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vuZRvni Cems xelmZRvanels, did mecniers,

SesaniSnav pedagogsa da adamians, mravali wlis 

manZilze saqarTvelos teqnikuri universitetis 

�gruntebis meqanikisa da fuZe-saZirkvlebis� 

kaTedris gamges, teqnikur mecnierebaTa doqtors 

profesor guga ilias-Ze  WoxoneliZes.
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reziume

saqarTveloSi bolo 10-15 wlis ganmavlobaSi ganviTarebulma 
ekonomiurma da stiqiurma movlenebma ganapiroba is, rom bolo 
monacemebiT marto Tbilisis regionSi 4000-ze meti Senoba-
nagebobaa avariul mdgomareobaSi, umetesoba swored fuZis 
deformaciiTaa gamowveuli. gamokvlevebma gviCvena, mravali 
Senoba agebulia liosismagvar gruntebze, romlebic Tavis mxriv 
bunebriv pirobebSi sakmaod maRali simtkiciT xasiaTdeba, magram 
wylis moxvedris SemTxvevaSi iZleva jdenebs, Zalian xSirad es 
gruntebi Seicaven wyalSi xsnad marilebs kerZod TabaSirs, 
romelic wyalTan urTierTqmedebisas gamoirecxeba gruntidan da 
iZlevian damatebiT jdenebs. amitom aucilebeli gaxda am 
procesis Seswavla da misi aRmofxvris axali iafi meTodebis 
SemuSaveba.

Seswavlili iqna Tbilis-rusTavis regionSi TabaSirSemcveli 
liosismagvari gruntebis gavrcelebis zonebi. maTi fizikur-
meqanikuri Tvisebebi, TabaSiris zegavlena liosismagvari 
gruntebis Tvisebebze Termuli meTodiT  gamagrebisas. gruntebis 
Tvisebebis Seswavlis mizniT SerCeuli iqna 32@ wertili siadanac 
aRebulia nimuSebi. gruntis Tvisebebis bunebriv pirobebTan 
maqsimalurad miaxloebis mizniT SemuSavda laboratoriul 
pirobebSi nimuSebis damzadebis specialuri teqnologia da 
cdebis msvlelobisas nimuSebze dakvirvebis specialuri meTodi. 
praqtikulad gamoicada zemaRali sixSiris mikrotalRebiT 
gruntebis gamagrebis Termuli meTodi, rogorc laboratoriul 
ise savele pirobebSi.

naSromSi mecnierulad pirveladaa Seswavlili 
TabaSirSemcveli liosismagvari gruntebis Tvisebebis cvlileba 
Termuli meTodiT gamagrebisas. aseve pirveladaa aRwerili, 
damuSavebuli, gamocdili da dapatentebuli Termuli gamagrebis 
axali meTodi.

Sesrulebuli samuSao ganxiluli iqna: saqarTvelos 
teqnikuri universitetis gruntebis meqanikisa da fuZe-
saZirkvlebis kaTedraze. saqarTvelos mecnierebaTa akdemiis 
hidrogeologiisa da sainJirno geologiis institutSi. 
saqarTvelos Tbilisis teqnikuri universitetis studentTa da 
aspirantTa   komferenciaze @2002@ w. Tbilisis profesor-
maswavlebelTa Ria saiubileo samecniero-teqnikur komferenciaze 
@2003 w.

disertaciis Sinaarsi gadmocemulia kompiuterze awyobil   
165 gverdze. igi Seicavs 17 cxrils, da 34 grafikul 
ilustracias. Sedgeba Sesavlisagan, eqvsi Tavisagan da 
citirebuli literaturisagan. literaturis siaSi miTiTebulia  
31 dasaxelebis samecniero publikacia.
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SesavalSi mocemulia da dasabuTebulia disertaciis Temis 
aqtualoba, formulirebulia kvlevis mizani, mecnieruli siaxle, 
samuSaos praqtikuli mniSvneloba, samuSaos Sedegebi da 
aprobacia. 

pirvel TavSi  mimoxilvis saxiT ganxilulia liosismagvari 
gruntebis Tvisebebi da maTi gamagrebis Tanamedrove mdgomareoba. 
mocemulia gruntebis xelovnuri gamagrebis meTodebis 
klasifikacia da Taviseburebani. aRwerilia gruntebis meqanikuri, 
fizikuri, fiziko-qimiuri, qimiuri, organuli da araorganuli 
Semkvreli nivTierebebiT gamagrebis meTodebis arsi, maTi 
dadebiTi da uaryofiTi mxareebi, saimedooba da xanmedegoba.

meore TavSi aRwerilia Tbilis-rusTavis regionSi 
liosismagvari gruntebis gavrceleba da maTi fizikur-meqanikuri 
maCveneblebi. liosiseburi gruntebis gavrcelebis bunebrivi 
pirobebi. aseve maTi granulometruli Sedgeniloba, teqstura 
struqtura, forebis xasiaTi da specifikuri, mxolod maTTvis 
damaxasiaTebeli Tviseba8 dasvelebisas damatebiTi Cajdomadoba.

aqve unda aRiniSnos, rom liosur gruntebs, mravali Sroma 
aqvs miZRvnili da sakmaod kargadaa Seswavlili maTi niSan-
Tvisebebi Tumca isic aRsaniSnavia, rom saqarTveloSi ar 
arsebobs liosismagvari gruntebis erTiani sainJinro-
geologiuri daxasiaTeba,  rac saSualebas mogvcemda 
konkretulad gvemsjela liosi gruntebis simZlavreze, maT 
Cajdomadobaze da sxv. arsebobs mxolod calkeuli Senobebis, 
moednis sainJinro-geologiuri Wrilebi, isini araa im 
raodenobiT, rom maTze dayrdnobiT, aigos romelime raionis 
sainJinro-geologiuri Wrili, ufro metic zogierT ubanze 
Seswavlilia liosismagvari gruntebi da araa gansazRvruli 
maTi Tvisebebi da iseTi saWiro Tviseba, rogoricaa Cajdomadoba.  
rac ufro met yuradRebas da Seswavlas moiTxovs. 

mesame TavSi mocemulia liosismagvar gruntebze agebul 
nagebobaTa eqspluataciis pirobebi, maTi fuZed gamoyenebis 
winaswari Sefaseba.

amave TavSi moyvanilia ramdenime magaliTi TabaSirSemcvel 
liosismagvar gruntebze aSenebul Senobebisa: q. TbilisSi 
sanzonis raionSi yofili magnitogorskis quCaze mdebare 
saswrafo daxmarebis Senoba. q. TbilisSi    q. wamebulis #73-Si 
ganTavsebuli xuTsarTuliani sacxovrebeli saxli da  q. 
rusTavSi gasuli saukunis 70-ian wlebSi agebuli sacxovrebeli 
saxli, romlebmac swored fuZeSi moxvedrili wylis gamo 
ganicades deformacia. gamokvlevebis Semdegad SerCeuli iqna 
gamagrebis meTodi, Seiqmna gamagrebis proeqti da samuSaoebis 
Catarebis Semdeg, ramodenime Tvis manZilze xdeboda Senobebze 
dakvirvebis warmoeba.

meoTxe Tavi eZRvneba liosismagvari gruntebis  gamagrebas, 
zemaRali sixSiris  mikrotalRebis gamoyenebiT. aRwerilia 
zemaRali sixSiris miRebis saSualebebi da praqtikulad 
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gamoyenebis areali, Tvisebebi, dadebiTi da uaryofiTi mxare, misi 
praqtikaSi gamoyenebis rentabeloba.

mexuTe TavSi aRwerilia zemaRali sixSiris mikrotalRebis 
gamoyenebiT liosismagvari gruntebis gamagrebis seriebad 
dayofili eqsperimentuli kvlevis miznebi da Sedegebi, 
dawvrilebiTaa aRwerili SemuSavebuli kvlevis meTodika, 
rogorc daSlili ise dauSleli struqturis gruntebisaTvis. 
amasTan erTad Sedarebis mizniT yvela eqsperimenti Catarebuli 
iqna tradiciuli meTodiTac, rogorc TabaSirian ise uTabaSiro 
gruntebze. dadgenili iqna TabaSiris zegavlena gamagrebuli 
gruntis fiziko-meqanikur Tvisebebze.

meeqvse TavSi mocemulia ZiriTadi daskvnebi da 
rekomendaciebi:

1. saqarTveloSi TabaSirSemcveli liosismagva6i gruntebi 
sakmaodaa gavrcelebuli, gansakuTrebiT aRmosavleT 
saqarTveloSi. bunebriv pirobebSi axasiaTebT maRali 
simtkice da inarCuneben vertihalurad daxril ferdobs,
xolo wylis moxvedris SemTxvevaSi swrafad hkargaven 
simtkices da ganicdian Cajdomas.

2. Tbilis-rusTavis regionSi liosismagvar gruntebSi TabaSiris 
Semcveloba icvleba, rogorc gavrcelebis ise siRrmis 
mixedviT. maTSi TabaSiris raodenoba meryeobs 0-dan 80%-
mde.

3. Tbilis-rusTavis regionSi liosismagvari gruntebi ZiriTadad 
warmodgenili arian msubuqi da saSualo TixnarebiT.
romelTac axasiaTebT moyviTalo-monacrisfro feri da 
TvaliT SesamCnevi makroforebi.

4. liosismagvar gruntebze agebul Senoba-nagebobaTa 
deformaciis ZiriTad mizezs waroadgens, fuZe-gruntebis 
eqspluataciis periodSi wyliT dasveleba.

5. liosismagvari gruntebis gamagrebis sxvadasxva meTodebis 
Sedarebisas SerCeuli iqna Termuli gamagrebis meTodi.
rogorc lisismagvari gruntebis iafi da saimedo
gamagrebis meTodi.

6. SemuSavda da eqsperimentulad gamoicada, liosismagvari 
gruntebis Termuli gamagrebis axali, zemaRali sixSiris 
mikrotalRebis gamoyenebis meTodi.

7. cdebis Sedegad dadginda, rom gruntSi 10%-mde TabaSiris 
Semcveloba Termuli gamagrebisas, iwvevs gruntis 
simtkicis gazrdas 35-40-jer, grunti iZens srul 
wyaluJonadobas da procesi Seuqcevadia.

8. cdebis Sedegad dadginda gruntis gamagrebis optimaluri 
temperatura. (7000C), romlis drosac miiRweva 
Cajdomadobis mospoba da procesis Seuqcevadoba.
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9. Termuli gamagrebis tradiciul meTodTan SedarebiT6 
zemaRali sixSiris mikrotalRebiT gamagreba ekonomiuria 
3-jer, xolo gamagrebis dro mcirdeba 5-jer.

