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uak 628.3 

 

wyalsadenebis gaangariSeba ZiriTadad Tbur Tvisebebze 

Tbogacemis sakiTxebis Sesaxeb  

 

l. klimiaSvili, q. gordeziani, g. soselia, a. bagration-daviTaSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: wylis Tburi resursebi ganisazRvreba misi temperaturiT. miwisqve-

Sa wylebis wyaroebis temperatura TiTqmis yovelTvis mdgradia da  

cvalebadoba xorcieldeba zRvrebSi 5–100C. miwis zedapirze wyal-

sadenis transportirebisaTvis gamoyenebuli unda iyos mili maqsi-

malurad SesaZlo TbocvliT garemos haeris gaTvaliswinebiT. qve-

moT moyvanili saangariSo formulebi iTvaliswinebs wylis tempe-

raturis dadgenas mildenSi moZrav nakadTan SedarebiT, martivi 

pirobebis gaTvaliswinebas Tburi gaangariSebis Catarebisas. 

 

sakvanZo sityvebi: wylis Tburi resursebi, wyaroebis temperatura, xaxuni, 

wylis nakadi, temperatura, Tbogadacema, Termuli winaRo-

ba, temperaturuli ryeva mildenebSi. 

 
 

1. Sesavali 

 

aucilebeli piroba wyalsadenebSi Tburi procesebis gaangariSebis te-

qnologia Cndeba im wyalsadenebis dasacavad, sadac haeris uaryofiTma tem-

peraturam SeiZleba gamoiwvios milSi wylis gayinvis procesi. es maSin, ro-

desac praqtikulad miwis siRrmis Sesabamisad TxrilSi foladis milebi 

Cawyobilia niadagis Cayinvis zonis qveviT an saerTod miwis zedapirzea mow-

yobili Txrilis gareSe. miviRoT Cveni fizibilitis stadiaSi milis mowyo-

bis magaliTi stefanwmindis wyalsadenis gaumjobesobasTan dakavSirebiT. 
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aRniSnul SemTxvevaSi misaRebia milis mTel sigrZeze siTbos danakar-

gebis gaangariSebis Tburi da masSi wylis nakadis saboloo temperaturis 

SenarCunebis amocana. 

 

2. ZiriTadi nawili 

 

wylis Tburi resursebi ganisazRvreba misi temperaturiT. miwisqveSa 

wylebis wyaroebis temperatura TiTqmis yovelTvis mdgradia da is icvleba 

5-100C sazRvrebSi, amitom wylis Tburi resursebic SedarebiT didi da 

mdgradia. 

sxvagvarad aris warmodgenili zedapiruli wylebis, wyaroebis tempe-

ratura, romelic zamTris periodSi xSir SemTxvevaSi miaxloebulia 00C 

temperaturasTan. 

sainteresoa Cqari mdinareebis Tvisebebi. isini aramdgradi siCqareebis 

dros wylis temperaturaze siCqaris gavleniT mTel mis kalapotSi iReben 

TiTqmis erTnair temperaturas. 

unda aRiniSnos, rom mdinaris temperatura yvelaze dabalia zamTris 

dasawyisSi da maqsimalurs aRwevs Tovlis dnobis dros. amitom unda gavi-

TvaliswinoT is garemoeba, rom zedapiruli wylebi yovelTvis ar eqvemde-

barebian garemos temperaturas. 

 

damatebiTi Tburi resursebi wyalze 

damatebiTi Tburi resursebi wyalze SeiZleba iyos: xaxunis siTbo, 

warmoSobili tumboebSi wylis gavlis procesSi; mildenebSi nakadis gav-

lis dros xaxunisagan warmoSobili siTbo. 

Tanamedrove centridanuli tumboebis margi qmedebis koeficienti aris 

0,75-0,85. aqedan gamomdinare meqanikuri energiis daaxloebiT 25-15% ixarjeba 

tumboTi. ikargeba ara gamoyenebiT, aramed gardaiqmneba Tbur energiad. 

Tburi energiidan daaxloebiT 90% gadaecema wyals, romelic gaivlis 

tumbos borbals da korpuss. siTbos 10% ikargeba satumbo sadguris farT-

ze adgilobrivad. 
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Tu aRvniSnavT gamoyenebul simZlavres tumbos RerZis farglebSi aso 

N-is da margi qmedebis koeficient ղ -s meSveobiT, maSin simZlavris nawili 

(tumbosi) daxarjuli wylis gaTbobaze Seadgens: 

     N . N . QH / . / QH /         0 9 1 0 9 1 102 0 1 1 102kilovati 

siTbos raodenoba, romelic tumbos korpusSi simZlavris 90%-mdea, ga-

moiTvleba gamosaxulebiT: 

QHQH 6.71
1








 


kk/saaTSi, 

sadac   Q aris wylis xarji l/wm; 

   H – tumbos wneva metrebSi. 

 

amasTan dakavSirebiT wylis temperatura aiwevs da iqneba: 

HtH 






  1
1

0021.0


m. 

wylis nakadis moZraobisas milis kedelze xaxunis gamo warmoiqmneba 

damatebiTi siTbo mildenis mTlian sigrZeze da igi ar aris damokidebuli 

wylis temperaturaze. 

siTbos gamoyofis raodenoba milis erT grZiv metrze gamoiTvleba ga-

mosaxulebiT: ∆்ܳ = ொƔସଶ	 kk/saaTSi 
an ∆்ܳ = ொ×ଵ××ଷସଶ = 8.43ܳ݅kk/saaTSi.  
 

sadac ∆்ܳ aris erT grZiv metrze gamoyofili siTbos raodenoba, kk/saaTi; 

Q - wylis xarji, l/wm; 

 I - hidravlikuri qanobi. 

Tburi gaangariSeba TbocvliT gamowveuli xaxunisagan iTvaliswinebs 

pirobiT garemos temperaturis zrdis sididiT: ∆்ݐ = ∆்ܳܵ, 
sadac  S Termuli winaRobaa. 
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haeris saangariSo temperatura stefanwmindis  

,,samSeneblo klimatologiis“ mixedviT 

miwis zedapirze wyalsadenis transportirebisaTvis gamoyenebuli unda 

iyos mili maqsimalurad SesaZlo TbocvliT da garemos haeris temperatu-

ris gaTvaliswinebiT. amitom saangariSo temperatura aseTi mildenebisTvis 

unda iqnes miRebuli stefanwmindisaTvis absolituri minimumi -340C gare 

haeris temperaturaa, maT Soris yvelaze civi xuTdRiuri saSualo -140C. 

monacemebi miRebulia mravalwliuri meteorologiuri dakvirvebis Sedegad. 

gare haeris saSualo fardobiTi tenianoba yvelaze civi periodisTvis 13 

saaTze 64 %-ia. 

 

miwis saangariSo temperatura 

TxrilSi milis mowyobis dros miwis saangariSo temperatura gamo-

iTvleba da miiReba, rom yvelaze dabali temperatura milis CaRrmavebis 

RerZula xazis mixedviT aris 1,25 metri. 

 

mildenis siTbos danakargebis gansazRvra-gaangariSeba 

siTbos saerTo danakargebi mildenebSi SeiZleba gamoiTvalos for-

muliT: ܳ = ௧బି௧ௌ ݈, 
sadac Q aris Tbodanakargebi mildenebSi, kk/saaTSi; 

  t0 – wylis saSualo temperatura mildenis mTel sigrZeze, 0C; 

  tc – garemos temperatura mildenebis ganTavsebis zonaSi, 0C; 

  L – mildenis sigrZe, 18 000 metri; 

  S – Termuli winaRoba Tbogadacemisa mildeniT, rac aris sxvaoba 

wylis temperaturasa da garemos Soris gradusebSi, roca mildenis Tboda-

nakargebi 1 grZ/metrze aris 1 kk/saaTSi. 

 

Tbogadacema milis kedlidan Tboizolaciasa da miwaze 

Termuli winaRoba milis kedlebidan (misi sisqis mixedviT) gamoiTvle-

ba formuliT: 
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்ܵ =  ವವబଶଷఒ m/sT×0C/kk; 

sadac  D milis gare diametria, metrebSi; 

D0 – milis Sida diametri, metrebSi; ߣ – Tbogamtarobis koeficienti; kk/m•sT 0C (cxrili 10-14). 

Tu gamoyenebuli gvaqvs foladis milebi saTanado TboizolaciiT, ma-

Sin SCT sidide SeiZleba ar gamovTvaloT da CavTvaloT, rom igi am SemTx-

vevaSi udris 0-s.  

Tboizolaciis rgolismieri kveTis SemTxvevaSi Termuli winaRobis 

gansazRvra SeiZleba formuliT: ܵ௨ଷ =  ವವబଶଷఒm/sT×0C/kk, 

sadac  D izolaciis gare diametria, metrebSi; 

  D0 – izolaciis Sida diametri, metrebSi; 

 koeficienti siTbogamtarobis Tbosaizolacio masalebis – ߣ  

mixedviT miiReba, kk/m•sT0C (cxrili 10-14). 

 

cxrili 10-14 ߣ koeficientis ricxobrivi gamosaxuleba 

 

N masala da grunti 

saerTo 

wona, 

kg/m3 

siTbogamtarobis 

koeficienti, 

kk/m•sT•0С 

SeniSvna 

1 
azbestis cementis filebi da

furclebi 
1900 0,30  

2 
azbestis cementis Tboizolaciis

filebi 
300-500 0,08-0,11  

3 betoni 2200 1,10  

4 wida betoni 1000-1500 0,35-0,60  

5 gazobetoni da penobetoni 300-1000 0,11-0,34  

6 fibroliti portlandcementze 250-600 0,10-0,20  

7 samSeneblo foladi 1850 50  
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gagrZeleba 

8 aguri 1700-1800 0,65-0,70  

9 minabamba 200 0,05  

10 mineraluri bamba 200 0,06  

11 samSeneblo Teqa 150 0,05  

12 torfosaizolacio filebi 250 0,065  

13 wida 500-1000 0,14-0,25  

14 Sevseba mSrali qviSiT 1600 0,50  

15 Sevseba tufiT da pemziT 400-600 0,15-0,20  

16 mcenareuli niadagi 1800 1,00  

  

im SemTxvevaSi Tu Tboizolaciis gare moxazuloba ganxorcieldeba 

kvadratuli formiT, xolo sivrce warweriT, maSin misi Tboizolaciis 

moqmedeba SeiZleba miviRoT rgoluri izolaciis ekvivalenturad, gare di-

ametriT D=a×a, sadac a kvadratis gverdia metrebiT, xolo a koeficienti mi-

iReba 1,08-1,10 tolfasi. 

Termuli winaRoba TbogadacemiT izotropuli gayinuli gruntis gav-

liT gamoiTvleba formuliT: ்ܵ = ଶଷఒ m×sT×0C/kk, 

sadac λ Tbogamtarobis koeficientia gruntSi da misi ricxviTi mniSvneloba  

warmodgenilia [2] cxril 10-15-Si,  ܿ = ଶு + ටସுమమ − 1, 
sadac H aris milis CaRrmaveba milis centris miwis zedapiridan, miiReba 1,25m; 

D – gare diametri milis an Tboizolaciis gaTvaliswinebiT, metrebSi. 

im SemTxvevaSi Tu fardoba H/D>1-1.15, maSin c gamoTvla SeiZleba empi-

riuli formuliT: ܿ = ுு , 

maSin ்ܵ = ಹಹವଶଷఒ m×sT×0C/kk. 
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cxrili 10-15 

Tbogamtarobis koeficientebis gamosaxuleba gayinul gruntSi 

N grunti 

mSrali 
gruntis 

moculobiTi 
wona, k2/m3 

gamosacdeli 
temperatura, 

gradusi 

tenianoba % Tbogamta-
robis 

koeficienti, 
m×sT×0С/kk 

moculobiT woniT 

1 
Zlier 
SekumSuli 
qviSa 

1040 0.2 10 7 1.42 

2 zRvis qviSa 1585 <0 27.5 14 2.40 

3 
qviSa 
karieris da 
mdinaris 

1520 2 10 - 15 7 - 10 1.95 

4 
qviSa 
karieris da 
mdinaris 

1520 2 22 15 2.10 

5 
qviSa 
karieris da 
mdinaris 

1460 2 40 28 2.40 

6 qviSa-xreSi 1460 <0 16 10 2.25 

7 teniani Tixa 1460 2 15 10 2.55 

8 teniani Tixa 1460 2 22 15 2.75 

9 teniani Tixa 1460 2 33 22 2.85 

10 teniani Tixa 1460 2 40 28 2.90 

11 teniani Tixa 1460 2 50 35 3.00 

 

 

Tbocvla miwis zeviT mowyobili mildenebisa garemos temperaturis 

gaTvaliswinebiT 

Cvens SemTxvevaSi Tbocvlis Termuli winaRobis gaTvaliswinebiT radi-

aciis mixedviT, SegviZlia visargebloT gamosaxulebiT: 

S haeris= ݇)ܦߨ)/1 + 4))	m×sT×0C/kk, 

sadac D mildenis an Tboizolaciis gare diametria metrebSi; 

K – Tbogadacemis koeficienti konveqciiT, misi ricxviTi mniSvneloba 

damokidebulia dasagegmarebel adgilze qaris gavrcelebis siCqareze da 

milis qarisagan dacvis xerxze. kerZod, Tu qaris siCqare aRniSnul gare-

moSi Seadgens 5 m/wm-Si, maSin k =2,2, qaris siCqaris dros 15 m/wm-Si k =45. 
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3. daskvna 

 

qvemoT moyvanili saangariSo formulebi iTvaliswinebs wylis tempera-

turis dadgenas mildenSi moZrav nakadTan SedarebiT, martivi pirobebis 

gaTvaliswinebas Tburi gaangariSebis Catarebisas. kerZod: 

1.  mildeni mowyobilia da ganTavsebulia iseT garemoSi, sadac tempera-

tura SenarCunebulia ucvlelad mildenis mTel sigrZeze. 

2. mildenis Tboizolacia xasiaTdeba Termuli ܵ = ∑்ܵ = -anu wina ݐݏ݊ܿ
Roba SenarCunebulia mildenis mTel sigrZeze. 

3.  wylis raodenoba mildenebSi Q0 darCenilia ucvleli drosa t da 

mTel sigrZeze. 

 temperaturuli ryeva mildenebSi ganisazRvreba gamosaxulebiT: ∆ݐ = ଵݐ) − )ܽଵݐ = ଶݐ) − )ܽଶݐ …. ܽଵ = 1௧ − ݁ି ; ܽଶ = ݁ − ܤ ; 1 = 0.278 ௌொబ ; 
sadac t1 da t2 aris wylis temperatura dasawyisSi da milis boloSi. 

 L – mildenis sigrZe, km. (Cveni wyalsadeni - 18 km.); 

 S – Termuli winaRoba, m•sT0C/kk.; 

 Q0 – wylis xarji, l/wm. 

ܤ  = 0.278 ௌொబ aris temperaturuli koeficientis ricxviTi mniSvnelobebi 

da xSirad gvxvdeba gaangariSebis dros, amitom igi mogvyavs ucvlelad an 

angariSis gaadvilebis mizniT [1] cxrili 10-16-is saxiT. 

cxrili 10-16 

B eB e-B B eB e-B B eB e-B 

0.00 1.000 1.000 0.45 1.568 0.637 1.30 3.600 0.272 

0.05 1.051 0.951 0.50 1.648 0.606 1.40 4.060 0.246 

0.10 1.105 0.905 0.60 1.820 0.546 1.50 4.500 0.220 

0.15 1.162 0.861 0.70 2.013 0.496 1.60 4.950 0.200 

0.20 1.221 0.819 0.80 2.225 0.449 1.70 5.550 0.180 

0.25 1.284 0.779 0.90 2.461 0.406 1.80 6.050 0.170 

0.30 1.350 0.741 1.00 2.718 0367 1.90 6.630 0.150 

0.35 1.415 0.704 1.10 3.000 0.332 2.00 7.390 0.140 

0.40 1.492 0.670 1.20 3.320 0.301    
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miaxloebiTi angariSebis dros SegviZlia miviRoT formula: ܽଵ = ܤ ቀ1 − ଶቁ ; ܽଶ = ܤ ቀ1 + ଶቁ; 
Tu B<1, viRebT ܽଵ = (ܽଶ = ଵܽ(ܤ = ܤ = 0.024. 
im SemTxvevaSi Tu milis CaRrmaveba ܪ = (0.7 −  .ܦ(1.0
maSin tC viRebT minimalurs, miaxloebiT haeris saangariSo temperatu-

ramde. 

ganvsazRvroT gayinvis dro mildenSi wylis nakadis umoZraobis dros 

yinulis apkis (qerqis) warmoqmnisas masSi nakadis umoZraobis dros milis 

diametri miaxloebiT SeiZleba ganvsazRvroT formuliT: ݐგაყ = 62800 ௌ௧ ܦ) − ݀ଶ)sT, 
sadac S Termuli winaRobaa; 

tC – garemos uaryofiTi temperatura, sadac ganTavsebulia mildeni (sap-

roeqto), Cvens SemTxvevaSi tc= - 34 0C. 

D0 – mildenis Sida diametri metrebSi. 

D –yinulis warmoqmnili qerqis Sida diametri, metrebSi. 

sruli gayinvis dros d=0. 

magaliTi #1 

ganvsazRvroT wylis temperatura wyalsadenis bolos ZiriTadad miRe-

buli saangariSo maCveneblebis ricxviTi mniSvnelobebis gaTvaliswinebiT – 

wylis minimaluri saangariSo temperatura miviReT t1=+0.60C, garemos minima-

luri temperatura tc= - 20C [saSualod miRebulia qviSiani niadagi teniano-

biT ф=220C (woniT)], milsadenis savaraudo nakadi dB=250 mm, Q0=30 l/sT. 

wyalsadenis sigrZea 18 km. milis kedlis sisqea 4 mm, foladis masala. maga-

liTiT milis CaRrmaveba aris H=2,0m. Cven unda miviRoT Txrilis siRrmis 

ekvivalenturi mozvinvis simaRle, Tumca 2 metri sakmaod maRalia miwis ze-

dapiridan. miviRoT daaxloebiT H=1,5 m, sayrdenebis siRrme H=0,5 m. Cava-

RrmavoT da saerTo simaRle gamova H=2,0 metri.  

 

 



hidroinJineria, #1-2(27-28), 2019 _ Hydroengineering, #1-2(27-28), 2019 _ Гидроинженерия, #1-2(27-28), 2019 

15 

 

UDC 628.4 

 

CALCULATION OF SANITARY PROTECTION ZONES 

 

L. Klimiashvili,  K. Gordeziani, A. Bagration-Davitashvili, G. Soselia 

(Georgian Technical University) 

 

 Abstract: There is revieued the report on Sanitary Protection Zones is reviewed by the Parlia-

ment's normative act in the field of environmental protection (Tbilisi 2000), and accord-

ing to the Water Law of Georgia (Section II, Chapter II, Article 21). According to 

hydrogeological features of ground-water, which should be considered during analysis 

of test-filtration results of the works and defining main hydrogeological parameters. 

The calculation is carried out by E. Minkin, N. Lapshin and A. Oradanovskaia’s meth-

odology, based on the sanitary - hydrogeological parameters. Based on the above-

mentioned, we consider it appropriate to use the calculation in engineering practice.

  

 

Key words: sanitary protection zones,  test-filtration works, determination of hydrogeological 

parameters, type of hydrogeological conditions, natural flow of underground waters, 

water intake. 

 

 

 

1. INTRODUCTION 

 

According to the normative act of the Parliament of Georgia in environmental sphere (Tbilisi 

2000), and according to the Water Law of Georgia (Section II, Chapter II, Article 21) 

"The general purpose water should have a sanitary protection zone for the surface and ground-

water supply structures from which it fed." 

According to hydrogeological features of ground-water, which should be considered during 

analysis of test-filtration results of the works and defining main hydrogeological parameters, it is 

advisable to specify hydrogeological conditions taking into consideration the following principles. 
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  The natural flow of the underground waters is directed from water source to the river; 

  The natural flow of the underground waters is directed from river to the water source; 

  The natural flow of ground-water does not take part in the process of formation; 

  The natural flow of ground-water moves across the river. 

 

 

2. THE BODY OF THE ARTICLE 

 

At the same time, it is of principle importance to what type of water intake we have: the 

coastal, or isolated from the river, or isolated from the surface stream and reservoirs type. 

Depending on these principles, first of all it is necessary, to take into account the above-

mentioned conditions, defined type of source and calculated sanitary protection zones, based on 

relevant methodical guidelines. Sanitary protection area consists of 3 zones: 

I zone - Strict regime area covering the area-where water supply structure is located in 15 m 

radius;  

II and III zones - Limiting zone. 

The distance from the II zone to the water intake the determining parameter T microbial cal-

culating time, which is enough to treat the stream from pathogenic microbes. This time is 400 days 

and marked T = 400 days. 

The III zone is designed to protect ground-water from chemical pollution. 

The timing of water pollution from sanitary protection zone to the water zone (T chemical) . 

Consequently, when during designing intake structure of ground-water and it’s exploitation, 

we will take 3 zones: I, II and III. 

Thus: I zone is a girdle-strict regime zone, that covers the area with the radius of 15 m; The II 

zone is calculated for 400 days of water flow, and III zone - for 10 000 days of water flow. 

The calculation of the II and III zones is carried out by E. Minkin, N. Lapshin and A. 

Oadanovskaia’s methodology, based on the sanitary - hydrogeological parameters. 

Based on the above-mentioned, we have the conditions, when the natural underground flow is 

directed towards the river. In this case we use formulas: 

  ܺ = ܺைඥ1 −   (1) ݍைܺߨ/ܳ

Where: 

XB - is a watershed coordinate, 
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Xo – is distance from river to water intake structure in meters, 

Q  – is debit of water intake structure, 

Q – specific debit of the flow. 

This formula acts, when the water intake’s expenditure is relatively low: 

 ܳ ≤ ߨ × ܺை ×  (2) ݍ

The length of the sanitary protection zone (R) in the direction of river level is determined by 

the estimated time (T): 

 ܶ =  ቂܴ − ೀିಳమଶಳ ݈݊ ೀାோ/(ೀିಳ)ೀାோ/(ೀାಳ)ቃ (3) 

Where m is the capacity of the water layer (meters), and n is the activity of the rock’s pores. 

  ܴ = ்ଶ (1 + ට1 + ସೀ் ) (4) 

The length of the sanitation protection zone is determined by the river flow direction: 

  ܶ =  ቂܴ − ೀିಳమଶಳ ݈݊ ೀିఛ(ೀାಳ)ೀିఛ(ೀିಳ)ቃ (5) 

Where ߬ is the length of sanitary protection zone down from the water intake structure. 

The space of sanitary protection area is calculated by the formula: 

  F = QT/mn	  (6) 

The sanitary protection zone width: 

  ݀௫ =  (7) ݍ2/ܳ

 q = kmi	  (8)  

where i is slope 

In the case of N1 source, the parameters of formula include: 

Xo=100  

Q=2000m3/day,  

m=30 m.  

k=30 m/day,  

n-0.25,  

i=0.001  

By submitting them to the appropriate formula: ݍ = ݇݉݅ = 30 × 30 × 0.001 = 0.9  m2/day ݍ = 3.14 × 100 × 0.92000 = 0.14 ܶ = ଶ×ସଷ.ଵସ×ଷ×.ଶହ×ଵమ = 3.4  ( ܶ = 400 day) 
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ܶ = ଶ×ଵ×ଵరଷ.ଵସ×ଷ×.ଶହ×ଵమ = 85  ( ܶ = 1 × 10ସ day) 

In this case n = Xo = 100 m. 

This is the length of the II zone from I zone in the direction of the river motion, 

Concerning the distance from the second zone in the direction of the reverse flow of the river, 

it is calculated as follows: ܴݍ = .ଽ×ସଷ×.ଶହ = 48   ( ܶ = 400 day) ܴݍ = .ଽ×ଵ×ଵరଷ×.ଶହ = 1200  ( ܶ = 1 × 10ସ day) ܶ = .ଽ×ସଷ×.ଶହ×ଵ = 0.48  ( ܶ = 400 day) ܶ = .ଽ×ଵ×ଵరଷ×.ଶହ×ଵ = 12   ( ܶ = 1 × 10ସ day) 

Accordingly,  ∆ܴ = 1.25 and ∆ܴ = 1.25 × 100 = 125  ( ܶ = 400 day) ∆ܴ = 3 and ∆ܴ = 3 × 100 = 300  ( ܶ = 1 × 10ସ day) 

The total length of the II and III zones is: L = 100 + 170 = 270 ( ܶ = 400 day) L = 100 + 1500 = 1600 ( ܶ = 1 × 10ସ day) 

The total length sanitary protection zones is: 

d=1.6  ( ܶ = 400 day),  d=5  (T=1.104day)  

Accordingly,  ݀ = 1.6 × 100 = 160 m,  ݀ = 5 × 100 = 500m.  

Thus the N1 source sanitary zones are: 

I zone with 50 m. radius is N1 diameter. 

II zone in the direction of river flow is 100 m, up the river is 170 m. 

III zone in the direction of river flow is 100 m, up the river is 1500 m.  

The width of the II zone is 160m and III zone – 500 m. 

For the N2 source sanitary zone boundaries frontal group are: 

The border of I zone is located in the radius of 50 m from the farthest point.  

 ܺை = 150 m, Q = 500 m3/day, m = 30 m, K = 30	 m/day. n = 0.25, ݅ = 0.001 

By submitting them in appropriate formalities we obtained: 
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ݍ = 3.14 × 150 × 0.9500 = 0.85 ܶ = ହ×ସଷ.ଵସ×ଷ×.ଶହ×ଵହమ = ଶହଷ = 0.38 ( ܶ = 400 day) ܶ = ହ×ଵ×ଵరଷ.ଵସ×ଷ×.ଶହ×ଵହమ = ହ×ଵలହଷ = 9.4  ( ܶ = 1 × 10ସ day) 

In terms of T and q’s mean values n = 0.4 or 60 meters, i.e. the Border Sanitary Zone II Line 

is about 60 meters from the Sanitary Zone I. As for the sanitary zone II the border in the up 

direction of river flow, it is calculated as follows: ܴݍ = .ଽ×ସଷ×.ଶହ = ଷ.ହ = 48   ( ܶ = 400 day) ܴݍ = .ଽ×ଵ×ଵరଷ×.ଶହ = 1200   ( ܶ = 1 × 10ସ day) ܶ = .ଽ×ସଷ×.ଶହ×ଵହ = ଷଵଵଶହ = 0.32  ( ܶ = 400 day) ܶ = .ଽ×ଵ×ଵరଷ×.ଶହ×ଵହ = ଽଵଵଶହ = 8   ( ܶ = 1 × 10ସ day) 

Accordingly,  

 ∆R = 0.8	 m.   

 ∆R = 0.8 × 150 = 120	m.  

 ∆R = 1.3	m.  

 ∆R = 1,3 × 150 = 195	 m. 

Afterwards R = 48 + 120 = 168		 m ( ܶ = 400 day) 

                  R = 1200 + 195 = 1395	 m ( ܶ = 1 × 10ସ day) 

The total length of II and III is L = 150 + 168 = 318	 m. L = 150 + 1395 = 1545	 m. 

The width of the sanitary zone is: d=1  ( ܶ = 400 day) and d=2,1 ( ܶ = 1 × 10ସ day) 

Accordingly, the width of the II zone is 1d, or 150 m and III -  2,1 × 150 = 315 m. 
 

 

3. CONCLUSION 

 

Thus the borders of the sanitary zones for the N2 front-line group of sources are as follows: 

I zone is in the 50 m radius from the outlying sources. The border of II zone passes (in the 

direction of river flow) in the length of 150 m. 

In the up direction of river at 168 m. The borders of III zone are accordingly 150 m and 1395 

m. The width of II zone is 150 m, III - 315 m. 

In the area of sanitary protection zone, I_ shall be prohibited: 
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Conducting construction works, that have no connection with the exploitation, reconstruction 

and expansion of the water object; Use of toxic chemicals, fertilizers and conducting all the 

measures are undertaken below II zone. 

In II zone area the following activities are provided: Agreement on the implementation of all 

new construction works with local self-government, sanitary service and geological control bodies; 

It is prohibited to discharge wastewaters (recycled) in underground horizons, storage of solid waste 

underground; Land cultivation; Deployment of fuel-milling materials, toxic chemicals, mineral 

fertilizers, insulating plants; Graveyards, cemeteries, spare tranches, goods, or poultry farms and 

other objects, that can cause chemical or microbial contamination. 

In the area of III zone, the following efforts should be taken: 

To evinced, identified and liquidated unsuitable and unused bore wells, as potential sources of 

pollution. It is prohibited to pump contaminated waters in underground horizons, disposal of indus-

trial waste reservoirs, storage of lubricants and washing materials, storage of poisons and other pol-

lutants. 
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uak 691.175.5/.8 

539.422.52 

 

kompoziciuri masalis aspeqtebi  

 

l. klimiaSvili, d. gurgeniZe, a. Ciqovani  

(saqarTvelos teqnikuri universiteti) 

 

reziume: sityva kompoziti warmodgeba inglisuri composite-sagan. mas aqvs gan-

marteba. pirvel rigSi is aRniSnavs „narevs“, meoreSi – „Sedgenils, 

rTuls“. kompoziciuri masala warmoadgens narevs, romelic Sedge-

ba ori am meti masalisagan. „kompoziciur masalaSi“ igulisxmeba 

ara marto mravalfaziani struqtura, aramed aseve komponentebis 

Serwymis garkveuli teqnologia.  

 

sakvanZo sityvebi: kompoziti, matrica, faza, boWko, polimeri, Termoreaqtiuli, 

Termoplasti, struqtura, anizotropia, prepregi, apreti. 

 

 

1. Sesavali 

 

amJamad xdeba polimeruli kompozitis warmoebis swrafi zrda, misi Se-

Wra teqnikis sul sxvadasxva sferoSi. is warmatebiT cvlis bevr tradici-

ul masalas: liTons, keramikas, minas, merqans da polimers. Sesabamisad 

izrdeba gamogonebebisa da axali teqnologiebis, samecniero publikaciebis 

ricxvi, romlebic eZRvneba axali kompoziciuri masalis Seqmnis proble-

mebs. am problemebiT dakavebulia specialistebis da maTi momzadebisaTvis 

saWiro saswavlo dawesebulebis raodenoba.  

polimeruli kompozitis rekorduli maxasiaTeblebiT moxiblulia sa-

mecniero da popularuli literaturis mkiTxveli. avangardSia aerokosmo-

suri da sportuli teqnika, Semdeg ki mrewvelobis, mSeneblobis, soflis 
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meurneobis da sxva dargebi, sadac miRweulia sul axal-axali efeqtebi 

simtkiceSi, simsubuqeSi, teqnologiurobaSi, koroziamedegobaSi da a.S. 

 

2. ZiriTadi nawili 

 

ar SeiZleba vamtkicoT, rom polimeris kompoziti XX saukunis meore 

naxevris aRmoCenaa, radgan rezina – klasikuri polimeruli kompoziti – 

aRmoCenili iyo XIX saukunis Sua wlebSi. pirveli sinTezuri plastiki – 

fenolformadehiduri fisi – Seuries mineralur fxvnils aRmoCenisTanave. 

Tanamedrove kompozitebis Ziebas mivyavarT samyaros warsulSi. bibliaSi 

aRwerilia TiviT armirebuli alizis aguris miRebis teqnologia. arqeolo-

giuri gaTxrebi gvimtkicebs, rom lerwams da merqans JRenTnen bunebrivi fi-

sebiT 5000 wliT adre Cvens welTaRricxvamde. CineTSi kaolins iyenebdnen 

1000 wliT adre Cv. w. aR-mde. XIX da XX saukunis mijnaze ki bunebrivi Se-

mavseblebis – karbonatebis, Talkis, liTonis oqsidebis, azbestis, merqnis 

fqvilis, celulozis gamoyeneba daiwyes Tavdapirvelad bunebriv da mere 

sinTezur polimerebTan kombinaciaSi.  

polimerul kompozitSi minis boWko gamoiyenes rogorc ki daiwyo misi 

samrewvelo warmoeba da ukve meore msoflio omis dros misgan daamzades 

aviaciis samosi da mili. aseve gamoiyenes bazaltis boWko da ukve XX s. 60-

iani wlebidan sinTezurma Semavsebelma uzrunvelyo araCveulebrivi kombi-

naciuri Tvisebebis kompozitebis miRebis Semdgomi progresi. 

boris boWko gamoCnda 1959 wels, aramiduri maRali simtkicis boWko 

kevlari Seqmna firma „diuponma“ (aSS) 60-ian wlebSi. uJangavi foladis 

mokle boWko eleqtrogamtari kompozitisaTvis da amave miznisaTvis nike-

liT dafaruli qarsis nawilakebi, samrewvelo praqtikaSi gamoiyeneba 80-

iani wlebis dasawyisidan. SemvsebTan erTad aqtiuri gaxda zedapirul-aq-

tiuri nivTierebis moZieba, romelmac unda uzrunvelyos ukeTesi urTier-

Toba Semvsebsa da matricas Soris. Sualeduri nivTierebis gamoyeneba or Se-

uTavsebel nivTierebas Soris urTierTqmedebis gasaumjobeseblad jer ki-

dev platonma daasabuTa. silanuri apretis (nivTierebis) sferos didma spe-

cialistma e. pliudemanma didi filosofosis SromebSi aRmoaCina SeTavse-
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badobis koncefcia, romelic mas dasWirda, raTa aexsna, rom samyaro SeiZ-

leboda Seqmniliyo SeuTavsebeli komponentebisagan (miwa, wyali, haeri, ce-

cxli). platonis samyaros sami pirveli komponenti gamoiyeneba polimerul 

kompozitSi, xolo cecxlis mosaTviniereblad (uwvadobis miRwevis mizniT) 

axlac muSaobs mravali mkvlevari. silanuri apreti Seiqmna minaplastikTan 

erTad da didxans ekava dominirebuli roli. kalciumis stearitis plast-

masSi damateba daiwyes XX saukunis dasawyisidan. 1975 wels ki msoflio ba-

zarze gamoCnda silanis konkurenti – organuli titanati da Semdeg orga-

nuli cirkonati.  

