 

Гидроинженерия, #1(25), 2017, с. 107-110. 

Резюме: Изучен вопрос набухания самонапрягающегося бетона. Эксперименты 

проводились над образцами-цилиндрами диаметром 70 мм и длиной 70 и 300 мм. После 

изготовления образцы хранились в помещении при 100% относительной влажности 28 

суток. 28- суточные образцы высушивались до постоянного веса (влагосодержание 

W=0%), после они испытывались на набухание в средах с относительной влажностью 

воздуха 70 и 100%.  

 Опыты показали, что набухание композита возрастает пропорционально влаго-

содержанию материала. Установлено, что деформация набухания вычисляется одним 
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линейным коэффициентом набухания. Дана формула определения набухания композита. 

Установлена величина коэффициента линейного набухания самоуплотняющегося бетона. 

Теоретически определённые деформации набухания с хорошей точностью согласуются с 

экспериментальными данными.  

Ключевые слова: набухание; самоуплотняющийся бетон; образец; влагосодержа-

ние; деформация; линейный коэффициент набухания.  
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