10. Termuli gamagrebis samuSaoebis warmoebisas aucilebelia 
usafrTxoebis wesebis sruli dacva.
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Summary

The economic and natural conditions developed within the last 10-15 years in 
Georgia resulted in the fact that according to the last data, in only Tbilisi region more 
than 4000 premises are in emergency situation. Most of them are caused of the 
deformation of the foundation. Researches have shown that many buildings are 
constructed on the loess-like soil which in the natural conditions is characterized by 
high firmness, but in case of pouring water, settings are resulted, these soils very often 
contain salts soluble in water, namely plaster, which during interaction with water is 
poured from the soil and additional settings are provided. That�s why it became 
necessary to study this process and processing new cheaper method for its prevention. 

Zones in Tbilisi-Rustavi region where loess-like soils containing plaster are spread 
has been studied. Their physical-mechanical characteristics, plaster effect of plaster on 
the characteristics of loess-like soils while strengthening by thermal methods. For the 
purpose of studying soil characteristics, 32 units were studied from where samples 
were taken. To making the soil characteristics maximally close to natural conditions a 
special technology of preparing samples in the laboratory conditions and a special 
method of observation of the samples during the tests were worked out. A thermal 
method of soil strengthening by the highest frequency microwaves was practically 
tested at the laboratory as well as on site. 

In the article, the change of the characteristics of loess-like soils containing plaster 
while strengthening by thermal method is scientifically studied for the first time. A 
new method of thermal strengthening is described, processed, tested and patented also 
for the first time. 

The performed work was discussed: at the Chair of Soils Mechanics and 
Foundations of the Technical University of Georgia, at the Institute of Hydro-geologic 
and Engineering Geology of the Scientific Academy of Georgia, at the conference of 
students and post-graduate students of Tbilisi Technical University of Georgia 2002, 
at the open anniversary scientific-technical conference of professors-teachers 2003.

The content of the thesis is given on the web-site. It contains a table and graphical 
illustration. It consists of an introduction, six chapters and conclusions. In the list of 
the literatures an scientific edition of __________ is indicated. 

The urgency of the topic of the thesis is given and substantiated, a purpose of the 
research, scientific novelty, practical significance of the work, results of the work and 
approbation are formulated in the Introduction.

In the first chapter, the characteristics of loess-like soils and the modern state of 
their strengthening are reviewed. Classification of artificial strengthening methods of 
loess-like soils and their characteristics are given. The content of the methods of 
strengthening with mechanical, physical, physic-chemical, chemical, organic and non-
organic binding substance of soils, their positive and negative sides, reliability and 
durability are described. 
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In the second chapter, the spread of the loess-like soils in Tbilisi-Rustavi region 
and their physical-chemical indicators, Natural conditions of spreading the loess-like
soils as well as their granulometric composition, texture structure, character of pores 
and specific characteristic characterized only to them; additional setting during 
wetting are described. 

It�s worth mentioning that a lot of works are dedicated to loess-like soils and their 
characteristics are well studied, though it also must be marked that there is no joint 
engineering-geologic description of loess-like soils in Georgia, which would have 
allowed us to specifically discuss the strengths of soils, their settings, etc. There are 
the engineering-geologic profiles of only separate premises, square, and they are not 
represented in such quantity as to make it possible to formulate an engineering-
geologic profile of any region on their bases, moreover on some sites, loess-like soils 
are studied and their characteristics and necessary characteristic such as setting are not 
determined, which requires more attention and studying.

In the third chapter the conditions of exploitation of the premises constructed on 
loess-like soils are described, prior evaluation of applying them as a foundation.   

In the same chapter there are described several examples of the premises 
constructed on loess-like soils containing plaster: the ambulance building located at 
former Magnitogorski Str., Sanzona region, Tbilisi, five-storey residential house 
located at: No. 73 K. Tsamebuli Str., Tbilisi and a residential house constructed in the 
70-ies of the previous century in Rustavi, which were deformed as a result of wetting 
the foundation. A method of strengthening was selected after the research, a 
strengthening project was worked out and after conducting the works, the observation 
of the premises was conducted within several months. 

Chapter 4 is dedicated to the strengthening of loess-like soils, by applying the 
super high frequency micro-waves. The means of receiving super high frequency and 
the area of practical application, characteristics, positive and negative sides, efficiency
of its application in practice are described. 

In the fifth chapter, the purposes and results of experimental research of 
strengthening the loess-like soils divided in series by applying the super high 
frequency microwaves are described, the processed research method is described in 
details, for separated as well as unseparated soil structures. In addition, for 
comparison purposes, all the tests were conducted by traditional method, on the soils 
containing plaster as well as not containing plaster. Effect of plaster on the physical-
mechanical characteristics of the strengthened soil was established. 

General conclusions and recommendations are given in the sixth chapter:
1. Loess-like soils containing plaster in Georgia are quite distributed, namely 

in the East part of Georgia. In the natural conditions, they are characterized 
by high firmness and maintain vertically inclined slope, and in case it is 
wetted they quickly lose firmness and it causes the creation of setting.      

2. In Tbilisi-Rustavi region, the content of the plaster in loess-like soils is 
changed according to the distribution as well as the deepness. The amount 
of plaster therein is changing from 0 to 80%.
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3. Loess-like soils in Tbilisi-Rustavi region are generally represented by light 
and medium loams, which are characterized by yellow-grey color and 
noticeable micro-pores.

4. The general reason of the deformation of the premises constructed on 
loess-like soils, is wetting by water within the foundation operation period.

5. In comparing various methods of strengthening of loess-like soils a thermal 
strengthening was selected as a cheap and reliable method. 

6. A new super high frequency microwave application method of thermal 
strengthening of loess-like soils was worked out and experimentally tested. 

7. As a result of testing, it was established that the content of plaster up to 
10% in soil during strengthening results in the increase of the soil firmness 
by 35�40, soil obtains complete watertightness and the process is 
irreversible.

8. As a result of testing, the optimal temperature of the soil strengthening was 
established, (7000C) during which the termination of setting and process 
irreversibility is attained.

9. In comparison with the thermal strengthening method, strengthening by 
super high frequency microwaves is 3 times economic and the 
strengthening time is deceased by 5 times. 

10. During conducting the thermal strengthening works full compliance with 
the security rules are necessary. 
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1. Sesavali

saqarTveloSi, kerZod Tbilisi-rusTavis regionSi 

dazianebul Senoba-nagebobaTa Seswavlam da analizma cxadyo, 

rom dazianebaTa ZiriTadi mizezi fuZis deformaciiTaa 

gamowveuli, rasac masSi moxvedrili wyali iwvevs. 

mravalwlianma gamokvlevebma gviCvena, rom mravali Senoba 

agebulia liosismagvar gruntebze, romlebic Tavis mxriv 

bunebriv pirobebSi sakmaod maRali simtkiciT xasiaTdeba, magram 

wylis moxvedris SemTxvevaSi iZleva damatebiT jdenebs. xSirad 

es gruntebi Seicaven wyalSi xsnad marilebs kerZod TabaSirs, 

romelic wyalTan urTierTqmedebisas gamoirecxeba gruntidan da 

iwvevs damatebiT jdenas. amitom aucilebeli gaxda am procesis 

Seswavla da misi aRmofxvris axali iafi meTodebis SemuSaveba.

amisaTvis aucilebeli iyo, Segveswavla Tbilis-rusTavis 

regionSi TabaSirSemcveli liosismagvari gruntebis gavrcelebis 

zonebi, maTi fizikur-meqanikuri Tvisebebi. SerCeuliyo gamagrebis 

meTodi da gamokvleuli yofiliyo TabaSiris zegavlena 

liosismagvari gruntebis Tvisebebze, rogorc bunebriv ise 

gamagrebis da mis Semdgom periodSi. 

gamagrebis meTodad SerCeul iqna gruntis Termuli 

gamagreba, rogorc erTerTi yvelaze saimedo meTodi. muSaobis 

procesSi praqtikulad gamoicada Termuli gamagrebis axali 

meTodi zemaRali sixSiris mikrotalRebis gamoyenebiT, romelic 

Semdgom dapatentebulic iqna. am mizniT SemuSavda nimuSebis 

damzadebis specialuri teqnologia da cdebis msvlelobisas 

maTze dakvirvebis specialuri meTodi. rogorc laboratoriul 

ise savele pirobebSi.  

aRniSnulidan gamomdinare  samuSaos mizania Tbilis-

rusTavis regionSi gavrcelebuli liosismagvari gruntebis 

gamokvleva da maTi axali meTodis gamoyenebiT gamagrebis 

optimaluri pirobebis dasabuTeba.
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Tavi I

gruntebis gamagrebis Tanamedrove 

mdgomareoba

_ saerTo cnobebi �

pirvelad saqarTvelosa da amierkavkasiaSi TabaSirSemcveli 

liosismagvari gruntebis arsebobaze miuTiTebda profesori 

s.a. zaxarovi, (47), romelmac Seiswavla kavkasiis gruntebi 

vertikalur zonalurobis TvalsazrisiT, razec sxvadasxva dros 

muSaobdnen prof. dokuCaevi, prof. glinka, (23) i.p. gerasimovi,

k.k. markovi (28) da satunini (87).

gruntebis meqanikisa da fuZe-saZirkvelebis Teoriuli da 

praqtikuli amocanebis gadawyvetis sakiTxebSi sxvadasxva dros 

saqarTveloSi muSaobdnen i.m. abelevi (2), v.i. bezruki (16), 

n.m. gersevanovi, d.e. polSini (29), v.k. domuxovski (42), n.m. maslovi 

(70,71), b.a. rJanicini (86).

v.k. domuxovski iyo saqarTveloSi didi mSeneblobebis 

konsultanti: wisqvil-kombinatis q. TbilisSi da foTSi, quTaisis 

avtoqarxnis mSeneblobis da sxva. n.m. maslovi ikvlevda mewyerebs 

q. TbilisSi vakis raionSi md. veres marjvena  sanapiroze mtkvris 

marjvena Senakadi.

k.i. dobrovolskim (43) Caatara didi gamokvlevebi 

liosismagvari gruntebis Cajdomadobis Sesaswavlad.