Semvsebis da modifikatoris ganviTarebis istoria metad sainteresoa. 

yuradReba mivaqvioT im faqts, rom es procesi praqtikulad ar Sexebia po-

limerul matricas. rogorc ki moaxdines misi sinTezi, TiTqmis maSinve mas-

Si Seiyvanes sxvadasxva Semvsebi. Tavdapirvelad es iyo Termoreaqtiuli fi-

si, romelic naklebad blanti siTxis saxiT SedarebiT advilad ereva Semv-

sebs an JRenTs mas. XX-s. 30-ian wlebSi Semvsebi Seiyvanes celulozis eTer-

Si, Semdeg ki polivanilqloridSi (pvq). meore msoflio omis Semdeg Termo-

plastebma plastikebis warmoebaSi daikaves dominirebuli mdgomareoba. am 

mizniT bolo dromde gamoiyeneba sawarmoo polimerebi. kompozitebis war-

moebam Seqmna mravali samecniero da teqnologiuri problemebi.  

mecnierebis ganviTareba xdeba codnis TandaTanobiTi dagrovebisa da 

revoluciuri gardaqmnebis monacvleobiT. fizikaSi aseTi gadatrialeba 

moxda XX saukunis dasawyisSi, roca gaCnda Tanamedrove kvanturi fizika. 

masalaTa mecnierebaSi es moxda 60-ian wlebSi. evropul literaturaSi am 

gadatrialebam miiRo saxelwodeba „revolucia masalaTmcodneobaSi“. am 

revoluciam migviyvana mTeli rigi axali masalis aRmoCenasTan – polimerebi, 

keramika, liToni, boWkovan da Semavseblian kompoziciur masalebTan, ag-

reTve zedapiruli dafarvis masalebTan. rogorc wesi, aucilebeli gaxda 

axali masalis mecnieruli kvleva da, rogorc amerikelebi Tvlian, amJamad 

daaxloebiT yoveli mesame mecnieri muSaobs masalebis Seqmnaze. 

masalebis dayofa SeiZleba oTx ZiriTad klasad, esaa liTonebi, ke-

ramika, polimeri da kompoziciuri masalebi. Sesabamisad masalebis mecnie-

rebac daiyo oTx calkeul macnierebad. 1960 wlamde ganuwyvetliv izrde-
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boda liTonebis roli, magram Semdeg daiwyo misi Semcireba da gaizarda 

polimeruli, kompoziciuri da keramikuli masalebis wili. 

aSS-is da evropis qveynebis universitetebSi fizikis, qimiisa da bio-

logiuri fakultetebis gverdiT Seiqmna polimerebis, liTonebis, keramiki-

sa da kompoziciuri masalis fakultetebi. 

kompoziciuri masalebis teqnologiisa da meqanikis mecniereba gaCnda 

XX-s. 40-iani wlebis dasawyisSi da ganviTarda Zalian swrafad. 

am xnis ganmavlobaSi Seicvala mrewvelobis mravali dargi, romelic 

kompoziciuri masalis momxmarebelia. Sesabamisad Seicvala, ufro zustad, 

gafarTovda imis warmodgena, Tu ra aris kompoziciuri masala. 

70-ian wlebSi kompozitebis ZiriTadi momxmarebeli iyo kosmosuri da 

samxedro mrewveloba. 80-iani wlebis meore naxevarSi pirvel adgilze 

gavida sportuli inventaris warmoeba. profesionali velomrbolelisaTvis 

ar aris mniSvnelovani ra Rirs misi velosipedi. mTavaria, rom is iyos msu-

buqi da swrafi. rogorc kosmonavtikaSi, ise sportul industriaSi ZiriTa-

di amocanaa masis Semcireba da teqnikuri maxasiaTeblebis amaRleba. esaa 

kompozitis ZiriTadi upiratesoba. tradiciulad am dargSi arcTu miRebu-

lia fulis daTvla. es exeba, magaliTad, ukanaskneli Taobis samoqalaqo 

aviaciis TviTmfrinavs, boing-787-s (drimlaineri), romelic TiTqmis naxevari 

naxSirplastikisagan Sedgeba. am SemTxvevaSi sawvavis ekonomiiT mogeba 

aWarbebs Zviri masalis gamoyenebis xarjebs. 

bolo dros situacia principulad Seicvala da kompoziciuri masalis 

ZiriTadi momxmarebeli gaxda saavtomobilo mrewveloba, sadac misgan am-

zadeben avtomobilebis korpuss. kompozitis (ZiriTadad minaplastikis) gamo-

yenebis ZiriTadi mizania TviTRirebulebis Semcireba. utrirebulad, saavto-

mobilo dargSi ukeTesia masala, Tu misgan damzadebuli masala iafia. amas-

Tan, zogjer iafia ara masala, aramed detalis damzadeba. xSirad kompozi-

tis erT-erTi ZiriTadi upiratesobaa detalebis damzadebis simartive da si-

iafe. saavtomobilo mrewvelobasTan erTad kompoziti farTod gamoiyeneba 

mcire zomis gemebSi. dedamiwis mosaxleobis daaxloebiT 20% cxovrobs 

zRvis piras, didi nawili – mdinareebTan, romelTac aseve sWirdebaT navi, 

kateri da patara iaxta. ganviTarebul qveynebSi navebs aRar Tlian xisagan 
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da ar aduReben foladis furclebisagan, aramed amzadeben minaplastikis 

dafrqveviT. aseTi navis korpusi ar iJangeba. dafrqvevis procesi martivia da 

ar sWirdeba regularuli SeRebva.  

avtomobilis SeqmnaSi boWkovani kompoziti konkurencias uwevs liTons. 

didi raodenobis avtomobilis gamoSveba iafia liTonis korpusiT. misi 

warmoebisaTvis saWiroa mZlavri wnexi da Zviri wnexforma, romelTa gamo-

yeneba ekonomiurad gamarTlebulia mxolod didi raodenobis warmoebis 

dros. amitom amJamad liTonisagan msubuqi avtomobilis korpuss akeTeben 

maSin, Tu misi raodenoba aRemateba 100 000 cals weliwadSi. naklebi war-

moebisas iafia minaplastiki.  

gamoyenebisa da moTxovnilebis principul gansxvavebasTan dakavSire-

biT kompoziciuri masalebi iyofa or did jgufad. maT ewodebaT „farTo 

moxmarebis kompoziti“ da „maRali simtkicis“ an „mowinave“ kompoziti. isini 

ganirCevian rogorc boWkos da matricis tipiT, aseve damzadebis teqnolo-

giiT. bunebrivia, mkacri sazRvari maT Soris ar aris. 

maRali simtkicis kompozitSi gamoiyeneba uwyveti boWko da mtkice, maT 

Soris Termomedegi matrica. maRali simtkicis kompoziti gamoiyeneba aero-

kosmosur mrewvelobaSi, sasporto teqnikaSi da manqanaTmSeneblobaSi, xolo 

farTo gamoyenebis kompoziti – navebSi, katarRebSi, santeqnikaSi, korozia-

medeg milebSi, saojaxo nivTebSi, konteinerebSi, avejsa da musikalur 

instrumentebSi. ukanasknel wlebSi swored am kompozitebma moipova lidero-

ba. maRali simtkicis kompozitis warmoebac gaizarda, magram ufro naklebad. 

boWkovani kompozitis gamoyenebas teqnikis sxvadasxva sferoSi, gviCvenebs 

nax. 1. misi ZiriTadi momxmarebelia transporti, samSeneblo industria, gemT-

mSenebloba, sxvadasxva eleqtroxelsawyo da koroziamedegi masalebi. 

kompozitis klasificirebas aseve axdenen gamoyenebuli polimeruli 

matricis tipis mixedviT. polimeruli matrica iyofa reaqtoplastad 

(Termoreaqtiuli fisebi) da Termoplastad. reaqtoplasti – esaa Txevadi 

fisi, SedarebiT naklebi molekuluri masiT, ris gamoc gacxelebis 

mdgomareobaSi is advilad JRenTs boWkos. reaqtoplasti gamagrebis 

procesSi qmnis ganiv nakers da TandaTanobiT gardaiqmneba mtkice masalad. 

misi ZiriTadi naklia sixiste. 
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nax. 1. boWkovani kompozitis 

sxvadasxva teqnikaSi gamoyeneba 

 

Termoplasti gacxelebisas dneba, rogorc yinuli an liToni, da Txe-

vadi saxiT JRenTs boWkos. Semdeg mas aciveben da is magrdeba. Termoplas-

tis magaliTia dabali simkvrivis polieTileni, romlisganac amzadeben pu-

ris da sxva produqtis SesafuTs. 

yvela polimeris gansakuTrebulobaa misi dinebis siblantis Zalian 

didi zrda molekuluri masiT, e. i. grZeli polimeruli jaWviT, romlis 

ilustracia mocemulia nax. 2-ze jaWvis mcire sigrZis dros siblante mo-

lekuluri masis proporciulia, magram polimerebSi is aRwerilia for-

muliT: 

  3.5AM  ,  (1)  

sadac M polimeris molekuluri masaa.  

(1) gantolebis mixedviT polimeris molekuluri masis 10-jer gazrdiT 

misi dinebis siblante izrdeba daaxloebiT samiaTasjer. maRali moleku-

luri masis gamo Termoplastiks aqvs maRali siblante da miT boWkos gaJ-

RenTa gacilebiT Znelia, vidre dabali siblantis fisiT. esaa Termoplas-

tikuri matricis ZiriTadi nakli.  

polimeri gamoiyeneba rogorc uarmaturo saxiT, aseve matricis saxiT 

kompozitSi. polimerebis mTel moculobaSi Termoplastis wili daaxloe-

biT 80%-ia, danarCeni 20% ki modis reaqtoplastebze. Termoplasti ZiriTa-

dad uarmaturo saxiT gamoiyeneba. kompoziciur masalebze modis polimere-
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bis saerTo wilis daaxloebiT 20%. am seqtoris CarCoebSi reaqtoplastebi 

ikaveben daaxloebiT 80%-s. es dakavSirebulia TermoplastiT boWkos gaJRen-

TasTan. amrigad, armirebuli plastikebis SemTxvevaSi dominirebs reaqtop-

lasti. 

 
 

nax. 2. siblantis damokidebuleba 
polimeris molekulur masaze 

 

ukanasknel aTwleulSi STambeWdavi progresi moxda polimerebis qimiasa 

da warmoebaSi. sinTezirebulia or milionze meti polimeri. qimikosebs advi-

lad SeuZliaT polimeris Tvisebebis varireba, maTi qimiuri struqturis 

cvlilebiT da es arc ise Zviria. Tu oci wlis winaT kompozitebis Semqmne-

lebs jer kidev ar hqondaT boWkos da matricis polimeris farTo arCevani, 

amJamad situacia Seicvala. dasavleTSi gamodis Termoreaqtiuli fisis da 

gamamagreblis farTo asortimenti. kompozitis Semqmneli dgeba arCevnis wi-

naSe, man principSi unda gaigos ras sTavazoben. jerjerobiT es exeba Ziri-

Tadad Termoreaqtiul matricas, boWkosa da Termoplastikuri matricis ar-

Cevani winandeburad SezRudulia.  

gamoyenebis sferos mixedviT kompoziciuri masala konkurencias uwevs 

liTons. kompozits liTonTan SedarebiT aqvs sami ZiriTadi upiratesoba: 

  maRali simtkicis kompozits aqvs didi simtkice da mcire masa; 

  farTo moxmarebis kompoziti iafia; 
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  orive tipis kompozits aqvs maRali dauRlelobis maxasiaTebeli, rac 

gansakuTrebiT mniSvnelovania aviaciaSi. 

kompoziciuri masalis ZiriTadi naklia dabali sixiste. nebismierma na-

keTobam unda daakmayofilos ori aucilebeli piroba: pirvel rigSi ar un-

da daingres datvirTviT, e.i. masala unda iyos mtkice; meore piroba Semde-

gia, datvirTviT masalis dagrZelebam ar unda gadaaWarbos garkveul mniSv-

nelobas. winaaRmdeg SemTxvevaSi masalis forma Seicvleba imdenad, rom is 

ver SeZlebs funqcionirebas. amisaTvis masalas unda hqondes maRali simt-

kicis moduli. samwuxarod, kompoziciur masalas xSirad ar aqvs sakma-

risad maRali drekadobis moduli da problemis gadaWra gvixdeba sisqis 

gazrdis gziT. 

kompoziciuri masalis dabali modulis mizezi Semdegia: tipuri kom-

poziti polimeruli matriciT Seicavs daaxloebiT matricis moculobis 

50%-s. Sedegad erTmimarTulebiani kompozitis drekadobis moduli orjer 

naklebia boWkos drekadobis modulze. kompozitis firfitas, rom maRali 

sixiste hqondes ara marto boWkoebis gaswvriv, aramed sxva mimarTule-

biTac, grZiv fenasTan erTad mas unda hqondes, rogorc minimumi, erTi ga-

nivad orientirebuli fena, aseve 45-iani kuTxis mimarTulebis ori fena. 

aseTi fenebis sixiste grZivi mimarTulebiT arasakmarisia da firfitis 

sixistis jamuri modeli daaxloebiT 8-jer dabalia boWkoebis drekadobis 

modulze. liTonis konkurenti rom iyos sixisteSi, kompozitis armirebis 

boWkos unda hqondes Zalian maRali drekadobis moduli.  

 

 

3. daskvna 

 

polimeruli kompoziciuri masalebis teqnologiis ganviTareba dafuZ-

nebuli iyo gamomgoneblobaze, magram Cvens droSi teqnologiis ganviTareba 

ganisazRvreba samecniero kvlevebiT, romlebic mimdinareobs farTo fron-

tiT. empiriuli kvlevebis paralelurad viTardeba kompoziciuri masalebis 

Teoria. Teoretikosebis Zalisxmeva mimarTulia kompoziciuri masalis meqa-

nikuri da zogierTi fizikur-qimiuri Tvisebis gaangariSebaze. ukanasknel 



hidroinJineria, #1-2(27-28), 2019 _ Hydroengineering, #1-2(27-28), 2019 _ Гидроинженерия, #1-2(27-28), 2019 

 

29 
 

dromde ufro Rrmad iqna damuSavebuli sakiTxi, romelic exeba uwyveti 

boWkoTi armirebul kompozits. am klasis kompozitis damaxasiaTebelia is, 

rom misi Seqmna xdeba nakeTobis SeqmnasTan erTad. mokle boWkoTi da sxva-

dasxva formis marcvlebiT Sevsebuli kompoziti umetes SemTxvevaSi Tav-

dapirvelad miiReba naxevarproduqtis (preprega, granula an fxvnili) saxiT 

da Semdeg misgan yalibdeba nakeToba. ormagi gadamuSaveba arTulebs masa-

lis Tvisebebis nakeTobaSi Seswavlas.  
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MODELING AS A METHOD FOR STUDYING EROSION 

 

I. Inashvili, A. Bagration-Davitashvili, I. Klimiashvili, V. Khorava  

(Georgian Technical University) 

 

 Abstract: Modeling is one of the main methods of studying the surroundings reality and a tool in 

scientific and practical human activities. Among the types of physical modeling in ero-

sion, modeling using physically similar models belonging to the category of hydraulic 

modeling, the principles of which are quite well developed has become widespread. In 

hydraulic modeling must satisfy the conditions of geometric, kinematic and dynamic simi-

larity. In erosion studies, predominantly functional Math models are common, among 

which the largest groups are so-called washout models, or erosion losses. Currently, the 

number of mathematical models of soil erosion losses of various types developed in the 

world are measured in many dozens and continue to increase. For erosion studies water 

erosion, as a process, geoinformation technologies are the most effective tools for re-

search and evaluation, forecast and justification of management decisions. 
 

Key words: modeling of erosion, physical modeling, hydraulic modeling, Math modeling. 

 

 

1. INTRODUCTION 

Significant place in the methodological arsenal of erosion study is modeling - the method of 

knowledge, in which the real system, or process (original, nature, prototype) is studied using its 

substitute - a simplified copy, scheme, sample or analog, which is called a model. The modeling 

process, therefore, consists in building the model of the object, of study (system, or process) and its 

subsequent study. The results obtained in the process of such study are transferred according to cer-

tain rules to the real object. 

Modeling is one of the main methods of studying the surrounding reality and a tool in scien-

tific and practical human activities. 
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As a way of reflecting reality, it actually originated simultaneously with the development of 

scientific knowledge, but plays special role in the study of complex systems - natural, economic, 

social, technical, where it is difficult and often impossible, to use other methods. For example, it is 

impossible to destroy the dam of the existing reservoir in order to determine the consequences of its 

breakthrough in the earthquake for the settlement, that is located downstream of the river. Moreo-

ver, this is impossible to do if we are talking about a reservoir, that is just being designed. 

 

 

2. THE BODY OF THE ARTICLE 

 

A unified classification of models does not exist. There are many classifications developed by 

representatives of various sciences in relation to the relevant features of the application of the model-

ing method. The general framework of this classification can be built as follows. First of all, it is cus-

tomary to divide all models into two large categories: material (real, objective) and ideal (figurative, 

sign). Material models, in turn, are divided into spatially similar, physically similar and mathematical-

ly similar and ideal models into figurative (iconic), figurative-sign and symbolic (symbolic). 

Modeling phenomena, or processes using material models is usually called physical, or natu-

ral. The term “physical modeling” is not limited to physics, but also applies to any other sciences. 

The term “natural modeling” in this context is not entirely successful, since it is more correct to call 

physical modeling in laboratory conditions “laboratory modeling” and physical modeling in natural 

conditions - “natural modeling”. In erosion studies, such a division of physical modeling - into la-

boratory and natural - is fully justified, since the methods, equipment and modeling capabilities in 

the laboratory and in nature are significantly different. 

 

The Physical modeling 

 

Among the types of physical modeling in erosion, modeling using physically similar models 

belonging to the category of hydraulic modeling, the principles of which are quite well developed 

has become widespread. 

In physical modeling, a linear relationship between model and kind is usually used:  

  Х = МХ   (1) 

Where Х relevant model specifications; МХ - scale coefficients (scale characteristics) of X; 

Х - characteristics of nature. 
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In hydraulic modeling must satisfy the conditions of geometric, kinematic and dynamic simi-

larity. Geometric similarity is ensured by the constancy of the scale of the linear characteristics of 

the model and nature — the depth and width of the flow, the dimensions of roughness and sedi-

ment. To achieve kinematic similarity, the proportionality of speed and acceleration must be en-

sured, as well as the coincidence of their directions on the model and in nature. Dynamic similarity 

is determined by the proportionality and unidirectionality of the acting forces. 

The main similarity criteria for modeling open free-flow flows are the numbers (criteria) of 

Reynolds (Re), Froude (Fr), Strouhal (Sh) and Euler (Eu): 

 

 ܴ݁ = ௩    (2) 

ݎܨ  = మி  (3) 

 ܵℎ = ்  (4) 

ݑܧ  = ఘమ  (5) 

where V is the flow velocity, m/s; L is the characteristic size (depth) of the flow, m; F - force 

(in the case of free-flow movement - the force of gravity of the mass unit F = g, where g is the ac-

celeration of gravity, m/s2); T - time, with; P — pressure, Pa; v - coefficient of kinematic viscosity 

of water, m2/s; ρ is the density of water, kg/m3. 

The flows on the model and in nature will be similar if the above criteria for the model and 

nature are the same, i.e. ݁м = ܴ݁н , ݎܨм = н, ܵℎмݎܨ = ܵℎн, ݑܧм =  ,н or Re=idem, Fr=idemݑܧ

Sh=idem, Eu=idem. (lat idem is the same). 

When modeling flows in eroded channels (the essence of modeling erosion processes), crite-

ria, that characterize the density and/or hydraulic size of sediment particles should be added to the 

above criteria and when studying the destruction of soil by rain drops, energy characteristics of pre-

cipitation should be added. 

It is known, that the simultaneous fulfillment of all, or even part of the similarity criteria in 

hydraulic modeling is almost impossible. Of the four main similarity criteria, the Euler criterion 

(“pressure coefficient”) in most practical problems turns out to be insignificant and the Strouhal cri-

terion (“homochronicity criterion”) can be disregarded, when studying the field of averaged steady-

state flow. Most often, when modeling, only two similarity criteria are used - Froude and Reynolds. 

However, there are also difficulties with their simultaneous implementation. 
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In order to simultaneously ensure the identity of the Frud and Reynolds criteria for model and 

nature, the scale of linear quantities (ܯ) must be equal to: 

ܯ   = ିܯ௩ଶ/ଷܯ ଵ/ଷ  (6) 

Where ܯ௩ and ܯ	are scale factors for the kinematic viscosity of a fluid and gravitational ac-

celeration, respectively. 

The scale factor for the acceleration of free fall is always one, i.e. ܯ = 1  

Then from (6) it follows, that with physically homogeneous modeling (in which water is used 

as a model liquid and ܯ௩ = 1), the scale factor of the linear dimensions of the model ܯ should al-

so be equal to one, i.e. the model should have exactly the same linear dimensions, as well as the 

simulated object. 

It is clear, that for large objects, such as a river catchment, or even a separate slope, this con-

dition is practically impossible. 

 

The Math modeling 

In erosion studies, predominantly functional models are common, among which the largest 

group are so-called wash-out models, or erosion losses. By the nature of the mapping relationships 

in the simulated system, mathematical models are divided into static and dynamic. Static models 

make it possible to characterize the structure and connections in the system either at a certain point 

in time or, on average, for a certain period of time (in erosion studies, most often for a long-term pe-

riod). Static models include most empirical models of soil erosion. Dynamic models describe the 

process change in time and in erosion studies, as a rule, model the erosion-accumulative process as 

a result of a separate rainfall (shower period) or during a snowmelt period of a particular year. 

By the nature of the spatial schematization of the object of study, models are divided into zero-

dimensional (0D), one-dimensional (1D), two-dimensional (2D) and three-dimensional (3D). Zero-

dimensional models, or models with lumped parameters, do not take into account the spatially distrib-

uted nature of the object — all its characteristics are taken spatially averaged (for example, over the 

area of a slope or catchment). One-dimensional models (profile) take into account the change in the 

characteristics of the model only in one of the space coordinates (in erosion models - along the length 

of the slope). Two-dimensional models take into account changes in the characteristics of the model 

on the plane - by the X and Y coordinates (such models are usually called spatially distributed). Final-

ly, three-dimensional models take into account changes in the characteristics of the simulated process 

in all three space coordinates - X, Y and Z. These models include the so-called hydro mechanical run-
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off models, which are based on the complete system of Navier-Stokes equations, which take into ac-

count the change in flow characteristics not only by area, but also in depth. 

Currently, the number of mathematical models of soil erosion losses of various types devel-

oped in the world is measured in many dozens and continues to increase. 

By now, simulation modeling is one of the most effective methods for researching and opti-

mizing the management of complex natural and natural-economic systems. An imitative simulation 

idea [1] should be considered the imitation system (imitation model). Imitation models can be used 

both in simulation and optimization modes. In the first case, the model is used to select a particular 

strategy by conducting numerical experiments with it for certain values of variables, that character-

ize the state of the original system (endogenous or internal variables) and external influence (exog-

enous or external) variables. If for a given objective function, using the model, they try to find the 

optimal strategy, i.e. the values of variables, that provide the optimal values of the selected criterion 

or criteria, the model is called optimization. 

In relation to the optimization problem of agro-landscape systems due to insufficient formali-

zation of the procedure for selecting the optimal values of endogenous variables, with the presence 

in general of several (economic, environmental, social) optimization criteria, the complexity and 

nonlinearity of mathematical models, that describe their functioning, the application of formal op-

timization procedures is difficult. 

Currently, simulation modeling is successfully used to solve various theoretical and applied 

erosion problems in the USA [2, 3, 4] and other countries. 

The range of application of geo-information technologies in erosion studies covers almost the 

whole range of their functions - information and reference, monitoring, automated mapping, space-

time analysis and modeling, creation of spatial decision support systems in planning, design and 

management. 

Using geoinformation technologies, spatially distributed (cartographic) data is divided into 

homogeneous layers (topography, hydrographic network, genetic soil varieties, soil erosion, spatial 

structure of land use, crop rotation, anti-erosion measures, etc.) and entered into a computer as elec-

tronic files with using raster (as a set of cells covering the whole territory), or vector (with the for-

malization of spatial information using a set of elementary graphical objects - points, lines, seg-

ments (arcs) and the polygon) spatial model data. 

Modern instrumental GIS allow you to edit and up-to-date information, form new data layers 

based on a transformations or a combination of existing ones, as well as display them on the screen 

and (or) as a solid copy in a two, or three-dimensional representation. 
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The function of geo-information technologies is to ensure the monitoring of natural and natu-

ral-economic territorial systems, which implemented mainly through computer processing of re-

mote sensing data (aerial and space imagery) and geo-information field mapping. 

The function of the Earth remote sensing data processing (RSD) is currently implemented in 

many commercial GIS packages for universal use, such as, for example, the GIS package and image 

processing IDRISI (Clark University, USA) and in specialized RSD data processing packages, such 

as software ERDAS ІMAGІNE, ER Mapper, LPS and other ERDAS companies (ERDAS Inc., 

Sweden), the ENVI system of ITT Visual Information Solutions (USA), the software of ScanEx 

RDC (Russia) (ScanMagic, ScanEx Image Processor). Digital images of high (2-10 m) and, espe-

cially, ultrahigh (less than 2m) spatial resolution open wide opportunities for remote monitoring and 

mapping of erosion processes. Another promising area of application of geo-information technolo-

gies in erosion studies is the automation of thematic mapping. It includes the preparation and publi-

cation using the capabilities of modern computers of traditional maps of soil erosion, erosion con-

trol measures, etc., that meet modern requirements for cartographic products, as well as the creation 

of various thematic cartograms and chart diagrams. 

The potential of geo-information technologies for modeling water erosion and assessing ero-

sion losses of soil was demonstrated in the 1980s. 

This was first apparently done in [5], where using the GIS package and image processing 

VICAR / IBIS (USA) the spatial implementation of the Universal Soil Loss Equation - USLE using 

remote sensing data (Lansat satellite imagery) and provided the erosional soil loss forecast for a test 

site located in the state of California (USA). 

Currently, there are many spatial implementations of the Universal Soil Loss Equation and its 

subsequent version of RUSLE [6], performed using different GIS packages (IDRISI, ArcView GIS, 

ArcGIS, etc.) in various countries of the world, including those located in Asia, Africa, Latin America. 

Since the mid-90s, geo-information technologies have been used for the spatial implementa-

tion of algorithmically much more complex models of water erosion. 

Examples include: spatial implementation of a modified version of the logical-mathematical 

model of soil flushing made using the PCRaster package at Odessa State University. Dynamic Lim-

burg Soil Erosion Model (LISEM) developed at the University of Utrecht (Netherlands) using the 

PCRaster spatial analysis and modeling package [7]; development of a model of a slope erosion 

process based on the numerical integration of the system of diffusion wave equations in the GRASS 

GIS package [8]. 
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3. CONCLUSION 

For erosion studies water erosion as a process, its consequences for the environment and eco-

nomic activities and develop ways to prevent them, which have a pronounced spatial-distributed na-

ture, geoinformation technologies are the most effective tool for research and evaluation , forecast 

and justification of management decisions. 
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uak 628.312.1 

 

orfazian nakadSi Sewonili nawilakebis relaqsaciis 

siCqaris kvleva  

 

i. inaSvili, i. denisova  

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi ganxilulia nakadSi Sewonili nawilakebis moZraoba naka-
disgan gansxvavebuli siCqariT. Catarebuli kvlevis Sedegad, niu-
tonis meore kanonze dayrdnobiT, nawilakisa da siTxis fizikuri 

maxasiaTeblebis gaTvaliswinebiT, laminaruli reJimis pirobebSi, 

miRebulia mcire zomis, sferosebri nawilakis relaqsaciis siCqa-
ris, droze damokidebulebis gantoleba. agreTve gamoTvlilia na-

wilakis mier nakadis siCqarიs miRwevamde ganvlili manZilis saan-
gariSo gantoleba. 

  

sakvanZo sityvebi: Sewonili nawilaki; relaqsaciis siCqare; laminaruli re-
Jimi; nakadis siCqare. 

 

 

1. Sesavali 

 

siTxis nakadSi myari Sewonili nawilakebis moZraobisas, maTi siCqare 

xSirad gansxvavdeba nakadis moZraobis siCqarisgan. es SeiZleba gamowveul 

iqnes dispersiul sistemaSi nawilakTa urTierTqmedebiT, hidrodinamikuri 

nagebobis zedapirebTan an konstruqciul elementebTan SejaxebiT, nakadSi 

arsebuli turbulenturi pulsaciebiT, sistemaSi raime nivTierebis (magali-

Tad, flokulantis an koagulantis) damatebiT. im SemTxvevaSi, rodesac na-

wilakis horizontaluri siCqare metia nakadis siCqareze, nawilakis siCqare 

iwyebs klebas nakadis siCqaris miRwevamde da piriqiT, Tu nawilakis siCqare 

nakadis siCqareze naklebia – nawilakis siCqare izrdeba [1,2, 3, 4].  

dro, romelic exarjeba nawilaks nakadis siCqaris miRwevamde, warmoad-

gens nawilakis dinamikuri relaqsaciis dros, romelic stoqsis reJimSi 

ganisazRvreba damokidebulebiT [5,6]: 
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߬ = ნ݀ნ218ߩ ,      (1) 

sadac ߬ aris nawilakis dinamikuri relaqsaciis dro; ߩნ	– Seწonili nawilakis simkvrive; ݀ნ	– Sewonili nawilakis diametri; 

 – siTxis dinamikuri siblante. 

Sewonili nawilakebis horizontaluri gadaadgilebis kvlevisas, mniSv-

nelovan amocanas warmoadgens nawilakis moZraobis siCqaris dasazusteblad 

myari nawilakisa da siTxis moZraobis siCqreTa sxvaobis gaTvaliswineba. 

 

2. ZiriTadi nawili 

 

Sewonili nawilakebis relaqsaciis siCqaris dasadgenad ganvixiloT 

siTxis nakadis stacionaruli, erTganzomilebiani moZraoba horizontaluri 

Ox RerZis gaswvriv. nakadSi siCqareTa ganawileba mocemulia funqciiT u(x). 

niutonis meore kanonze dayrdnobiT gamovsaxoT dispersiuli sistemis 

myari Sewonili nawilakis veqtoruli gantoleba: 

 ݉݀ნݑሬሬሬԦნ݀ݐ =   ,Ԧ݅ܨ∑

sadac ݉ aris Sewonili nawilakis masa, ݉ = ნ36݀ߨ  .Ԧ݅ – nawilakze moqmedi Zalebis veqtorebiܨ ;– Sewonili nawilakis moZraobis siCqaris veqtori	ሬԦნݑ ;	ნߩ

davuSvaT, rom nawilakze gavlenas axdens mxolod winaRobis Zala da 

sxva Zalebi gawonasworebulia. nawiლakze moqmedi winaRobis Zalis sidide 

gamoiTvleba gantolebiT: 

წინܨ   = ܿௗ ∙ ݏ ∙ ሬሬሬԦნห2ݑ−ሬሬሬԦსݑსหߩ ሬԦსݑ) −   ,(ሬԦნݑ

sadac ܿௗ	aris winaRobis koeficienti; ܵ	– sxeulis modelis farTobi (nawilakis proeqcia sibrtyeze, 

romelic sxeulis moZraobis mimarTulebis perpendikularulia) S = గௗమସ ሬԦსݑ ;–nakadis moZraobis siCqare	ሬԦსݑ ;– siTxis simkvrive		სߩ ; −  .– siTxis da nawilakis siCqareebis damokidebulebis veqtori	ሬԦნݑ
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gantoleba (2)-is gaTvaliswinebiT, nawilakis moZraobis gantoleba (1) 

iRebs saxes: 

  గௗნయ ნߩ ௗ௨ሬሬԦნௗ௧ = ܿௗ ∙ గௗნమସ ∙ ఘს|௨ሬሬԦსି௨ሬሬԦნ|ଶ ሬԦსݑ) −  ሬԦნ). (3)ݑ

analitikuri meTodiT gantoleba (3)-is amoxsnis miReba SesaZlebelia 

mxolod nakadis moZraobis mudmivi siCqaris pirobebSi (ݑს= const ). 
stoqsis reJimSi nakadis laminaruli moZraobisas reinoldsis ricxvi 

gamoisaxeba damokidebulebiT:  

 Re = ሬሬሬԦნห݀ნݑ−ሬሬሬԦსݑსหߩ
 < 1. (4) 

stoqsis reJimSi winaRobis koeficientis sidide ganisazRvreba damoki-

debulebiT: 

  ܿௗ = ଶସୖୣ = ଶସఘს|௨ሬሬԦსି௨ሬሬԦნ|ௗნ.  (5) 

gantoleba (5)-is gaTvaliswinebiT moZraobis gantoleba (3) iRebs Sem-

deg saxes: 

  	గௗნయ ნߩ ௗ௨ሬሬԦნௗ௧ = ଶସఘს|௨ሬሬԦსି௨ሬሬԦნ|ௗნ ∙ గௗნమସ ∙ ఘს|௨ሬሬԦსି௨ሬሬԦნ|ଶ ሬԦსݑ) −  ሬԦნ). (6)ݑ

maTematikuri gardaqmnebis Sedegad, gantoleba (6) SegviZlia warmovad-

ginoT, rogorc: 

  ௗნమఘნଵ଼ ∙ ௗ௨ሬሬԦნௗ௧ = ሬԦსݑ) −  ሬԦნ).  (7)ݑ

SemoviRoT aRniSvna: 

∗ݐ   = ნ݀ნ218ߩ .  (8) 

sidide ݐ∗warmoadgens Sewonili nawilakis dinamikuri relaqsaciis 

dros, romelic asaxavs nawilakis aCqarebuli moZraobis xangrZlivobas na-

kadis siCqaris miRwevamde. 

SemoviRoT fardobiTi sidideebi: 

ݕ   = ௨ნ	௨ს;  (9) 

 ߬ = ௧	௧∗;   (10) 

ݕ   = ௨బ	௨ს; (11) 

sadac ݑ	aris nakadSi Sewonili nawilakis sawyisi siCqare. 

gantoleba (7)-Si fardobiTi sidideebis gaTvaliswinebiT vRebulobT 

Semdegi saxis diferencialur gantolebas: 
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   ௗ௬ௗఛ = 1 −  (12)  .ݕ

sawyisi pirobebidan gamomdinare (τ = 0; y = ݕ) diferencialuri 

gantolebis (12) amoxsnas aqvs Semdegi saxe:  

ݕ   = 1 − (1 − (ݕ exp(−߬).  (13) 

davadginoT nawilakis siCqaris droze damokidebulebis ݕ(߬)	fardobiTi 
sidideebis ricxviTi mniSvnelobebi nawilakis sawyisi siCqaris ݕ-is 
sxvadasxva mniSvnelobebisTvis (cxrili №1) da avagoT grafiki (nax. 1.). 