Tbilisis hidroenergetikuli nagebobebis institutis 

(�������) TanamSromlebis mier Catarebul iqna Semdegi 

samuSaoebi: k.e. minervina mewyerebze (75) l.a. avaqiani �

liosismagvari gruntebis gamagreba parafinirebuli mazuTiT (5) 

jioevi l.n. � ximinjis konstruqciiT (40) da liosismagvari 

gruntebis Cajdomadobaze. (41) l. n. lomize � Tixis 

agregatulobaze. (66) i. grZeliSvili samSeneblo Tvisebebi da 

seismika liosismagvari gruntebi. (22). s. v. dani amierkavkasiis 
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liosismagvari gruntebis samSeneblo Tvisebebi (31) b.n. CiJi da 

sxvebi.

aRsaniSnavia profesor g.m. lomizis Sroma `q. Tbilisis 

`dinamos~ stadionis liosiseburi gruntebis Cajdomadobaze da 

deformaciaze~.

geolog s. i. elerdaSvilis mravalwliani gamokvlevebi 

genezisis sakiTxi da TabaSirSemcveli liosismagvari gruntebis 

Tvisebebze da d. m. mSvenieraZis monografia saqarTvelos 

liosebis genezisze. (105).

1.1 gruntebis  xelovnuri gamagrebis meTodebis

klasifikacia da Taviseburebani

dReisaTvis msoflioSi gruntebis gasamagreblad mravali 

meTodia SemuSavebuli, romelTa saSualebiTac warmatebiT xdeba 

gruntebis samSeneblo Tvisebebis gaumjobeseba.

gruntebis gamagrebis meTodebis ganviTareba da daxvewa 

ZiriTadad mimdinareobs ori mimarTulebiT:

1. zedapiruli meTodi. daSlili struqturis gruntebis 

Tvisebebis gaumjobeseba, SemdgomSi gamagrebuli gruntis 

gamosayeneblad. sagzao, aerodromebis da hidroteqnikur 

mSeneblobaSi (aerodromebis da gzebis dafarva, wyalgaumtari 

ekranebi arxebis, miwisqveSa nagebobebis, kaSxlebis da sxva 

mSeneblobaSi).

2. siRrmuli meTodi. gruntis masivSi gamagreba, rodesac 

gruntis struqtura daurRvevelia, xdeba sxvadasxva xsnarebis 

Txevad-blanti nivTierebebis gamoyenebiT. am meTodebis 

saSualebiT xdeba sakiTxebis gadawyveta 

saZirkvelTmSeneblobaSi, kaSxlebis mSeneblobaSi Saxtebis da 

sxva.

daSlili struqturis gruntebis gasamagreblad ZiriTadad 

gamoiyeneba farTod  gavrcelebuli meTodebi rogoricaa 
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cementacia, kalmatacia, biTumizacia, naklebi xarisxiT 

gamoiyeneba sinTeTikuri fisebiT.

gruntebis zedapiruli gamagrebisas didi mniSvneloba eniWeba 

samuSaoTa organizebas, mTeli teqnologiuri procesis 

kompleqsur meqanizacias, maRali xarisxis Sedegebis 

uzrunvelyofa. gruntis zedapiruli gamagrebis teqnologia, imis 

miuxedavad, Tu romeli meTodia gamoyenebuli, iTvaliswinebs: 

1. winaswari gafxviereba da daqucmaceba 

gruntis agregatebis (bmuli gruntebis)                    

2. zusti dozireba da masSi Semkvreli

nivTierebis Tanabari ganawileba.

3. proeqtis mixedviT mza narevis Cawyoba da 

ganawileba.

4. narevis maqsimaluri Semkvriveba, gruntisa 

da meTodis pirobebis Sesabamisad.

5. gamagrebuli gruntis  movla da gamagrebis 

reJimis xelSewyoba. 

gruntis siRrmuli gamagrebisas. gamoiyeneba sxvadasxva 

fiziko-meqanikuri, fiziko-qimiuri da qimiuri meTodebi. meTodis 

arCevisas aucilebelia gaTvaliswinebul iqnas gruntis 

geologiuri da petrografiuli  Taviseburebebi, agreTve miznebi 

da amocanebi mSeneblobis gaTvaliswinebiT.

dauSleli struqturis mqone (masivebi) gruntebis gamagrebisas 

gamoiyeneba gamagrebis 2 jgufi.

1. mianiWos grunts gamagrebisas SedarebiT swrafad maRali  

simtkice (cementacia, silikatizacia, biTumizacia, gamowva).

2. aniWebs grunts wyalgaumtarobis Tvisebas, magram SedarebiT 

dabal simtkices (kalmatacia, ineqcia silikaturi TixebiT, 

alumosilikatur da sxva xsnarebiT).

gruntebis Tvisebebis xelovnuri gaumjobesebis meTodebis 

klasifikacia iTvaliswinebs gruntis Tvisebebis gaumjobesebis 

yvela mimarTulebis miuxedavad mSeneblobis saxisa da 
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teqnologiuri sqemisa. gamoiyofa gruntebis gamagrebis meTodebis 

3 jgufi

I � fiziko-meqanikuri

II � fiziko-qimiuri

III � qimiuri

fiziko-meqanikuri meTodebis jgufi zemoqmedebis saxis 

mixedviT aerTianebs meqanikuri da fizikuri meTodebis 

qvejgufebs.

qanebis meqanikur Semkvrivebis da gauwyloebis meTodi, romlis 

drosac xdeba maTi Cajdomadobis da wyagaJonadobis mospoba, 

maRali simkvrive gamoiyeneba didi xania. am dros ZiriTadi saxe 

maTze zemoqmedebisa aris meqanikuri energodinamikuri da 

statikuri SekumSviT, vibraciiT, afeTqebiT, wneviT, ganmuxtviT, 

gravitaciuli veliT. maT Teoriul sawyiss  warmoadgens 

gruntis nawilakebis urTierTqmedeba sxvadasxva mdgomareobaSi 

(simkvrive da tenianoba) da gruntis struqturul-teqsturuli 

cvlilebebis kanonzomierebani droSi. fizikuri meTodebi 

dafuZnebulia fizikuri velebis gamoyenebaze (eleqtruli, 

temperaturuli, magnituri), romelic mimarTulia, gruntis 

simkvrivis, simtkicis, wyalgaumtarobis da yinvagamZleobis 

gazrdaze, gruntSi struqturuli kavSirebis cvlilebis xarjze 

Cajdomadobis Tvisebis mospobaze.

fiziko-qimiuri meTodebis jgufi gruntis Semkvrivebis xarjze

maTi Tvisebebis gaumjobesebis garda miznad isaxavs gruntis 

struqturis stabilizaciis SenarCunebas, an maTi Tvisebebis 

nawilobriv cvlilebas sxvadasxva kompleqsuri danamatebis 

gamoyenebiT.

fiziko-qimiuri meTodi metad efeqturia sxvadasxva 

Semadgenlobasa da genezisis mqone Tixnarebisa da TixebisaTvis. 

igi dafuZnebulia gruntSi mcire raodenobiT (1-3%) qimiuri da 

zedapirulad aqtiuri nivTierebebis Setanaze. am jgufis 

Teoriul safuZvels warmoadgens zedapiruli procesebi, 
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romelTa Soris wamyvani adgili uWiravs adsorbacias da ionTa 

gacvlas dispersiul gruntebSi.

fiziko-qimiuri meTodi gamoiyeneba wyalgamtarobis, 

amtverebis, gafuebis, Semkvrivebis cvlilebis Sesamcireblad.

es meTodebi xSirad gamoiyeneba sxvadasxva kompleqsur 

xerxebTan SexamebaSi.

qimiuri meTodebi damyarebulia gruntSi qimiuri reagentebis 

(Semkvreli nivTierebebis) Seyvana (1-5%). pirvel rigSi gruntis 

Tvisebebis cvlileba midis iqiTken, rom gruntma miiRos sakmaod 

didi simtkice, wyal da yinvamedegoba da struqturuli 

kavSirebisa da Sedgenilobis cvlilebis Sedegad maqsimalurad 

Semcirdes wyalJonadoba.

ZiriTadi procesi, romlebic warmoqmnian gruntSi axal 

struqturul kavSirebs warmoadgenen: adsorbacia, ionTa gacvla, 

koagulacia, dispergacia, adheziuri urTierTqmedebebi, 

polimerizacia, kristalizacia, hidratacia, hidrolizi, 

eleqtroosmosi, eleqtroforezi, Secxoba, dnoba da sxva rTuli 

qimiuri reaqciebi. ukve procesebis ubralo CamoTvlac cxadyofs 

gruntis xelovnuri gamagrebis mravalferovnebas da  sirTules, 

amitom didi mniSvneloba eniWeba fizikur, koloidur da 

organul qimias gamagrebul grun tebis simtkicis bunebis 

Seswavlisas. gruntebis xelovnuri gamagrebis rTul da 

imavdroulad aucilebeli da saWiro sakiTxebi gadaiWreba 

mxolod geologiur-minerologiuri da fiziko-qimiuri meTodebis 

mWidro SexamebiT.

1.2 gruntebis  gamagrebis meqanikuri meTodebi

gruntebis meqanikuri datkepnva statikur

da meqanikuri datvirTvebiT

gruntebs axasiaTebT mxolod maTTvis damaxasiaTebeli 

Tviseba kumSvadoba, romelic arsebiTad ganasxvavebs mas 

kldovani qanebisa da sxva myari tanisagan. kumSvadoba es aris 
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gruntis Tviseba Seicvalos Tavisi agebuleba gaxdes ufro 

kompaqturi gare Zalebis zemoqmedebiT forianobis Semcirebis 

xarjze.

foranobas Semcireba gruntSi iwvevs gruntis nawilakebs 

Soris Zvris da ufro mcire nawilakebiT gruntis forebis 

Sevsebas.

datvirTvebis Sedegad gruntis forianobis cvlilebas 

Semkvrivebas uwodeben. arCeven gruntis Semkvrivebis or variants: 

1. xanmokle dinamiuri datvirTvebisas (meqanikuri) 

2. xangrZlivi statikuri datvirTvebisas (kompresia, 

konsolidacia da sxva).

vibraciuli datkepniT da misi msgavsi meqanizmebiT kargad 

Semkvrivdeba naklebteniani fxvieri gruntebi da liosebi, 

romlebsac mineralur nawilakebs Soris susti kontaqti aqvT da 

advilad irRveva, rac uzrunvelyofs nawilakebis gadajgufebas 

ufro mkvriv fazaSi.

gruntebis Semkvrivebisas kumSvis sidide damokidebulia 

mraval faqtorze, romelTagan yvelaze sayuradReboa Semdegi:

1. gruntis qimiur-minerologiuri Sedgeniloba

2. gruntis struqturul-teqsturuli Tavisebureba

(dispersuloba, nawilakebsa da agregatebs Soris

struqturuli kavSirebis xasiaTi, nawilakebis orientireba)

3. gruntis mdgomareoba (simkvrive, tenianoba)