 

cxrili 1. 

Sewonili nawilakis siCqaris droze damokidebuleba	࢟-is sxvadasxva 
mniSvnelobebisas 

τ 

y =1-(1- y0)e
-τ 

 y0 = 0  y0 = 0,5  y0 = 1  y0 = 1,5  y0 = 2 

y =1-e-τ y =1-0,5e-τ y =1 y =1+0,5e-τ y =1+e-τ 

0,00 0,00 0,50 1,00 1,50 2,00 

1,00 0,63 0,82 1,00 1,18 1,37 

2,00 0,86 0,93 1,00 1,07 1,14 

3,00 0,95 0,98 1,00 1,02 1,05 

4,00 0,98 0,99 1,00 1,01 1,02 

5,00 0,99 1,00 1,00 1,00 1,01 

6,00 1,00 1,00 1,00 1,00 1,00 

7,00 1,00 1,00 1,00 1,00 1,00 

8,00 1,00 1,00 1,00 1,00 1,00 

9,00 1,00 1,00 1,00 1,00 1,00 

10,00 1,00 1,00 1,00 1,00 1,00 
 

grafikidan Cans, rom, rodesac Sewonili nawilakis sawyisi siCqare 

metia nakadis siCqareze	(ݕ > 1), nawilakis siCqare iwyebs klebas nakadis 

siCqaris miRwevamde. rodesac nawilakis sawyisi siCqare naklebia nakadis 

siCqareze	(ݕ 	< 	1), nawilakis siCqare matulobs nakadis siCqaris sididemde, 

xolo, rodesac nawilakis siCqare nakadis siCqaris tolia	(ݕ = 1), misi 
siCqare ar icvleba. 
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nax. 1. laminarul reJimSi nakadSi moZravi nawilakis  

siCqaris droze damokidebulebis grafiki 

 

gantolebebis (8, 9, 10, 11) gaTvaliswinebiT gamovsaxoT gantoleba (13) 

Semdegi saxiT: ௨ნ	௨ს = 1 − ቀ1 − ௨బ	௨სቁ exp ቀ−ݐ ଵ଼ఘნௗమቁ, 

saidanac:  

ნݑ   = სݑ	 − სݑ	) − (ݑ	 exp ቀ−ݐ ଵ଼ఘნௗნమቁ.  (14) 

gantoleba (14) warmoadgens stoqsis reJimSi, mcire zomis sferosebri 

nawilakis nakadSi moZraobis gantolebas, romelic asaxavs nawilakis 

relaqsaciis siCqaris droze damokidebulebas. 

Sewonili nawilakis mier nakadis siCqaris miRwevamde ganvlili 

manZilis dasadgenad Sewonili nawilakis moZraobis gantoleba gamovsaxoT 

rogorc: 

 
ௗ௨ნௗ௧ = ௗ௨ნௗ௫ ∙ ௗ௫ௗ௧ = ௗ௨ნௗ௫  ნ. (15)ݑ



hidroinJineria, #1-2(27-28), 2019 _ Hydroengineering, #1-2(27-28), 2019 _ Гидроинженерия, #1-2(27-28), 2019 

 

42 
 

gantoleba (7)-is gaTvaliswinebiT vRebulobT: 

  ௗ௨ნௗ௫ = (௨სି௨ნ)௨ნ ∙ ଵ଼	ఘნௗమ. (16) 

SemoviRoT axali fardobiTi sidide: 

ߦ  = ௫௫∗, (17) 

sadac:  

∗ݔ   =  (18)  .∗ݑ∗ݐ

gantolebis (8) da imis gaTvaliswinebiT, rom 	ݑ∗ 	= 	  ს, gantoleba (17)ݑ	

iRebs saxes:  

∗ݔ   = სݑ ௗნమఘნଵ଼ .  (19) 

gantolebidan (17)	ݔ-is mniSvneloba Seadgens: 

ݔ   =  (20)   .∗ݔߦ

gantolebidan (9)	ݑნ	- is mniSvnelobaa:  

ნݑ   =  ს.  (21)ݑݕ

Ggantolebebis (9, 19, 20, 21) gamoyenebiT, gamovsaxoT gantoleba (16) 

Semdegi saxiT: ௗ(௬௨ს)ௗ(క௫∗) = (௨სି௨ნ)௨ნ ∙ ଵ଼ௗნమఘნ. ௨ს௫∗ ∙ ௗ௬ௗక = (௨სି௨ნ)௨ნ ∙ ଵ଼ௗნమఘნ.   

ௗ௬ௗక = (௨სି௨ნ)௨ნ ∙ ଵ଼ௗნమఘნ ∙ ௫∗௨ს.ௗ௬ௗక = (௨სି௨ნ)௨ნ . ௗ௬ௗక = ௨ს௨ნ − 1. 

 ௗ௬ௗక = ଵ௬	 − 1.	 ௗ௬ௗక = ଵି௬௬	 .  (22) 

sasazRvro pirobebidan gamomdinare	(ߦ = 0; ݕ	 =  ), diferencialuriݕ

gantolebis (22) amoxsnas warmoadgens: 

ߦ  = ݕ) − (ݕ + ln ቚଵି௬బଵି௬ ቚ. (23) 

gantolebebis (9, 10, 11, 17, 19) gaTvaliswinebiT, gantoleba (23) gamov-

saxoT rogorc:  ௫௫∗ = ݕ) − (ݕ + ln ቚଵି௨బଵି௨ნቚ.ݔ = სݑ ௗნమఘნଵ଼ ∙ ቀ௨బ	௨ს − ௨ნ	௨სቁ + ln ฬଵି௨బ 	௨სൗଵି௨ნ 	௨სൗ ฬ. 

 ݔ = ௗნమఘნଵ଼ ݑ) − (ნݑ + ln ቚଵି௨బଵି௨ნቚ.  (24) 

gantoleba (24) warmoadgens nakadSi moZravi Sewonili nawilakis mier 

ganvlil manZils, nakadis siCqaris miRwevamde.  
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3. daskvna 

 

amgvarad, kvlevis Sedegad, niutonis meore kanonze dayrdnobiT, nawi-

lakis sawyisi siCqarisa da nakadis siCqaris, agreTve nawilakisa da siTxis 

fizikuri maxasiaTeblebis gaTvaliswinebiT, laminaruli reJimis pirოbebSi, 

miRebulia mcire zomis sferosebri nawilakis nakadis siCqaris miRwevamde 

misi relaqsaciis siCqaris droze damokidebulebis gantoleba. agreTve, 

miRebulia nawilakis siCqaris relaqsaciis dros ganvlili manZilis saan-

gariSo gantoleba. 

orfazian nakadSi Sewonili nawilakebis moZraobis kanonebis kvlevisas 

miRebuli damokidebulebebis gamoyeneba saSualebas iZleva dazustdes nawi-

lakebis horizontaluri gadaadgilebis sidide, rasac didi praqtikuli 

mniSvneloba eniWeba dispersiuli fazis gamyofi nagebobebis gaangariSebisas.  
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 Abstract: Georgia belongs to the countries, where the erosive processes are widespread and dan-

gerous. According to the intensity of soil-erosive processes, the territory of Georgia can 

be divided into the 5 districts. In terms of the development of erosive processes, the sit-

uation is especially difficult in Upper Imereti, Adjara, Svaneti and other highlands of 

Georgia. On eroded lands the main damage to soil erosion brings agriculture. From the 

theoretical and applied points of view there are very interesting the changes in erosion 

factors associated with existing climate changes, as well as with technogenic impacts on 

components of the erosion geosystem. Qualitatively new opportunities in research, 

modeling and technologies to optimize the use of erosion dangerous lands are opened 

by modern geo-information systems (GIS) used in many spheres of human activity, but 

are not yet sufficiently used in erosion research. 
 

Key words: water erosion; eroded lands; soil degradation; geo-information technologies. 

 

 

1. INTRODUCTION 

 

Water erosion is one of the major environmental and economic problems that really determine 

the national security of many countries of the world. 

According to the Global Assessment of Human-induced Soil Degradation (GLASOD) [1], 

conducted in 1988–1990 under the auspices of the United Nations Environment Program (UNEP), 

there were 1,093.7 million hectares of eroded soils in the world, that by a large margin brought wa-

ter erosion to the first place among other sources of soil degradation (deflation, repackaging, 

salinisation, etc.). Deflation, which ranks second, accounted for 550 million hectares, or 28% of the 

total area of degraded soils. Thus, in total, the area of eroded and deflated soils was about 1.65 bil-

lion hectares. This is significantly more, than the previously mentioned areas of eroded and deflated 
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soils. Thus, in a number of works [2], it was noted, that out of approximately 1.5 billion hectares of 

arable land in the world, about 430 million hectares were eroded and deflated. It is likely, that a sig-

nificant difference in these data is partly due to the imperfection of accounting for eroded soils at 

the early stage. However, there is no doubt, that the areas of eroded (and deflated) soils, in despite 

of the measures taken to warning and prevention this phenomenon, continue to increase. According 

to the Food and Agriculture Organization of the United Nations (FAO), the annual loss of produc-

tive land due to erosion is currently 5–7 million hectares. 

According to the estimates of the specialists involved in the implementation of the GLASOD 

project (carried out under the auspices of UNEP), whose task was to assess the area of soils degrad-

ed by human activity, about 11 million km2, or about 10% of the land free of ice from land mass of 

Earth is subject to water erosion [3]. From this eroded area of 9.2 million km2 (920 million hec-

tares), 1.7 million km2 (173 million hectares) were destroyed by ravines [3]. 

According to the United Nations Environment Program (UNEP), it costs worldwide $ 9.8-

10.4 billion per year. 

Soil erosion is most intense in populous countries with developed agriculture. The global irre-

coverable loss of soil under the action of erosion reaches 23 billion tons, of which the USA ac-

counts for 1.5 billion tons, the countries of the former USSR - 2.3, India - 4.7, China - 3.3 billion 

tons [4]. 

 

 

2. THE BODY OF THE ARTICLE 

 

Georgia belongs to the countries, where the erosive processes are widespread and dangerous. 

In mountainous regions of Georgia rarely finds a slope, that is not eroded and scarified with ravines. 

Intensive landslides and mudflows are observed. 

One of the reasons for the increasing of erosion processes is the intensive agricultural usage 

steep slopes of mountainous areas. Usage for this purpose inappropriate agricultural techniques, in-

stead of using these slopes, as cultural pastures, which would be much less dangerous for the devel-

opment of erosion processes, started to grow corn, tobacco and other more profitable vegetable 

crops. Such an approach has caused great and irreparable damage to the land, where these events 

took place developed erosion processes, desertification, salinisation, withers, soil structural chang-

es, reduction of humus content in the soil and accompanying processes. 
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According to the intensity of soil-erosive processes, the territory of Georgia can be divided in-

to the following districts: 

 

1. Landscapes of Colchis Lowland are characterized by weakly developed erosive processes, 

where lateral erosion prevails. 

2. Landscapes of West Georgia, valley, hills and mountain pits are characterized mainly by 

chemical erosion processes with water erosion. 

3. Landscapes of East Georgia, valley, hills and mountain pits are characterized mainly by 

chemical erosion, however, there are also water erosion processes. 

4. The medium-sized landscapes are characterized mainly by linear erosion processes. 

5. High mountain landscapes are characterized by surface washout intensive processes, with 

participation of deep erosion. 

In terms of the development of erosive processes, the situation is especially difficult in Upper 

Imereti, Adjara, Svaneti and other highlands of Georgia. But we do not need to think, that erosive 

processes are developed in the only mountain regions. Erosive events have occurred even on the 

Colchis lowlands. Soil surface wash-out and ravine creating processes are particularly intensive and 

reaches dangerous scales in the mountainous parts of Georgia's wet subtropics and in hilly foot-hills 

of dry climate zones. It is estimated, that from the 10-20º slope hillside washing down 200-300 t / 

ha of soil per year. From the 20º slopes of the southern site of the Imereti Region, an average of 100 

tons will be washed down, from 35º - slopes up to 150 t / ha and more in the year. Erosion traces 

observed almost everywhere on the steep slopes of the region. The depth of erosive gaps often 

reaches 0.5 m and more. In case of certain conditions, such gaps will gradually turn into ravines and 

canyons. Under the dry climate of the east Georgia, water erosion processes on the slopes without 

vegetation cover are more intense, than in other regions, as result of weak sustainability of the soils 

in the area of erosion. During the normal intensity rainfall in the region with 6-120º slopes, from 1 

ha washed down an average of 30-40 t per year, while intense rains - up to 150-200 t. 

Erosion in agricultural land is the most commonly in arable area. 

54.1% of the arable land in Georgia is located on a slope with up to 2º, 22.5% - up to 2-5º, 

14% - up to 5-10º, 6% - up to 10-15º, 3.4% - More than 15º slope. 

The distribution of erosive areas according to separate administrative districts of Georgia is 

given in the chart 1. 

 

 



hidroinJineria, #1-2(27-28), 2019 _ Hydroengineering, #1-2(27-28), 2019 _ Гидроинженерия, #1-2(27-28), 2019 

47 

 

Chart 1. 

Distribution of erosive areas of Georgia According to administrative districts  

(thousand ha) 

# 

Districts 

Arable entirely 

(A thousand 

hectares) 

From here erosive 

Weakly Average Strongly 

1 2 3 4 5 6 

1 Akhalkalaki 33.9 2.1 1.3 0.7 

2 Ninotsminda 25.6 1.9 1.0 0.2 

3 Akhaltsikhe 8.3 3.0 1.0 0.5 

4 Adigeni 4.3 1.3 1.0 0.5 

5 Aspindza 5.3 2.1 0.4 0.1 

6 Khashuri 9.6 1.2 1.0 0.5 

7 Kareli 14.1 4.3 0.8 0.4 

8 Gori 20.0 3.4 2.5 0.2 

9 Kaspi 10.9 3.0 1.9 0.2 

10 Borjomi 3.6 0.8 1.0 0.5 

11 Sagarejo 31.9 5.0 2.6 1.1 

12 Gurjaani 11.8 3.6 3.7 0.9 

13 Sighnaghi 37.2 6.3 3.0 0.5 

14 Dedoplistzkaro 54.1 3.3 1.8 0.2 

15 Telavi 7.2 2.6 0.5 0.2 

16 Akhmeta 4.8 0.4 0.7 0.2 

17 Kvareli 8.3 0.3 0.2 - 

18 Lagodekhi 20.2 0.1 0.3 - 

19 Gardabani 39.7 7.8 4.3 0.4 

20 Mtskheta 10.9 2.7 1.7 0.3 

21 Marneuli 26.9 4.5 2.1 0.5 

22 Bolnisi 15.1 4.3 2.3 0.1 

23 Tzalka 18.5 5.4 3.0 - 

24 Dusheti 7.8 2.7 1.2 0.3 

25 Tetritzkaro 19.. 5.6 3.3 0.7 

26 Dmanisi 8.8 2.8 0.6 0.1 

27 Tianeti 12.3 4.1 2.1 0.3 
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28 Tskhinvali region 18.7 5.5 6.1 1.7 

29 Completely east Georgia 486.4 80.1 51.1 11.5 

30 Tzkaltubo city zone 12.5 2.2 0.6 0.1 

31 Samtredia 10.3 0.3 1.0 - 

32 Khoni 6.1 0.5 0.2 - 

33 Vani 3.7 1.5 0.7 0.7 

34 Baghdati 2.9 1.0 0.2 0.1 

35 Zestaponi 3.9 1.3 1.1 0.7 

36 Terjola 5.2 2.1 1.1 0.5 

37 Tchiatur city zone 4.9 2.3 1.4 1.0 

38 Sachkhere 6.0 2.1 1.1 0.8 

39 Kharagauli 2.8 1.5 1.2 0.3 

40 Tkibuli city zone 2.4 0.8 0.7 0.2 

41 Oni 1.3 0.6 0.5 0.1 

42 Abmrolauri 2.6 1.0 0.8 0.3 

43 Tsageri 2.4 1.4 0.9 0.2 

44 Lentekhi 1.3 0.6 0.5 0.2 

45 Abasha 12.2 - - - 

46 Tskhakaia 9.1 0.2 0.1 0.1 

47 Martvili 6.1 0.3 0.2 0.1 

48 Zugdidi 10.1 0.1 0.2 - 

49 Khobi 12.2 - - - 

50 Tsalenjikha 2.3 0.2 0.1 0.1 

51 Chkhorotsku 3.7 0.3 0.3 0.2 

52 Ozurgeti 5.0 0.8 0.2 - 

53 Lanchkhuti 5.0 0.8 0.2 - 

54 Chokhatauri 1.8 1.2 0.4 0.1 

55 Mestia 0.9 0.3 0.5 - 

56 Completely West Georgia 

regions 

141.9 24.0 15.5 6.1 

57 Apkhazeti 36.1 3.7 5.8 0.1 

58 Adjara 8.8 2.7 2.5 0.1 

59 Completely West Georgia 186.8 30.4 23.3 0.3 

Completely in Georgia 673.2 110.5 74.4 20.8 

Completely eroded 205.7 
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On the eroded lands, due to washing away of the upper, most fertile soil layer, removal of 

humus and nutrients, deterioration of the physical properties of the soil, the yield of agricultural 

crops decreases. In this regard, the main damage to soil erosion does agriculture. In addition, the 

products of erosion destruction of soils, and along with them agrochemicals, nutrients, biological 

active substances, heavy metals, including radionuclides, entering the rivers, degrade the quality of 

water, cause eutrophication of water bodies, siltation of ponds, reservoirs and valleys of small riv-

ers, which causes the complete disappearance of many of them. Due to the deterioration of the 

physical properties of the soil (an increasing density, decreasing of water retention and water ab-

sorption capacity), the intensity and frequency of floods on rivers increase and the soil cover dries. 

On eroded soils microbiological activity is also reduced. 

Thus, soil erosion has a negative impact on almost all components of the landscape causing its 

degradation. The final and cumulative effects of soil erosion can lead to desertification [5]. 

 

 

3. CONCLUSION 

 

Such a wide distribution and danger of manifestation of erosion processes, as well as the out-

lined tendency towards their intensification, make the problem of water erosion of soils increasingly 

relevant. It is necessary to intensify research on the erosion process itself, because despite the accu-

mulated stock of theoretical knowledge and empirical material, the mathematical models of the slope 

erosion process used in anti-erosion design belong to the category of models with lumped parameters, 

or to profile models, that rather roughly take into account the main factors of the process. During the 

transition to adaptive-landscape and precision farming systems, significantly higher requirements are 

imposed on their justification, which is due to the need to take into account the complicated spatial 

differentiation of agro-landscape structures. From the theoretical and applied points of view there are 

very interesting the changes in erosion factors associated with existing climate changes, as well as 

with technogenic impacts on components of the erosion geosystem, first of all on the soil cover. Qual-

itatively new opportunities in research, modeling and technologies to optimize the use of erosion dan-

gerous lands are opened by modern geo-information systems (GIS) and geo-information technologies, 

that are widely used in many spheres of human activity, but are not yet sufficiently used in erosion re-

search. 
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 Abstract: Laboratory data are more often used to predict the onset of channel deformation, mainly 

due to the difficulty of performing full-scale studies. In addition, the results of field stud-

ies are not always reliable and in terms of accuracy they are not so rarely inferior to 

laboratory ones based on the theory of similarity. 

Comparison of observational speeds for cohesive soils in full-scale and laboratory 

conditions shows, that the scouring speeds established by the erosion of samples (frag-

ments) of undisturbed addition under laboratory conditions are significantly higher, 

than those for the same soils recorded in nature. 

The Model, that describes relationship between eroding and non-blurring permis-

sible flow rates show good convergence between experimental and of field observations. 

 

Key words: non-converse soils; theory of similarity; soil erosion; modeling of soil erosion. 

 

 

1. INTRODUCTION 

  

Laboratory data are more often used to predict the onset of channel deformation, mainly due 

to the difficulty of performing full-scale studies. In addition, the results of field studies are not al-

ways reliable and in terms of accuracy they are not so rarely inferior to laboratory ones based on the 

theory of similarity [1]. 

The theory of similarity is based on three theorems: 

1. If physical processes are similar to each other, then similar criteria for the similarity of the-

se processes have the same magnitude. 

2. Equations describing physical processes can be represented, as a functional connection be-

tween similarity criteria. 
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3. Kirpichev-Guhman Theorem. In order for physical processes to be similar to each other, it 

is necessary and sufficient, that these processes are qualitatively the same and their like-defining 

criteria are numerically identical. 

By qualitatively the same we mean such processes, the mathematical description of which co-

incides in everything, except for the named numbers contained in them. 

The processes of erosion, the destruction of various soils mainly occur due to the movement 

of viscous liquids, as well as their interaction with the base, composed of different soils. 

In modeling, hydromechanical and mechanical similarities are of particular importance. The-

refore, the main criterial dependences of erosion processes will be the equations of hydromechanics. 

 

 

2. THE BODY OF THE ARTICLE 

 

In the case of stationary fluid motion, the phenomenon of flow around a spherical body is de-

termined by three similarity numbers: Euler, Froude and Reynolds. These criteria are known to be 

based on Newton's criteria. 

  ݂ = ݉ ௗௗఛ    (1) 

where f is force; m is the mass; V is the flow rate (or rate of particles); τ - characteristic time 

interval 

If we compare the two systems, then for the first we have: 

  	 ଵ݂ = ݉ଵ ௗభௗఛభ    (2) 

and for the second: 

  ଶ݂ = ݉ଶ ௗమௗఛమ    (3) 

For resembling points of similar systems, the similarity constants have the form: 

  భమ = భమ		;ܥ = ఛభఛమ			;ܥ =  (4)    ܥ

If we express the variables of system I in terms of the variables of system II and add them to 

equation (2), we get:  

ܥ   ଶ݂ = ଶܯܥ ೡௗഓௗഓ  (5) 

After conversion: 

 ഓೡ = ݉ଶ ௗௗఛ  (6) 
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The last equation is identical to equation (3) provided 

  
ഓೡ = 1    (7) 

In the theory of similarity, these quantities are called indicators of similarity. The selection of 

similarity constants is limited by the following condition: 

  
ഓೡ = (భ/మ)(ఛభ/ఛమ)(భ/మ)(భమ)    (8) 

или  

  
భఛభభభ = మఛమమమ = ݅݀݁݉    (9) 

Thus, provided, that the two systems are similar, only three values can be changed arbitrarily, 

and the value of the fourth will be determined by the equation (9). 

The dimensionless complexes ݂߬/ܸ݉ are the invariant of similarity and for the two systems 

under study (model and nature) must have the same numerical values. 

In the similarity theory are widely used modified similarity criteria. Modification is used in 

the case, when the physical parameters included in the similarity criteria cannot be established ex-

perimentally.Then they are eliminated by the combination of two, or more similarity criteria and 

thereby themselves get the new arbitrary criteria. For example, from the Reynolds and Froude crite-

rion new dimensionless complex is obtained, called the Galileo criterion: 

 
ோమி = మమఘబమఓమమ = యఘబమఓమ =  (10)    ܽܩ

The obtained criterion in such flows is characterized by the ratio of the forces of molecular 

friction and the forces of gravity. 

As a result of multiplying the Gallileo criterion by the dimensionless simplex ( ρ - ρ 0 ) / ρ 0 , 

we obtain the Archimedes criterion 

ܣ   = ோమி ఘିఘబఘబ = యఘబమఓమ ఘିఘబఘబ = యఓమ ఘିఘబఘబ     (11) 

where ρ, ρ0 respectively the density of water and soil particles, kg / m3. 

Archimedes criterion characterizes the balance of gravity, lift force and friction. 

It can be considered, as a combination of two numbers of similarity, Reynolds and Richard-

son: 

 ܴ݁ଶ ∙ ܴ݅ = ோమி ఘିఘబఘబ     (12) 

  ܴ݅ = ఘିఘబఘబ మ    (13) 

When modeling complex processes with which we deal with the interaction of flow with the 
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moving bottom, depending on a large number of variable parameters, a number of criteria are required 

to describe them. But the equality of some of them in some cases cannot be obtained. Then for ap-

proximate similarity it is necessary to limit oneself to the similarity of the most essential factors. 

When the influence of physical quantity (or complex of quantities) can be neglected, the pro-

cess is considered self-similar with respect to this quantity and the simulation is greatly simplified. 

Experiments on non-cohesive soils were modeled using the Archimedes, criterion. 

Experiments were conducted in the quadratic resistance region. Experimental flows in a tray 

by the number of Froude were similar to full-scale ones. 

 

Simulation of washing out of cohesive soils 

The degree of study of the theory of turbulence, channel processes, erosion of the channel, 

composed of cohesive soils, does not allow with sufficient certainty to solve a number of problems 

without appropriate physical modeling [2, 3]. 

Comparison of observational speeds for cohesive soils in full-scale and laboratory conditions 

shows, that the scouring speeds established by the erosion of samples (fragments) of undisturbed 

addition under laboratory conditions are significantly higher, than those for the same soils recorded 

in nature.Thus, the use for practical calculations of the results obtained in the laboratory by washing 

out samples of relatively small sizes is associated with a certain risk. 

When testing samples in the laboratory does not take into account a number of factors ob-

served in nature. As established by studies begun in the 50s, the main factors are: changes in the 

strength properties of soils (fatigue strength) with decreasing sample sizes and changes in the pul-

sating nature of flow rates. 

The effect of a change in the pulsation nature when, conducting laboratory and field experi-

ments is manifested in the fact, that the ratio of maximum instantaneous bottom velocities at a point 

to their resolute values at the same point ܸ௫/ܸ∆, which characterizes the blurring ability of the 

flow, differs significantly in laboratory and field flows. 

Considering, that the integral indicator characterizing the resistance of cohesive soils to ero-

sion is an indicator of soil cohesion, translating laboratory data into nature, it is necessary to keep in 

mind the degree of change in strength with changes in sample size, which can be approximately 

characterized by the scale factor. 

Experimental data on the erosion of samples of cohesive soils suggests, that their resistance to 

erosion depends on the geometric dimensions of the sample and decreases with increasing its area. 
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This should be explained by the probabilistic nature of the fatigue fracture of the surface of a cohe-

sive soil during erosion. 

Analyzing the effect of sample size on its mechanical, strength properties and, therefore, on 

erosion resistance, it can be noted, that the probability of having the weakest points, 

inhomogeneities, flaws, defects on the surface of initiating erosion specimens will obviously in-

crease with its sizes. The technology of manual selection of monoliths in the field also influences 

the probabilistic growth of strength properties for small samples. 

The issue of taking into account the scale factor in modeling has been considered in many pa-

pers. 

One of the first, explaining the manifestation of the scale effect, is the work of Griffiths [4]. 

Such a process of erosion of the soil model and nature should be considered such, that at ap-

propriate points, the depth of erosion in the model, or determined their non-blurring speeds are ei-

ther equal to the erosion in kind, or constitute a certain constant part. 

In this aspect, the erosion of the channel can be considered similar if the ratio between the 

bottom and non-washed speeds in nature and in the model is the same, i.e. 

 VΔ /VΔm = idem  (14) 

where VΔ is the bottom flow velocity at the height of the roughness protrusions in nature; VΔm 

is the bottom velocity in the model. 

Here, to eliminate the influence of the nature of the velocity distribution from the analysis of 

the process, instead of the ratio of average speeds, the ratio of bottom ones is taken, since the veloc-

ity field in nature and model should be similar. 

If the relationship between bottom and non-blurring rates in nature and in the model is the 

same, the erosion processes will be similar.  

Depending on Сун/Сумн the ratio between the endurance limit for field and laboratory conditions 

is expressed by the coefficient, that takes into account the scale effect ε: 

  ܸଶ = ܸଶ ఌಾ     (15) 

or  

  	 ܸ = ܸெටఌಾ        (16) 

The value of ε can be set according to V.S. Ivanova, describing the manifestation of the 

Weibul scale effect.In the first approximation, ε can be taken equal to 0.58. 
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In order to obtain convenient dependency, we approximately take Kм = K, and also introduce 

in (16) the averaged, frequently used value = 4.0 andп м = 1,25. 

Then, when soil samples of undisturbed addition are selected in the model, selected in field 

conditions, non-flushing bottom velocity for environmental conditions, depending on the model 

values, can be set: 

  ܸ = 0.42 ܸெ    (17) 

Considering the commonly used relationship between eroding and non-blurring permissible 

flow rates: 

  ܸ୮ = 0.41 ܸௗௗ.    (18)  

  

Sieve diameter, mm 6-4 4-2 3-1 1,5-0,5 1-0,5 0,6-04 

Average particle diameter, mm 5 3 2 1 0,75 0,5 

 

 

3. CONCLUSION 

 The	 results	 of	 such	 experiments	 selected	 in	 field	 conditions,	when	 compared	with	 the	data	of	field	observations,	show	good	convergence.	
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md. rionis wyalgamyofi hidrokvanZis qveda biefis ngrevis 

mizezebi da sareabilitacio RonisZiebebi  

 

S. gagoSiZe, i. qadaria, iv. saRinaZe, m. kodua,  

i. mosavliZe  

(saqarTvelos teqnikuri universiteti) 

(akaki wereTlis universiteti, 4600, Tamar mefis 60, q. quTaisi, saqarTvelo) 

 

reziume: naSromi eZRvneba qalaq foTTan, mdinare rionze agebuli wyal-

gamyofi hidrokvanZis kaSxlis qveda biefis ngrevis mizezebis 

gamokvlevas. naCvenebia, rom es ngrevebi ganapiroba ara mSeneb-

lobis xarisxma, aramed hidrokvanZis daproeqtebisas sxvadasxva 

periodSi qveda biefis reabilitaciis mizniT gatarebul Ro-

nisZiebaTa hidravlikuri gaangariSebebisas daSvebulma uzus-

tobebma. dabalzRrubliani kaSxlebis biefebis SeuRlebis Wav-

lur Teoriaze dayrdnobiT, naSromSi SemoTavazebulia md. ri-

onis wyalgamyofi kaSxlis dangreuli qveda biefis reabili-

tacia-rekonstruqciis gza, romelic kapitalurad daicavs kaSx-

lis qveda biefs gamorecxvebisa da ngrevebisgan.  

 

sakvanZo sityvebi: qveda biefi, wyalgamyofi hidrokvanZi, talRa, reabilita-

cia. 

 

1. Sesavali 

 

nebismieri samdinaro hidroteqnikuri nagebobebis xangrZliv da saimedo 

eqspluatacias, garda misi konstruqciuli gadawyvetisa da mSeneblobis xa-

risxisa, Zalze xSirad gansazRvravs daproeqtebis stadiaze kalapoturi 

procesebis swori prognozireba. es sakiTxi, miuxedavad mravali Teoriuli 

mcdelobisa, amJamad fizikuri modelirebis safuZvelze ZiriTadad wydeba 
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hidravlikur laboratoriebSi. magram xSirad SeuZlebelia modelirebis 

kriteriumebis sruli dacva da kalapotis gruntis samodele masalis imgva-

ri SerCeva, rom man uzrunvelyos warecxvis procesebis adekvaturoba natu-

rasa da hidravlikur laboratoriebSi. Sedegad, nagebobis eqspluataciis 

periodSi SeiZleba ganviTardes deformaciebi da gamovides igi mwyobridan. 

am mizeziT saqarTveloSi mravali hidrokvanZis qveda biefi mniSvnelov-

nadaa dazianebuli da saWiroebs reabilitacias, maT Soris aRsaniSnavia mdi-

nare rionis SesarTav akvatoriebSi arsebuli warecxvebi da maTi aRmofxvris 

mizniT warumateblad ganxorcielebuli sainJinro RonisZiebebi. 

 

2. ZiriTadi nawili 

 

XX saukunis 50-ian wlebSi qalaq foTidan me-7 kilometrze aSenda 

wyalgamyofi hidrokvanZi, romelmac md. rioni dausaxlebeli teritoriebis 

gavliT mimarTa foTis portis CrdiloeTiT, xolo qalaqis arxiT tardebo-

da mxolod 400 m3/wm-mde xarji, romelsac unda uzrunveleyo natanis adre 

arsebuli balansis SenarCuneba. am sakmaod ZviradRirebuli proeqtis gan-

xorcielebiT, marTalia, qalaqis teritoria gadaurCa datborvebs, magram 

samagierod ver SenarCunda sanapiro zolis stabiluroba da zRvis qveS 

moeqca saSualod 2 km siganis sanapiro zoli. amasTan, daisila Crdiloe-

TiT md. rionis axali SesarTavi ubani, ramac uaryofiTi zegavlena moax-

dina foTis navsadguris Sesasvleli arxis qmediTunarianobaze da, aqedan 

gamomdinare, gamoiwvia portis saeqspluatacio xarjebis zrda.  

foTis sanapiro zolSi, navsadguridan md. rionis SesarTavamde, mosax-

leoba iZulebuli iyo gadasaxlebuliyo. miuxedavad imisa, rom 80-ian wleb-

Si napiris warecxvis procesebis SesaCereblad sanapiro zolis mTlian 

perimetrze Caiyara qvis uzarmazari lodebi. isini male CaiZira wyliT ga-

jerebul wvril qviSaSi da zRvam mainc ganagrZo foTis napiris warecxva. 

amJamad foTs faqtobrivad ara aqvs plaJis viwro zolic ki da kvlav 

grZeldeba zRvis Semoteva.  
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nax. 1. wyalgamyofi hidrokvanZis rab-regulatoris  

xedi qveda biefidan 

 

kaSxlis qveda biefis nagebobebi Sedgeboda (dangrevamde) 20 m sigrZisa 

da 1,2 m sisqis wyalsacemi filisa da 40 m sigrZis risbermisgan, romlebic 

erTmaneTis miyolebiT ganlagebuli iyvnen erT horizontze, zRvis donis 

qveviT -3 m niSnulze. wyalsacemi fila kaSxlidan 12 m-Si aRWurvili iyo 1,5 m 

simaRlis energiis Camqrobi samkuTxa e.w. rebokis kbilebis rigiT (nax. 2). 

 

 
nax. 2. wyalgamyofi kaSxlis qveda biefis sqematuri Wrili dangrevamde.  

suraTze warmodgenilia biefebis SeuRlebis arasasurveli reJimebi: 

1. wyalsaSvis fuZis fila; 2. wyalsacemi fila; 3. risberma;  

4. rebokis kbilebi; 5. segmenturi saketi 

 

gasuli saukunis 70-iani wlebis bolos, wyalgamyofi hidrokvanZis kaSx-

lis win warecxvis siRrmeebma miaRwia 8-9 m-s da warecxvebi uSualod miuax-

lovda kaSxlis qveda biefSi mowyobil risbermas. amasTan dakavSirebiT sa-

qarTvelos wyalTa meurneobis samecniero kvleviTi institutis rekomenda-

ciebiT „saqwyalproeqtma“ SeimuSava kaSxlis qveda biefis gamagrebis proeq-

ti. kaSxlidan 80 m-is daSorebiT, mdinaris kalapotis ganivad, Casves liTo-
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nis narandi, romelmac gadaRoba mdinaris kalapoti -3 m niSnulamde. amave 

dros risbermasa da narands Soris arsebuli warecxili fskeri amoavses 

didi zomis lodebiT Tavdapirvel saproeqto niSnulamde. proeqti 1982-83 

ww. ganaxorciela „kolxidmSenma“, magram am RonisZiebam ara Tu Seaferxa, 

aramed kidev ufro metad Seuwyo xeli qveda biefis warecxvisa da ngrevis 

procesebis ganviTarebas.  

amJamad aRar arsebobs risberma, damsxvereulia wyalsacemi filis udi-

desi nawili, gansakuTrebiT, kaSxlis centraluri 4, 5 da 6 malebis win 

(nax. 3. a, b) da, rogorc ukanasknel periodSi Catarebulma dakvirvebam aC-

vena (S.p.s „hidrosfero“), gamorecxvis Rrmulebma SeaRwia uSualod kaSxlis 

tanis wyalsaSvi filis _ saZirkvlis qveSac.  

 

ა)  

ბ)  
 

nax. 3. wyalgamyofi kaSxlis qveda biefis ngrevebis konturisa (a) da damsxvreuli 

wyalsacemi filebis (b) eskizuri naxazebi („saqwyalproeqti“ 2006-2007 [3]) 
 

 

amrigad, md. rionze agebulma arc kapitalurma da arc droebiTma sa-

inJinro nagebobebma da RonisZiebebma faqtobrivad ara Tu ver gaamarTla 

Tavisi funqciuri daniSnuleba, daecvaT foTis napiri warecxvebisagan, ara-

med TviTonve gamovidnen mwyobridan. 
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cxr. 1-Si da nax. 4-ze naCvenebia sxvadasxva wels kaSxlis qveda biefis 

kalapotSi dafiqsirebuli fskeris minimaluri niSnulebi (anu warecxvis 

maqsimaluri siRrmeebis Sesabamisi niSnulebi), aTvlili baltiis zRvis eta-

lonuri donidan. TviT Savi zRvis zedapiri qalaq foTTan -0.61-dan +0.2 niS-

nulebs Soris meryeobs.  

cxrili 1.  

fskeris niSnulis cvlileba kaSxlis qveda biefis kalapotSi 

 

weli 1960 1968 1977 1979 1980 1981 1982 1997 2000 2003 2004 

qveda biefis 

warecxvis niSnulebi 
-5.0 -6.5 -8.0 -9.5 -10.5 -12.0 -9.4 -10.5 -12.8 -8.2 -8.7 

daSoreba 

წყalsacemidan, m 
70 70 60 65 60 70 80 45 40 25 25 

 

garda amisa, prof. S. gagoSiZis hidravlikuri gaangariSebebiT [2,3] 

wyalsacemi filis sisqe (0,4 m) kaSxlidan mdinaris saSualo xarjis 

gaSvebisas (300 m3 /wm-mde, rac xdeboda kaSxlis centraluri farebis nawi-

lobrivi gaRebiT) arasakmarisi aRmoCnda imisTvis, rom wyalsacem filebs 

gaeZlo xangrZlivi pulsaciuri da talRuri datvirTvebisTvis (rasac da-

matebiT amZafrebda rebokis kbilebi) da ar damsxvreuliyo kaSxlis TiTq-

mis mTel sigrZeze; 

amave dros rogorc proeqtis [8], aseve 80-iani wlebis dasawyisSi gata-

rebul sareabilitacio RonisZiebaTa mTavar naklad unda CaiTvalos is 

garemoeba, rom maTi SemuSavebisas mxedvelobaSi ar iyo miRebuli mosa-

lodneli kalapoturi procesebi, romlebmac gadamwyveti roli Seasrules 

risbermisa da nawilobriv wyalsacemi filis dangrevaSi. kalapoturi pro-

cesebis ugulebelyofa proeqtSi aisaxeba im faqtiT, rom proeqtis mixedviT 

risberma ganlagebuli iyo maRal, -3 m niSnulze da Sedgeboda 2×2×0,4 m zo-

mis erTmaneTTan xistad SekavSirebuli rkinabetonis filebisgan, nacvlad 

ufro mZime (minimum 0,8 m-mde sisqis) [3, 7] moqnilad SekavSirebuli file-

bisa. amasTan, risberma winaswarve unda yofiliyo daxrilad CaRrmavebuli 

kalapotis fskerSi. rac Seexeba narandis Casmas, 80-ian wlebSi gatarebuli 

sareabilitacio RonisZiebebis gatarebisas an saerTod ar unda ganxor-
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cielebuliyo, an Tu mimarTavdnen am RonisZiebas, narandsa da wyalsacem 

filebs Soris arsebul gamorecxvis RrmulebSi Cayrili lodebis zedapiri 

aucileblad unda gadaebetonebinaT. wyalSeuRwevi zedapiris uqonlobis ga-

mo qvanayari iolad daeqvemdebara gamorecxvebs da lodebi (romlebic Ta-

vadve uwyobda xels nakadis turbulentobis zrdas), mokle xanSi aRmoCnda 

sruliad CaZiruli mdinaris fskeris gaTxevadebul gruntSi (md. rionis Se-

sarTavi ubnis fskeri, romelic Sedgeba saSualod 0,4 mm diametris marcv-

lebisgan, irecxeba mdinaris faqtobrivad nebismier siCqareze. amitom SeiZ-

leba iTqvas, fskeri sinqronulad `sunTqavs~ mdinaris xarjis mcireoden 

cvlilebasTan erTad).  

sxvadasxva organizaciebis mier sxvadasxva wlebSi Catarebuli wyal-

qveSa agegmvebis garda, kaSxlis qveda biefis warecxvebi Teoriulad iqna 

Sefasebuli _ 2003 wels profesorma S. gagoSiZem kaSxlis qveda biefSi wa-

recxvis Rrmulebis maqsimaluri mniSvnelobebisa da am Rrmulebis kaSxli-

dan daSorebis saangariSod Camoayaliba Semdegi postulatebi [1, 3]: 

a) wynar reJimSi, roca frudis ricxvi naklebia erTze ( 1Fr ) mdinaris 

fskeris warecxvis maqsimaluri siRrme emTxveva mdinaris Tanabari moZrao-

bis Sesabamis siRrmes, dadgenils Sezis kanonis safuZvelze wylis nakadis 

zedapiris mocemuli niSulebisa da qanobis meSveobiT; 

b) Tu biefebi zedapiruli hidravlikuri naxtomiT uRldebian erTma-

neTTan, warecxvis es maqsimaluri siRrmeebi daSorebulia wyalsacemidan im 

manZilze, ra manZilzec horizontalurad mimarTuli turbulenturi Wav-

lis siCqare qveda biefis wynar nakadSi ecema am nakadis Tanabari moZ-

raobis siCqaremde. 

am postulatebiT sargeblobisas gaTvaliswinebuli iyo, rom zRvis nu-

lovan doneze kaSxalTan mimdebare kalapotis sigane (205 m) ganicdis mcire 

cvalebadobas kalapotis siRrmesTan SedarebiT. qveda biefSi md. rionis 

kalapoti aproqsimirebul iqna parabolis saxiT, xolo mdinaris Tavisufa-

li zedapiris qanobebi gaangariSda zRvidan 6 km-Si mdebare kaSxlis kveTSi 

dafiqsirebuli wylis zedapiris niSnulebis safuZvelze [4]. amasTan, kala-

potis simqisis koeficienti narandis Casmamde miCneul iqna 04,0n -ad, xo-

lo narandis Casmis gaTvaliswinebiT 06,0n -is tolad. rac Seexeba meore 
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postulatis safuZvelze mdinaris sxvadasxva xarjis Sesabamis warecxvis 

maqsimaluri siRrmeebis daSorebas wyalsacemidan, isini gaangariSebul iqna 

daZiruli Wavluri nakadebis Teoriis cnobili mkvlevris _ abramoviCis 

formulis safuZvelze [4,6]: 











 145.048.0

08.0
00

q.b.V
VhX , 

სadac 0h  da 0V  turbulenturi Wavlis siRrme da siCqarea wyalsacemi fi-

lis Tavze; q.b.V  _ pirveli postulatis safuZvelze Sezis formuliT dadge-

nili mdinaris Tanabari siCqare kalapotis qveda biefSi. 

am midgomam, arsebuli empiriuli formulebisgan gansxvavebiT, TiTqmis 

zustad asaxa kalapotis garecxvis is maqsimaluri siRrmeebi da wyalsaS-

vidan maTi daSorebis koordinatebi, romlebic gazomvebiT iyo dadgenili 

(nax. 4. da cxr. 2). kerZod, cxril 3.5-is Tanaxmad, narandis Casmamde kaSxal-

Tan mimdebare mdinaris kalapotis garecxvis maqsimaluri niSnuli 

4,9fsk.  m (romelic Seesabameba wyaldidobis 3610 m3/wm xarjis gatarebas) 

myardeba wyalsacemidan 60,5 m-Si. xolo narandis Casmis Semdeg fskeris wa-

recxvis niSnuli aRwevs 13fsk. -s. is ganTavsebulia narandsa da wyal-

sacems Soris. 

 
 

nax. 4. md. rionis wyalgamyofi hidrokvanZis kaSxlis qveda biefis 

deformirebuli fskeris niSnulebi da halosolis doneebi 

narandis Casmamde (- - - ) da narandis Casmis Semdeg (__) 

 
garda imisa, rom narandis Casmam kalapotSi gazarda da miuaxlova wa-

recxvis siRrmeebi kaSxals, am RonisZiebam daaCqara kidec kaSxlis qveda 

biefis deformaciebis tempebic. saqme imaSia, rom vidre narandis barieri 
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Caismeboda kalapotSi, qimiT -3,0 niSnulamde, zRvis SedarebiT didi simkv-

rivis mqone wyali (halosoli) mdinaris kalapotSi sakmaod didi xarjebis 

gavlis drosac ki aRwevda kaSxlamde, faravda ra wyalsacem filas, xolo 

kaSxalze 300-400 m3/wm-mde xarjebis gavlisas risbermis farglebSi qmnida 

uZrav wylis baliSs, ris gamoc, am Sualeduri xarjebis gavlisas mdinaris 

mtknari wylis nakadi faqtobrivad ar zemoqmedebda fskerze. zRvis wylis 

es uZravi baliSi mxolod xels uwyobda mdinaris myari Camonadenis swraf 

daleqvas fskerze, riTic kidev ufro metad aferxebda warecxvis procesebs 

risbermis win mdebare kalapotSi.  

cxrili 2  

md. rionis wyalgamyofi kaSxlis 

qveda biefis hidravlikuri maxasiaTeblebi 
 

x
ar

j
i,
 m

3 /
w
m 

na
ka
d
is

 s
iR

r
me
  

w
ya
l
s
ac

em
is

 T
av
z
e,
 h

0 

s
iC
qa
r
e 
w
ya
l
s
ac

em
is

 

b
o
l
o
s
, V

0, 
m/
w
m 

T
av
is

u
f
al

i 
z
ed

ap
ir

is
 

qa
no

b
i,

 i
10

4  

narandis Casmamde 

na
r
an
d
is

 C
as

mi
s
 

S
em
d
eg

 w
ar

ec
x
vi
s
  

ni
S
nu

l
i 

na
ka
d
is

 s
iR

r
me
, 

h ქ
.ბ
, m

 

na
ka
d
is

 s
iC
qa
r
e,
 

V
q.
b
/w
m 

f
s
ke
r
is

 w
ar

ec
x
- 

vi
s
 n
iS

n.
, 

f
s
k.
 

d
aS

o
r
eb
a 
w
ya
l
- 

s
ac

em
is

 b
o
l
o
d
an
, 
 

X
, 
m 

400 3,45 2,69 0,90 5,30 0,55 -4,76 94,5 -6,16 

600 3,90 2,20 250 5,80 0,76 -4,90 60,7 -6,50 

800 4,20 2,27 2,00 6,30 0,93 -5,10 53,9 -6,84 

1100 4,51 2,49 2,50 13 213 -5,64 525 -61 

1380 4,75 2,08 2,90 82 299 -6,307 33 -8,22 

1960 5,04 2,78 3,40 9,21 256 -17 44,8 -9,70 

2400 5,26 3,26 3,80 10,0 275 -79 49,3 -10,54 

292 5,47 3,81 4,10 1205 293 -8,58 54,9 -1263 

3610 5,74 4,49 4,60 12,13 2,18 -9,39 60,5 -12,76 
 

amrigad, mdinaris kalapotSi narandis mowyobam Seferxebis nacvlad 

daaCqara warecxvisa da ngrevis procesebi kaSxlis qveda biefSi, ris gamoc 

kapitaluri sareabilitacio samuSaoebis Catarebis Semdeg, mizanSewonilia 

moxdes misi demontaJi (Tumca kapitalur sareabilitacio samuSaoTa gan-

xorcilebis procesSi igi SeiZleba nawilobriv gamoyenebuli iqnes kidec 

samSeneblo zRudaris saxiT). 
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droebiTi sareabilitacio RonisZiebebi msoflio bankis kuratorobiT 

ganaxorciela „saqwyalproeqtma“ 2005-2006 wlebSi da iTvaliswinebda gamo-

recxil qveda biefSi makaferis gabionebis Cawyobas (nax.5), rac, „kolxidmSe-

nis“ mier Sesrulebuli samuSaosgan gansxvavebiT, am etapze dadebiTad unda 

iqnes Sefasebuli, Tumca sul ukanasknelma dakvirvebebma gviCvena, rom ga-

bionebi qveda biefis fskerSi mainc jdeba.  
 

 
 

 

nax. 5. kaSxlis qveda biefis gamagreba gabionebis meSveobiT 

 („saqwyalproeqti“ 2006-2007) 

 

 

md. rionis wyalgamyofi hidrokvanZis kaSxlis kapitaluri reabili-ta-

ciisTvis Cven rekomendacias vuwevT wyalsacemi filis mowyobas ufro da-

bal _ -5 m niSnulze, 1,5 m sisqiT, mis bolo kbilTan Casmuli unda iyos na-

randi -15 m niSnulamde (nax. 6). es RonisZieba kapitalurad daicavs wyal-

gamyofi kvanZis kaSxals qveda gamorecxvebigan. 

 

 
 

nax. 6. md. rionis wyalgamyofi kvanZis qveda biefis reabilitaciis sqema:  

1. wyalsaSvi; 2. siRrueTa cementacia; 3. wyalsacemi fila; 4. qviSis fena;  

5. narandi; 6. bolverki; 7. qviSiT Sevsebuli tomrebi.  

8. warecxvis konturi (2003 w.) 
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uak 626.02 

 

wyalqveSa dabetoneba  

 

a. axvlediani, a. gogolaZe, g. axvlediani, i. gogolaZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: wyalqveSa dabetoneba ewodeba betonis Cawyobas wylis qveS zRuda-

rebis mowyobisa da wyalqcevis gareSe. wyalqveSa dabetoneba xor-

cieldeba nagebobebis mSeneblobis, rekonstruqciisa da nagebobe-

bis remontis dros, kldovan gruntebSi gaWrili WaburRilis gar-

sis gamagrebisas, saZirkvlis gasworebisas, rkinabetonis konst-

ruqciebis carieli adgilebis Sesavsebad da qveda ximinjebis mow-

yobis dros. 

 

sakvanZo sityvebi: yalibi, wyalqveSa dabetoneba, ineqciuri meTodi, hidro-

vibraciuli meTodi. 

 

 

1. Sesavali 

 

saqarTvelosTvis, rogorc SavizRvispira qveynisaTvis, romlis sanapi-

ro zoli gadaWimulia 312 kilometrze, metad aqtualuria portebis mSeneb-

loba da dasavleT saqarTvelos umsxvilesi mdinareebis – rionis, engurisa 

da Woroxis SesarTavi ubnebis mdgradoba. ukve ramdenime aTeuli welia 

irecxeba saqarTvelos SavizRvispireTis unikaluri plaJebi, saWiroa maTi 

gamagreba da dacva zRvis mitacebisagan. yovelive amisaTvis mosawyobia hid-

roteqnikuri nagebobebi, rac TavisTavSi gulisxmobs sxva samuSaoebTan er-

Tad wyalqveSa dabetonebasac. 

naSromSi ganxilulia wyalqveSa dabetonebis Tanamedrove meTodebi da 

xerxebi. 
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2. ZiriTadi nawili 

 

wyalqveSa dabetoneba xorcieldeba myvinTavebis daxmarebiT, romelTa 

davalebaa: dabetonebis blokebis momzadeba, yalibebis dayeneba, yalibebis 

xvrelebis amoqolva, milebis dayeneba da Tvalyuris devneba samuSaoebis 

Sesrulebaze. 

mosamzadebel samuSoebSi Sedis:  

- dasabetonebeli ubnis gasufTaveba; 

- qvis sagebis dafarva wvrili xreSiT, qviSiT, betoniani tomrebis mo-

marageba; 

- adre dagebuli betonis susti fenis mocileba; 

- navTobisa da mazuTis laqebis mocileba; 

- wyalqveSa gamokvleva da aqtis Sedgena samuSaoebze. 

wyalqveSa dabetonebis warmoebisas gamoiyeneba Semdegi tipis yalibebi:  

- xis balastirebuli fari;  

- xeliTonis yalibi; 

- liTonis brunvadi; 

- rkinabetonis arabrunvadi. 

yalibi, romelic gamoiyeneba wyalqveSa dabetonebisas, unda pasuxobdes 

Semdeg moTxovnebs: 

- cementis xsnarisTvis gauRwevadoba, geometriuli formis aucilebloba;  

- wylis qveS dayenebis simartive; 

- pirapirebis simkvrive. 

yalibs garedan amagreben tomrebs or rigad, avsebuls 2/3-ze qviSiT an 

qvebiT, romlebic Tavis mxriv SeiZleba damatebiT daitvirTos qviT. sabru-

nebeli yalibis gamoyenebisas betonTan SexebaSi myofi zedapiri daifareba 

bitumiT gaJRenTili jvaloTi an sinTetikuri qsoviliT. betonireba xdeba 

uwyvet reJimSi saproeqto niSnulis miRwevamde. 

 

 wyalqveSa dabetonebis xerxebi 

ganasxvaveben wyalqveSa dabetonebis Semdeg meTodebs: 

 _ vertikalurad gadaadgilebadi milebiT (vgm); 
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 _ amomavali xsnaris (axs) gamoyenebiT; 

 _ betonis narevis CawyobiT kiubelebad; 

 _ betonis narevis tkepniT (,,kunZulis“ meTodi); 

 _ betonis CawyobiT tomrebSi; 

 _ betonis CawyobiT betonis tuboebiT; 

 _ inieqciuri meTodiT; 

 _ hidrovibraciuliT. 

Tanamedrove praqtikaSi gamoiyeneba wyalqveSa dabetoneba, romelic 

cnobilia dasaxelebiT ,,Колкрет“ (safrangeTi); ,,Препарк“ (aSS), ,,Беното“ (saf-

rangeTi); ,,Като“ (iaponia) da sxva. es aris zemoT CamoTvlili xerxebis modi-

fikacia.  

vertikalurad gadaadgilebadi milis meTodi (vgm) _ es meTodi gamoiye-

neba Rrma wylebSi 1-dan 50 m-mde. betonis narevis misawodeblad gamoiyeneba 

liTonis inventaruli milebiDτ 300200 D  mm, kedlis sisqiT 4-6 mm. beton-

sxmuli milebi Sedgeba 1-3 m sigrZis rgolebisgan. rgolebs boloebSi aqvT 

miltuCebi. rgolebis erTmaneTTan mierTebisas miltuCebs Soris Tavsdeba 

rezinis Suasadebebi. betoni milSi miewodeba Zabridan, romlis diametric 

iniSneba aranakleb betonsxmuli milis 4 m diametrisa ( DDb 4 ). Zabri keT-

deba 3-5 mm sisqis liTonisgan. misi moculoba daaxloebiT betonsxmuli mi-

lis maqsimaluri moculobis tolia. 

vertikalurad gadaadgilebadi meTodiT (vgm) betonis Cawyoba xdeba 

Semdegi TanmimdevrobiT:  

- dasabetonebeli moedani aRiWurveba miwisqveSa gzebiT, amweTi, jalamb-

riT, amomweviT;  

- betonsxmuli mili dayendeba dasabetonebeli blokis Zirze; 

- milSi Tavsdeba xis, naxerxis, paklis an sxva mcuravi masalis sacobi; 

- mils avseben betoniT; aweven mils; 

- rodesac betoni miaRwevs milis bolo zemaRal niSnuls, mils aweven 

Semdgom doneze da es procedura meordeba blokis dabetonebamde. 

milis bolos CaRrmaveba betonSi SenarCunebuli unda iyos 0,8-1,5 m-ze. 

narevis miwodebis intensivoba uzrunvelyofilia 0,3 მଷ/sT. 1მଶ-ze. 
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betonsxmuli milis moqmedebis radiusi (R) damokidebulia betonis na-

revis moZraobaze da dabetonebis intensivobaze, rac SesaZlebelia gani-

sazRvros damokidebulebiT R = h + 0,6H, sadac h aris Zabris wylis zedapirze 

ganlagebis simaRle, H _ wylis siRrme wyalqveSa betonis zemoT, magram 

moiniSneba ara umetes 6 m-isa (sur. 1. 1. a, b, d). milis Zirze betonis svetis 

wneva SenarCundeba 0,1-0,25 mgpa (10-25 t,მଶ) sazRvrebSi. 
wylis garRvevisas betonsxmul milSi dabetoneba SeCerdeba. dabetonebis 

ganaxleba SesaZlebelia betonis simtkicis 2 mgpa (200 t/m^2, 20 kg/sმଶ)-mde 
miRwevis Semdeg. 10_15 sm sisqis betonis fenas moxsnian. dabetonebis aRdgenis 

Semdeg Caatareben mosamzadebeli samuSaoebis mTlian kompleqss. 

moTxovnebi betonis narevis mimarT. betonis narevis konusis dajdomis 

(daweva) gaTvaliswinebiT 14_20 sm vibraciis gamoyenebis gareSe da 6_12 sm 

vibraciis gamoyenebisas, betonSi umateben plastikatorebs. betonis marka 

10%-iT metia nagebobaSi gamoyenebul betonis markaze. 

 

 

sur. 1. 1. ა. milis vertikalurad gadaadgilebis meTodi 

 

 

sur. 1. 1. b. milis vertikalurad gadaadgilebis meTodi: 

1. Zabris saketi; 2. CasatvirTi Zabri; 3. mili; 4 . samuSao estakada (fenili);  

5. liTonis yalibi; 6. wylis done; 7. milis rgolebi; 8. yalibis damatebiTi gamagreba;  

9. Robe; 10. betonis milis xorTumi; 11. mcuravi amwe; 12. yalibi _ RorRis 
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dabetoneba Sewydeba dasawyobi betonis mier niSnulis miRwevisas, ro-

melic 10–12 sm-iT aRemateba saproeqtos. betonis mier 2 mgpa (20 kg/sმଶ) simt-
kicis miRwevis Semdeg zeda fena mocildeba. 

didi farTis dabetoneba. dabetonebis blokis zomebi erTi milis qveS 

gegmaSi dainiSneba ara umetes 2R-sa. didi farTebis dabetonebisas dgindeba 

milebis jgufi, romlebic mTel farTs gadafaraven. amasTan, blokis sigane 

da daSoreba milis RerZebs Soris iniSneba ara umetes 6 m. mimRebi bunkeri 

moewyoba ramdenime milze. betons miawvdian xorTumebis meSveobiT. xorTumi 

da Zabri moewyoba safariT. 

 

sur. 1. 1. d. milis vertikalurad gadaadgilebis meTodi: 

1. eleqtruli jalambari; 2. estakadis sayrdenebi; 3. avtoTviTmcleli-betonmzidi;  

4. estakada; 5. liTonis yalibi; 6. dawyobili betoni; 7. vertikalurad gadaadgilebadi 

mili; 8. mimRebi bunkeri 

 

mowyobiloba betonis misawodeblad. dasabetonebeli adgili aRiWurveba 

yalibebiT, pontonebiT, badiebiT, betondguSebiT, vagonetebiT, transportiT. 

kontroli dabetonebis msvlelobaze. milis CaZirvaze kontrolisaTvis 

masze datanilia Wdeebi. betonis done mowmdeba SveuliT. 

vibrirebis efeqti. milebis vibrireba saSualebas iZleva Semcirdes ce-

mentis xarji 10–12%-mde da gaizardos nagebobis mSeneblobis xangZlivoba. 

milze Cveulebriv daayeneben or vibrators – boloSi da SuaSi.  

amomavali xsnaris meTodi (sur. 1. 2. a. b. d). amomavali xsnaris meTodi, 

anu dayofili dabetonebis meTodi, gamoiyeneba 1–50 m-mde siRrmeebSi. meTo-

dis arsi mdgomareobs imaSi, rom dasabetonebeli bloki Seivseba qviT an 

xreSiT, Semdeg daiWirxneba cementis xsnariT, romelic vrceldeba ra milis 

mxridan da aiweva qvemodan zeviT, gamodevnis masas sicarielidan wyalSi. 
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am meTodiT dabetonebisas gamoiyeneba 150_400 mm-iani zomis qvebi, 40_150 

mm xreSi, 2,5 mm qviSa. qvis simtkice unda iyos ara nakleb 10 mgpa (100 kg/sm2). 

sicarielis qvian nayarSi moculoba Sedgens 45%. betonis simtkice unda 

iyos aranakleb 15 mgpa (150 kg/sm2). am meTodiT wyalqveSa dabetonebisTvis 

gamoiyeneba betonsxmuli milebi d=37-100 mm. liTonis Zabrebs unda hqondeT 

ara nakleb 30 daxriloba. sacobebi dayendeba betonsxmul milebSi 

dabetonebis dawyebis win d>75 mm milebis gamoyenebisas H>10 m siRrmeze. 

betonsxmuli milebis moqmedebis radiusi miiReba dasabetonebeli blokis 

R=3 m-s – qvebiT, xolo R=2 m-s xreSiT Sevsebis Semdeg. milebs Soris daSo-

reba unda iyos 2–2,5 m farglebSi. erTi milis zRvrulad racionaluri moq-

medebis farTi dadgindeba 18 m2-mde. xsnaris miwodebis intensivoba uzrun-

velyofilia 0,3 m3/sT. 1 m2 dasabetonebel farTze. 

ganasxvaveben am meTodiT dabetonebis or nairsaxeobas – dawneviT da 

dawnevis gareSe. 

 

sur. 1.2. ა – amomavali xsnaris meTodi; b – udawneo;  

v, g, d – dawneviT (inieqciuri) 

 

 

sur. 1. 2. b. sqema amomavali xsnaris meTodiT (udawneo): 

1. Zabris saketi; 2. CasatvirTi Zabri; 3. mili; 4. gisosiani Saxta; 5. samuSao estakada 

(fenili); 6. wylis done; 7. RorRis yrili; 8. betonis xsnari; 9. liTonis yalibi; 10. Robe; 

11. jalambari ; 12. betonis mimwodebeli mili; 13. betonis pompa 
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sur. 1. 2. d. sqema amomavali xsnaris meTodiT: 

2. estakadis sayrdenebi; 4. estakada; 5. liTonis yalibi; 6. Casxmuli betoni; 

8. mimRebi bunkeri; 9. milebi sxnaris misawodeblad; 10. qviani nayari 

 

udawneo dabetonebis meTodi. am meTodiT dabetoneba xorcieldeba wi-

naswar dayenebuli Saxtidan, rac gamoricxavs milis gaWedvas misi amowe-

visas. Saxtis kedlebze moiniSneba iseTi zomis xvrelebi, romlebic Sead-

gens Semavseblis umciresi zomis 2/3-s. yvela xvrelis farTobi unda iyos 

Saxtis saerTo farTis ara nakleb 50%. milis CaZirva Casawyob betonSi Se-

narCundeba 0,8 m-is doneze. 

dawneviTi meTodi. am dros milebi yendeba iarusebad. xsnaris amosvlis 

mixedviT Semdeg samuSaod iyeneben ufro maRali iarusis milebs. dabetonebis 

dasrulebis Semdeg ki betonis masividan milebs ar iReben. milebis zeda 

nawili, ganlagebuli dabetonebis blokis gareT, moiWreba. wylis zedapiridan 

milis simaRlis gadaWarbeba SeiZleba ganisazRvros formuliT: 

h= (R - 1,5DH)/3D, 

sadac R aris milis moqmedebis radiusi;  

 D – Semavseblis saSualo sidide;  

 H – wylis simaRle xsnaris donis zemoT. 

praqtikulad rekomendebulia wylis zedapiridan milis zeviT amoweva 

aranakleb 5 m-isa. es meTodi warmoadgens damxmares da gamoiyeneba vertika-

lurad gadaadgilebadi milebis meTodis gamoyenebis dros. amomavali xsna-

ris meTodis gamoyenebisas mcirdeba cementiani xsnaris xarji, magram izr-

deba liTonis milebis xarji, sicarielis amovseba arasakmarisad saimedoa. 
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dasabetonebeli blokis ganSreebis Tavidan asacileblad Sesvenebebi muSao-

bis dros unda iyos absoluturad gamoricxuli. 

betonis kiubelebiT Cawyobis meTodi. es meTodi gamoiyeneba nagebo-

bebSi 20 m-mde siRrmeze, ar moiTxovs betonis 200 kg/sm2-ze met simtkices. 

aseT nagebobebs miekuTvneba konstruqciebi damcavi afskiT, romlebic muSa-

oben vertikalur datvirTvaze (didi diametris afskebi, gamSvebi Webi, ko-

lona–afskebi), asworeben saZirkvlis betonis Zirebs nagebobis qveS. 

samuSaoebis sawarmoeblad gamoiyeneba Μ200 markis betoni, konusis 

dajdomiT 1–5 sm-ze. betonis pirveli fena Seicavs gaTvlilze 15–20%-iT met 

cements. gamoiyeneba 0,1–3 m3 tevadobis kiubelebi (bunkeri, yuTi, badia, grei-

feri). 

betonis kiubelebad Cawyobis rigiToba Semdegia: betonis nareviT 

mTlianad avsebuli kiubeli miewodeba wylis qveS, Caiteneba dagebul narev-

Si 5-10 sm-ze, moxdeba misi gaSla. narevis Semdegi porcia daideba winas Se-

Widebamde. 

dabetonebis dros gamoricxulia cementis xsnaris gamodineba, wylis 

SeRweva kiubelSi, xsnaris CaSveba wylis siRrmeSi. 

meTodis nakls warmoadgens: fenebad Cawyoba, xsnaris nawilobrivi ga-

darecxva kiubelis gantvirTvisas, myvinTavebis dasaqmebis aucilebloba 

betonis narevis Cawyobaze kontrolisTvis da mis gadasworebasa da Slamis 

mocilebaze. 

bekvnis (tkepnis) meTodi (sur.1.3) gamoiyeneba: 

- nagebobis agebisas ara nakleb 1,5-2,0 m siRrmeze;  

- nagebobebSi arasakmarisi armirebis dros; 

- betoniT, araumetes 300 -ze meti markiT; 

- saZirkvelis gadasasworeblad kldovan napirebze; 

- saremonto–aRdgeniTi samuSaoebis Catarebisas Txel wyalze; napirsa-

magri nagebobebis agebisas;  

- betonis dabali ximinjis fuZe-CarCos agebisas. 

moTxovnebi masalebis mimarT. Casawyobi betonis marka gamoiyeneba moT-

xovnilze 20%-iT maRali. betonis narevis konusi daweuli unda iyos 5-10 sm-

iT. blokis umciresi gegmiuri zoma unda iyos dabetonebis sisqeze meti. 
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samuSaoTa Catarebis mimdevroba. samuSaoebi mimdinareobs Semdegi Tan-

mimdevrobiT:  

- yalibis dayeneba, romelic icavs narevs gadarecxvisgan;  

- betonsxmuli milebis an kiubelis daxmarebiT dasabetonebeli blokis 

erT-erT kuTxeSi Seiqmneba kunZuli, romlis zomebi ar aris reglamentire-

buli;  

- kunZulis konturze miewodeba betonis xsnaris ulufa, wina ulufis 

Sekvris dawyebis drois momentisTvis;  

- xdeba axali betonis xsnaris adre dagebul betonze bekvn pnevmosat-

kepnebis, eleqtrosatkepnebis, vibrofarTebis, vibrobulebis daxmarebiT;  

- betonis xsnaris gamkvriveba siRrmiTi vibratorebiT. 

samuSaoebis Casatareblad saWiroa: amwe, mcuravi amwe, kiubeli, greife-

ri, badia, vibratori, betonmzidebi, betonamrevi kvanZi. 

ZiriTadi moTxovnebi samuSaoTa warmoebaze. kunZulis ferdis daxra 

unda iyos 35-450. kunZulis amaRleba wylis doneze unda iyos aranakleb 30 

sm, betonis xsnaris ulufa Caideba 20-40 sm dacilebiT wylis Wrilidan. vib-

ratoris muSaoba ferdTan axlos dauSvebelia. betonis Cawyoba mimdinareobs 

Sesvenebebis gareSe. adre Cawyobili betonis SeWidebisa da gamyarebis zona 

xelSeuxebelia. betonis momdevno ulufa daideba wina ulufis SeWidebamde. 

xsnaris Casxma ferdis zemoT wyalSi dauSvebelia. samuSaoebis gagrZeleba 

aucilebeli Sesvenebis Semdeg SesaZlebelia betonis 50%-iani simkvrivis miR-

wevis da adre dagebuli betonis zedapiris momzadebis (betonis zeda dasus-

tebuli fenis moxsna, Slamis mocileba da a.S.) Semdeg. 

am meTodis upiratesobas warmoadgens blokebis dabetonebis da blo-

kebad dayofis saWiroebis aucilebloba, nakls – maRali Sromatevadoba da 

xsnaris miwodebis maRali intensivoba.  

betonis tomrebSi Cawyobis meTodi. betonis Cawyoba tomrebSi gamoi-

yeneba saremonto-aRdgeniTi samuSaoebis, avariebis likvidaciis, kavernis amo-

Senebis, 2 m-mde siRrmeSi arasapasuxismgeblo konstruqciebis agebis, fskeris 

gasworebis, wyalqveSa yalibad da inventaruli yalibis gamagrebis dros. 2-

dan 50 l-mde tevadobis tomrebisTvis gamoiyeneba mtkice, magram iSviaTi qso-

vili, romelsac SeuZlia wylis, haeris da nawilobriv cementis rZis gata-
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reba. tomrebi axalmomzadebuli betoniT aivseba 2/3-ze. betonis xsnari mzad-

deba konusis daweviT 1–7 sm-ze. Semavseblis maqsimaluri simsxo 10-dan 200 mm-

mdea. Sevsebis Semdeg tomrebi Seikvreba an gaikereba. 50 l-ze meti tevadobis 

tomrebi wylis qveS betoniT Seivseba betontumbos saSualebiT. 