4. gare faqtorebi (Semamkvrivebeli datvirTvis sidide da 

xasiaTi, Semkvrivebis dro, temperatura da sxva).

gamokvlevebi mimdinareobda nimuSebze sawyisi tenianobiT 

toli tenianobisa denadobis zRvarze. wnevis matebasTan erTad 

gruntis forianobis koeficienti e klebulobda logariTmuli 

kanoniT.

mineralogiuri Sedgenilobis zemoqmedeba kumSvaze 

TvalnaTliv Cans qviSovan gruntebSic. yvelaze mcire 

kumSvadobiT xasiaTdebian mikroklinis fraqciebi da kvarci, 

yvelaze didiT ki muskoviti da talki. fraqciebis zomis 
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klebasTan erTad SeimCneva  kanonzomierad kumSvadobis kleba. 

rac aixsneba imiT, rom msxvilmarcvlovan qviSebs erTeulovan 

moculobaSi kontaqtebis raodenoba mniSvnelovnad naklebia, 

vidre wvrilmarcvlovnebis.

garda mineralogiuri faqtorebisa gruntebis SemkvrivebaSi 

didi mniSvneloba eniWeba datvirTvas, Semkvrivebis dros da 

temperaturas.

rogorc n. ivanovis, v. axotinas, e. sergeevis, v. biselis, 

n. xaxutas gamokvlevebma aCvena, arsebobs praqtikulad 

Semkvrivebis zrdis zRvari. aseTi zRvari dgeba maSin, roca 

datvirTvis qveS xdeba gruntis elementebaruli nawilakebis 

maqsimaluri daaxloeba, romelsac Tan sdevs agregatebisa da 

mikroagregatebis nawilobrivi rRveva. maqsimaluri Semkvrivebis 

miRweva SesaZlebelia laboratoriul pirobebSi sakmaod didi 

statikuri datvirTviT an afeTqebis energiiT. datvirTvas, 

romlis drosac miiRweva gruntis maqsimaluri simtkice uwodeben

optimalur datvirTvas. optimaluri datvirTva aris cvladi 

sidide, romelic damokidebulia gruntis granulometrul, 

qimiur-minerologiur Sedgenilobasa da  qanis agebulebaze, 

dinamiuri datvirTvebis Sedegad izrdeba gruntis simkvrive, 

magram iseve, rogorc statikuri datvirTvebis SemTxvevaSi 

SeimCneva simkvrivis zrdis TandaTanobiTi Semcireba. 

aucileblad unda aRiniSnos, rom Tanamedrove  mZlavri teqnikis 

gamoyenebiTac ki ver miiRweva gruntSi forianobis sruli 

mospoba. optimaluri datvirTvebis drosac  gruntis forianoba 

sakmaod maRali rCeba (daaxloebiT 22-40%), magram formirdeba 

SedarebiTi wyalmedegoba, mcirdeba filtraciis koeficienti, 

neldeba kapilaruli gadaadgileba Tixovan gruntSi.

temperaturis zemoqmedeba gruntis Semkvrivebaze imdenad 

SesamCnevia, rom gvaZlevs saSualebas imis mtkicebisa, rom 

praqtikulad SeuZlebelia gruntis Semkvriveba +10C � tempe-

raturis qvemoT, Tu ar iqna damatebuli gruntze marilebi, an 

sxva danamatebi, romlebic amcireben gayinvis temperaturas.
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gruntis agebulebis formirebisas sagrZnob rols TamaSobs 

Semkvrivebis meTodi (statikuri, dinamiuri, seismuri, 

vibraciuli), rodesac gruntis tenianoba optimalurze maRalia. 

sxvadasxva saxis Sedegebi gruntis Semkvrivebisas aixsneba drois, 

farTobis da Sesamkvrivebeli elementis gruntTan kontaqtis 

xasiaTiT.

gravitaciuli Semkvriveba

gravitaciuli Semkvrivebis meTodi gamoiyeneba zRviuri, tburi 

da mdinareuli fxvieri danaleqis da datorfili qanebis 

simtkicis asamaRleblad arCeven miwiszeda da wyalqveSa 

gravitaciul Semkvrivebas.

miwiszeda Semkvriveba datvirTvis saSualebiT ZiriTadad 

gamoiyeneba fxvieri wyalgajerebuli torfebis winaswar 

gamosawnexad, datvirTvad gamoiyeneba qviSis, xreSis fena 

simZlavriT 2-3 m. datvirTvas axorcieleben TandaTanobiT patara 

porciebiT, SesvenebebiT. datvirTvis zemoqmedebiT torfidan 

gamoiwnexeba wyali, torfi mkvrivdeba da misi fiziko-meqanikuri 

maxasiaTeblebi umjobesdeba. 

wyalqveSa gravitaciuli Semkvriveba gamoiyeneba zRvis an 

mdinaris, kerZod, portis msgavsi Senoba-nagebobis 

mSeneblobisaTvis, Tixovan lamebze qviSis dayriT. qviSis simZimis 

ZaliT lami mkvrivdeba da iZens ufro maRal mdgradobas. qviSa 

miewodeba reufleriT da wyalSi nela  ibneva. Cayris siCqare 

qviSis sisqe da sidide ise SeirCeva, rom gamoiricxos susti 

bunebrivi agebulebis lamovani grunti.

Casayrelad rekomendirebuli wvrilmarcvlovani qviSa, 

minarevebis gareSe. saWiroa rom lamiani gruntidan gamodevnili 

wyali Tavisuflad gamodiodes qviSis baliSidan da Tan 

gamoitanos lamis wvrilmarcvlovani nawilakebi.
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gruntebis Semkvriveba datkepnviT

gruntebis  gamagreba datkepnviT, farTod gamoiyeneba 

saavtomobilo da rkinigzis, aerodromebis, adgilis vertikalur 

gegmarebisas da nayar gruntze mSeneblobisas. sxvadasxva saxis

dambebis, kaSxlebis da sxvadasxva hidroteqnikur nagebobebis

aSenebisas, imisaTvis, rom gaizardos gruntebis zidvis unari. ar 

moxdes araTanabari dajdoma da wyalgamtarobis Sesamcireblad.

Semkvrivebis efeqti ZiriTadad damokidebulia satkepnis 

parametrebis sworad SerCevis xarisxze. satkepnis SerCevisas 

aucileblad unda iyos gaTvaliswinebuli gasamagrebeli gruntis 

Tvisebebi.

gruntis datkepnviT Semkvriveba gamoiyeneba agreTve, rogorc 

meTodi wyalJonadobis sawinaaRmdegod. magaliTad, tborebis, 

wyalsacavebis arxebis mSeneblobisas.

gruntis masivis gamagreba ximinjebiT

nebismieri saxis ximinji gruntSi Cayursuli amoRebis gareSe 

raRac doziT iwvevs Semamkvrivebel moqmedebas gruntis masivze, 

mis garSemo forebis Semcirebis xarjze. nateni ximinjebis

mowyoba xdeba gruntSi winaswar gaburRuli xvrelis SevsebiT

ufro myari da mdgradi SemavseblebiT, vidre TviT gruntia, an 

macementirebeli nivTierebebiT. Semadgenlobis  mixedviT nateni 

ximinjebi arsebobs betonis, rkinabetonis, qviSovani, cemento-

qviSovani da sxva.

nateni ximinjebiT SeiZleba  gamagrdes  fxvieri, 

mciresimtkicis qviSovani, torful-lamuri, aramdgradi Tixnarebi 

30 m da ufro met siRrmeze. nateni ximinjebi maRalefeqturia, 

magram Zalian ZviradRirebuli meTodia.

ufro xSirad  iyeneben gruntovan ximinjebs, romelTa Teoriis 

gamomuSavebaSi didi roli miuZRviT i.abelevs da i.kruglovs. es 

teqnologia mdgomareobs SemdegSi:

1) WaburRilis gayvana diametriT 0.5-0.6 saproeqto 

siRrmemde
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2) gruntuli masalis transportireba da Cayra 

porciebiT 300-400 kg.

3) gruntis datkepnva WaburRilSi 1.7-1.8t/m3 simkvrivemde.

Cajdomadi gruntis siRrmuli gamagreba gruntis ximinjebiT, 

dReisaTvis farTodaa gavrcelebuli. misi ganxorcieleba 

ZiriTadad xdeba afeTqebis energiis gamoyenebiT. muSaobis 

teqnologia efuZneba ZiriTadad msubuqi danadgarebis  

gamoyenebas Spurebis gasayvanad diametriT 7-8 sm. SemdgomSi masSi 

asafeTqebeli masalis (amoniti) jaWviseburi saxiT moTavseba da 

afeTqeba. afeTqeba xorcieldeba cal-calke TiToeul SpurSi, 

zogierT afeTqebul WaburRil-Spuris Sevsebis Semdeg. afeTqebis 

Semdeg WaburRilis diametri izrdeba 40-45 sm-mde, WaburRilis 

garSemo gruntis Semkvrivebis xarjze.

gruntuli ximinjebis centrebs Soris dacileba ar unda 

aRematebodes 80-90 sm. anu ar unda iyos WaburRilis ormag 

diametrze meti.

gruntebis seismuri Semkvriveba

(afeTqebis energiiT)

afeTqebis energiis gamoyeneba xdeba gruntis zedapiruli (Ria) 

da miwisqveSa (daxuruli) amonaRebis  mosawyobad, agreTve 

gruntis masivSi Sesamkvriveblad.

seismurma meTodma gamoyeneba hpova gvirabebis, Stolnebis, 

miwisqveSa sacavebis, qvabulebis, tranSeebis, Weris, arxebis da 

sxva mowyobis dros.

afeTqebis energia gamoiyeneba ara marto qanebis gamoyraze, 

aramed maT gadasaadgileblad da gareT gamoyris gareSe Sida 

SemkvrivebisaTvis (miwisqveSa afeTqeba) kumulaciuri afeTqeba 

mimarTuli moqmedebis gamoyeneba Tixovan gruntebSi miwisqveSa 

moculobebis, sacavebis mosawyobad.

fxvieri gruntebis, liosebis da qviSovani qanebis 

Sesamkvriveblad kumulaciuri afeTqeba warmatebiT exameba 

gruntul naten, rkinabetonis da sxva saxis ximinjebs. afeTqebis 
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energiis gamoyenebis meTodis dadebiT mxared SeiZleba 

CaiTvalos is, rom misi gamoyenebisas xdeba mSeneblobis vadebis 

mniSvnelovani Semcireba.

gruntebis vibroSemkvriveba

vibroSemkvriveba gamoiyeneba ZiriTadad qviSovani gruntis 

mdgradobis gasaumjobeseblad. m.litvinovs aqvs mocemuli 

liosuri gruntis hidrovibroSemkvrivebis meTodi.

vibraciis zemoqmedebiT gruntis mineraluri nawilakebi 

ganicdian rxeviT moZraobebs, xdeba maTi gadaadgileba da 

miiRweva ufro mkvrivi wyoba, Sedegad miiReba naklebi 

forianobiT, gazrdili Siga xaxunis kuTxiT da datvirTvebis 

mimarT ufro mdgradi grunti.

gruntis Semkvrivebis dros vibratori, romelic warmoadgens 

gruntis calkeul nawilakebis da agregatebis rxevis wyaros, 

SeiZleba ganlagdes zedapirze  (zedapiruli vibracia) an 

gruntis Sida fenebSi (siRrmuli vibracia).  vibratori rxeviT 

moZraobaSi modis specialuri mowyobilobis saSualebiT. 

vibratoris kinetikuri energiis xarjze gruntis nawilakebi, 

romlebic misi moqmedebis zonaSi arian ganlagebuli, aseve 

irxevian da gadaadgildebian erTmaneTis mimarT da ikaveben ra 

ufro mcire moculobas, mkvrivdebian.