 

 

 

sur. 1. 3. bekvnis (tkepnis) `kunZulis“ meTodi: 

1. betoni; 2. betonis axali porcia; 3. dabetonebuli ferdi,  

4. yalibi; 5. liTonis yalibi; 8. mimRebi bunkeri 

 

tomrebis Cawyoba xdeba Semdegi mimdevrobiT: 

- momzaddeba tomrebis dasawyobi adgili;  

- amwes daxmarebiT tomrebi saTiTaod an konteineriT miewodeba myvin-

Tavebs wylis qveS usafrTxoebis zomebis dacviT;  

- tomrebi Calagdeba fskerze horizontalurad nawiburebis SekvriT; 

- xdeba tomrebis kursis armireba wnelebiT da gaikereba d=10-20 mm,  

l =30-40 sm manWvalebiT. 

betontumboebiT Cawyobis meTodi. am meTodiT betonis Cawyoba xdeba 

saremonto-aRdgeniTi samuSaoebis dros. samuSaoebis warmoebisTvis gamoiye-

neba betontumboebi warmadobiT 14–20 m3/sT, xolo wneviT 0,7–0,8 mgpa. 

dabetoneba xorcieldeba Semdegi mimdevrobiT: 
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- momzaddeba betonis Cawyobis adgili;  

- betondguSze daayeneben betonamrevis bunkers; 

- betonmzidiT betoni miewodeba betonmsxmel mils, romelic dakidebu-

lia amwis kauWze dasabetonebeli blokis Tavze;  

- milis bolo Tavdapirvelad dayendeba ZiriTad blokze 10 sm-iT maRla; 

- Sevsebis Semdeg milis bolodan 1 m-iT maRla mas asweven 20-30sm-iT da 

a.S, dabetonebis dasrulebamde. 

 

wyalqveSa dabetonebis inieqciuri meTodi. es meTodi gamoiyeneba sare-

monto samuSaoebisas. saWiroa betontumboebi warmadobiT 1-3 m3/sT. dabeto-

neba xorcieldeba Semdegi rigiT: xdeba betonis Cawyobis adgilis momzade-

ba; dayendeba yalibi; yalibi qveda nawilSi aRiWurveba StuceriT, xolo ze-

da nawilSi - gamosasvleli RiobiT; betondguSis Slangi miuerTdeba Stu-

cers. betonis xsnari uwyvetad miewodeba dasabetonebel Rrus; betonis 

miwodeba xorcieldeba xsnaris amosvlamde yalibis zeda nawilis Riobidan. 

Rru dabetonebis win SeiZleba Seivsos qviT an xreSiT. betondguSis 20–25 

wuTi muSaobis Semdeg xdeba misi gamorTva 15–20 wm-is ganmavlobaSi. 

wyalqveSa dabetonebis hidrovibraciuli meTodi. cnobilia hidrovibra-

ciuli meTodis ori modifikacia:  

1.  dasabetonebeli bloki aivseba betonis inertuli SemavsebliT, miewo-

deba cementis xsnari Semavseblis vibrirebis dros;  

2. dasabetonebeli bloki Seivseba cementis xsnariT, msxvili Semavseble-

bi miewodeba dasabetonebel bloks xsnaris vibrirebisas. am meTodis Ziri-

Tad nakls warmoadgens cementis didi xarji. 

 

3. daskvna 
 

naSromSi warmodgenilia hidrosainJinro nagebobis mSeneblobis dros 

saWiro erT-erTi komponentis – wyalqveSa dabetonebis – Tanamedrove meTo-

debi da xerxebi, rogoricaa: dabetoneba vertikalurad gadaadgilebadi mi-

lebiT, amomavali xsnaris gamoyenebiT, betonis narevze Cawyoba kiubelebad, 

betonis narevis bekvnis (tkepnis) meTodis gamoyeneba, betonis tomrebSi Caw-

yoba inieqciuri da hidrovibraciuli meTodiT. 
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aseve ganxilulia, Tu ra moTxovnebs unda akmayofilebdes betonis na-

revi wyalqveSa dabetonebis dros da rogoria samuSaoTa Catarebis Tanmim-

devroba. 

naSromi metad aqtualuria Cveni qveynisTvis, radgan daiwyo anakliis 

Rrmawylovani portis mSenebloba, sadac araerთgzis iqneba saჭiro wyalqve-

Sa dabetoneba da statiaSi moyvanili wyalqveSa betonirebis xarjebisa da 

meTodebis gamoyeneba, rac sargeblobas moutans iq dasaqmebul muSa-

personals. 
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uak 628.1 

 

wylis miwodebis uzrunvelyofis sididis SefasebisaTvis  

 

m. nacvliSvili, n. nacvliSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia wylis miwodebis Siga sistemebi, romlebic aR-

Wurvilia mniSvnelovnad gansxvavebuli hidravlikuri maxasia-

Teblebis mqone wyaldamxarji xelsawyoebiT. am sistemebis Seu-

ferxebeli funqcionirebisaTvis saWiroa Catardes mtyunebaTa 

xangrZlivobis Sefaseba da wylis miwodebis uzrunvelyofis 

donis SerCeva. 

  

sakvanZo sityvebi: wylis miwodebis uzrunvelyofa, wyaldamxarji xel-

sawyoebi, xelsawyoTa erTeulovani xarjebi, hidravlikuri maxa-

siaTeblebi, Seuferxebeli funqcionireba, erTjeradi darRveve-

bi, mniSvnelovnobis doneebi, mtyunebaTa xangrZlivoba. 

 

 

1. Sesavali 

 

cnobilia, rom saproeqto obieqtis qselis mocemuli ubnisaTvis wyal-

damxarji xelsawyos erTeulovani xarjis q0-is SerCeva ganapirobebs saan-

gariSo wamuri xarjis sidides q, romelic moqmedi samSeneblo normebis da 

wesebis moTxovnaTa Sesabamisadaa gamoTvlili. saangariSo xarjis mixedviT 

milebis diametrebis racionaluri SerCevisa da imavdroulad dawnevis da-

nakargebis ucvlelobis pirobebSi wylis Seuferxebeli miwodebis uzrun-

velyofis donis SerCeva da erTjeradi darRvevis xangrZlivobis sididis 

dadgena warmoadgens ueWvel praqtikul interess.  
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2. ZiriTadi nawili 

 

yovel konkretul SemTxvevaSi, moqmedi samSeneblo normebis Sesabami-

sad saangariSo q sidides gaaCnia uzrunvelyofa Pq = 0.997, xolo am xarjze 

gadaWarbebis albaToba PH =0.003, rac Seesabameba momxmareblis mier yovel 

saaTSi wylis maqsimaluri moxmarebis, wylis SesaZlo miwodebis darRvevis 

reJimis saSualo jamur xangrZlivobas, romelic ar gadaaWarbebs t = 3600. 

0.003=10.8 wams. 

konkretul gansaxilvel drois intervalSi wylis saWiro xarji da-

saSvebia aWarbebdes saangariSos, romlis miwodeba garantirebulia sap-

roeqto sistemiT, rac SeiZleba gaxdes mizezi romelime moqmedi xelsawyos 

xarjis Semcirebisa. es ukanaskneli garemoeba mocemul SemTxvevaSi fasdeba, 

rogorc wylis miwodebis reJimis darRveva. moyvanili mniSvneloba ar 

gvaZlevs saSualebas, vimsjeloT ama Tu im darRvevis daSvebis Sesaxeb yve-

la konkretul SemTxvevaSi, Tumca dasaSvebi obieqturi Sefasebis kriteri-

ums warmoadgens wylis miwodebis erTjeradi darRvevis saSualo xangrZli-

voba t. im SemTxvevaSi, roca t miiswrafis 0-ken, wylis miwodebis darRvevebi 

momxmareblis mier ver iqneba aRqmuli im drosac ki, Tu gaizrdeba maTi 

ricxvi, romelTa jamuri xangrZlivoba rCeba ucvleli. Tu saangariSo 

sidideebis sxvadasxva uzrunvelyofisas wylis miwodebis reJimis udidesi 

moxmarebis saaTis ganmavlobaSi darRvevebis mniSvnelobebs ganvixilavT, 

miviRebT qvemoT moyvanil damokidebulebas. ix. grafiki. 
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davuSvaT, rom q0 = 0,2 da q01=0,3l/wm. pirvel SemTxvevaSi wylis miwodebis 

darRvevis saSualo jamuri xangrZlivoba udidesi wyalmoxmarebis saaTSi 

t=10.8 wams. meore SemTxvevaSi, roca q01=0,3l/wm, moZebnili xarjze gadaWar-

beba SeiZleba gamovTvaloT formuliT: Θ = 3ට୯ଵ୯ = 3ට.ଷ.ଶ ≈ 3.7, 

romelic Seesabameba uzrunvelyofis sidides 0,9998. mocemul SemTxve-

vaSi wylis miwodebis darRvevis saSualo jamuri xangrZlivoba Semcirdeba 

da miviRebT: 

t = 3600.(1-0,9998)=0, 72 wm da a.S. samSeneblo normebsa da wesebSi miTiTe-

buli damxarji wertilis erTeulovani xarjis sidide praqtikulad gamo-

ricxavs wylis miwodebis darRvevis SesaZleblobas. grafikis mixedviT mniS-

vnelovnobis doneebis SerCevisas unda vixelmZRvaneloT da gaviTvaliswi-

noT mtyunebaTa xangrZlivobis sidideebi. rogorc Cans, Siga wyalsadenebis 

gaangariSebisas mniSvnelovnobis doneebi unda miviRoT 2,7 – 3,0-is fargleb-

Si, rac Seesabameba 0,993 da 0,997 uzrunvelyofas. 

 

3. daskvna 

 

Siga wyalsadenis sistemebis Seuferxebeli funqcionirebisaTvis saWi-

ro saangariSo xarjebis sididis dasadgenad aucilebelia ufro maRali mo-

Txovnebis wayeneba da xarjebis Sesabamisi erTjeradi darRvevis xangrZli-

vobis Sefaseba. amasTan wylis moxmarebis normebis dazustebasTan erTad 

mniSvnelovania wylis miwodebis uzrunvelyofis donis SerCeva, romelic 

ganapirobebs darRvevebis sidides. xarjebis uzrunvelyofis sididis zrda 

iwvevs erTjeradi darRvevebis xangrZlivobis Semcirebas. Siga wyalsadene-

bis gaangariSebisas mniSvnelovnobis doneebi unda miviRoT 2,7-3,0-is farg-

lebSi, rac Seesabameba 0,993 da 0,997 uzrunvelyofas.  
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uak 628.1 

 

wyaldamxarj xelsawyoTa erTeulovani xarjebis Sefaseba  

 

m. nacvliSvili, n. nacvliSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia obieqtebis wyalsadenebis sistemebi, romelTa Seuferxe-

beli funqcionirebisaTvis didi mniSvneloba aqvs wyalsadenis gamana-

wilebeli qselis ubnebze dayenebul wyaldamxarji xelsawyoebis 

erTeulovani xarjebis sididis gansazRvris xerxisSerCevas. 

 

sakvanZo sityvebi: wyaldamxarji xelsawyoebi, xelsawyoTa erTeulovani xar-

jebi, hidravlikuri maxasiaTeblebi, Seuferxebeli funqci-

onireba, erTjeradi mtyunebebi. 

 

 

1. Sesavali 

 

sxvadasxva daniSnulebis Tanamedrove Senobebi da maTi kompleqsebi, rig 

SemTxvevebSi aRWurvilni arian mniSvnelovnad gansxvavebuli hidravlikuri 

maxasiaTeblebis da muSaobis reJimebis mqone wyaldamxarji xelsawyoebiT. es 

garemoeba aris mizezi wylis miwodebis dauSvebeli xangrZliobis erTjera-

di darRvevis warmoqmnisa, amitom q0-is mniSvneloba manawilebeli qselis ub-

nebisaTvis unda ganisazRvros erTjeradi darRvevebis iseTi mcire mniSvne-

lobis gaTvaliswinebiT, romlebic ar aRiqmeba momxmareblis mier. 

 

2. ZiriTadi nawili 

 

wylis xarjebis naturuli gazomvebis Sedegebi asaxaven mravali faq-

toris gavlenas wylis moxmarebis procesze, amitom maTi damokidebulebis 

sapovnelad mizanSewonilia gamoyenebul iqnes wylis xarjebis stoqastiku-
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ri modelirebis Sedegebi mocemuli q0, N, P, N daPP parametrebiT. aRniSnuli 

amocana SeiZleba gadaiWras gamovardnebis Teoriis [] safuZvelze. vinaidan 

gamoyenebulia normaluri ganawilebis kanoni e.i. parametrebi, q0, N da P mi-

Rebuli unda iyos saWiro sazRvrebSi. naTqvamis gaTvaliswinebiT sawyis mo-

nacemebad miRebulia datvirTvis 4 maTematikuri molodini M[q]=q0NP, rom-

lebic gansaxilvel kveTSi M[q]=const formirdebodnen N NmniSvnelobis gan-

sazRvrisas, agreTve xasiaTdebodnen oTxive q0 da P PsididiT. amasTan dat-

virTvebis xsenebuli maTematikuri molodinis procesSi miRebuli iyo, rom 

wyaldamxarji xelsawyoebis raodenoba Seadgenda 100, 200, 400 da 800. P-s 

mniSvneloba yoveli maTganisaTvis miRebuli iyo 0.05; 0.1; 0.2 da 0.4-is 

tolad, xolo q0 Sesabamisad 0.8; 0.4; 0.2 da 0.1 (l/wm). moyvanili sidideebi 

warmoadgendnen sawyis monacemebs wylis xarjis procesebis realizaciis 

dros stoqastikuri modelirebis meTodebiTP P. aRniSnulis mixedviT gani-

sazRvra sixSire da saSualo xangrZlivoba datvirTvebis erTjeradi gamo-

vardnebisa qθ=q0mθ winaswar miRebuli doneebis dros, romlebic axasiaTeben 

modelirebis procesSi Sesabamisi wylis xarjebis uzrunvelyofas Sejgufe-

bul variaciul rigebSi. am mizniT yovel realizaciisas ganisazRvra yvela 

gamovardnebis jamuri xangrZlivoba Tდ, miRebuli ama Tu im doneebis gaTva-

liswinebiT cdebis ciklis ganmavlobaSi Tც; gamovardnebis raodenoba Mდ; 

gamovardnebis saSualo sixSire tდ, agreTve erTjeradi gamovardnis saSua-

lo xangrZlivoba τ. es maxasiaTeblebi wylis xarjis gansaxilvel proce-

sebSi, romlebic ganawilebulebi arian normaluri kanoniT, SeiZleba gamo-

iTvalos formulebiT: 

  Tდ = {1-Θ(Пდ)} Tც / 2 = Eდ Tც;  (1) 

  Tდ=GVφ (Πდ) / √2	KG;  (2) 

  Mდ = {1 – Θ (Пდ)} Тც / Тდ ;  (3) 

 τდ = Eდ / Tდ = √2П G[1 - Θ (Πდ)] / 2Gდφ(Πდ);  (4) 

  Πდ = (Pდ-P0) / G ;  (5) 

 GV = √2ߎ G√1 − R(∆) / ∆ ;  (6) 
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 N(τ) = K(τ) / G2, როცა τ=	∆  (7) 

sadac φ(Πდ) φdaΘ Θ(Πდ) normaluri ganawilebis diferencialuri da integra-

luri funqciebia; 

Πდ – donis fardobiTi mniSvneloba; 

Eდ – mocemul doneze gamovardnis albaToba; 

Pდ – donis miRebuli mniSvneloba; 

P0 daGG – xarjebis saSualo mniSvneloba da ganawilebis standarti mo-

cemuli variaciuli rigisaTvis; 

Gდ – xarjebis sidideTa cvalebadobis siCqaris standarti mocemuli 

realizaciisaTvis; 

Rττ– xarjebis ganawilebis normirebuli korelaciuri funqcia. 

wylis aRebis procesis stoqastikuri modelirebis Sedegebis damuSave-

bam aCvena, romττდ saSualo mniSvneloba mocemuli donisaTvis araa damoki-

debuli q0,NP, N daPP sidideebze da ganisazRvreba mxolod am doniT, ag-

reTve dadgenili q0 mniSvnelobiT. amasTan, datvirTvis miRebuli donis 

sxvadasxva uzrunvelyofis dros τდ-ze q0-is cvlileba erTnairi xasiaTisaa. 

es damokidebuleba SeiZleba gamoisaxos Semdegnairad: 

  τდ= ,ଵଷହ୯	∗బ,ఴ .  (8) 

samSeneblo normebsa da wesebSi reglamentirebuli saangariSo wamuri 

xarjebis uzrunvelyofis Pq =0,997 gaTvaliswinebiT formula miiRebs saxes: 

  τდ=,ହ୯	  .  (9) 

miRebuli formula gvaZlevs saSualebas raodenobrivad Sefasdes da-

saproeqtebeli wyalsadenis funqcionirebis xarisxi, radgan SesaZlebelia 

moiZebnos momxmareblebze wylis miwodebis mosalodneli darRvevis xangrZ-

livoba miRebul q0 sidideze damokidebulebiT. aseTi midgoma sakmaod uni-

versaluria da igi SesaZloa gamoyenebul iqnes efeqtianad kompiuteruli 

programuli uzrunvelyofis damuSavebisas. 
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3. daskvna 

 

erTeulovani wylis xarjebis gansazRvris warmodgenili midgoma sa-

Sualebas iZleva gamoviyenoT igi kompiuteruli programebis Sedgenisas, 

raodenobrivad SevafasoT dasaproeqtebeli wyalsadenis funqcionirebis 

xarisxi. misi gamoyeneba mizanSewonilia agreTve calkeuli Senobebisa da 

nebismieri daniSnulebis SenobaTa kompleqsebis civi da cxeli wyalmomara-

gebis sistemebis gaangariSebis algoriTmebis Sedgenisas.  
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uak 627.5 

 

gemebidan sazRvao garemos dabinZurebis aRkveTa  

 

a. sayvareliZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: saerTaSoriso konvencia gemebidan sazRvao garemos dabinZurebis 

Sesaxeb Seicavs RonisZiebebs da wesebs, romlebic mimarTulia gemebi-

dan dabinZurebis aRkveTisa da minimizaciisaken.  

navTobiT dabinZurebis aRkveTis wesebi (ZalaSi Sevida 02.10.1983 w.) 

moicavs eqspluataciiT gamowveuli dabinZurebis da SemTxveviT nav-

Tobis daRvriT gamowveuli dabinZurebis aRkveTis RonisZiebebs. 1992 

wlis SesworebiT aucilebeli gaxda navTobis tankerebis aRWurva or-

magi korpusiT. SemuSavda specialuri grafiki tankerebis aRWurvis. 

mavne Txevadi nivTierebebiT dabinZurebis aRkveTis wesebSi (2.10.1983 w.) 

detalurad aris mocemuli momSxamavi Txevadi nivTirebebis CayriT 

zRvis dabinZurebis sawinaaRmdego RonisZiebebis kriteriumebi. yvela 

SemTxvevaSi akrZalulia narCenebis Cayra zRvaSi uaxloesi napiridan 12 

milze nakleb manZilze. 

mavne nivTierebebiT dabinZurebis SemTxvevaSi (romlebic gadaqvT Se-

fuTuli formiT) aRmkveTi RonisZiebebi (ZalaSia 01.07. 1992w.) moicavs 

zogad moTxovnebs SesafuTi masalebis Sesaxeb, markirebaze, dokumenta-

ciaze, ganTavsebaze, ricxobriv SezRudvebze, gamoricxvasa da Setyo-

binebaze. 

Camdinare wylebiT dabinZurebis aRmkveTi wesebi (ZalaSia 27.09.2003 w.) 

moicavs moTxovnas Camdinare wylebiT dabinZurebis kontrolis Sesaxeb. 

Camdinare wylebis CaRvra zRvaSi akrZalulia, garda im SemTxvevisa, 

roca gemze saeqspluatacodaa damtkicebuli sadguri Camdinare wyle-

bis gawmendisaTvis. gemebidan nagvis CayriT gamowveuli dabinZurebis 

aRkveTis wesebi (ZalaSi Sevida 31.12. 1988 w.) exeba sxvadasxva saxis na-

gavs. wesebSi miTiTebulia napiridan Cayris adgilis daSoreba da 
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utilizaciis xerxebi. am wesebSi yvelaze mTvaria sruli akrZalva 

zRvaSi yvela saxis plastmasis Cayraze. 

gemebidan haeris dabinZurebis aRkveTis wesebi (ZalaSia 19.06. 2005 w.) 

adgens SezRudvebs gogirdis oqsidisa da azotis oqsidis gamonabolqv-

ze. akrZalulia ozonis gamanadgurebeli nivTirebebis gamoyofa haerSi. 

2011 wels wesebs daemata Tavi, romelic aucilebels xdis gemebis 

energoefeqturobis asamaRleblad da saeqspluatacio RonisZiebebs 

gemebidan sasaTbure gazebis gamoyofaze.  

 

sakvanZo sityvebi: konvencia; aRkveTis wesebi, navTobis tankeri; mavne nivTie-

rebebi, Camdinare wylebi, akrZalva, ozoni, nivTiereba, 

zRva, gemi.   

 

  

1. Sesavali 

 

sazRvao transportis ganviTrebam, navTobis sazRvao gadazidvebis in-

tensiurobis matebam mniSvnelovnad gazarda sanapiro wylebisa da sanapi-

roebis dabinZureba navTobiT da misi narevebiT. amis Sedegad napirebsa da 

plaJebs adgebaT mniSvnelovani ziani, nadgurdeba zRvis fauna da flora, 

problemas globaluri xasiaTi aqvs. 

zRvis garemos dabinZureba ZiriTadad xdeba wyalSi nedli da sawvavi 

navTobiT, mZime dizelis sawvaviT da sapoxi zeTebiT. es nivTirebebi mdgra-

dia xangrZlivi drois ganmavlobaSi, maT SeuZliaT mniSvnelovan manZilze 

gaadgileba da zRvis sanapiroebis dabinZureba. 

didi raodenobis navTobi iRvreba zRvaSi tankerebis avariebis, gada-

satvirTi samuSaoebis, gemebis tankebis gamorecxis Sedegad. navTobSemcveli 

wylis CaRvra xdeba agreTve mSrali tvirTebis gadasazidi gemebidan. 

zRvis wylis dabinZureba xdeba agreTve Camdinare wylebiT sul ufro 

mzardi moculobis sameurneo-sayofacxovrebo portebis mimdebare qalaqe-

bisa da sawarmoebis mier. 
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zRvis garemos saerTaSoriso-samarTlebrivi dacva upirvelesad mimar-

Tulia misi navTobiT dabinZurebis aRsakveTad [1,2]. 

sazRvao samarTlis Sesaxeb Jenevis 1958 wlis konferencia [3] da gae-

ros 1982 w. konvencia sazRvao samarTlis Sesaxeb [4] avalebs saxelmwifoebs 

daicvan kuTvnili sazRvao sivrce. gaeros 1982 wlis konvenciaSi Sedis 

nawili XII, romelic specialurad aris miZRvnili sazRvao garemos dacvisa 

da SenarCunebisadmi. 

1954 wlis konvencia zRvis navTobiT dabinZurebis aRkveTis Sesaxeb 

krZalavs navTobisa da misi narevebis CaRvras gemebidan da tankerebidan 

zRvaSi [5,6]. konvenciis wesebi avaldebulebs saxelmwifoebs uzrunvelyon 

portebi gemebidan navTobis narCenebis mimRebi danadgarebiT [6]. 

1972 wlis konvencia zRvis dabinZurebaze, romelic navTobis narCenebis 

da sxva masalebis CayriT [7] aris gamowveuli, gamoyofs 3 jgufs: 1. nivTie-

rebebi, romelTa Cayris Sesaxeb saWiroa specialuri nebarTva; 2. nivTiere-

bebi, romlebic saWiroeben zogad nebarTvas da 3. nivTirebebi, romelTa Cay-

ra zRvaSi saerTod akrZalulia. aseTebia, magaliTad, qlororganuli Sena-

erTebi, vercxliswyali, navTobi da misi naerTebi, radiaqtiuli masalebi, 

biologiuri da qimiuri omebisaTvis saWiro masalebi. 

 

2. ZiriTadi nawili 

 

1973 wlis konvencia gemebidan zRvis dabinZurebis Tavidan acilebis Se-

saxeb saerTod krZalavs nebismieri nivTierebis Cayras. esenia navTobi da 

Sxamiani nivTierebebi, Camdinare wylebi, nagavi da narCenebi yvela tipis 

gemebidan. gamonaklisia samxedro xomaldebi da is gemebi, romlebic gamoi-

yeneba saxelmwifo arakomerciul samsaxurSi [8]. 

zRvispira saxelmwifoebs aqvT ufleba, gauwion sagareo gemebs inspeq-

tireba da damrRvevebis mimarT daiwyon samarTlebrivi devna. 

dadgenilia erTiani saerTaSoriso standartebi dabinZurebis winaswari 

aRkveTis Sesaxeb. rig raionebs aqvT gansakuTrebiT mkacri reJimi, sadac sa-

SiSi nivTirebebis Cayra zRvaSi kategoriulad akrZalulia (Savi zRva, 

xmelTaSua zRva, wiTeli zRva, sparseTisa da Oomanis yureebi) [9]. 
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mniSvnelovan sazRvao raionebSi, dabinZurebasTan dakavSirebiT, miRebu-

lia Carevis gansakuTrebuli zomebi. saerTaSoriso organizaciam 1969 wels 

miiRo konvencia Carevis Sesaxeb Ria zRvaSi avariis SemTxvevaSi [10], romle-

bic iwveven navTobiT dabinZurebas, xolo 1973 wels miiRo oqmi Carevis Se-

saxeb zRvis dabinZurebis SemTxevaSi navTobis garda sxva nivTierebebiT [11]. 

aRniSnuli konvenciebis Sedegad mis monawile mxareebs SeuZliaT mi-

iRon iseTi zomebi, romlebic SeiZleba aucilebeli iyos maTi sanapiroebi-

saTvis seriozuli xifaTis Tavidan acilebis an Semcirebis mizniT. 

zRvis garemos navTobiT dabinZurebis Tavidan acilebis wesebSi [7,12] 

Sedis: 

1.  gemebze navTobSemcveli wylis gawmendis teqnologia; 

2. wylis zedapirebis dacva navTobiTa da misi produqtebiT dabinZure-

bisas; 

3.  navTobSemcveli wylis Semkrebi da gamwmendi TviTmavali sadguris 

Seqmna; 

4. navTobSemcveli wylis mimRebi da gadamamuSavebeli sistema; 

5. hidrosferos navTobSemcveli wylis dabinZurebiT gamowveuli eko-

nomiuri zaralis Semcireba. 

gemebis eqspluataciis dros hidrosferos dabinZurebis ZiriTadi wya-

ro aris navTobi da navTobproduqtebi. gemebiT maTi gazidvisas isini zRva-

Si xvdeba navTobisa da navTobproduqtebis CaRvriT sawvavis satvirTo mo-

culobebis arahermetulobis gamo; gadatvirTvis Semdeg tankebis gamorecx-

visas [13]. 

portis akvatoriis dabinZurebis wyaro, garda satransporto da sarei-

do gemebisa, SeiZleba iyos specialuri gemebi, romelTa ricxvSi Sedis: 

 kvamlsaWirxni sadgurebi, romlebic awodeben inertul gazebs navTo-

bis tankerebSi; 

 gadasatumbi sadgurebi, romlebic gaTvaliswinebulia navTobproduq-

tebis gadatvirTvisaTvis; 

 navTobmisadgomi gemebi da gemebi, romlebic gaTvaliswinebulia flo-

tis sawvaviT da sapoxi masaliT momaragebisaTvis; 
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 navTobdamWeri kompleqsebi, romlebic gaTvaliswinebulia avariulad 

daRvrili navTobis Sekrebisa da likvidaciisaTvis; 

 mcuravi sadgurebi gemebidan navTobSemcveli wylis miRebisa da gaw-

mendisaTvis [8,14].  

arsebuli saerTaSoriso da nacionaluri wesebiT dasaSvebia specialu-

ri mowyobilobebis qona, romlebic uzrunvelyofen navTobSemcveli wylis 

gawmendas. 

navTobSemcveli wylis gawmendis xerxebia: 

1. daleqva; 

2. flotacia _ pnevmaturi da dawneviTi; 

3.  eleqtroqimiuri gawmenda; 

4. adsorbcia; 

5. ozonireba; 

6. bioqimiuri da biologiuri gawmendebi. 

cnobilia agreTve gawmendis iseTi xerxebi, rogoricaa navTobSemcveli 

wylis damuSaveba eleqtrul, magnitur da ultrabgeriT velebSi. 

zRvis akvatoriis dacva navTobisa da navTobproduqtebiT dabinZurebis-

gan aqtualur amocanas warmoadgens [5,9]. 

navTobi wylis zedapirze moxvedrisas swrafad iSleba. fraqciebi ile-

qeba da abinZurebs ara marto sanapiro zonas, aramed fskers [15,18]. navTo-

biT dabinZurebisas zRvasa da Siga wylis auzebs bevri saerTo aqvT, Tumca 

dabinZurebis xasiaTsa da maT likvidaciaSi sxvadasxvaobaa [16]. 

Siga wyalsacavebs sisufTavisadmi waeyenebaT ufro maRali moTxovnebi, 

vidre sazRvao garemos. 

gemebidan navTobprodutebis CaRvris Tavidan acilebis kompleqsuri 

RonisZiebebi mniSvnelovnad ganapirobebs wylis akvatoriis sisufTaves gem-

misadgomebTan da mTlianad sazRvao portebSi [17].  

gansakuTrebiT saWiroa dabinZurebis aRmkveTi zomebi tankerebis dazia-

nebis da daRupvisas, navTobsadenebis gawyvetisas [12,18}. 

akvatoriis dabinZurebis Tavidan acilebis mizniT Casatarebeli samu-

Saoebis efeqturi organizaciisaTvis da avariulad daRvrili navTobis li-

kvidaciisaTvis Seqmnilia navTobis nagavSemkrebi gemebi; gamwmendi sadgure-
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bi; navToproduqtebiT dabinZurebuli wylebis mimRebi da gadamamuSavebeli 

nagebobebi. 

rodesac gemi Zlier dazianebulia da swrafi remonti SeuZlebelia, 

xdeba daRvrili navTobis farTis SemoRobva bonebiT. bonebiT SemoiRobeba 

ara marto avaruli farTobi, aramed is adgilebic, sadac SesaZlebelia 

navTobis daRvra. 

navTobisa da navTobproduqtebis mocileba zedapiridan sakmaod Znelia 

imis gamo, rom daRvrili navTobi iSleba did farTze Txel fenad, romlis 

sisqe SeiZleba icvlebodes ramdenime santimetridan monomolekulur Srem-

de. navTobiT dabinZurebis sxvadasxvaobam ganapiroba mravalricxovani gamw-

mendi nagebobebis, konstruqciebisa da gawmendis teqnologiebis Seqmna [6,19]. 

navTobis mopovebis adgilidan, gadamuSavebisa da moxmarebis adgilamde 

misi gadazidvis zrdasTan erTad gaxSirda didtonaJiani tankerebis mZime 

avariebi (Sejaxebebi, meCeCebze Sejdomebi, afeTqebebi, xanZrebi), romlebmac 

gamoiwvia navTobis zRvaSi CaRvra [17,20]. 

gaeros saerTaSoriso sazRvao organizaciam 1973 wels miiRo konvencia 

MARПOL 73/78, romelSic gansazRvrulia gemebidan zRvis dabinZurebis Ta-

vidan acilebis teqnikuri moTxovnebi [8,14]. 

portebSi da gemsaremonto qarxnebis akvatoriebSi gaTvaliswinebuli 

unda iyos: 1. avariebis SemTxvevaSi daRvrili navTobis lokalizaciisa da 

Sekrebis RonisZiebebi da teqnikuri saSualebebi; 2. dabinZurebuli Camdi-

nare wylebis moxvedris, mkvrivi sayofacxovrebo sazRvao garemos dabin-

Zurebis aRkveTis RonisZiebebi [21]. sazRvao garemos dabinZurebis aRkveTis 

RonisZiebebi saqarTvelos kanonmdeblobiT aris gaTvaliswinebuli: 

_ saqarTvelos kanonSi sazRvao sivrcis Sesaxeb [22] mecxre Tavi mTli-

anad exeba zRvis garemos dacvas saqarTvelos sazRvao sivrceSi [22]. 

saqarTvelo aqtiurad monawileobs sazRvao garemos dabinZurebis Sesa-

xeb moqmed saerTaSoriso konvenciebSi. 

1.  saerTaSoriso konferencia `xomaldebidan dabinZurebis aRkveTis Se-

saxeb 1973 w. _ 1978 w. oqmi saqarTvelos mier ratificirebulia 15.11. 1993 w. 
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2. navTobiT dabinZurebis Sedegad miyenebuli zaralis kompensaciisaT-

vis saerTaSoriso fondis Seqmnis Sesaxeb 18.11. 1971 w. _ saqarTvelos mier 

ratificirebulia 18.04.2001 w. 

3. `zRvis navTobiT gaWuWyianebis SemTxvevaSi mzadyofnis da TanamS-

romlobis Sesaxeb~. 1990 wlis saerTaSoriso konvencia _ saqarTvelos mier 

ratificirebulia 09.09. 1995 w. 