Semkvrivebis efeqti damokidebulia sxvadasxva faqtorebze, maT 

Soris, ZiriTadad SeiZleba miviCnioT nawilakebis  zomis 

erTgvarovneba da maT Soris struqturuli kavSirebi.

gruntis Tvisebebi maTi vibraciuli gamagrebisas SeuCerebliv

icvleba. es xdeba aramarto maTi simkvrivisa da struqturis 

xarjze, aramed tiksotropuli gamagrebis xarjzec (gruntis 

agebulebis formireba droSi). gadasvla Txevadi mdgomareobidan 

myarSi da piriqiT xdeba meqanikuri vibraciisa da tenianobis 

gamo, rac, ZiriTadad, damokidebulia gruntis granulometrul 

da qimiko-minerologiur Sedgenilobaze. vibraciis 
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SewyvetisTanave damakavSirebeli Zalebi aRdgeba. maTi aRdgenis 

dro damokidebulia gruntis tipze.

gruntebSi tiqsotropuli procesi maTi Semkvrivebisas jer 

kidev naklebadaa Seswavlili. tiqsotropuli qanebis gamagrebis 

Semdeg simtkicis zrdis procesi qviSebSi grZeldeba 5 dRe-Rame, 

TixnarebSi da TixebSi 15 dRe-Rame da meti.

aqve unda aRiniSnos, rom zedapirulma vibratorebma ufro 

meti gamoyeneba hpova, vidre siRrmulma.

zedapiruli vibroSemkvriveba miiRweva vibrirebadi filis 

saSualebiT. vibrebiT Semkvrivebuli gruntis xarisxi mTlianad 

damokidebulia gamoyenebuli vibratorebis parametrebze, 

romelic unda akmayofilebdes Semdeg pirobebs:

1) Sesamkvrivebeli gruntis  Tvisebebs

2) Sesamkvrivebeli fenis sisqes

3) gruntis saWiro simkvrives

4) Sesamkvrivebeli zolis siganes.

vibratoris ZiriTad parametrebs miekuTvneba:

1) rxevadi nawilebis wona

2) SemaSfoTebeli Zalis sidide

3) rxevis sixSire

4) fenis farTobis zoma (vibratoris 

gruntTan

kontaqtis farTobi).

arsebobs zedapiruli vibratorebi mcire da didi simZlavris. 

zedapiruli vibroSemkvriveba gamoiyeneba  gzebis da 

aerodromebis fuZeebis Sesamkvriveblad, aseve qviSis baliSis, 

dambebis, kaSxlebis da sxva nayari gruntis dasatkepnad.

siRrmuli hidrovibroSemkvrivebis meTodi SeimuSaves

d. barkinim, i. fizdelim, g. parabuenom, g. medvedevma da sxvebma. 

es meTodi efeqturia maSin, Tu vibratoris qveS miewodeba wyali. 

wylis miwodeba SeiZleba ganxorcieldes specialuri miliT, 

romelic axlos iqneba moTavsebuli vibratorTan, an specialuri 

samagrebiT pirdapir vibratorze iqneba damontaJebuli, siRrmuli
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vibroSemkvriveba mxolod maSinaa mizanSewonili Tu 

gasamagrebeli didi simZlavris Seukravi grunti patara 

farTobze, magaliTad, fuZe saZirkvelis qveS, nayari kaSxlis 

raRac monakveTi da sxva msgavsi aucilebel pirobad iTvleba 

wylis miwodeba, ris gareSec siRrmiseuli vibrogamagreba 

araefeqturia.

xarkovis komunaluri mSeneblobis institutSi daamuSaves 

nayari da qviSovani gruntis gamagrebis eleqtrovibroimpulsuri 

meTodi. am meTodis Tviseba mdgomareobs SemdegSi. seismuri 

rxevebis  msgavsi talRebis zemoqmedebiT, romelic iwvevs 

vibracias, erTdroulad gruntSi  wylis ineqcirebiT xdeba 

gruntis agebulebis  darRveva nawilakebis orientirebiT da 

forianobis SemcirebiT. ufro mkvrivi gruntis formireba xdeba 

nawilakebis orientirebis SecvliT, forebis da struqturuli 

kavSirebis daSliT.

impulsuri vibraciis upiratesoba mdgomareobs imaSi, rom 

energiis erTnairi danaxarjebis pirobebSi, qmnis SesaZleblobas 

miviRoT rxevis aCqareba ramdenjerme meti, vidre harmoniuli 

rxevebis dros, romelsac iZleva Cveulebrivi meqanikuri 

vibraciuli gruntebis Semkvriveba.

liosiseburi gruntis gamagrebisas, grunti winaswar sveldeba 

denadobis konsistenciamde. rxevis nakadi koncentrirdeba 

mxolod erT mxares, amasTan erTad es nakadi Seuwyvetliv 

moqmedebs da gadaadgildeba mocemul saangariSo siCqariT, iwvevs 

Tanmimdevrul fenobriv Semkvrivebas.

gruntebis gauwylovneba (gamoSroba) qanebisaTvis maRali 

mdgradobis da wyaluJonadobis misaniWeblad gamoiyeneba. didi 

xania am meTodis Teoriuli sawyisi  mdgomareobs gruntis 

nawilakebis urTierTqmedebis, sxvadasxva mdgomareobaSi 

simkvrivisa da tenianobis sakiTxebis SeswavlaSi.

grunti Tavis mxriv warmoadgens samfazovan 

mravalkomponentur urTierTdakavSirebul sistemas. gruntis 

mdgomareoba ganisazRvreba tenianobiT da ConCxis moculobiTi 
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woniT. tenianobisa da myari fazis cvlileba iwvevs gruntis 

saerTo mdgomareobis Secvlas.

wylis donis xelovnuri daweva da gruntis gamoSroba 

gamoiyeneba zogierTi teqnikuri amocanis gadasawyvetad: 

1) miwiszeda da miwisqveSa gamonamuSevrebis miwisqveSa  

wylisagan dacva. 

2) gruntis wylebis acileba saZirkvlebidan da Senoba-

nagebobebis sardafidan. 

3) gamoSroba gruntis wylis donis da daWaobebis

asacileblad. 

4) mcocavi gruntebis damagreba

5) gruntis gamagreba  Senoba-nagebobebis fuZeSi da gzebze. 

6) mewyerebis, ferdobebis da gamonamuSevrebis kedlebis 

damagreba. 

am amocanebis gadasawyvetad arsebobs ZiriTadad sami xerxi 

1)TviTdenadi drenaJi

2) hidrodinamikuri drenaJi

3)teritoriis gansakuTrebuli gamoSrobis xerxi.

amaTgan ZiriTadad gamoiyeneba hidrodinamikuri drenaJi.

liosur gruntebze mSeneblobisas, Cajdomadobis 

salikvidaciod gamoiyeneba wyalgajerebis xerxi. es umartivesi 

xerxia, romlis drosac xdeba gruntis dasveleba. dasveleba 

liosur gruntebSi iwvevs  struqturuli kavSirebis  darRvevas. 

Sedegad grunti jdeba da warmoiqmneba axali struqturuli 

kavSirebi. magram am meTods bevri uaryofiTi Tvisebac gaaCnia.

i. litvinovma SeimuSava siRrmuli gamagrebis daCqarebuli 

meTodi Cajdomadi didi simZlavris gruntebisaTvis. am meTodis 

arsi mdgomareobs imaSi, rom man gamoiyena dasvelebis meTodi 

afeTqebasTan erTad gasamagrebeli zonis winaswari tranSeebiT 

dakonturebiT. daCqarebul meTods aqvs meti upiratesoba

1) lioseburi gamagreba xdeba mkacrad konturiT, 

2) wylis xarji 2-jer naklebia, 
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3) Semkvriveba 2-jer metia da 6-jer ufro swrafad xdeba, 

daCqarebuli siRrmuli meTodi mniSvnelovnad amcirebs 

dasvelebis Sedegad gruntze mavne zemoqmedebas da aCqarebs 

Semkvrivebis process. Cveulebrivi dasvelebis meTodis Sedegad  

masivSi warmoiqmneba terasismagvari vardnilebi. paraleluri da 

koncetrirebuli napralebis gverdiT.

daCqarebuli meTodis gamoyenebas gamoyenebadi monakveTis 

konturze winaswar warmoiqmneba Cajdomis nakerebi vertikaluri

tranSeebis saSualebiT. tranSeebi spoben kavSirebs dasvelebad 

da aradasvelebadi gruntebis monakveTebze. es meTodi sakmaod

efeqturia axal asaSenebel dausaxlebel adgilebSi, radgan 

dasaxlebul teritoriaze samuSaoebis warmoebisas SeiZleba 

arsebuli Senoba-nagebobebma ganicadon araTanabari jdena da 

saeqspluatacio pirobebis gauareseba.  

1.3  gruntebis gamagrebis fizikuri meTodebi

gruntebis gamagreba mudmivi eleqtrodeniT

eleqtroqimiuri gamagreba efeqturia wyalnajeri gruntebis 

gasamagreblad, filtraciis koeficientia 0.1 m/sutk.-ze naklebi. 

sxva dauSleli struqturis gruntebisaTvis aseTi patara 

filtraciis unariT sxva meTodebidan mxolod gayinvis meTodia 

misaRebi.

gruntebis gamagrebis eleqtroqimiuri meTodi  gamoiyeneba 

gasuli saukunis 30-iani wlebidan. magram farTo gamoyeneba ar 

hpova, radgan jer kidev arasaTanadodaa Seswavlili 

eleqtroqimiuri procesebiT gamagrebuli gruntis saimedooba.

l. kurdenkova da b. gorbunovis SromebiT dadginda, rom 

wyalnajeri gruntebi mudmivi denis zemoqmedebiT 

sxvadasxvanairad iqcevian. rac damokidebulia gruntis 

dispersulobaze, agebulebasa da Semkvrivebis xarisxze. amasTan 

erTad ganmsazRvrel faqtorad iTvleba, forebis zoma, 
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nawilakebis zedapiris xasiaTi da forovani xsnaris 

Semadgenloba.

eleqtriosmosur procesis dros didi mniSvneloba aqvs 

gruntis Semdeg Tvisebebs: 

1) eleqtroosmosur wyalSeRwevadoba 

2) gruntis Tviseba miiRos eleqtriosmosuri wneva 

3) hidravlikuri wyalSeRwevadoba, romelic gamoisaxeba 

filtraciis koeficientiT 

4) eleqtrogamtaroba. am gamokvlevebiT iqna dadgenili 

eleqtroosmosis gruntebSi gamoyenebis sazRvrebi.

g. lomizem da a. netuSilma mravalwliani Sromis safuZvelze 

SeimuSaves eleqtroosmosuri wyaldawevis meTodika, romelic 

iZleva saSualebas saorientaciod SevarCioT kvebis wyaros Zabva, 

ganisazRvros eleqtruli denebis gavrcelebis ganawileba, 

kaTodSi wylis modineba da gruntis wylebis wneva 

damaxasiaTebel wertilebSi.

eleqtroosmosuri filtraciis siCqare moqmedebs dawnevis  

gradientis gaCenaze, rac damokidebulia 1) hidravlikur 

dawnevaze 2) dawneva uSualod damokidebuli eleqtroosmosis 

moqmedebaze 3) dawneva, warmoqmnili uSualod gruntebis 

eleqtroSemkvrivebisas (gaSrobisas). 4)dawneva, eleqtrodebs 

Soris milebis uwyvetad ganawileba da eleqtroosmosis 

procesSi gruntis uwyvetad gaTboba.

gruntebis Tvisebebis gasaumjobeseblad, gruntebis 

eleqtroqimiur gamagrebas aqvs ramdenime saxesxvaoba:

1) samSeneblo gamonamuSevrebis da wyalnajeri gruntebis 

eleqtriosmosuri gamoSroba

2) gruntebis eleqtriosmosuri Semkvriveba 

3) eleqtrosilikacizacia

4) Tixovani gruntebis eleqtroqimiuri gamagreba

5) sveli kedlebis, cementis xsnaris da sxvaTa eleqtroga-

moSroba.
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gruntebis eleqtroqimiuri gamagrebis arsi mdgomareobs imaSi, 

rom svel gruntSi eleqtrodebis sistemiT tardeba mudmivi Zabva 

Cveulebrivad 60, 110 da 220 volti. amasTan anodad SeiZleba 

gamoyenebuli iqnas metaluri alumini an rkina; kaTodad �

spilenZi, alumini, rkina, naxSiri da sxva. eleqtrodebis forma 

SeiZleba iyos sxvadasxvanairi. Cveulebrivad es aris milebi an 

perforirebuli nemsebi filtrebi. sqema da ganlageba 

damokidebuli samSeneblo obieqtsa da gruntis tipze.

mudmivi eleqtruli denis moqmedebiT svel gruntSi xdeba 

eleqtriosmosi. eleqtroforezi, eleqtrolizi, gacvliTi 

reaqciebi, axali qimiuri naerTebis warmoqmna da dagroveba. es 

procesebi iwvevs Tixovani gruntebis Tvisebebis cvlilebas 

(gamoSroba, gamagreba). Sedegad xdeba maTi samSeneblo Tvisebebis 

gaumjobeseba.

eleqtroqimiuri gamagrebis efeqti Zlierdeba gruntSi 

(mudmivi deniT damuSavebis procesSi) sxvadasxva masalebis 

xsnarebis, suspenziis, qimiuri nivTierebebis SetaniT, romlebic 

xels uwyoben ufro swraf da ufro karg struqturul 

warmonaqmnebs. eleqtroqimiuri damuSavebis procesSi gruntis 

Tvisebebi imdenad mniSvnelovnad icvleba, rom gamagrebis Semdeg 

grunti iZens sruliad axal Tvisebas.

mudmivi eleqtrowyaros SerCeviTa da miRebuli saWiro 

eleqtrodebs Soris manZilis saSualebiT gamoiTvleba 

potencialis gradienti, am gradientis zemoqmedebis Sedegad 

gruntis SigniT miedineba eleqtrodeni, romlis Zalac 

damokidebulia gruntis kuTr winaRobaze, aqedan gamomdinare 

gruntSi gamavali denis simkvrive ganisazRvreba potencialis 

gradientiT da gruntis kuTri winaRobiT.

procesebi, romelic mimdinareobs Tixovan gruntebSi 

eleqtroqimiur  gamagrebisas  pirobiTad SeiZleba daiyos sam 

jgufad: eleqtrokinetikuri, eleqtroqimiuri da struqturo-

warmoqmnis. es procesebi urTierTSepirobebulia.
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eleqtrokinetikur procesebs, warmoSobils Tixovan gruntebSi 

mudmivi eleqtrodenis gatarebisas miekuTvneba eleqtroforezi 

da eleqtroosmosi.

eleqtroqimiur procesebs, romlebic Tixovan gruntebSi 

mudmivi eleqtrodenis gatarebisas iwveven gruntis Tvisebebis 

gaumjobesebas miekuTvneba: eleqtrolizi. maT ricxvSi ionebis 

gadaadgileba qimiuri procesebi, romlebsac mivyavarT Seuqcevad 

cvlilebebTan da ionTa gacvlasTan.

eleqtrokinetikuri da eleqtroqimiuri procesebi, gruntSi 

mudmivi denis gatarebisas iwveven agregacias, nawilebis 

koagulacias da axali qimiuri naerTebis kristalizacias.

eleqtroqimiuri meTodis uaryofiT mxares warmoadgens is,

rom gamagrebisas warmoiqmneba SezRuduli radiusis mqone 

gamagrebuli zona. amasTan erTad denis erTmxriv gatarebisas 

gaSrobis xarjze izrdeba gruntis osmosuri winaRoba, rac 

sabolood iwvevs eleqtroosmosis Sewyvetas.

aseve unda aRvniSnoT, rom gruntebis gasamagreblad

gamoyenebuli iseTi kombinirebuli meTodi, rogoricaa 

eleqtrosilikatizacia. eleqtrosilikatizacia ZiriTadad 

gamoiyeneba mcocavi da liosuri gruntebis gasamagreblad. 

gruntebis gamagrebis ufro maRali xirisxis misaRwevad saWiroa 

maTSi qimiuri nivTierebebis gamoyeneba. ZiriTadad aseT qimiur 

nivTierebad gamoiyeneba natriumis silikati, romelic aRwevs 

gruntSi, gars ekvris gruntis nawilakebs avsebs forebs da 

gamagrebis Sedegad gardaiqmneba gelad.

eleqtrosilikaturi gamagrebis xerxis arsi SemdegSia. 

gruntSi Cayursuli perfosirebuli milebSi�eleqtrodebSi 

iwnexeba silikatis xsnari kalciumis qloridTan erTad an mis 

gareSe. eleqtrodenis gatareba xels uwyobs xsnaris 

gadaadgilebas gruntSi. gavrcelebis zonis gadidebisaTvis 

gamoiyeneba xsnaris wneviT Cawnexva. eleqtrodenis gatareba xels 

uwyobs xsnaris gadaadgilebas gruntSi. zonis gadidebisaTvis 
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gamoiyeneba xsnaris wneviT Cawnexva da kaTodur eleqtrodebSi 

vakumis Seqmna.

gruntebis eleqtrosilikatizaciis xerxi pirvelad 

damuSavebuli iqna r. cebertoviCis mier 1954 w. da warmatebiT 

gamoyenebuli iqna poloneTSi sawarmoo pirobebSi nagebobis 

fuZis gasamagreblad.

aseve warmatebiT iqna samuSaoebi Catarebuli 

eleqtrosilikatizaciiT liosuri gruntebis r. ballis 

(rumineTi) mier. aqve unda aRiniSnos, rom mravali avtori 

warmatebiT muSaobda eleqtrosilikatizaciis meTodis 

Teoriuli, praqtikuli da teqnologiuri srulyofisaTvis mag. 

SeiZleba aRvniSnoT b. gorbunovi, v. Cevelovi, v. kalganovi da 

sxvebi.

gruntebis gamagreba dadebiTi temperaturuli

veliT (Termuli gamagreba)

Termuli gamagrebis meTodi dafuZnebulia gruntze dadebiTi 

temperaturuli velis zemoqmedebiT. gruntis Termul damuSavebas 

maTTvis maRali simtkicis misaniWeblad jer kidev me-19 

saukuneebSi iyenebdnen, xolo is, rom Tixovani gruntebi 

gamowvisas kargaven plastiurobas da gardaiqmneba qvad cnobili 

iyo 10 aTasi wlis win. dReisaTvis Termuli damuSavebis meTods 

iyeneben ZiriTadad Tixovani gruntebis gasamagreblad.

gruntis Termuli gamagrebis gamoyenebis are:

1) aerodromebis da gzebis mSenebloba � egreT 

wodebuli zedapiruli gamagreba

2) samrewvelo da samoqalaqo mSenebloba, Senoba-

nagebobebis fuZis gaZliereba da maTi zidvis unaris 

gazrda � e.w. siRrmuli gamagreba.

temperaturis sididesa da zemoqmedebis droze 

damokidebulebis mixedviT qanebis Termuli gamagreba iyofa 

ramdenime etapad: gacxeleba (temperatura 3000-4000), gamowva (7000-
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10000) da klinkireba (temperatura 10000-ze meti). rac metia 

temperatura da Termuli damuSavebis dro, miT ufro Zireuli 

cvlilebebi xdeba gruntSi. ZiriTadi procesebi, romlebic 

iwveven gruntSi cvlilebebs Semdegia:

1) nawilakebis da mineralebis dehidratacia da 

nawilakebis 

agregacia.

2) dispertuli nawilis darbileba, romelic iwvevs 

Secxobas da gruntis struqturis warmoqmnas

3) karbonatebis disociacia, alumosilikatis nawilobrivi 

daSla da amorfuli kremnezemis warmoqmna, rasac 

mivyavarT kalciumis silikatebis da alumosilikatebis 

warmoqmnamde da maTi hidravlikurad Sekrulobis 

Tvisebis gaCenamde.