4. `narCenebis gadayriT zRvis dabinZurebis da sxva sakiTxebis Sesaxeb~, 

1972 wlis saerTaSoriso konvenciis 1996 wlis oqmi _ saqarTvelos mier ra-

tificirebulia 24.03.2006 w. 

5. `gemebis balasturi wylis da danaleqebis kontrolisa da marTvis 

Sesaxeb~, 2004 wlis saerTaSoriso konvencia _ saqarTvelos mier ratifi-

cirebulia 31.10.2014 w. 

 

 

3. daskvna 

 

gaeros saerTaSoriso organizaciam (IOM) 1973 wels miiRo konvencia ge-

mebidan sazRvao garemos dabinZurebis Sesaxeb, MARПOL 73/78, romelSic gan-

sazRvrulia gemebidan zRvis dabinZurebis Tavidan acilebis teqnikuri moT-

xovnebi. konvencia Seicavs RonisZiebebs da wesebs, romlebic mimarTulia 

gemebidan dabinZurebis aRkveTisa da minimizaciisaken. 

sazRvao obieqtebis daproeqtebisas Sesabamisi organizaciebi da dawese-

bulebebi valdebulebi arian gaiTvaliswinon RonisZiebebi, romlebic gamo-

ricxavs momavali sawarmos Tu nagebobis mier garemoze uaryofiT zemoq-

medebas. 

sazRvao portebSi gaTvaliswinebuli unda iyos: 

1.  avariebis SemTxvevaSi daRvrili navTobis lokalizaciisa da Sekre-

bis RonisZiebebi da teqnikuri saSualebebi; 

2. sxvadasxva mavne nivTirebebis da dabinZurebuli Camdinare wylebis 

moxvedris, mkvrivi sayofacxovrebo da samrewvelo narCenebis gadayris aRm-

kveTi RonisZiebebi. 
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sazRvao garemos dabinZurebis aRmkveTi RonisZiebebisadmi miZRvnil sa-

erTaSoriso konvenciebSi saqarTvelos aqtiuri CarTva da aRniSnuli konven-

ciebis moTxovnebisa da rekomendaciebis zusti Sesruleba uzrunvelyofs: 

 sazRvao usafrTxoebis da efeqturobis amaRlebas; 

 Sesabamisi organoebis mier sazRvao incidentebze da SemTxvevebze 

swraf reagirebas; 

 gemebidan zRvis garemos potenciuri dabinZurebis aRmoCenas da pre-

vencias; 

naosnobis usafrTxoebis da sazRvao garemos dacvas.  
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uak 627.5 

 

msoflio portebis ganviTarebis tendenciebi da 

perspeqtivebi  

 

a. sayvareliZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi ganxilulia sazRvao portebis ganviTareba retrospeqti-

vaSi da maTi Semdgomi perspeqtivebi. msoflios 20 udidesi portis 

da sakonteinero operatorebis muSaobis analizma (2015 w.) aCvena, 

rom maTi mTliani tvirTbrunva SedarebiT dabalia msoflio eko-

nomikis da vaWrobis zrdis maCvenebelze. tvirTbrunvis Semcireba 

aRiniSneboda msoflios Svid udides portSi (6 maTgani CineTSia 

ganlagebuli) da eqvs sakonteinero udides terminalSi (2 Cinuria). 

gaeros prognoziT 2017÷2022 ww. periodSi satvirTo gadazidvebis 

saSualo wliuri mateba iqneba 3.2%. gadazidvebis zrda mosalod-

nelia yvela seqtorSi, maT Soris yvelaze dinamikuri zrda iqneba 

sakonteinero (5,0%) da mSrali tvirTebis (5.6%) gadazidvebSi. 

  

 

sakvanZo sityvebi: msoflio ekonomika, msoflio vaWroba, sazRvao transpor-

ti, sazRvao porti, saerTaSoriso sazRvao gadazidvebi, portis 

tvirTbrunva. 

 

 

1. Sesavali 

 

sazRvao portebi warmoadgens ZiriTad rgols msoflio satransporto 

sistemis funqcionirebaSi. 

sazRvao portebi, rogorc saxelmwifo strategiuli obieqtebi naci-

onaluri ekonomikis balansirebuli da mdgradi ganviTarebis safuZvelia. 
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portebi da maTi ganviTarebis done asaxavs qveynis integraciis xarisxs ma-

terialuri resursebisa da mza produqciis nakadebis ganawilebis globa-

lur sistemaSi. 

msoflio vaWrobis ZiriTadi nakadi koncentrirebulia XXI saukunis 

geostrategiul samkuTxedSi: 1. evrokavSiris qveynebi; 2. azia _ wynari okea-

nis regionis qveynebi; 3. Crdilo-amerikis Tavisufali vaWrobis zonis (North 

American Free Trade Agreement - NAFTA) qveynebi [1]. 

sazRvao transporti erT-erTi umTavresi Semadgenelia saxelmwifos 

sagareo ekonomikuri saqmianobis. portebi asruleben tvirTnakadebis sat-

ransporto uzrunvelyofis provaideris funqciebs [2]. garda amisa portebi 

uzrunvelyofen sxvadasxva qveynebis monawileobis SesaZleblobas yovelmx-

riv savaWro patniorobaSi. 

gaeros vaWrobisa da ganviTarebis konferenciam (UNCTAD – United Nations 

Conference on Trede and Development) 2014 wels [3] msoflio portebis funqcioni-

rebis analiziT gansazRvra saporto saqmianobis ganviTarebis ZiriTadi 

tendenciebi: 

 gansakuTrebuli saporto ekonomikuri zonebis _ Tavisufali sabaJo zo-

nebis Seqmna da ganviTareba; 

 portebis gamtanunarianobis gazrda logistikis maRali donis meSveobiT; 

 portebis danadgarebis modernizacia gemebis momsaxurebis nawilSi (gan-

sakuTrebiT – konteinerebis gadamzidi gemebis); 

 `mwvane~ teqnologiis gamoyeneba saerTaSoriso ekologiuri da energoe-

feqturi moTxovnebis dasakmayofileblad; 

 marTvis procesebis avtomatizacia da sainformacio sistemebis aqtiuri 

gamoyeneba maTi Semdgomi integraciiT miwodebis marTvis globalur sis-

temebSi. 
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2. ZiriTadi nawili 

 

tvirTebis nakadebis ganawilebaSi gansakuTrebul rols TamaSoben 

azia-wynari okeanis regionis qveynebi, rogorc materialuri nakadebis for-

mirebis wyaro. 

msoflio portebis ganviTarebis tendenciebze mniSvnelovan gavlenas 

axdenen regionis portebi, rac dakavSirebulia imasTan, rom maTi didi 

nawili mudmivad axdens investiciuri proeqtebis realizebas terminalebis 

modernizaciaSi. 

gaeros sazRvao transportis mimoxilvaSi [4] naCvenebia, rom 2015 wels 

msoflio ekonomikis zrdis tempi 2014 wlis mimarT iyo iseTive, rogorc 2014 

wlis zrdis tempi 2013 wlis mimarT, rac Seadgens 2.5%. msoflios ganviTare-

buli qveynebis ekonomikis zrdis tempi 2014÷2015 wlebSi iyo 1.7%÷2.0%, xo-

lo ganviTarebad qveynebSi zrdis tempma daiklo 4.4%-dan 3.9%-mde.  

am periodSi CineTSi aRiniSna ekonomikis zrdis tempis Semcireba 7.3%-

dan (2014w.) 6.9%-mde (2014w.). indoeTSi piriqiT, aRiniSneboda zrda 7.0%-dan 

7.2%-mde. gardamavali ekonomikis qveynebSi 2014 wels mcire mateba (0.9%) 

Seicvala SemcirebiT _ 2.8% (2015 w.). 

2015 wels msoflio saqonlis vaWroba viTardeboda dabal tempebSi _ 

mateba 1.5% 2014 welTan SedarebiT. ganviTarebuli qveynebis sagareo vaWro-

bis matebis arsebulma tendenciam ver SeZlo am maCveneblis mkveTri vard-

nis kompensacia ganviTarebad qveynebSi. 

ganviTarebuli qveynebis sagareo vaWroba 1.9%-dan gaizarda 2.2%-mde, 

xolo ganviTarebad qveynebSi maCvenebelma daiwia 3.1%-dan 0.4%-mde. 

msoflio eqsportis matebis tempis Semcireba uaryofiTad daetyo saer-

TaSoriso sazRvao gadazidvebis moculobebs 2015 wels. am momatebis zrdis 

tempma Seadgina 2.1%, rac ufro dabalia 2014 wlis maCvenebleze 3.4%-iT. 

2013 wlidan arsebobs mdgradi korelacia msoflio eqsportis vardnasa 

da saerTaSoriso sazRvao gadazidvebis Semcirebas Soris. is faqti, rom 

msoflio saqonlis eqsporti viTardeba ufro dabali tempiT, vidre msof-

lios ekonomika, niSnavs, rom msoflio vaWroba TandaTan kargavs ekono-

mikuri, ganviTarebis ZiriTadi katalizatoris rols. 
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gaeros sazRvao transportis mimoxilvebSi [4] aRniSnulia, rom msof-

lios yvela portebis muSaobis Sesaxeb statistikuri monacemebis miReba 

dakavSirebulia mniSvnelovan siZneleebTan. es monacemebi xels uwyobs 

portebis muSaobis gaumjobesebas; maTi efeqturobis gazrdas; satranspor-

to xarjebis Semcirebas da savaWro saqonlis gaiafebas, rac damatebiTi im-

pulsia msoflio vaWrobis ganviTarebisTvis. 

 

cxrili 1 

msoflios 20 udidesi porti tvirTebis gadazidvis moculobis 

mixedviT 2013-2015 ww. (aTasi tona) [4] gv.71 

 

# porti qveyana 2013 w. 2014 w. 2015 w. 

zrdis 

tempi 

2013
2014 % 

1 ninbo CineTi 809800 873000 889000 7.80 

2 Sanxai CineTi 776000 755300 717400 -2.67 

3 singapuri  singapuri 560800 581000 574900 3.66 

4 tianczini CineTi 500600 540000 541000 7.87 

5 suCjou CineTi 454000 480000 540000 5.73 

6 guanCjou CineTi 454700 500400 519900 10.05 

7 cindao CineTi 450000 480000 500000 6.67 

8 tanSani CineTi 446200 500800 490000 12.24 

9 roterdami niderlandebi 440500 444700 466400 0.95 

10 porti hedlendi avstralia 326000 421800 452900 29.39 

11 daliani CineTi 408400 420000 415000 2.84 

12 jiCjao CineTi 309200 353000 361000 14.17 

13 injou CineTi 330000 330700 338500 0.21 

14 pusani respublika korea 292400 312000 323700 6.70 

15 samxreT luiziana aSS 241500 264700 265600 9.61 

16 hongkongi CineTi 276100 297700 256600 7.82 

17 cinxuandao CineTi 272600 274000 253000 0.51 

18 porti klangi  malaizia 200200 217200 219800 8.43 

19 SenCjeni CineTi 234000 223000 217100 -4.57 

20 samini CineTi 191000 205000 210000 7.33 

 sul 20 udidesi porti 7974000 8474900 8551900 6.28 
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UNCTAD-is 2015 wlis statistikis Tanaxmad [2] msoflio saporto dargSi 

SeiniSneba mniSvnelovani vardna (cxrili 1). 2015 wels 20 udidesi portis 

tvirTebis gadazidvis saerTo moculobis zrda 2014 welTan SedarebiT 

Seadgens ≈ 1% (0.91%), rac mniSvnelovnad dabalia 2014 wlis monacemebze. 

2014 wels tvirTebis gadazidvis tempi 2013 welTan SedarebiT iyo 6.28%. 

20 udidesi portidan 14 mdebareobs CineTSi, kidev 3 aziaSi, TiTo-TiTo 

avstraliaSi, evropasa da Crdilo amrikaSi. 7 udides portSi aRiniSneba 

tvirTbrunvis Semcireba. 6 maTgani CineTSia, 1 singapurSi. 

tvirTebis gadatanis moculobis mixedviT msoflios sididiT meore 

Sanxais portSi aRiniSneba tvirTbrunvis Semcireba. 2014 wels vardnam Sead-

gina 2.74%, 2015 wels _ 5.28%. 

tvirTbrunvis yvelaze mkveTri vardna moxda hongkongSi _ 297.7 milion 

tonidan 2014 wels; 256.6 milion tonamde 2015 w. (vardna 13.81%). maqsimaluri 

matebis tempi aRiniSna CineTis portSi _ suCjou (12.5%). avstraliis portma 

hedlendma gazarda monacemebi 7.3%-iT, xolo roterdamma (niderlandebi) _ 

4.88%-iT, rac dakavSirebulia nedli navTobis da Txevadi gazis miwodebis 

gazrdasTan. 

sakonteinero gadazidvebze [2,4] modis yvela saerTaSoriso gadazid-

vebis moculobis naxevarze meti (fasebis mixedviT) da daaxloebiT erTi me-

eqvsedi nawili maTi fizikuri moculobisa. konteinerebSi gadaizideba yve-

laze gansxvavebuli sxvadasxva saxis tvirTebi: jarTidan, nedleulidan da 

naxevarfabrikatebidan dawyebuli, mza produqciamde. konteinerebis farTo 

danergva aixsneba praqtikuli gamoyenebis SesaZleblobiT. 

sazRvao gadazidvebis konteinerizacia xels uwyobs tvirTebis damuSa-

vebis drois Semcirebas, aadvilebs gadatvirTvas erTi saxis transportidan 

meoreze. 

sakonteinero gadazidvebis xvedriTi wona qveynis portebis saerTo 

tvirTbrunvis moculobaSi warmoadgens qveynis saerTaSoriso vaWrobaSi 

donis maCvenebels [4]. 

2016 wels sazRvao transportis analizis [4] UNCTAD-is angariSSi 

(cxrili 2) mocemulia msoflios 20 udidesi sakonteinero portebis tvirT-
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brunvis monacemebi 2013–2015 wlebSi: gadazidva 20-futian sazRvao konteine-

rebSi TEU [5].  

am 20 portis wilad modis 100 saerTaSoriso wamyvani operatoris 

tvirTbrunvis naxevarze meti (58% _ 2015 w.). cxrilis da UNCTAD-is mona-

cemebis analizma aCvena, rom maTi (20 porti) erTiani sakonteinero brunva 

2015 wels 2014 welTan SedarebiT gaizarda mcired 0.54%. 310 877 000 TEU–2014 

w. da 312 546 000 TEU–2015 w. (cxrili 2). 

2014 wels am monacemebis mateba wina 2013 welTan SedarebiT iyo 5.68%. 

tvirTbrunva gaizarda 294 245 000 TEU-dan 310 877 000 TEU-mde (cxrili 2).  

msoflios udides sakonteinero terminalebSi Sedis 15 porti gan-

viTarebadi qveynebidan (yvela mdebareobs aziaSi), 5 ganviTarebul qveynebSi: 

3 porti evropaSi _ niderlandebi, belgia, germania da 2 CrdiloeT ame-

rikaSi _ los anjelesi da long biCi (kaliforniis Stati). 

pirveli 10 udidesi portis ganlageba aziaSi amtkicebs am regionis 

gansakuTrebul rols Sromis saerTaSoriso dayofaSi da naxevarfabrikate-

biT da mza produqciiT vaWrobaSi: maTi efeqturobis gazrdas; satrans-

porto xarjebis Semcirebas da savaWro saqonlis gaiafebas, rac damatebiTi 

impulsia msoflio vaWrobis ganviTarebis. 

cxrili 2 

msoflios 20 udidesi sazRvao sakontrolo terminali da maTi 

tvirTbrunva 2013 – 2015ww. (aTasi TEU), [4] 

# porti qveyana 2013 w. 2014 w. 2015 w. 
zrdis tempebi 

2013
2014 % 

2014
2015 % 

1 Sanxai CineTi 33617 35290 36540 4.98 3.54 

2 singapuri  singapuri 32579 33869 30922 3.96 -8.70 

3 SenCjeni CineTi 23279 24040 24200 3.27 0.67 

4 ninbo CineTi 17351 19450 20630 12.10 6.07 

5 hongkongi CineTi 22352 22200 20100 -0.68 -9.46 

6 pusani resp. korea 17686 18683 19467 5.64 4.20 

7 guanCjou CineTi 15309 16610 17590 8.50 5.90 

8 cindao CineTi 15520 16580 17430 6.83 5.13 

9 dubais 

portebi 

gaerTianebuli 

emiratebi 

13641 15200 15590 11.43 2.57 
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gagrZeleba 

10 tianczini CineTi 13000 14060 14110 8.15 0.36 

11 roterda-
mi 

niderlandebi 11621 12298 12235 5.83 -0.51 

12 port- 
klangi 

malaizia 10350 10946 11887 5.76 8.60 

13 gaosiuni taivani 9938 10593 10260 6.59 -3.14 

14 antverpeni belgia 8578 8978 9654 4.66 7.53 

15 daliani CineTi 10015 10130 9450 1.15 -6.71 

16 samini CineTi 8008 8572 9180 7.04 7.09 

17 tanjung 

pelepasri 

malaizia 7628 8500 9130 11.43 7.41 

18 hamburgi germania 9257 9720 8821 5.00 -9.25 

19 los 

anjelesi 

aSS 7868 8340 8160 6.00 -2.11 

20 leng biCi aSS 6648 6818 7190 2.56 5.41 

sul 20 sakonteinero
terminali 

294245 310877 312546 5.65 0.54 

 

20 udidesi sakonteinero portidan 9 mdebareobs CineTSi da aqedan 

Svids (dalianis da hongkongis gamoklebiT) aqvs tvirTbrunvis zrda miuxe-

davad imisa, rom Sanxais portis tvirTbrunva 2015 wels Semcirda 2014 wlis 

intensivobasTan SedarebiT (3.54% _ 2015 w; 4.98% _ 2014 w.). 

2013 wels portma Senjunma pirvelad daikava mesame adgili msoflioSi, 

Caanacvla hongkongi da SeinarCuna es pozicia 2014-2015 ww. yvelaze mniSvne-

lovani Semcireba tvirTbrunvis matebis 2015 w., SedarebiT 2014 welTan, mox-

da hongkongSi, hamburgsa da singapurSi – Sesabamisad 9.46%, 9.25% da 8.7%. 

tvirTbrunvis yvelaze mniSvnelovani mateba ki SeiniSneboda portklangSi, 

antverpenSi da tanJun pelepasSi, Sesabamisad 8.6%, 7.53%^ da 7.41% (cxr. 2). 

CineTis 9 udidesi sakonteinero terminalebis sakonteinero brunva  

2015 w. iyo 169 230 000 TEU, rac Seadgens mTliani msoflio sakonteinero 

brunvis 54.15%. 

CineTis ekonomikis swrafma ganviTarebam, eqsportis zrdam moiTxova 

tvirTebis gadazidvisTvis xelsayreli pirobebis Seqmna amerikis, evropis, 

avstraliis da sxva ucxour bazrebze. 

CineTidan eqsportirebuli moculobebi sul ufro izrdeboda 483 

milioni tonidan (1990 wlidan), 2.5 miliard tonamde (2015 w.). 
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UUNCTAD-is prognoziT 2018-2022 ww. periodSi saSualo wliuri tempi 

satvirTo gadazidvebis matebis iqneba 3.2%. gadzidvebis zrda mosalodne-

lia yvela seqtorSi, maT Soris yvelaze dinamikuri zrda iqneba sakontei-

nero gadazidvebSi (5.0% weliwadSi) da masobrivi tvirTebis gadazidvebSi 

(5.6% weliwadSi). aRniSnul periodSi mosalodnelia nedli navTobis ga-

dazidvis tempis 1.2%-iani zrda weliwadSi, rac navTobproduqtebisa da ga-

zis 1.7%-s Seadgens [6]. 

 

 

3. daskvna 

 

dReisaTvis ganviTarebadi qveynebi gaxdnen samrewvelo procesebis sa-

erTaSoriso dayofis sistemis aqtiuri monawileebi. nedleulis importio-

rebidan isini gaxdnen naxevarfabrikatebis da mza produqciis msxvili eqs-

portiorebi. 

ganviTarebadi qveynebis wili erTiani msoflio portebis tvirTbrunva-

Si Seadgens 70%-ze mets. es miuTiTebs imaze, rom maTi roli msoflio eko-

nomikaSi da vaWrobaSi izrdeba. 

qveynebi Camoyalibebis procesSi myofi bazrebiT warmoadgenen msof-

lio moTxovnebis mTavar stimuls. isini arian sazRvao gadazidvebis da 

sazRvao transportis momsaxurebis moTxovnis lokomotivi.  
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uak 697.1 (0.753) 

 

SenobaTa energoefeqturi cxeli wyalmomaragebis sistemebi  

 

m. grZeliSvili, a. kopaliani  

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi ganxilulia SenobaTa cxeli wyalmomarageba ganaxlebadi 

energiis bazaze. ganxilulia wylis gacxeleba mzis batareebisa da 

Sesabamisad moculobiTi akumulirebadi eleqtro-wyalgamacxeleb-

lebis saSualebiT da cxeli wylis Tburi tumboebiT. Seswavli-

lia wylis gacxelebis pirobebi saventilacio gamonabolqvebidan 

Tburi energiიs utilizaciiT, damuSavebulia binis ventilaciisa 

da cxeli wyalmomaragebis erTiani sistema.  

 

sakvanZo sityvebi: Tburi energia, cxeli wyali, mzis Tbomomarageba, Tburi 

tumbo, ventilacia, energoefeqturoba, ganaxlebadi energia, ganawi-

lebuli generacia. 

 

 

1. Sesavali 

 

Tanamedrove samoqalaqo mSeneblobaSi sul ufro meti yuradReba eqce-

va SenobaTa energoefeqturi sainJinro sistemebiT aRWurvas. cnobilia, rom 

qveyanaSi gamomuSavebuli energiis TiTqmis naxevari Senoba-nagebobebze mo-

dis, romelTagan 77% xmardeba SenobaTa gaTbobas, xolo 12% – cxel wyal-

momaragebas. energomoxmarebis esoden didi raodenoba gvaiZulebs veZioT 

gzebi mis Sesamcireblad da wiaRiseuli saTbobis mTlianad alternatiuli 

energiiT Casanacvleblad. 
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2. ZiriTadi nawili 

 

SenobaTa energoefeqturi sainJinro sistemebiT aRWurva energoefeqtu-

ri mSeneblobis nawilia da gulisxmobs SenobaTa aRWurvas gaTbobis, venti-

laciis, haeris kondicirebis da cxeli wyalmomaragebis energoefeqturi 

sistemebiT. 

energoefeqturi aris is sistemebi, romlebic uzrunvelyofen SenobaTa 

komfortis pirobebs energiis SesaZlo minimaluri danaxarjebiT. 

SenobaTa energoefeqturoba rom msoflio donis samecniero-teqnikuri 

problemaa, mowmobs evrokavSiris mier SemuSavebuli direqtiva (Directive of the 

energy performance of buildings, EPBD), romelic warmoadgens evrokavSiris ZiriTad 

sakanonmdeblo instruments evrokavSiris samSeneblo fondis energoefeqtu-

robis gazrdis mizniT. es direqtiva ZalaSia 2003 wlidan. am xnis ganmavlo-

baSi miRweulia mniSvnelovani Sedegebi. kerZod, yvela axal Senobas, rome-

lic aSendeba evrokavSiris teritoriaze, unda gaaCndes TiTqmis nulovani 

energomoxmareba (zero-energy house). es direqtiva ZalaSi Sedis 2020 wlis 

dekembridan kerZo sakuTrebaSi arsebuli SenobebisaTvis, xolo saxelmwifo 

dawesebulebebisaTvis ki – 2018 wlis dekembridan. 

saqarTvelos evrokavSirTan asocirebis xelSekruleba gvavaldebulebs 

davicvaT EPBD direqtivebis moTxovnebi da gaTbobisa da cxeli wyalmomara-

gebisaTvis energomoxmareba daviyvanoT minimumamde. es ki imas niSnavs, rom 

uari vTqvaT wiaRiseuli energoresursebis gamoyenebaze da SenobaTa ener-

gomoxmareba uzrunvelvyoT ganaxlebadi energiis xarjze. ganaxlebadi ener-

giis ZiriTadi wyaroa mze, romelic dedamiwas weliwadSi awvdis 5000-jer 

ufro met energias, vidre amas kacobrioba moixmars. mzis energia didi rao-

denobiTaa akumulirebuli Cvens irgvliv myof haerSi, wyalsa Tu gruntSi. 

maTSi akumulirebuli siTbo Tburi tumboebis meSveobiT farTod gamoiye-

neba SenobaTa mikroklimatis uzrunvelyofis sistemebSi. 

SenobaTa mikroklimatis uzrunvelyofis erT-erTi mniSvnelovani seg-

mentia SenobaTa cxeli wyalmomaragebis sistema. dReisaTvis cxeli wyliT 

uzrunvelyofa ZiriTadad wiaRiseuli saTbobis (ZiriTadad bunebrivi ga-

zis) xarjze mimdinareobs.  
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cxeli wyalmomaragebis sistemebSi bunebrivi gazis gamoyenebaze uaris 

Tqma da ganaxlebadi energiis gamoyeneba cxeli wylis mosamzadeblad mniS-

vnelovan wilad gazrdis SenobaTa energoefeqturobas da gaaumjobesebs 

garemos ekologiur mdgomareobas. 

aratradiciuli energiis cxelwyalmomaragebis sistemaSi gamoyenebis 

saukeTeso magaliTia mzis Tbomomaragebis sistema, romelic mzis gamosxi-

vebis safuZvelze, mzis koleqtorebis meSveobiT acxelebs wyals sasurvel 

temperaturamde. es sakiTxi Cven mier Seswavlilia da damuSavebulia mzis 

cxeli wyalmomaragebis sistemis angariSis meTodika saqarTvelos pirobe-

bisaTvis [1]. 

cxeli wyalmomaragebis energoefeqtur sistemas warmoadgens ganawile-

buli generaciis bazaze mowyobil SenobaTa energomomaragebis sistema [2]. 

Senobis saxuravze ganlagebuli mzis batareebi uzrunvelyofen Senobis 

srul energomomaragebas. vinaidan nulovani energomoxmarebis saxlebis ga-

Tbobis xarji minimaluria, amitom Tburi energiis ZiriTad momxmareblad 

iTvleba cxeli wyalmomaragebis sistema. saxuravze ganlagebuli mzis sis-

tema unda SeirCes im angariSiT, rom dakmayofildes Senobis eleqtrodat-

virTva (ganaTeba da sayofacxovrebo xelsawyoebi) da cxeli wyalmomarage-

bis Tburi datvirTva. 

 

 
 

nax. 1. saxlis avtonomiuri energomomaragebis principუl-teqnologiuri sqema:  

a – eleqtroakumulatorebiT; b – eleqtro- da cxeli wylis akumulatorebiT: 

1 – cxeli wylis akumulatori (moculobiTi wyalgamacxelebeli); 2 – mzis panelebi 

(batareebi); 3 – gammarTveli; 4 – invertori; 5– eleqtroenergiis momxmareblebi;  

6 – akumulatoruli batareebi 

 

nax. 1-ze naCvenebia saxlis avtonomiuri energomomaragebis principul-

teqnologiuri sqema. nax.1-a warmoadgens mzis batareebis saSualebiT saxlis 

eleqtromomaragebis tipur sqemas. Warbi eleqtroenergiis Senaxvis mizniT 
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gamoyenebulia specialuri akumulatorebi, romlebic msoflios mraval 

qveyanaSi, maT Soris evrokavSirSic, saWiro araa, radganac mzis batareebSi 

gamomuSavebuli eleqtroenergia miewodeba qsels. saqarTveloSi aseTi sis-

tema jer ar moqmedebs, amitom iZulebuli vxdebiT sistemaSi SemovitanoT 

damatebiTi elementi, akumulatoruli batareebi (7). 

energomomaragebis funqciuri daniSnulebis gaumjobesebis da fuladi 

danaxarjebis Semcirebis mizniT eleqtroakumulatori SeiZleba Canacvle-

buli iqnes moculobiTi eleqtrowyalgamacxeleblebiT, romlebic dRis 

ganmavlobaSi gaacxeleben wyals, xolo saWiro raodenobis eleqtroakumu-

latorebi moaxdenen eleqtroenergiis akumulirebas (nax. 1-b).  

wyalgamacxeleblebis moculoba, gamdinare wylis xarji da eleqtro-

gamxureblis simZlavre unda SeirCes konkretuli Senobis energomaxasiaTeb-

lebis da mSeneblobis adgilmdebareobis mixedviT. 

 

 
 

nax. 2. moculobiT wyalgamacxelebelSi wylis gacxelebis periodi  

eqtrogamxureblis simZlavris mixedviT 

 

wylis gacxelebis mizniT energomomaragebis avtonomiur sistemaSi, ro-

melSic cxeli wylis momzadeba mzis batareebiT xdeba, SeiZleba gamoyene-

bul iqnes nebismieri moculobiTi tipis eleqtro-wyalgamacxelebeli. dRis 

ganmavlobaSi fotoelementebis mier gamomuSavebuli eleqtroenergiis xarj-

ze xdeba wylis gacxeleba. 

wylis gacxelebis dro gamoiTvleba formuliT: 

  
 mc t t

t
P





cx civ

,  (1) 
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sadac m aris gasacxelebeli wylis raodnoba kg-obiT; c – wylis Tboteva-

doba da igi Seadgens 1.163 vt.sT/kg.gr-s; cxt  da civt  – Sesabamisad gasacxele-

beli wylis sawyisi da saboloo temperaturebi, °C;  μ – wyalgamacxeleblis 

mqk da igi eleqtrogamacxeleblebisaTvis 0.98-is toლi aiReba. 

moculobiT wyalgamacxelebelSi wylis gacxelebis dro calsaxad 

aris damokidebuli eleqtrosaxurebeli elementis simZlavreze. rac metia 

es simZlavre, miT ufro swrafad gacxeldeba wyali saWiro temperaturamde. 

wylis gacxelebis dro sxvadasxva moculobis eleqtrogamacxelebel-

Si, saxurebeli elementis simZlavris mixedviT, rodesac civi wylis tempe-

ratura 10°C tolia, naCvenebia grafikze (nax. 2). 

moculobiTi wyalgamacxeleblis SerCevis dros saWiroa gavigoT 

narevi wylis raodenoba da temperatura.  

narevi wylis raodenoba tolia: 

  
 

civnar

civcxcx

nar tt
ttm

m



 ,  (2) 

xolo temperatura: 

  
cxciv

cxcxcivciv

nar mm
tmtm

t



 ,  (3) 

sadac m aris wylis raodnoba kg-obiT; t  – temperatura, °C . 
wyalgamacxeleblis xarji, anu mwarmoebloba ganisazRvreba formu-

liT: 

   
civcx ttC

PG


  kg/sT (n/sT),  (4) 

 

sadac P aris saxurebeli elementis simZlavre, vt; C  – wylis xvedriTi 

Tbotevadoba da igi tolia 1.163 vt.sT/kg.gr-ia. 

cxeli wyalmomaragebis sistemebis angariSis dros wylis xarji winas-

war cnobili sididea da igi momxmareblis saxeobis mixedviT aiReba nor-

mebidan [4]. 

cxeli wyalmomaragebis zemoT ganxiluli sistema, romelic ikvebeba 

mzis fotoelementebiani batareebidan miRebuli eleqtroenergiis xarjze, 
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mizanSewonilia gamoviyenoT im SemTxvevaSi, Tu es wyalgamacxelebeli ukve 

arsebobs cxeli wyalmomaragebis sistemaSi da misi gamocvla an gadakeTeba 

ver xerxdeba. 

cxeli wyalmomaragebis sistemaSi mzis energiis gamoyenebis dros mzis 

batareebis nacvlad umjobesia mzis koleqtorebis gamoyeneba, romlebic 

mzis energias uSualod wylis gasacxeleblad iyenebs [1]. im SemTxvevaSi ki, 

rodesac wylis gasacxeleblad dabalpotenciuri an gadagdebuli siTboTi 

vsargeblobT, mizanSewonilia mzis fotoelementebis gamoyeneba. am dros 

miRebuli eleqtroenergia wyalgamacxelebelSi CaSenebuli თburi tumbos 

asamoqmedebladaa saWiro. 

 

 
 

nax. 3. cxeli wylis Tburi tumbos moqmedebis principi: 

1 – moculobiTi wyalgamacxelebeli; 2 – თburi tumbo 

 

aseTi wyalgamacxeleblis principul-teqnologiuri sqema naCvenebia 

nax. 3-ze. es wyalgamacxelebeli muSaobs siTbos utilizatoris principze 

da gamoiyeneba wylis gasacxeleblad individualuri binis pirobebSi. 

wyalgamacxelebels gaaCnia sakmaod maRali mwarmoebloba da wylis gacxe-

lebis orsafexuriani sistema. pirvel safexurze Tburi tumbos meSveobiT 

wyali cxeldeba 5.5°C-mde, xolo meore safexurze ki specialuri eleqtro-

gamaxureblis saSualebiT – 65°C–mde, rac gansakuTrebiT sasargebloa 

wylis dezinfeqciis mizniT. aseTi danadgaris simZlavris (gardaqmnis) koe-
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ficienti KOP=4, Tanaxmad EN255-isa. es danadgari SeiZleba moewyos, rogorc 

monoblokis, aseve splitis saxiT. uknasknel SemTxvevaSi Tburi tumbos 

nawili (amaorTqlebeli, kompresori) SeiZleba moewyos wyalgamacxelebli-

dan mocilebiT. wyalgamacxeleblis energoefeqturobis klasi umaRlesia 

da igi A+-iT aris sertificirebuli. 

cxelwyalmomaragebis sistemis energoefeqturobis gazrdis erT-erTi 

gzaa narCeni an gadagdebuli siTbos gamoyeneba. SenobaSi siTbos aseTi wya-

roa kanalizaciis Camdinare wylebi [3] an saventilacio gamonabolqvebi. nax. 

4-ze naCvenebia binis cxelwyalmomaragebis avtonomiuri sistema, romelSic 

Tburi energiis wyarod gamoyenebulia gamwovi saventilacio sistemis haeri. 

 

 
 

nax. 4. binis cxeli wyalmomarageba saventilacio gamonabolqvebis siTbos 

utilizaciis xarjze: 1 – binaSi haeris miwodeba; 2 – haeris gamwovi sistema;  

3 – moculobiTi wyalgamacxelebeli CaSenebuli Tburi tumboTi 

 

samzareulodan, saabazanodan da sxva damxmare saTavsodan gawovili hae-

ri sakmaod maRali temperaturisaa (22-30°C). misi raodenoba ki (150-250 m3/sT) 
savsebiT sakmarisia wylis gasacxeleblad. 