4) dnoba

5) kristalizacia. 

gamowvis temperaturaze damokidebulebiT aWarbebs esa Tu is 

procesi.

gruntebis Termuli gamagreba emyareba imas, rom sxvadasxva 

Tixovani grunti Sedgenilobisa da struqturul-teqsturul

Taviseburebebze damoukideblad, aseve maTze temperaturis 

intensiurobisa da xangrZlivobis mixedviT, isini kargaven Tavis 

Tvisebebs, xdebian ufro wyalmedegni, mtkice da iqcevian 

xelovnur qvad. aseTi cvalebadoba ganpirobebulia 

mravalsaxovani da rTuli procesebiT: fizikuri, fiziko-qimiuri 

da qimiuri.

gruntis gauwyloebis procesi iwyeba Tavisufali wylis 

mocilebiT da orTqlisebur fazaSi gadasvliT. es procesi 

imdenad intensiurad mimdinareobs, ramdenadac metia temperatura 

da didia gruntis forianoba. gaziseburi fazis uqonlobisas 

procesi muxruWdeba an sulac wydeba. aqedan gamomdinare xSirad 

rTulad an saerTod SeuZlebelia wyalnajeri gruntebis 

Termuli damuSaveba.
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Tixovani gruntis 100-1050 gacxelebisas  scildeba ZiriTadad 

fizikurad mierTebuli wyali. patara nawili fizikurad bmuli 

wylis rCeba 1500-1700 temperaturaze da 3000-mdec ki imisda 

mixedviT Tu rogori minerologiuri Sedgenilobisaa grunti da 

kaTionebis rogori gacvlis  unari aqvs. gruntidan fizikurad 

bmuli wylis mocileba masSi Zireul cvlilebebs ar iwvevs. 

procesi atarebs Seqcevadobis unars. grunti mSral 

mdgomareobaSi iZens did simtkices, nawilakebis erTmaneTTan 

daaxloebis xarjze. wyalnajeri grunti iZens Tavdapirvel 

Tvisebebs.

temperaturis Semdgomi aweviT 200-3000 iwyeba qimiurad  bmuli 

wylis mocileba, naxevradgauwyloebuli gruntis nawilakebi 

erTdebian agregatulad, mcirdeba gruntis gacvliTi Tviseba. 

gruntebi, romlebic Seicaven organul nivTierebebs da 

koloidebs ukve 2000 temperaturaze iZenen maRal wyalmedegobas.

temperaturis 600-8000_mde gazrda iwvevs gruntis nawilakebis 

Secxobas, Semdeg ki dnobas. 

SecxobaSi igulisxmeba nawilobrivi, adgilobrivi dnoba. 

Sepirobebuli mineraluri nawilakebiT, romlebsac ufro adre 

SeuZliaT galRoba, vidre danarCen gruntis masas. amitom 

Secxobili masa gaminebul nivTierebis saxiT. am ukanasknelis  

Tvisebebzea damokidebuli ZiriTadad gamomwvari gruntebis 

fiziko-meqanikuri Tvisebebi, maTi qimiuri mdgradoba. aseT 

mineralebs, romlebic gamowvisas iwveven Tixovani gruntis 

nawilakebis Secxobas, miekuTvneba mineralebi dnobis SedarebiT 

naklebi temperaturiT: mindvris Spatebi, qarsebi, qloritebi, 

karbonatebi, romlebic gruntSi advilad Sedian reaqciaSi tute 

gruntTan, TabaSiri, rkinis gogirdovani SenaerTebi da 

wyalxsnadi marilebi. gruntis maqsimalur Secxobaze msjeloben 

wyalSTanTqmis minimaluri sididiT.

arCeven Secxobis sam stadias:

1) Secxobis dawyeba, rodesac gamdnari masalis raodenoba 

sakmarisia erTiani masis Camosayalibeblad.
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2) mTliani Secxoba, romlis drosac gruntis forebi 

ivseba gamdnari masaliT, magram gruntis masas kidev 

aqvs Seikavos Tavis wona deformirebis gareSe.

3) dnoba, romlis drosac gruntis masa rbildeba da xdeba 

denadi. 

Secxobis dawyeba mTliani Secxoba da dnoba sxvadasxva 

gruntebs sxvadasxva aqvT. zogierT Tixebs Secxoba ewyebaT 400-

4500-ze, umetesobas 600-70000-ze temperaturaze. sxvaobas Secxobasa 

da dnobas Soris ewodeba dnobadobis intervali, xasiaTdeba 3000-

iT da metiT. dnobadobis intervali mianiSnebs gruntis 

gamowvasTan urTierTobas, rasac didi teqnikuri mniSvneloba 

aqvs gamowvis warmoebaze, radgan pirdapir kavSirSia gamowvisas, 

saTbobis xarjTan. 

gruntis Termuli damuSavebisas xdeba gruntis fiziko-

meqanikuri Tvisebebis TandaTanobiTi cvla. aseTi cvlileba 

dakavSirebulia fizikurad da qimiurad dakavSirebuli wylis 

dakargvasTan, granulometruli elementebis Secxobaze da maT 

Semdgom gadnobaze. aseve axali mineraluri kompleqsebis 

warmoSobaze da Tixovani gruntis mTlianad 

gadakristalizaciebaze.

gruntebis Termuli gamagreba gamoiyeneba sxvadasxva saxis 

mSeneblobisas, gamoiyofa: 

1) dauSleli struqturis gruntebis gamagreba

2) daSlili struqturis gruntebis gamagreba.

dauSleli struqturis mqone gruntebis gamagreba

dauSleli struqturis qanebis Termuli gamagreba anu 

siRrmuli gamowva, ZiriTadad gamoiyeneba Cajdomadi liosuri 

qanebis gasamagreblad. mogvianebiT iqna damuSavebuli da 

warmatebiT gamoiyeneba, rogorc axali mSeneblobebisaTvis ise 
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avariuli jdenebis salikvidaciod adre aSenebuli Senoba-

nagebobebSi.

cnobilia Cajdomadi liosuri gruntebis gamagrebis ori 

meTodi:

pirveli meTodi SemoTavazebuli iyo n. astaSevis mier 1936 w. 

romelic mdgomareobda liosur forovan qanebSi cecxlgamZe 

milgayvanilobiT cxeli haeris CawnexvaSi, winaswar gacxelebuli 

600-9000 specialur gadasatan an stacionarul gamacxelebel 

agregatebSi. 

filtraciis pirobebis ukeT gasaumjobeseblad WaburRilSi  

inarCuneben wnevas 1-2 atm. gruntSi temperaturis ukeT 

gavrcelebisaTvis. WaburRilis garSemo gamagrebuli gruntis 

radiusi Seadgens 1-1.5 m.

meore meTodi � SemoTavazebuli iyo i. litvinovis mier 1947 

wels, romelic iTvaliswinebda sxvadasxva saxis sawvavis 

uSualod WaburRilSi wvas, ramac didi gavrceleba hpova 

samSeneblo praqtikaSi yofil sabWoTa kavSiris teritoriaze.

es meTodi dafuZnebulia gasamagrebeli gruntebis Termuli da 

Termoqimiuri damuSavebiT maTi fiziko-meqanikuri Tvisebebis 

gaumjobesebaze. sxvadasxva saxis sawvaviT, saWiroebis 

SemTxvevaSi qimiuri danamatebiT uSualod gruntSi gayvanil 

WaburRilSi wvis saSualebiT. WaburRilSi sawvavi miewodeba 

SekumSul haerTan erTad, wva mimdinareobs wneviT 0.15-0.5 atm. 

sawvavis saxiT SeiZleba gamoyenebuli iqnes gazi, Txevadi sawvavi 

(saliarka, navTobi da sxva), agreTve myari sawvavi (mtvriseburi 

koqsi). sawvavis garda WaburRilSi unda miewodos civi haeri 

temperaturis regulirebisaTvis. haeris miwodeba xorcieldeba 

kompresorebis saSualebiT.

Termuli gamagrebis efeqtis gasaZliereblad, gavarvarebuli 

wvis produqtebTan erTad amateben sxvadasxva qimiur danamatebs, 

myar, Txevad, orTqlisebr an gazisebr mdgomareobaSi. Sedegad 

gruntze wvis Sedegad miRebuli gavarvarebuli gazebi qimiur 

danamatebTan erTad iwveven qanebis Termul an Termoqimiur 
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gamagrebas. siTbos gadacema gavarvarebuli wvis produqtebidan 

WaburRilSi  mis mimdebare qanebs gadaecema Semdegnairad: 

1) pirdapiri siTbos gadacema gruntSi. temperaturuli 

sxvaobis arsebobiT siTbos wyarosa da gruntis sisqes

Soris. 

2) konveqciiT, romelic warmoiSoba gavarvarebuli wvis 

produqtebis filtraciiT gruntis forebsa da bzarebSi.

ZiriTad da gadamwyvet rols siTbos gadacemisas TamaSobs 

konveqcia, ris Sedegadac gavarvarebuli gazebi gadian 

gasamagrebeli gruntis forebSi gadascemen mas energias da 

iwveven mis gamagrebas.

daSlili struqturis gruntebis Termuli gamagreba.

am saxis gamagreba ZiriTadad gamoiyeneba gzebis da 

aerodromebis mSeneblobisas.

zedapiruli gamowva mizanSewonilia gamoyenebul iqnes gzis 

savali nawilis gasamyareblad, sadac ar moipoveba qvis masalebi. 

aseT SemTxvevaSi grunts amuSaveben droebiT savele RumelebSi. 

es meTodi pirvelad SemogvTavaza da gamoscada m. filatovma 

1927 w. momdevno wlebSi iyo araerTi cda  uSualod gzaze 

ganexorcielebinaT gamowvis procesi da gaexadaT meqanizebuli, 

magram uSedegod. dRemde araa Seqmnili gadasatani mowyobiloba, 

romelic mogvcemda maRali simtkicis masalebs, Tixovani  

gruntis gamowviT uSualod  gzebze. am mizeziT dRemde gamowvis 

meTodi aerodromebis da gzebis mSeneblobisas ar gamoiyeneba.

ukanasknel wlebSi aSS-Si gruntis Termuli damuSaveba 

gamoiyeneba maRali radioaqtiurobis mqone narCenebis 

mosacileblad. amaSi did rols TamaSobs Tixebis mier 

radiaqtiuri ionebis adsorbciis unari da Semdgom maT 

fiqsirebas gamowviT 10000 da met temperaturaze, romlis drosac 

Tixebis gamineba da radiaqtiuli masalebi gadadian uxsnad 

mdgomareobaSi. amis saSualebiT Txevadi narCenebi gadadian 

mkvrivSi, romlebic SeiZleba daimarxos ise, rom ar SegveSindes 
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maTze Semdgomi wylis moxvedrisas, radiaqtiuri nivTierebebi 

gaixsnan da gamotanil iqnen gruntis wylebis mier.