10-dan 55°C-mde moculobiT wyalgamacxelebelSi CamontaJebuli Tburi 

tumbos simZlavris koeficienti am dros 4÷5-is farglebSia. wyalgamacxe-

lebels damatebiT ukeTdeba eleqtrogamxurebeli, romelic ikvebeba mzis 

fotoelementebSi gamomuSavebuli eleqtroenergiiT. 
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3. daskvna 

 

1. energoefeqturi mSenebloba Tanamedrove samoqalaqo mSeneblobis 

erT-erTi aqtualuri mimarTulebaa da gulisxmobs SenobebSi energoresur-

sebis minimaluri danaxarjebis gziT maqsimaluri komfortis Seqmnas, uz-

runvelyofs wiaRiseuli saTbobis wvis Sedegad gamoyofili mavne gazebis 

kolosalur Semcirebas da saTanadod garemos ekologiuri mdgomareobis 

gaumjobesebas. 

2. SenobaTa energoefeqturobis miRweva SesaZlebelia, rogorc Senobe-

bis SemomzRudi konstruqciebis Tbofizikuri maxasiaTeblebis gaumjobese-

biT, aseve am Senobebis energoefeqturi sainJinro sistemebiT aRWurviT. 

3. SenobaTa sainJinro sistemebidan Tburi energiიs erT-erTi msxvili 

momxmarebelia cxeli wyalmomaragebis sistema, amitomac am sistemebSi Tbu-

ri energiis ekonomiuri xarjva, wiaRiseuli saTbobis Canacvleba ganaxle-

badi energiiT da cxeli wyalmomaragebis racionaluri sqemebis damuSaveba 

mniSvnelovnad gazrdis SenobaTa saerTo energoefeqturobas. 

4. SenobebSi mzis energomomaragebis sistemebis da cxeli wylis Tburi 

tumboebis gamoyeneba gvaZlevs cxeli wyalmomaragebis sistemis energoefeqtu-

robis gazrdis da mavne gamonabolqvebis nulamde dayvanis SesaZleblobas. 
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uak 693.54 

 

betonis deformaciis gamokvleva holografiuli 

interferometriis meTodiT  

 

g. dalaqiSvili, k. xazalia, c. giorgaZe, o. sajaia, g. TurmaniZe  

(saqarTvelos teqnikuri universiteti) 

kvleva ganxorcielda SoTa rusTavelis saqarTvelos erovnuli samecniero 

fondis mxardaWeriT  sagranto proeqt # FR-18-11671-is farglebSi. 
 

 

reziume: Tanamedrove kaSxalmSeneblobaSi mniSvnelovani roli eniWeba beto-

nis samuSaoebis intensifikacias, rac damatebiT moTxovnebs uyenebs 

proeqtantebs nagebobis konstruqciuli elementebis (seqciebi, blo-

kebi) parametrebis (moculobis) gazrdis TvalsazrisiT, gamsxvile-

buli blokebi arTulebs betonis masivis Termoregulirebis pro-

cess da zrdis temperaturuli bzarwarmoqmnis risks. amdenad, mniS-

vnelovania betonis gamyarebis adreul stadiaze Seklebisa da 

bzarmedegobis procesis Seswavla. gamosakvlevia is faqtorebi da 

dinamika, romelTa gaTvaliswineba aucilebelia betonis samuSaoTa 

teqnikuri pirobebis SesamuSaveblad da SemdgomSi praqtikaSi dasa-

nergad, Seklebisa da bzarmedegobis procesis minimumamde dasay-

vanad holografiuli interferometriis meTodis gamoyenebiT.  

 

sakvanZo sityvebi: holografia, interferometria, betoni, bzarmedegoba, la-

zeri, deformacia, diagnostika, Sekleba. 

 

 

1. Sesavali 

 

bolo wlebSi bevri ram gakeTda betonisa da r/betonis Teoriis ganvi-

TarebisTvis. es ganviTareba mimdinareobda rogorc betonisa da r/betonis 

konstruqciebis xangrZliv zemoqmedebaze gaangariSebis saimedo meTodebis 
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SemuSavebis, aseve Sesabamisi eqsperimentuli monacemebis didi moculobiT 

dagrovebis mimarTulebiT. es ukanaskneli saWiroa rogorc sacnobaro mona-

cemebis utyuarobis gasazrdelad, aseve betonis Seklebisa da bzarmedego-

bis maTematikuri Teoriebis Semdgomi ganviTarebisaTvis, romlebic aSkaraa, 

rom kidev didxans SeinarCuneben fenomenologiur xasiaTs. 

 

 

2. ZiriTadi nawili 

 

holografia aris talRebis registraciisa da Semdgom aRdgenis meTo-

di, romelic 1948 w. gamoigona ingliselma mecnierma denis gaborma. termini 

holografia ekuTvnis cnobil amerikel mecniers jorj strouks, warmod-

geba berZnuli sityvisgan da niSnavs „mTels“, „sruls“. holografiis meS-

veobiT xdeba talRis sruli informaciis registracia. 

hologramis misaRebad saWiroa sinaTlis koherentuli wyaro. pirveli 

hologramis miRebisas gabori iyenebda vercxliswylis naTuras, romlis ko-

herentulobis xarisxi mcirea, amitom pirveli hologramis xarisxi dabali 

iyo, xolo holografia iTvleboda egzotikur meTodad, romelic Sors iyo 

praqtikuli gamoyenebisagan. 

mxolod samociani wlebis dasawyisSi, rodesac gamoigones sinaTlis ma-

Ralkoherentuli wyaro lazeri, SesaZlebeli gaxda holografiis praqti-

kuli gamoyeneba. lazeri (optikuri kvanturi generatori) warmoadgens xel-

sawyos, romelic eleqtromagnituri talRebis generacias axdens sinaTlis 

iZulebiTi gamosxivebiT an iZulebiTi gabneviT optikur rezonatorSi ar-

sebul aqtiur garemoSi. lazeris gamosxiveba warmoadgens mcire gaSlis mqo-

ne garkveuli talRis sigrZis, maRalkoherentuli sinaTlis sxivs. 

aRniSnuli gamogonebisTvis cnobil mecnierebs n. basovs da a. proxo-

rovs 1962 wels mieniWaT nobelis premia fizikaSi. nobelis premia mieniWa 

agreTve holografiis gamomgonebel d. gabors. 1970 wlidan daiwyo axali 

mimarTulebis-optikuri holografiis ganviTareba mecnierebis, teqnikisa da 

ekonomikis yvela dargSi. 
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holografiis ganviTarebaSi mniSvnelovani wvlili miuZRvis mecnier i. 

denisuks, romelmac warmoadgina hologramebis Caweris sqema Semxvedr sxi-

vebSi msxvilfenovan emulsiaze. hologramebis registraciis aseT sqemas is 

upiratesoba aqvs, rom gamosaxulebis aRdgena da misi dakvirveba xdeba 

Cveulebriv sinaTlis wyaroTi, rac holografiis mxatvruli gamoyenebis sa-

Sualebas iZleva, xolo amerikelma mecnierebma e. leitma da i. upatnieqsma 

gamoigones holografirebis orsxiviani sqema. 1971 wels fiz.-maT. mecnie-

rebaTa doqtorma, S. yayiCaiSvilma eqsperimentulad daadastura eleqtro-

magnituri gamosxivebis polarizaciis registraciis SesaZlebloba, riTac 

man mniSvnelovani wvlili Seitana holografiis ganviTarebaSi. 1997 wels 

mis mier Catarebuli kvleva aRiarebul iqna aRmoCenad optikis dargSi (pir-

veli aRmoCena saqarTveloSi). dReisaTvis holografiis gamoyenebis speqtri 

farToa, igi gamoiyeneba informaciis optikur damuSavebaSi, furies speqt-

roskopiaSi holografiis gamoyenebiT SeiZleba gaizomos difuziurad 

amrekli myari sxeulebis gadaadgilebebi da deformaciebi, gamWvirvale fa-

zuri obieqtebis Seswavla, TvaliT uxilavi defeqtebis, maT Soris bzare-

bis Casaxva da maTi ganviTareba rRvevis procesis CaTvliT ukontaqtod. 

holografiis interferometriis erT-erTi ZiriTadi mimarTulebaa or-

eqspoziciani holografiuli interferometria. arsebobs aseve holografiu-

li interferometriis sxva mimarTulebebic: ori eqspoziciis meTodi, dro-

Si gasaSualebis meTodi, stroboskopiuli meTodi, akustikuri da pola-

rizaciuli holografia. aRniSnuli proeqtis Sesrulebis dros gamoyene-

buli iqneba oreqspoziciuri holografiuli interferometria. 

klasikurTan SedarebiT holografiuli interferometriis gamoyenebis 

sfero gacilebiT farToa, is saSualebas gvaZlevs SeviswavloT samganzomi-

lebiani difuziurad amrekli zedapirebi, hidro- da aerodinamikuri proce-

sebi, nakadebSi Termodinamikuri movlenebi, sxvadasxva Termuli procesebi, 

akustikuri talRebis gavrceleba da mravali sxva arastacionaruli proce-

sebi, maT Soris sxvadasxva kompozituri masalebis xarisxis kontroli da 

diagnostika. radgan hologramis saSualebiT xdeba sinaTlis talRis fazis 

registracia, obieqtis mcire gadaadgilebac ki iwvevs fazis cvlilebas da 

Sesabamisad es cvlileba fiqsirdeba hologramaze, aqedan gamomdinare, ho-
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lografiuli interferometria saSualebas iZleva sxeulis zedapiris gada-

adgilebebis meSveobiT viangariSoT deformaciebi, daZabulobebi da vibra-

ciebi ukontaqtod. 

am SemTxvevaSi holografiuli interferometria gacilebiT ufro efeq-

turia, vidre iseTi meTodebi, rogoricaa muaris zolebis, polarizaciul-

optikuri meTodi da meTodebi, romlebic eyrdnobian deformaciebisa da 

gadaadgilebis gazomvas sxvadasxva tenzorezistorebiT. 

oreqspoziciani holografiuli interferogramebis meTodi ukanasknel 

xans farTod gamoiyeneba myari sxeulebis daZabul-deformirebuli mdgoma-

reobis Sesaswavlad. am meTodis arsi mdgomareobs imaSi, rom holograma 

fotografiul damuSavebamde orjer eqsponirdeba.  

1977 wels saqarTvelos mecnierebaTa akademiis k. zavrievis sax. samSe-

neblo meqanikisa da seismomedegobis institutis „saSeni masalebis optiku-

ri meTodebis kvlevis laboratoriaSi Catarda erT-erTi pirveli eqsperi-

menti rogorc saqarTveloSi, ise ucxoeTSi. 

holografiuli interferometriis meTodiT SeiZleba davakvirdeT erTd-

roulad cementis Sekvris process da struqturis formirebas adreul 

stadiaze, agreTve bzaris Casaxvas, mis ganviTarebas da deformaciis vels 

misi wveros maxloblad. gazomvis sizuste am meTodiT xarisxiT metia (6328 

nm) da gvaZlevs saSualebas, vizualurad davakvirdeT mimdinare procesebs. 

tenzometriisgan gansxvavebiT igi ar saWiroebs gamosakvlevi zedapiris 

winaswar damuSavebas da mis fiqsirebas zedapirze, agreTve SesaZlebelia 

Seswavlil iqnes cementis qvisa da betonis Sekvris procesis teniani zeda-

piri ukontaqtod da moxdes mTliani procesis vizualizacia, ris saSua-

lebasac ar iZleva arc erTi zemoT aRniSnuli meTodi. 

holografiuli interferometriis meTodi imdenad gvainteresebs, ram-

denadac misi saSualebiT SesaZlebelia xarisxobrivad da raodenobrivad 

SevafasoT myari sxeulis deformaciuli mdgomareoba da sxvadasxva Sed-

genilobis betonebis Seklebis, bzarwarmoqmnis da misi ganviTarebis proce-

sebi. es meTodi mxolod saSualebaa an iaraRi sasurveli miznebis misaR-

wevad. misi arsia: holografiuli firfita fotografiul damuSavebamde or-

jer eqsponirdeba – pirvelad, roca gamosakvlevi nimuSis zedapiri sawyis 
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mdgomareobaSia, meored – roca igi deformirebulia an ganicdis raime sxva 

zemoqmedebas. 

 

 

nax. 1 – leitis sqema.  

hologramis Caweris orsxiviani sqema 

 

holografiuli interferometriis meTodi Sesabamisi teqnologiuri mo-

mentebis gaTvaliswinebiT saSualebas iZleva uwyveti moqmedebis lazeris 

(helium-neoni ЛГИ-215, simZlavre – 55 mvt) talRis sigrZis rigis (6328 nm) 

sizustiT gavzomoT deformirebuli sxeulis gadaadgilebis veqtoris veli. 

 

 

 

nax. 2. denisiukis sqema. gamoiyeneba sxvadasxva daniSnulebis eqsperimentebisaTvis, 

samuzeumo eqsponatebis Cawerisa da vizualizaciisaTvis TeTr Suqze: 

1 – lazeri; 2 – gamSleli linza; 3 – fotofiri; 4 – obieqti 

 

es TiTqmis unikaluri saSualebaa, erTdroulad davakvirdeT deformi-

rebis erTian suraTs gamosakvlevi obieqtis mTel registrirebul zedapir-

ze da imave dros, survilisamebr, nebismier arCeul wertilSi gavzomoT ga-

daadgilebis veqtoris samive komponenti. 
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nax. 3. gadaadgilebis gamosaTvleli geometriuli sqema: 

1 – dakvirvebis obieqti; 2 – holograma; a, b, c – dakvirvebis poziciebi, 

Ψ1, Ψ2, Ψ3 – dakvirvebis kuTxeebi 

 

rogorc aRvniSneT, holografiuli interferometriis meTodiT betonis 

struqturaSi mimdinare procesebis sivrculi aRqma da konstruqciuli 

elementis daZabul-deformirebuli mdgomareobis dinamikis fotografiuli 

asaxva saSualebas iZleva davakvirdeT betons misi struqturis formirebis 

adreul stadiaze, razec aris damokidebuli betonisa da rkinabetonis 

konstruqciebis xangamZleoba. kvleva miznad isaxavs, erTi mxriv, SemuSavdes 

is RonisZiebebi, romlebic gaaneitralebs procesis ganviTarebas; meore 

mxriv, daazustebs naker-naWdevis im parametrebs, romlebic uzrunvelyofs 

organizebul bzarwarmoqmnis process, misi uaryofiTi Sedegebis minimu-

mamde dayvanis gaTvaliswinebiT, rac umniSvnelovanesi procesia, hidro-

teqnikur da gansakuTrebiT kaSxalmSeneblobaSi. 

holografiuli interferogramis Cawera xorcieldeba Semdegi meTo-

dikiT: holografiul fotofirze pirveli eqsponirebiT xdeba Sesaswavli 

obieqtis registracia sawyis mdgomareobaSi, Semdeg igive fotofirze is 

eqsponirdeba meored da obieqti ganicdis deformacias. amis Semdeg eqsponi-

rebuli fotofiris saTanado fotografiuli damuSavebiT viRebT interfe-

rogramas. fotofirze holografiuli interferogramebis miReba warmoebs 

leitisa da denisiukis sqemebis mixedviT. 

 

 3. daskvna 

 

yovelive aRniSnulidan gamomdinare, aucilebelia betonis deformire-

bisa da rRvevis procesis Semdgomi kompleqsebis Seswavla mecnierebisa da 
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teqnikis uaxlesi miRwevebis gamoyenebiT, ris SesaZleblobasac gvaZlevs ho-

lografiuli meTodebi, kerZod, holografiuli interferometria. aRniSnu-

li meTodi momavalSi xels Seuwyobs iseTi samSeneblo masalis konst-

ruqciebis saimedoobasa da xanmedegobas, rogoricaa betoni da datkepnili 

betoni, romlebic gamoiyeneba hidroteqnikur mSeneblobaSi, didad waadgeba 

am sferoSi momuSave inJiner-teqnikur personals da gazrdis konstruq-

ciebis saimedoobasa da xangamZleobas. 

holografiuli interferogramis saSualebiT ukontaqtod SesaZlebelia 

miviRoT rogorc deformaciis xarisxobrivi suraTi, aseve sxeulis nebismier 

wertilSi gadaadgilebis veqtoris ricxobrivi. aRniSnuli proeqti Sesrul-

deba saqarTvelos teqnikuri universitetis kibernetikis institutis `infor-

maciis holografiuli Cawerisa da damuSavebis laboratoriasTan.~ sagranto 

naSromis kvlevebze gaTvaliswinebulia sami weli da dasruldeba 2021 wels. 
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uak 628.3 

wyalsadenebis gaangariSeba ZiriTadad Tbur Tvisebebze Tbogacemis 

sakiTxebis Sesaxeb.  

l. klimiaSvili, q. gordeziani, g. soselia, a. bagration-daviTaSvili // 

hidroinJineria, # 1-2(27-28), 2019, gv. 6-14. 

reziume: wylis Tburi resursebi ganisazRvreba misi temperaturiT. mi-

wisqveSa wylebis wyaroebis temperatura TiTqmis yovelTvis mdgradia da  

cvalebadoba xorcieldeba zRvrebSi 5–100C. miwis zedapirze wyalsadenis 

transportirebisaTvis gamoyenebuli unda iyos mili maqsimalurad SesaZlo 

TbocvliT garemos haeris gaTvaliswinebiT. qvemoT moyvanili saangariSo 

formulebi iTvaliswinebs wylis temperaturis dadgenas mildenSi moZrav 

nakadTan SedarebiT, martivi pirobebis gaTvaliswinebas Tburi gaangariSebis 

Catarebisas. 

sakvanZo sityvebi: wylis Tburi resursebi, wyaroebis temperatura, xa-

xuni, wylis nakadi, temperatura, Tbogadacema, Termuli winaRoba, tempera-

turuli ryeva mildenebSi. 

 

uak 628.4 

sanitariuli dacvis zonebis angariSi.  

l. klimiaSvili, q. gordeziani, a. bagration-daviTaSvili, g. soselia // 

hidroinJineria, # 1-2(27-28), 2019, gv. 15-20.  

reziume: ganxilulia sanitariuli dacvis zonebis angariSi saqarTve-

los parlamentis normatiuli aqtis Tanaxmad garemos dacviT sferoSi (Tbi-

lisi 2000), „saqarTvelos kanoni wylis Sesaxeb“ Sesabamisad (kari II, Tavi II, 

muxli 21); miwisqveSa wylebi hidrogeologiuri Taviseburebebis mixedviT, 

romelSic gaTvaliswinebuli unda iyos sacdel-filtraciuli samuSaoebis 

Sedegebis analizi da ZiriTadi hidrogeologiuri parametrebis gansazRvra. 

gaangariSeba warmoebs e. minkinis, n. lafSinis da a. oradovskaias meTodikiT 

sakvlevi teritoriis sanitariul – hidrogeologiur parametrebze dayrd-
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nobiT. zemoTqmulidan gamomdinare, Cven mizanSewonilad migvaCnia warmod-

genili gaangariSebis sainJinro praqtikaSi gamoyeneba. 

sakvanZo sityvebi: sanitariuli dacvis zonebi, sacdel-filtraciuli 

samuSaoebi, hidrogeologiuri parametrebis gansazRvra, hidrogeologiuri 

pirobebis tipizacia, miwisqveSa wylebis bunebrivi nakadi, wyalmimRebi. 

 

uak 691.175.5/.8 

539.422.52 

kompoziciuri masalis aspeqtebi.  

l. klimiaSvili, d. gurgeniZe, a. Ciqovani // hidroinJineria, # 1-2(27-28), 

2019, gv. 21-29.  

reziume: sityva kompoziti warmodgeba inglisuri composite-sagan. mas aqvs 

ganmarteba. pirvel rigSi is aRniSnavs „narevs“, meoreSi – „Sedgenils, 

rTuls“. kompoziciuri masala warmoadgens narevs, romelic Sedgeba ori an 

meti masalisagan. „kompoziciur masalaSi“ igulisxmeba ara marto mravalfa-

ziani struqtura, aramed aseve komponentebis Serwymis garkveuli teqnologia.  

sakvanZo sityvebi: kompoziti, matrica, faza, boWko, polimeri, Termo-

reaqtiuli, Termoplasti, struqtura, anizotropia, prepregi, apreti. 

uak 556.537 

modelireba rogorc eroziis kvlevis meTodi.  

i. inaSvili, a. bagration-daviTaSvili, i. klimiaSvili, v. xorava // hid-

roinJineria, # 1-2(27-28), 2019, gv. 30-36. 

reziume: modelireba warmoadgens adamianis samecniero da praqtikul 

saqmianobaSi arsebuli realobis Seswavlis erT-erT mTavar meTods. eroziis 

fizikuri modelirebis tipebs Soris gamoiyeneba fizikurad msgavsi mode-

lebi, romlebic ekuTvnis hidravlikur modelirebas da romelTa principebi 

sakmaod kargad aris ganviTarebuli. hidravlikurი modelireba unda akmayo-

filebdes geometriul, kinematikur da dinamiკur msgavsebis pirobebს. erozi-

is kvlevebSi, ZiriTadad, funqciuri maTematikis modelebi saerToa, romelTa 

Soris yvelaze didi jgufi e.w. gamorecxvis an eroziiT gamowveuli danakar-

gebis modelebia. amJamad msoflioSi ganviTarebuli sxvadasxva saxis nia-

dagis eroziiT gamowveuli danakargebis maTematikuri modelebis ricxvi ag-
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rZelebs zrdas. wylis eroziis, rogorc procesis, kvlevebisTvis geoinfor-

maciuli teqnologiebi yvelaze efeqturi saSualebaa kvlevisa da Sefasebis, 

prognozirebisa da menejmentis gadawyvetilebebis dasabuTebis mizniT. 

sakvanZo sityvebi: eroziis modelireba; fizikuri modelireba; hidrav-

likuri modelireba; maTematikis modelireba. 

 

uak 628.312.1 

orfazian nakadSi Sewonili nawilakebis relaqsaciis siCqaris 

kvleva.  

i. inaSvili, i. denisova // hidroinJineria, # 1-2(27-28), 2019, gv. 37-43.  

reziume: statiaSi ganxilulia nakadSi Sewonili nawilakebis moZraoba 

nakadisgan gansxvavebuli siCqariT. Catarebuli kvlevis Sedegad, niutonis 

meore kanonze dayrdnobiT, nawilakisa da siTxis fizikuri maxasiaTeblebis 

gaTvaliswinebiT, laminaruli reJimis pirobebSi, miRebulia mcire zomis, 

sferosebri nawilakis relaqsaciis siCqaris, droze damokidebulebis gan-

toleba. agreTve gamoTvlilia nawilakis mier nakadis siCqarიs miRwevamde 

ganvlili manZilis saangariSo gantoleba. 

sakvanZo sityvebi: Sewonili nawilaki; relaqsaciis siCqare; laminaruli 

reJimi; nakadis siCqare. 

 

 

uak 556.537 

wylismieri eroziis procesebi saqarTveloSi.  

a. bagration-daviTaSvili, i. inaSvili, i. klimiaSvili, v. xorava // hid-

roinJineria, # 1-2(27-28), 2019, gv. 44-50. 

reziume: wylis erozia aris erT-erTi ZiriTadi garemosdacviTi da eko-

nomikuri problema, romelic gansazRvravs mravali qveynis erovnul usafrT-

xoebas. saqarTvelo ekuTvnis im qveynebis ricxvs, sadac eroziuli procesebi 

farTod aris gavrcelebuli da saSiS movlenas warmoadgens. niadagis ero-

ziuli procesebis intensivobis mixedviT saqarTvelos teritoria SeiZleba 

daiyos 5 regionad. eroziuli procesebis ganviTarebis TvalsazrisiT, gansa-

kuTrebiT rTuli viTarebaa zemo imereTis, aWaris, svaneTisა da saqarTvelos 
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sxva maRalmTian raionebSi. eroziა ZiriTad zians ayenebs sasoflo-sameurneo 

saqmianobas. Teoriuli da gamoyenebiTi TvalsazrisiT iseve sainteresoa 

arsebuli klimatis cvlilebebTan dakavSirebuli eroziuli faqtorebis 

cvlilebebi, rogorc teqnologiuri zemoqmedeba geosistemis eroziul kom-

ponentebze. eroziis TvalsazrisiT saSiSi miwebis gamoyenebis optimizaciis, 

kvlevis, modelirebisa da teqnologiebis Tvisეbrivad axal SesaZleblobebs 

warmoadgenს Tanamedrove geoinformaciuli sistemebi (GIS), romlebic gamoi-

yeneba adamianis saqmianobis mraval sferoSi, Tumca jer kidev ar aris sakma-

risad gamoyenebuli eroziuli procesebis kvlevaSi. 

sakvanZo sityvebi: wylismieri erozia, erozirebuli miwebi, niadagis 

degradacia, geo–sainformacio teqnologiebi. 

 

uak 556.537 

arabmuli niadagebis gamorecxvis modelireba.  

a. bagration-daviTaSvili, i. inaSvili, *l. dzienisi, v. xorava // hidroin-

Jineria, # 1-2(27-28), 2019, gv. 51-56. 

reziume: arxis deformaciis dawyebis prognozirebisaTvis ufro xSirad 

gamoiyeneba laboratoriuli monacemebi, ZiriTadad bunebrivi gamokvlevis Ca-

tarebis sirTulis gamo. garda amisa, savele kvlevis Sedegebi yovelTvis ar 

aris saimedo da sizustis TvalsazrisiT isini iSviaTad emTxvevian labora-

toriuli gamokvlevebis Sedegebs, msgavsebis Teoriis safuZvelze. 

bmuli niadagebis gamorecxvis siCqaris laboratorul da bunebriv pi-

robebSi dakvirvebebis Sedegebis Sedareba aCvenebs, rom laboratoriul pi-

robebSi nimuSebis (fragmentebis) gamorecxvis siCqare mniSvnelovnad aRema-

teba imave niadagebis gamorecxvis siCqares, romelic dafiqsirda bunebriv 

pirobebSi. 

modeli, romelic aRwers urTierTdamokidebulebas erozirebul da na-

kadis dasaSveb gamourecxav siCqares Soris, gviCvenebs karg Tanxvedras eqs-

perimentul da savele dakvirvebebs Soris. 

sakvanZo sityvebi: arabmuli niadagebi, msgavsebis Teoria, niadagis ero-

zia, niadagis eroziis modelireba. 
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uak 627.521.1 

md. rionis wyalgamyofi hidrokvanZis qveda biefis ngrevis mizezebi 

da sareabilitacio RonisZiebebi.  

S. gagoSiZe, i. qadaria, i. saRinaZe,m. kodua, i. mosavliZe // hidroinJine-

ria, # 1-2(27-28), 2019, gv. 57-66.   

reziume: naSromi eZRvneba qalaq foTTan, mdinare rionze agebuli 

wyalgamyofi hidrokvanZis kaSxlis qveda biefis ngrevis mizezebis gamokv-

levas. naCvenebia, rom es ngrevebi ganapiroba ara mSeneblobis xarisxma, ara-

med hidrokvanZis daproeqtebisas sxvadasxva periodSi qveda biefis reabi-

litaciis mizniT gatarebul RonisZiebaTa hidravlikuri gaangariSebebisas 

daSvebulma uzustobebma. dabalzRrubliani kaSxlebis biefebis SeuRlebis 

Wavlur Teoriaze dayrdnobiT, naSromSi SemoTavazebulia md. rionis wyal-

gamyofi kaSxlis dangreuli qveda biefis reabilitacia-rekonstruqciis 

gza, romelic kapitalurad daicavs kaSxlis qveda biefs gamorecxvebisa da 

ngrevebisgan.  

sakvanZo sityvebi: qveda biefi, wyalgamyofi hidrokvanZi, talRa, reabi-

litacia. 

 

 

uak 626.02 

wyalqveSa dabetoneba.  

a. axvlediani, a. gogolaZe, g. axvlediani, i. gogolaZe // hidroinJineria, 

# 1-2(27-28), 2019, gv. 67-78.  

reziume: wyalqveSa dabetoneba ewodeba betonis Cawyobas wylis qveS 

zRudarebis mowyobisa da wyalqcevis gareSe. wyalqveSa dabetoneba xorci-

eldeba nagebobebis mSeneblobis, rekonstruqciisa da nagebobebis remontis 

dros, kldovan gruntebSi gaWrili WaburRilis garsis gamagrebisas, sa-

Zirkvlis gasworebisas, rkinabetonis konstruqciebis carieli adgilebis 

Sesavsebad da qveda ximinjebis mowyobis dros. 

sakvanZo sityvebi: yalibi, wyalqveSa dabetoneba, ineqciuri meTodi, hid-

rovibraciuli meTodi. 
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uak 628.1 

wylis miwodebis uzrunvelyofis sididis SefasebisaTvis. 

m. nacvliSvili, n. nacvliSvili // hidroinJineria, # 1-2(27-28), 2019,  

gv. 79-82.  

reziume: ganxilulia wylis miwodebis Siga sistemebi, romlebic aRWur-

vilia mniSvnelovnad gansxvavebuli hidravlikuri maxasiaTeblebis mqone 

wyaldamxarji xelsawyoebiT. am sistemebis Seuferxebeli funqcionirebi-

saTvis saWiroa Catardes mtyunebaTa xangrZlivobis Sefaseba da wylis mi-

wodebis uzrunvelyofis donis SerCeva. 

sakvanZo sityvebi: wylis miwodebis uzrunvelyofa, wyaldamxarji xel-

sawyoebi, xelsawyoTa erTeulovani xarjebi, hidravlikuri maxasiaTeblebi, 

Seuferxebeli funqcionireba, erTjeradi darRvevebi, mniSvnelovnobis done-

ebi, mtyunebaTa xangrZlivoba. 

 
uak 628.1 

wyaldamxarj xelsawyoTa erTeulovani xarjebis Sefaseba. 

m. nacvliSvili, n. nacvliSvili // hidroinJineria, # 1-2(27-28), 2019,  

gv. 83-86.  

reziume: ganxilulia obieqtebis wyalsadenebis sistemebi, romelTa Seu-

ferxebeli funqcionirebisaTvis didi mniSvneloba aqvs wyalsadenis gamana-

wilebeli qselis ubnebze dayenebul wyaldamxarji xelsawyoebis erTeulovani 

xarjebis sididis gansazRvris xerxisSerCevas. 

sakvanZo sityvebi: wyaldamxarji xelsawyoebi, xelsawyoTa erTeulovani 

xarjebi, hidravlikuri maxasiaTeblebi, Seuferxebeli funqcionireba, erTje-

radi mtyunebebi. 

 

uak 627.5 

gemebidan sazRvao garemos dabinZurebis aRkveTa.  

a. sayvareliZe // hidroinJineria, # 1-2(27-28), 2019, gv. 87-95.  

reziume: saerTaSoriso konvencia gemebidan sazRvao garemos dabinZure-

bis Sesaxeb Seicavs RonisZiebebs da wesebs, romlebic mimarTulia gemebidan 

dabinZurebis aRkveTisa da minimizaciisaken.  
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navTobiT dabinZurebis aRkveTis wesebi (ZalaSi Sevida 02.10.1983 w.) moi-

cavs eqspluataciiT gamowveuli dabinZurebis da SemTxveviT navTobis daRv-

riT gamowveuli dabinZurebis aRkveTis RonisZiebebs. 1992 wlis SesworebiT 

aucilebeli gaxda navTobis tankerebis aRWurva ormagi korpusiT. SemuSavda 

specialuri grafiki tankerebis aRWurvis. 

mavne Txevadi nivTierebebiT dabinZurebis aRkveTis wesebSi (2.10.1983 w.) 

detalurad aris mocemuli momSxamavi Txevadi nivTirebebis CayriT zRvis 

dabinZurebis sawinaaRmdego RonisZiebebis kriteriumebi. yvela SemTxvevaSi 

akrZalulia narCenebis Cayra zRvaSi uaxloesi napiridan 12 milze nakleb 

manZilze. 

mavne nivTierebebiT dabinZurebis SemTxvevaSi (romlebic gadaqvT Se-

fuTuli formiT) aRmkveTi RonisZiebebi (ZalaSia 01.07. 1992w.) moicavs zogad 

moTxovnebs SesafuTi masalebis Sesaxeb, markirebaze, dokumentaciaze, gan-

Tavsebaze, ricxobriv SezRudvebze, gamoricxvasa da Setyobinebaze. 

Camdinare wylebiT dabinZurebis aRmkveTi wesebi (ZalaSia 27.09.2003 w.) 

moicavs moTxovnas Camdinare wylebiT dabinZurebis kontrolis Sesaxeb. 

Camdinare wylebis CaRvra zRvaSi akrZalulia, garda im SemTxvevisa, roca 

gemze saeqspluataciod damtkicebulia sadguri Camdinare wylebis gawmendi-

saTvis. gemebidan nagvis CayriT gamowveuli dabinZurebis aRkveTis wesebi (Za-

laSi Sevida 31.12. 1988 w.) exeba sxvadasxva saxis nagavs. wesebSi miTiTebulia 

napiridan Cayris adgilis daSoreba da utilizaciis xerxebi. am wesebSi yve-

laze mTvaria sruli akrZalva zRvaSi yvela saxis plastmasis Cayraze. 

gemebidan haeris dabinZurebis aRkveTis wesebi (ZalaSia 19.06. 2005 w.) 

adgens SezRudvebs gogirdis oqsidisa da azotis oqsidis gamonabolqvze. 

akrZalulia ozonis gamanadgurebeli nivTirebebis gamoyofa haerSi. 

2011 wels wesebs daemata Tavi, romelic aucilebels xdis gemebis ener-

goefeqturobis asamaRleblad teqnikur da saeqspluatacio RonisZiebebs ge-

mebidan sasaTbure gazebis gamoyofaze.  

sakvanZo sityvebi: konvencia; aRkveTis wesebi, navTobis tankeri; mavne 

nivTierebebi, Camdinare wylebi, akrZalva, ozoni, nivTiereba, zRva, gemi.   
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uak 627.5 

msoflio portebis ganviTarebis tendenciebi da perspeqtivebi. 

a. sayvareliZe // hidroinJineria, # 1-2(27-28), 2019, gv. 96-103.  

reziume: statiaSi ganxilulia sazRvao portebis ganviTareba retros-

peqtivaSi da maTi Semdgomi perspeqtivebi. msoflios 20 udidesi portis da 

sakonteinero operatorebis muSaobis analizma (2015 w.) aCvena, rom maTi 

mTliani tvirTbrunva SedarebiT dabalia msoflio ekonomikis da vaWrobis 

zrdis maCvenebelze. tvirTbrunvis Semcireba aRiniSneboda msoflios Svid 

udides portSi (6 maTgani CineTSia ganlagebuli) da eqvs sakonteinero udi-

des terminalSi (2 Cinuria). gaeros prognoziT 2017÷2022 ww. periodSi sat-

virTo gadazidvebis saSualo wliuri mateba iqneba 3.2%. gadazidvebis zrda 

mosalodnelia yvela seqtorSi, maT Soris yvelaze dinamikuri zrda iqneba 

sakonteinero (5,0%) da mSrali tvirTebis (5.6%) gadazidvebSi. 

sakvanZo sityvebi: msoflio ekonomika, msoflio vaWroba, sazRvao 

transporti, sazRvao porti, saerTaSoriso sazRvao gadazidvebi, portis 

tvirTbrunva. 

 

 

uak 697.1 (0.753) 

SenobaTa energoefeqturi cxeli wyalmomaragebis sistemebi. 

m. grZeliSvili, a. kopaliani // hidroinJineria, # 1-2(27-28), 2019,  

gv. 104-111.  

reziume: statiaSi ganxilulia SenobaTa cxeli wyalmomarageba ganaxle-

badi energiis bazaze. ganxilulia wylis gacxeleba mzis batareebisa da Se-

sabamisad moculobiTi akumulirebadi eleqtrowyalgamacxeleblebis saSua-

lebiT da cxeli wylis Tburi tumboebiT. Seswavlilia wylis gacxelebis 

pirobebi saventilacio gamonabolqvebidan Tburi energiიs utilizaciiT, da-

muSavebulia binis ventilaciisa da cxeli wyalmomaragebis erTiani sistema.  

sakvanZo sityvebi: Tburi energia, cxeli wyali, mzis Tbomomarageba, 

Tburi tumbo, ventilacia, energoefeqturoba, ganaxlebadi energia, ganawi-

lebuli generacia. 
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uak 693.54 

betonis deformaciis gamokvleva holografiuli interferometriis 

meTodiT.  

g. dalaqiSvili, k. xazalia, c. giorgaZe, o. sajaia, g. TurmaniZe // hid-

roinJineria, # 1-2(27-28), 2019, gv. 112-118. 

reziume: Tanamedrove kaSxalmSeneblobaSi mniSvnelovani roli eniWeba 

betonis samuSaoebis intensifikacias, rac damatebiT moTxovnebs uyenebs 

proeqtantebs nagebobis konstruqciuli elementebis (seqciebi, blokebi) pa-

rametrebis (moculobis) gazrdis TvalsazrisiT, gamsxvilebuli blokebi 

arTulebs betonis masivis Termoregulirebis process da zrdis temperatu-

ruli bzarwarmoqmnis risks. amdenad, mniSvnelovania betonis gamyarebis 

adreul stadiaze Seklebisa da bzarmedegobis procesis Seswavla. gamosakv-

levia is faqtorebi da dinamika, romelTa gaTvaliswineba aucilebelia be-

tonis samuSaoTa teqnikuri pirobebis SesamuSaveblad da SemdgomSi praq-

tikaSi dasanergad, Seklebisa da bzarmedegobis procesis minimumamde dasay-

vanad holografiuli interferometriis meTodis gamoyenebiT.  

sakvanZo sityvebi:  holografia; interferometria; betoni; bzarmedegoba; 

lazeri; deformacia; diagnostika; Sekleba. 
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SUMMARIES 
 

 

UDC 628.3 

THE CALCULATION OF WATER PIPES IS MAINLY ABOUT THERMAL PROPERTIES 

AND ISSUES OF HEAT TRANSFER.THE THERMAL RESOURCES OF WATER ARE DETER-

MINED BY ITS TEMPERATURE.  

L. Klimiashvili, K. Gordeziani, G. Soselia, A. Bagration-Davitashvili // Hydroengineering, 

#1-2(27-28), 2019, с. 6-14. 

Summary: The temperature of ground-water sources is almost always stable and fluctuations 

in its temperature vary within 50-100C.To the transport of water pipe over the surface of the earth, 

must be used the pipe. which is capable of maximizing the heat transfer by the environment.The 

following calculation formulas allow you to determine the temperature of the water in the pipe-line 

compared to the movement of flows, given the simple conditions during the thermal calculation. 

Key words: water heat resources; temperature of sources; friction; water flow; temperature; 

heat transfer; thermal resistance; changebility of temperature in pipes. 

 

UDC 628.4 

CALCULATION OF SANITARY PROTECTION ZONES.  

L. Klimiashvili, K. Gordeziani, A. Bagration-Davitashvili, G. Soselia // Hydroengineering, 

#1-2(27-28), 2019, с. 15-20. 

Summary: There is revieued report on Sanitary Protection Zones is reviewed by the 

Parliament's normative act in the field of environmental protection (Tbilisi 2000), and according to 

the Water Law of Georgia (Section II, Chapter II, Article 21). According to hydrogeological 

features of ground-water, which should be considered during analysis of test-filtration results of the 

works and defining main hydrogeological parameters. The calculation is carried out by E. Minkin, 

N. Lapshin and A. Oradanovskaia’s methodology, based on the sanitary - hydrogeological 

parameters. Based on the above-mentioned, we consider it appropriate to use the calculation in 

engineering practice. 

Key words: sanitary protection zones, test-filtration works, determination of hydrogeological 

parameters, type of hydrogeological conditions, natural flow of underground waters, water intake. 
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UDC 691.175.5/.8 

 539.422.52 

ASPECTS OF COMPOSITE MATERIAL.  

L. Klimiashvili, D. Gurgenidze, A. Chikovani // Hydroengineering, #1-2(27-28), 2019,  

с. 21-29. 

Summary: The word composition is derived from English composite, it has the explanation. 

First of all it marks the "mixture" and "compilation" in the other. Composite material is a mixture 

consisting of two or more materials. "Composite material" means not only a multi-phase structure, 

but also a technology of merging the components. 

Key words: composite; matrix; phase; fiber; polymer; thermoreactive; thermoplastic; struc-

ture; anisotropy; preprague; aprt. 

 

 

UDC 556.537 

MODELING AS A METHOD FOR STUDYING EROSION.  

I. Inashvili, A. Bagration-Davitashvili, I. Klimiashvili, V. Khorava // Hydroengineering, 

#1-2(27-28), 2019, с. 30-36. 

Summary: Modeling is one of the main methods of studying the surroundings reality and a 

tool in scientific and practical human activities. Among the types of physical modeling in erosion, 

modeling using physically similar models belonging to the category of hydraulic modeling, the 

principles of which are quite well developed has become widespread. In hydraulic modeling must 

satisfy the conditions of geometric, kinematic and dynamic similarity. In erosion studies, 

predominantly functional Math models are common, among which the largest groups are so-called 

washout models, or erosion losses. Currently, the number of mathematical models of soil erosion 

losses of various types developed in the world are measured in many dozens and continue to 

increase. For erosion studies water erosion, as a process, geoinformation technologies are the most 

effective tools for research and evaluation, forecast and justification of management decisions. 

Key words: modeling of erosion; physical modeling; hydraulic modeling; Math modeling. 
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UDC 628.312.1 

STUDY OF THE RELAXATION VELOSITY OF SUSPENDED PARTICLES IN LIQUID 

FLOW.  

I. Inashvili, I. Denisova // Hydroengineering, #1-2(27-28), 2019, с. 37-43. 

Summary:The article deals the motion of particles in liquid flow with the velocity different 

from the flow velocity. As a result of the study, based on Newton's second law and taking into 

account the physical characteristics of particles and liquids under laminar conditions, an equation of 

dependence of the particle relaxation velocity on time have been determined.Also, equation for 

calculating the distance passed by the particle to achieve the flow velocity have been obtained. 

Key words: suspended particles; relaxation velocity; laminar flow; flow velocity. 
 

 

UDC 556.537 

WATER EROSION PROCESSES IN GEORGIA.  

A. Bagration-Davitashvili, I. Inashvili,I. Klimiashvili, V. Khorava // Hydroengineering, 

#1-2(27-28), 2019, с. 44-50. 

Summary: Georgia belongs to the countries, where the erosive processes are widespread and 

dangerous. According to the intensity of soil-erosive processes, the territory of Georgia can be 

divided into the 5 districts. In terms of the development of erosive processes, the situation is 

especially difficult in Upper Imereti, Adjara, Svaneti and other highlands of Georgia. On eroded 

lands the main damage to soil erosion brings agriculture. From the theoretical and applied points of 

view there are very interesting the changes in erosion factors associated with existing climate 

changes, as well as with technogenic impacts on components of the erosion geosystem. 

Qualitatively new opportunities in research, modeling and technologies to optimize the use of 

erosion dangerous lands are opened by modern geo-information systems (GIS) used in many 

spheres of human activity, but are not yet sufficiently used in erosion research. 

Key words: water erosion; eroded lands; soil degradation; geo-information technologies. 

 
UDC 556.537 

MODELING OF WASHING-OUT OF NON-CONVERSE SOILS.  

A. Bagration-Davitashvili, I. Inashvili, *L. Dzienis, V. Khorava // Hydroengineering,  

#1-2(27-28), 2019, с. 51-56. 

Summary: Laboratory data are more often used to predict the onset of channel deformation, 

mainly due to the difficulty of performing full-scale studies. In addition, the results of field studies 
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are not always reliable and in terms of accuracy they are not so rarely inferior to laboratory ones 

based on the theory of similarity. 

Comparison of observational speeds for cohesive soils in full-scale and laboratory conditions 

shows, that the scouring speeds established by the erosion of samples (fragments) of undisturbed addi-

tion under laboratory conditions are significantly higher, than those for the same soils recorded in 

nature. 

The Model, that describes relationship between eroding and non-blurring permissible flow 

rates show good convergence between experimental and of field observations. 

Key words: non-converse soils; theory of similarity; soil erosion; modeling of soil erosion. 

 

 

UDC 627.521.1 

CAUSES OF DESTRUCTION OF THE DOWNSTREM POOL OF THE RIONI WATER 

DIVIDING DAM AND THE WAYS OF ITS REHABILITATION.  

Sh. Gagoshidze, I. Kadaria, I. Saghinadze, M. Kodua, I. Mosavlidze // Hydroengineering, 

#1-2(27-28), 2019, с. 57-66. 

Summary: There is investigated the causes of the destruction and erosion of the downstream 

pool of the water dividing dam erected on the Rioni river near the sea city of Poti in 1959. It is 

shown, that the destruction was caused not by the quality of construction, but by the errors in 

hydraulic calculations during the design and implementation of rehabilitation measures.On the basis 

of the theory of jets and conjiugation of pools, the construction of capital rehabilitation of the 

downstream wall is proposed. 

Key words: downstream, water-dividing dam, wave, rehabilitation. 

 

 

UDC 626.02 

UNDERWATER CONCRETING.  

A. Akhvlediani, A. Gogoladze, G. Akhvlediani, I. Gogoladze // Hydroengineering,  

#1-2(27-28), 2019, с. 67-78. 

Summary: Underwater concreting is the laying of concrete under water without assembling 

jumpers and performing of drainage works.Underwater concreting is used in construction, 

reconstruction and repair of structures,fixing of shells in wells drilled in rocky soils, leveling bases, 

filling hollow reinforced concrete structures and at the assembling of low piles. 

Key words: form of work, underwater concreting, injection method, hydro-vibration method 
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UDC 628.1 

ASSESSMENT OF THE SIZE OF WATER-SUPPLY PROVISION. 

M. Natsvlishvili, A. Natsvlishvili // Hydroengineering, #1-2(27-28), 2019, с. 79-82. 

Summary: The systems of spraying water were reviewed, which are equipped with water 

devices, that significantly have different hydraulic characteristic. For uninterrupted functioning of 

these systems, it is necessary to be assessed the evaluation of failure duration and the selection of 

water-spraying level. 

Key words: water supply; water-folding device; unitary flow rate of equipmen;, hydraulic 

characteristics; uninterrupted functionality; single disorders; significant levels; duration of failure. 

 

UDC 628.1 

ASSESSMENT OF UNILATERAL FLOW RATE OF WATER UTILITY EQUIPMENT. 

M. Natsvlishvili, N. Natsvlishvili // Hydroengineering, #1-2(27-28), 2019, с. 83-86. 

Summary: There are considered the objects of water pipe-line systems for the uninterrupted 

functioning, which is important to select the method of determining the amount of unilateral 

expenditures of the water surplus equipment installed on the water-supply distribution networks. 

key words: water-folding devices; unitary flow rate of equipment; hydraulic characteristics; 

uninterrupted function; single Failures 
 

UDC 627.5 

PREVENTION OF POLLUTION OF THE MARINE ENVIRONMENT BY SHIPS. 

A. Sakvarelidze // Hydroengineering, #1-2(27-28), 2019, с. 87-95. 

Summary: The Imternational Convection covering prevention of pollution of the marine 

environment by ships from operational, or accidental causes. 

Regulations for the prevention of pollution by oil (entered into force 02/10/ 1983) covers 

prevention of pollution by oil from operational measures, as well as from accidental discharges; the 

1992 amendments to Anex I made it mandatory for new oil tankers to have double hulls. 

Regulations for the control of pollution by Noxious Liquid Substances in bulk (entered into 

force 02/10/ 1983) details the diccharge criteria and measures for the control of pollution by 

noxious liquid substances carried in bulk. 

In any case no discharge of residues containing noxious substances is permitted within 12 

miles of the nearest land. 

Provention of pollution by harmful gabstaces carried by sea in packaged form (entered into 
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force 01/07/ 1992) contains general requrements for the issuing of detailed standards on packing, 

marking, labeling, documentation, stowage, quantity limitation, exception and notification. 

Prevention of pollution by sewage from ships (entered into force 27/09/ 2003) contains re-

qurements to control pollution into the sea which is prohibited, except when the ship is in operation. 

Prevention of pollution by garbage from ships (entered into force 31/12/ 1988) deals with 

different types of garbage and the manner, in which they may be disposed of the most impotant 

feature of the is the complete ban imposed on the disposal into the sea of oll forms of plastics. 

Provention of air pollution from ship (entered into force 19/05/ 2005) sets limits on sulphur 

oxide and nitrogen oxide emissions from ship exhausts and prohibits deliberate emissions of ozome 

depleting substances. 

The chapter adopted in 2011 covers mandatory technical and operational energy efficiency 

measures aimid at reducing greenhouse gas emissions from ships. 

Key words: provention of air pollution; oil tankers; noxious liquid substances; carried in 

bulk; pollution by sewage; ship; sea; ozone depleting substances. 
 

 

UDC 627.5 

TRENDS AND PERSPECTIVS FOR THE DEVELOPMENT OF PORTS.  

A. Sakvarelidze // Hydroengineering, #1-2(27-28), 2019, с. 96-103. 

Summary: There is discussed the development of ports in retrospect and their future 

prospects. Analisis of activities of the twenty largest ports of the world and container operators in 

2015 showed, that the rate of their overall and container turnover are below the rate of the world 

economy and trade growth. Reduction in turnover is noted in the seven largest ports of the world 

(six of which are in China) and six container terminals (two of them are China). The Forecast 

UNCTAD allows to build a positive forecast regarding the pace of development of the port industry 

of the world. 

According to UNCTAD forecast average global growth (2017÷2022) yars) rate of ports 

turnover 3.2% per year, including containers – 5.0%, and dry cargo – 5.6%. 

Key words: world economy, international trade, maritime transport, seaport, international 

maritime transportation, port cargo turnover. 
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UDC 697.1 (0.753) 

SYSTEM FOR EFFECTIVE ENERGY TRANSFER WHILE SUPPLYING BUILDING 

WITH HOT WATER.  

M. Grdzelishvili, A. Kopaliani // Hydroengineering, #1-2(27-28), 2019, с. 104-111. 

Summary: There are reviewed methods and description of supplying a building with hot 

water using renewable energy. Also, how to prepare hot water with solar batteries, accumulative 

heaters and fuel pumps. 

The conditions for heating water from ventilation exhausts have been studied. The unified 

ventilation system of the apartment and hot water supply has been processed through the utilization 

of thermal energy 

Key words: heat energy; hot water; solar thermal power; heat pump; ventilation; energy 

efficiency; renewable energy; distributed generator. 

 

UDC 693.54 

THE STUDY OF CONCRETE DEFORMATION BY HOLOGRAPHIC INTERFEROMETRY.  

G. Dalakhishvili, K. Khazalia, Ts. Giorgadze, O. Sadjaia, G. Turmanidze // Hydroengine-

ering, #1-2(27-28), 2019, с. 112-118. 

Summary: There are reviewed experimental researches in hydroelectric construction, speci-

fically such a long processes, which are shrinkage and cracking. Research was conducted by 

indestructible method using holographic interferometer. This method allows opportunity to manu-

facture monitoring and diagnostics in concrete dams. There is given the overview of relevant 

literature and experimental data. 

Key words: holography; interferometry; crack resistance; laser; deformation; diagnostics; 

shrinkage. 
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РЕФЕРАТЫ 
 

 

УДК 628.3 

РАСЧЕТ ВОДОПРОВОДНЫХ ТРУБ В ОСНОВНОМ О ТЕПЛОВЫХ СВОЙСТВАХ И 

ВОПРОСАХ ТЕПЛООТДАЧИ ТЕПЛОВЫЕ РЕСУРСЫ ВОДЫ ОПРЕДЕЛЯЮТСЯ ЕЕ 

ТЕМПЕРАТУРОЙ.  

Климиашвили Л.Д., Гордезиани К.Г. , Соселиа Г.А., Багратион-Давиташвили А.Н. 

// Гидроинженерия, #1-2(27-28), 2019, с. 6-14. 

Резюме: Температура источников подземных вод почти всегда устойчива, и колебания 

ее температуры изменяются в пределах 5-10°C. Для транспортировки водопроводной трубы 

по поверхности земли труба должна использоваться, насколько это возможно, с учетом 

теплосмены атмосферы воздуха. Приведенные ниже расчетные формулы позволяют опре-

делить температуру воды в трубопроводе по сравнению с движением потоков, учитывая 

простые условия при проведении теплового расчета. 

Ключевые слова: водно-тепловые ресурсы; поток воды; температура источников; 

трение; термическое сопротивление; температура; теплопередача.  

 

УДК 628.4 

ОТЧЕТ О САНИТАРНО-ЗАЩИТНЫХ ЗОНАХ.  

Климиашвили Л.Д., Гордезиани К.Г., Багратион-Давиташвили А.Н., Соселиа Г.А. 

// Гидроинженерия, #1-2(27-28), 2019, с. 15-20.  

Резюме: Рассмотрен отчет о санитарно -защитных зонах в соответствии с нормативным 

актом Парламента Грузии в области охраны окружающей среды (Тбилиси, 2000 г.), «Закон 

Грузии о воде» (Раздел II, Глава II, Статья 21). На основании гидрогеологических особеннос-

тей подземных вод, с учетом анализа результатов опытно-фильтрационных работ и опреде-

ления основных гидрогеологических параметров. Расчет сделан по методике Э. Минкина, Н. 

Лапшина и А. Орадовской на основании санитарно-гидрогеологических параметров области 

исследования. Исходя из вышеизложенного, считаем целесообразным использовать предс-

тавленный расчет в инженерной практике.  
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Ключевые слова: санитарно-защитные зоны, опытно-фильтрационные работы, опре-

деление гидрогеологических параметров, типология гидрогеологических условий, естествен-

ный сток подземных вод, водоприемник. 

 

УДК 691.175.5/.8 

  539.422.52 

АСПЕКТЫ КОМПОЗИЦИОННЫХ МАТЕРИАЛОВ.  

Климиашвили Л.Д., Гургенидзе Д.Г., Чиковани А.Б. // Гидроинженерия, #1-2(27-28), 

2019, с. 21-29. 

Резюме: Слово «композит» происходит от английского слова composite, которое имеет 

два перевода. Во-первых, оно означает «смесъ», а во-вторых, «составной, сложный». Компо-

зиционные материалы представляют собой смесь, состоящую из двух или более материалов. 

Эти материалы могут представлятъ собой керамику, полимер или металл. Понятие «компо-

зиционный материал» подразумевает не только многофазную структуру, но и определенную 

технологию смешения компонентов.  

Ключевые слова: анионотроп; априт; волокно; композит; матрица; полимер; препарат; 

структуры; терморот; теплопластик; фаза. 

 

 

УДК 556.537 

МОДЕЛИРОВАНИЕ КАК МЕТОД ИССЛЕДОВАНИЯ ЭРОЗИИ.  

Инашвили И.Д., Багратион-Давиташвили А.Н., Климиашвили И.Л., Хорава В.Д. // 

Гидроинженерия, #1-2(27-28), 2019, с. 30-36. 

Резюме: Моделирование является одним из основных методов изучения окружающей 

действительности и инструментом научной и практической деятельности человека. Среди 

типов физического моделирования эрозии моделирование с использованием физически 

сходных моделей, относящихся к категории гидравлического моделирования, принципы ко-

торого достаточно хорошо развиты, получили широкое распространение. В гидравлическом 

моделировании должны выполняться условия геометрического, кинематического и динами-

ческого сходства. В настоящее время число разработанных в мире математических моделей 

потерь, вызванных эрозией почв различного типа, измеряется многими десятками и продол-

жает расти. Для исследований водной эрозии как процесса, геоинформационные технологии 
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являются наиболее эффективным инструментом для исследования и оценки, прогнозиро-

вания и обоснования управленческих решений. 

Ключевые слова: гидравлическое моделирование; математическое моделирование; 

моделирование эрозии; физическое моделирование.  

 

УДК 628.312.1 

ИССЛЕДОВАНИЕ СКОРОСТИ РЕЛАКСАЦИИ ВЗВЕШЕННЫХ ЧАСТИЦ В ПОТОКЕ 

ЖИДКОСТИ.  

Инашвили И.Д., Денисова И.А. // Гидроинженерия, #1-2(27-28), 2019, с. 37-43. 

Резюме: В статье описывается движение частиц в потоке жидкости со скоростью, 

отличающейся от скорости потока. В результате проведенного исследования, основываясь на 

втором законе Ньютона и учитывая физические характеристики частиц и жидкости в 

условиях ламинарного режима, было получено уравнение зависимости скорости релаксации 

частиц от времени. Также получено уравнение для расчета пути, пройденного частицей до 

достижения скорости потока. 

Ключевые слова: взвешенные частицы; ламинарный режим; скорость релаксации; 

скорость потока. 

 

УДК 556.537 

ПРОЦЕССЫ ВОДНОЙ ЭРОЗИИ В ГРУЗИИ.  

Багратион-Давиташвили А.Н., Инашвили И.Д., Климиашвили И.Л.,  

Хорава В.Д. // Гидроинженерия, #1-2(27-28), 2019, с. 44-50. 

Резюме: Водная эрозия является одной из основных экологических и экономических 

проблем, которые определяют национальную безопасность многих стран. Грузия относится к 

странам, где эрозионные процессы широко распространены и опасны. По интенсивности 

почвенно-эрозионных процессов территорию Грузии можно разделить на 5 районов. С точки 

зрения развития эрозионных процессов ситуация особенно сложна в Верхней Имеретии, 

Аджарии, Сванетии и других высокогорных районах Грузии. На эродированных землях 

основной ущерб эрозии почвы наносит сельское хозяйство. С теоретической и прикладной 

точек зрения очень интересны изменения факторов эрозии, связанные с существующими 

изменениями климата, а также с техногенным воздействием на компоненты эрозионной гео-

системы. Качественно новые возможности в исследованиях, моделировании и технологиях 

оптимизации использования опасных для эрозии земель открываются современными 
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геоинформационными системами (ГИС), используемыми во многих сферах человеческой 

деятельности, но еще недостаточно используются в исследованиях эрозии. 

Ключевые слова: водная эрозия; геоинформационные технологии; деградация почв; 

эродированные земли. 

 

УДК 556.537 

МОДЕЛИРОВАНИЕ РАЗМЫВА НЕСВЯЗНЫХ ГРУНТОВ.  

Багратион-Давиташвили А.Н., Инашвили И.Д., Дзиенис *Л., Хорава В.Д. // Гидро-

инженерия, #1-2(27-28), 2019, с. 51-56. 

Резюме: Для прогноза начала деформации русел чаще используют лабораторные дан-

ные, в основном из-за трудности выполнения натурных исследований. Кроме того, результа-

ты натурных исследований не всегда надежны, а по точности не так редко уступают 

лабораторным, проведенным на основе теории подобия. 

Сопоставление данных наблюдений размывающих скоростей для связных грунтов в 

натурных и лабораторных условиях показывает, что размывающие скорости, установленные 

размывом образцов (фрагментов) ненарушенного сложения, в лабораторных условиях сущест-

венно превосходят размывающие для этих же грунтов, зафиксированные в условиях натуры. 

Модель, которая описывает взаимосвязь между эродирующими и неразмытыми допус-

тимыми скоростями потока, показывает хорошую сходимость между экспериментальными и 

полевыми наблюдениями. 

Ключевые слова: моделирование эрозии почвы; несвязанные почвы; теория подобия; 

эрозия почвы.  

 

УДК 627.521.1 

ПРИЧИНЫ РАЗРУШЕНИЯ НИЖНЕГО БЬЕФА ПЛОТИНЫ РИОНСКОГО ВОДОДЕ-

ЛИТЕЛЬНОГО ГИДРОУЗЛА И ПУТИ ЕГО РЕАБИЛИТАЦИИ.  

Гагошидзе Ш.Н., Кадария Ю.Р., Сагинадзе И.C., Кодуа М.А., Мосавлидзе И.Г. // 

Гидроинженерия, #1-2(27-28), 2019, с. 57-66. 

Резюме: В работе исследуются причины разрушения и размыва нижнего бьефа водо-

разделительной плотины, построенной на реке Риони около морского города Поти в 1959 

году. Показано, что эти разрушения были вызваны не качеством строительства, а ошибками, 

допущенными в гидравлических расчетах при проектировании и реализации реабилитацион-
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ных мероприятий. На основе теории струй и сопряжения бьефов предлагается конструкция 

капитальной реабилитации нижнего бьефа этого сооружения. 

Ключевые слова: водораздельный гидроузел; волна; нижний бьеф; реабилитация. 

 

УДК 626.02 

ПОДВОДНОЕ БЕТОНИРОВАНИЕ.  

Ахвледиани А.В., Гоголадзе А.Ш., Ахвледиани Г.А., Гоголадзе И.А. // Гидроин-

женерия, #1-2(27-28), 2019, с. 67-78. 

Резюме: В работе представлены современные методы подводного бетонирования в 

процессе гидроинженерного строительства. Представлены схемы подводного бетонирова-

ния; бетонирование способом вертикально перемещающейся трубы восходящим раствором, 

укладка бетонной смеси кюбелями; втрамбовывание бетонной смеси, укладка бетона в меш-

ках, инъекционные и гидровибрационные методы. 

В работе также рассматривается, каким требованиям должна удовлетворять бетонная сме-

сь для подводного бетонирования и какова при этом последовательность выполнения работ. 

Клучевые слова: гидровибрационный метод; инъекционный метод; опалубка; подвод-

ное бетонирование.  

 

УДК 628.1 

К ОЦЕНКЕ ВЕЛИЧИНЫ ОБЕСПЕЧЕННОСТИ ПОДАЧИ ВОДЫ.  

Нацвлишвили М.Н., Нацвлишвили Н.В. // Гидроинженерия, #1-2(27-28), 2019,  

с. 79-82. 

Резюме: Рассмотрены внутренние системы подачи воды, оборудованные приборами 

разбора воды значительно различающимися гидравлическими характеристиками. Для беспе-

ребойного функционирования этих систем необходимо произвести оценку длительности 

отказов и выбор уровня обеспеченности подачи воды. 

Ключевые слова: бесперебойное функционирование; гидравлические характеристики; 

единичные расходы приборов; обеспеченность подачи воды; одноразовые отказы; продолжи-

тельность отказов; приборы разбора воды; уровни значимости.  
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УДК 628.1 

ОЦЕНКА ЕДИНИЧНЫХ РАСХОДОВ ВОДОРАЗБОРНЫХ ПРИБОРОВ.  

Нацвлишвили М.А., Нацвлишвили А.А. // Гидроинженерия, #1-2(27-28), 2019,  

с. 83-86. 

Резьюме: Рассмотрены системы водопроводов объектов для бесперебойного функцио-

нирования которых имеет большое значение выбор способа определения величин единичных 

расходов водоразборных приборов, установленных на участках распределительных сетей 

водопроводов. 

Ключевые слова: бесперебойное функционирование; гидравлические характеристики; 

единичные расходы приборов; одноразовые отказы; приборы разбора воды.  

 

УДК 627.5 

ПРЕДОТВРАЩЕНИЕ ЗАГРЯЗНЕНИЯ МОРСКОЙ СРЕДЫ С СУДОВ. 

Сакварелидзе А.В. // Гидроинженерия, #1-2(27-28), 2019, с. 87-95. 

Резюме: Международная конвенция по предотвращению загрязнения с судов включает 

правила, направленные на предотвращение и минимизацию загрязнения с судов как случай-

ного загрязнения, так и загрязнения от обычных операций.  

Правила предотвращения загрязнения нефтью (вступило в силу 02.10.1983г.) охваты-

вает предотвращение загрязнения нефтью от эксплуатационных мер, а также от случайных 

сбросов. Поправки 1992 г. сделали обязательными, чтобы новые нефтяные танкеры имели 

двойные корпуса и ввести график постоянного ввода в эксплуатацию.  

Правила контроля за загрязнениями вредными жидкими веществами (вступили в силу 

02.10.1983г.) детализируют критерий сброса и меры по контролю загрязнениями ядовитыми 

веществами, перевозимыми навалом.  

В любом случае не допускается сброс остатков, содержащих вредные вещества в 12 

милях от ближайшей земли. 

Правила предотвращения загрязнения вредными веществами морем в упакованной 

форме (вступили в силу 01.07.1991г.) содержат общие требования к выпуску подробных 

стандартов на упаковку, маркировку, документацию, размещение, количественные ограни-

чения, исключения и уведомления (правила вступили в силу 27.09.2003г.), содержат требо-

вания по контролю загрязнения моря сточными водами. Сброс сточных вод в море запрещён, 

за исключением случаев, когда на судне эксплуатируется утвердждённая станция очистки 

сточных вод. 
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Правила предотвращения загрязнения мусором с судов (вступили в силу 31.12.1988г.) 

имеют дело с различным видом мусора и указывают расстояние от земли и способ, которым 

они могут быть утилизированы. Наиболее важной особенностью является полный запрет на 

сброс в море всех видов пластмасс. 

Правила предотвращения загрязнения воздуха с судов (вступили в силу 16.06.2005г.) 

устанавливают ограничения на выбросы оксида серы и оксида азота от выхлопных газов и 

запрещают преднамеренные выбросы озоноразрушающих веществ. 

Глава, принятая в 2011 году, охватывает обязательные технические и эксплуатацион-

ные меры по повышению энергоэффективности, направленные на сокращение выбросов 

парниковых газов с судов. 

Клучевые слова: вредные вещества; загрязнение нефтью; море; озоноразрушающие 

вещества; полный запрет; правила предотвращения; сточные воды; судно; танкеры.  

 

УДК 627.5 

ТЕНДЕНЦИИ И ПЕРСПЕКТИВЫ РАЗВИТИЯ ПОРТОВ МИРА.  

Сакварелидзе А.В. // Гидроинженерия, #1-2(27-28), 2019, с. 96-103. 

Резюме: В статье изучено развитие морских портов в ретроспективе и их дальнейшие 

перспективы. Анализ деятельности 20 крупнейших портов мира и контейнерных операторов 

в 2015 г. показал: темпы общего грузооборота и контейнерооборота ниже темпов роста ми-

ровой экономики и торговли. Сокращение грузооборота отмечается в семи крупнейших пор-

тах мира (шесть из них расположены в Китае) и шести контейнерных терминалах (два из них 

китайские). 

Прогноз ИНСТАД позволяет строить положительный прогноз в отношении темпов 

развития портовой отрасли мира. 

По прогнозу ИНСТАД среднемировые темпы роста грузооборота портов в 

2017÷2022г.г. будут 3,2% в году. Рост перевозок ожидается во всех секторах, в том числе: 

рост контейнерных перевозок 5,0%, а сухих массовых грузов - 5,6%.  

Клучевые слова: грузооборот порта; международные морские перевозки; мировая 

экономика; мировая торговля; морской порт; морской транспорт.  
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УДК 697.1 (0.753) 

СИСТЕМЫ ЭНЕРГОЭФФЕКТИВНОГО ГОРЯЧЕГО ВОДОСНАБЖЕНИЯ ЗДАНИЙ. 

Грдзелишвили М.В, Копалиани А.Дж. // Гидроинженерия, #1-2(27-28), 2019,  

с. 104-111. 

Резюме: В статье рассматривается горячее водоснабжение зданий на базе возобновляе-

мой энергии. Рассмотрено приготовление горячей воды солнечными батареями и соот-

ветственно объемно-аккумулирующими водонагревателями и тепловыми насосами. Изучены 

условия нагрева воды с утилизацией тепла вентиляционных выхлопов, разработана единая 

система вентиляции и горячего водоснабжения. 

Ключевые слова: вентиляция; возобновляемая энергия; горячая вода; распределенная 

генерация; солнечная тепловая энергия; тепловая энергия; тепловой насос; энергоэффектив-

ность.  

 

УДК693.54 

ИССЛЕДОВАНИЕ ДЕФОРМАЦИИ БЕТОНА МЕТОДОМ ГОЛОГРАФИЧЕСКОЙ ИН-

ТЕРФЕРОМЕТРИИ.  

Далакишвили Г.Л, Хазалия К.Р, Гиоргадзе Ц.В., Саджаиа О.С., Турманидзе Г.З. // 

Гидроинженерия, #1-2(27-28), 2019, с. 112-118. 

Резюме: Возведение бетонных плотин – наиболее дорогостоящие и трудоемкие про-

цессы в гидротехническом строительстве. Рассмотрена возможность мониторинга и диаг-

ностики в бетонных плотинах при изучении усадки и трещинообразования бетона методом 

голографической интерферометрии. Дан обзор соответствующей литературы и приведены 

экспериментальные данные. 

Ключевые слова: голография; деформация; диагностика; интерферометрия; лазер; 

трещиностойкость; усадка. 
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