gruntebis gamagreba uaryofiTi temperaturuli

veliT,  (gruntebis gayinva)

gayinvis meTodi SeiZleba CaiTvalos universalurad; igi 

SeiZleba gamoyenebul iqnes, rogorc susti gawylovanebuli 

qanebis (qviSnaris, Tixebis, mcocavi gruntebis) ise 

gawylianebuli kldovani bzarovani qanebis, magram bzarebSi 

wylis swrafi moZraobisas, sicivis xarji da gayinvis dro 

izrdeba, rac xSirad xels uSlis mis gamoyenebas. amitom 

bzarovani kldovani qanebis gamagrebisas mizanmimarTulia 

tamponirebis romelime meTodis gamoyeneba.

gayinvis meTodis arsi mdgomareobs imaSi, rom qvabulis an 

sxva gamonamuSevrebis garSemo Seiqmnas mtkice monoliTuri 

kedeli sveli gayinuli gruntis. gayinviT gruntis gamagreba 

dafuZnebulia gruntSi arsebuli wylis kristalizaciaze. 

gayinuli wyali (yinuli) avsebs forebs, bzarebs da kravs 

calkeul struqturul elementebs erT minoliTur masaSi. 

warmoqmnili kavSirebi � droebiTia, isini damokidebulia 

temperaturul reJimze, amitom gayinvis meTodi Seqcevadi 

xasiaTisaa, radgan gayinuli grunti galRobisas TandaTanobiT 

kargavs simtkices.

gruntebis gayinva SeiZleba iyos bunebrivi an xelovnuri. 

bunebrivi gayinvisas gamoiyeneba bunebrivi yinva (zamTarSi haeris 

dabali temperatura). sust gawylovanebul grunts yinaven 1.0-

1.5 m siRrmemde. am fenis amoRebis Semdeg cikls imeoreben 

samuSaos dasrulebamde. es Zveli meTodia da dReisaTvis aRar 

iyeneben. 

gruntebis xelovnuri gayinvisas, gamonamuSevris konturidan 

dacilebiT iburReba WaburRilebis sistema, diametriT 20-25 sm. 

da erTmaneTisgan 0.8-1.3 m. dacilebiT siRrmiT 3-5 m-iT meti 
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Cayinvis niSnulidan. WaburRilebis ganlageba damokidebulia 

mSeneblobis mizanze. Cayinvis siRrme SeiZleba 60 m. da metic 

iyos. gaburRul WaburRilebSi ayeneben gamyin mowyobilobebs, 

romlebSic cirkulirebs sicivis matarebeli (kalciumis

qloridi, airovani amiaki, naxSirJangis gazi da sxva). rac metia 

Cayinvis siRrme, miT naklebia sicivismatareblis temperatura, 

15 m-mde siRrmisas temperatura �250-ia did siRrmeebze ki �

25-dan _450-mde. sicivismatarebelad  yvelaze xSirad gamoiyeneba

kalciumis an magniumis qloridi an orive erTad.

arsebobs gruntis xelovnuri gayinvis ori xerxi: paraleluri 

da mimdevrobiTi.

paraleluri xerxi iTvaliswinebs yvela WaburRilSi 

gamacivebeli xsnaris  erTdroulad daWirxvnas. amasTan erTad 

aucilebelia xsnaris temperaturuli kontroli; gamacivebeli 

xsnari WaburRilidan gamosvlisas ar unda gaTbes 0.5-10-ze metad. 

ufro metad gaTbobiT sustdeba gamacivebeli xsnaris gatarebis

intensifikacia. es xerxi ufro martivia da mas xSirad iyeneben 

mcire CaRrmavebisas. paraleluri xerxis uaryofiTi mxare isaa, 

rom SeuZlebelia gruntis Tanabrad gayinvis kontroli.

mimdevrobiTi xerxis gamoyenebisas gamacivebel xsnars 

WaburRilSi uSveben rigrigobiT. pirvelad uSveben 2 an 4 

WaburRilSi, romlebic ganlagebuli arian erTmaneTis 

sawinaaRmdego mxares. maTSi xsnaris daWirxvnas awarmoeben manam, 

sanam maT mezobel WaburRilSi ar daecema temperatura gayinvis 

donemde. Semdeg momdevno 2 an 4 mezobel WaburRilSi 

daWirxvnian xsnars da ase sanam mimdevrobiT yvela WaburRilSi 

xdeba TanmimdevrobiT gayinva. mimdevrobiTi xerxi iZleva 

garantias, rom grunti mTel konturze iqneba gayinuli. es xerxi 

xSirad gamoiyeneba did siRrmeebze da gruntis wylebis Zlieri 

dinebebisas.

gayinvis meTodiT gruntebis gamagrebis efeqturobis 

Sesafaseblad saWiroa winaswar, gruntis geologiuri 
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gamokvleva, misi Semadgenlobis, sisqis, gruntis wylebis  

mimarTulebis da siCqaris dadgena.

gayinuli grunti warmoadgens fizikur tans. Sedgenils 

ramdenime komponentisagan sxvadasxva TvisebebiT. igi SeiZleba 

ganvixiloT rogorc oTxfaziani sistema: myari mineraluri 

nawilakebi da misi agregatebi, yinuli. gadametcivebuli, (bmuli) 

wyali da haeri. gruntis gayinvis efeqturoba damokidebulia 

ZiriTadi komponentebis  Termofizikur Tvisebebze: 

siTbotevadobaze, siTbogamtarobaze, temperaturgamtarobaze da 

sxva Tbur Tvisebebze.

siTbotevadoba anu moculobiTi siTbo aris siTbos 

raodenoba, romelic saWiroa 1 kg nivTierebis 10-iT 

gacxelebisTvis.

siTbogamtaroba warmoadgens nivTierebis Tvisebas gadasces 

temperatura erTi wertilidan meoreSi. siTbos raodenoba, 

romelic gadis  or sibrtyes Soris erTgvarovan droSi erTeul 

gverdebis mqone kubis formis nivTierebaSi, 10 � temperaturuli 

sxvaobisas, siTbogamtarobis koeficients uwodeben.

sxvadasxva siTbogamtarobis misi koeficientis sidide 

damokidebulia maT agebulebaze, tenianobaze, temperaturaze da 

sxva gamtarebze. isini izrdebian gazebidan siTxeebamde da myar 

tanamde, maTi simkvrivisa da simtkicis zrdasTan erTad. 

gruntebis siTbotevadoba damokidebulia mineraluri ConCxis 

kavSirebze, struqturul teqsturul agebulebaze, forebis 

moculobasa da raodenobaze, aseve maTi wyliTa da haeriT

Sevsebis xarisxze. amitom forianobis momatebiT gruntis 

siTbogamtaroba ecema da matulobs tenianobis zrdasTan erTad.

temperaturogamtaroba gamoisaxeba koeficientiT, romelic 

warmoadgens damokidebulebas 
�
��
c

�

sadac � temperaturogamtarobis koeficientia m2/4; 

� - siTbogamtarobis koeficienti kkal/m.4.grad; 

c � siTbotevadoba kkal/kg.grad; 
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� - kuTri wona kg/sm3; 

temperaturogamtarobis koeficienti warmoadgens sxvadasxva 

wertilSi temperaturis gaTanabrebis sazoms. e.i. is aCvenebs 

temperaturuli velis farTobis sidides, romelic 1 saaTis 

ganmavlobaSo Tanabrdeba temperatura 10-is sxvaobisas misi 

Sebrunebuli sidide � kuTri siTbogamtaroba 0� - tolia

�
�

�
�

c
��

1
0 4/m2

is aCvenebs dros 1 m2 farTobze temperaturis gaTanabrebisa, 

siTbogacvla sibrtyeebs Soris 10 temperaturis sxvaobisas.

yinuli gayinul gruntSi acementebs calkeul mineralur 

nawilakebs mkvriv masivSi.  yinuli SeiZleba imyofebodes 

calkeul fenovan linzebad, Txeli firfitis saxiT da misi 

msgavsi formiT. yinulis agebuleba damokidebulia gruntebis 

sisqeze, gruntis struqturul-teqsturul Tvisebebze da yinulis 

warmoqmnis xerxze. misi agebuleba SeiZleba iyos: erTiani, 

nemsiseburi, fenovani, marcvlovani da qerclovani.

bmuli wylis naklebi Semcvelobisas gayinuli gruntis 

simtkice ZiriTadad ganisazRvreba yinulis simtkiciT. 

damtkicebulia, rom wvrilmarcvlovani yinuli ufro mtkicea, 

vidre msxvilmarcvlovani, gayinvis procesis dasaCqareblad 

ufro dabali temperaturis gamoyenebisas miiReba ufro 

wvrilmarcvlovani e.i. ufro mtkice yinuli.

gayinuli gruntebi faqtiurad xdebian wyalgaumtarni, amitom 

xelovnuri gayinvis meTodi iTvleba universalur meTodad, 

rogorc  mcocavi gruntebis gasamagrebla, ise wyalnajer 

gruntebSi da miwisqveSa mSeneblobebisas.

1.4 gruntebis gamagrebis fiziko-qimiuri meTodebi

fiziko-qimiuri meTodebi ZiriTadad gamoiyeneba Tixovani 

gruntis gasamagreblad, romlebsac axasiaTebs maRali gacvliTi 

Tviseba. zemoqmedebis principi gruntebis damuSavebisas 
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mdgomareobs maTze reagentebis patar-patara dozirebiT 

zemoqmedebaSi. (ara umetes 1-3%-isa), romelic cvlis gacvlis 

Tvisebis da mineraluri nawilakebis zedapirs. gruntis fiziko-

meqanikuri damuSaveba xdeba Semdegi mizniT: 1) gruntis 

struqturis cvlileba (dispergacia, agregacia) an 2) bunebrivi 

struqturis dacva, magaliTad wylis zemoqmedebisagan.

gruntebis dispergaciis meTodi gamoiyeneba gruntebis 

struqturis Sesacvlelad dispergantebis peptizatorebis 

zemoqmedebiT. struqtura SeiZleba daiSalos nawilobriv an 

mTlianad. 

peptizatorebi anu dispergatorebi � nivTierebebi 

(eleqtrolituri da zedapirulad aqtiuri nivTierebebi), 

romelTac aqvT adsorbciis unari, rac xels uwyobs  nawilakebs 

Soris kavSirebis Sesustebas.

dispergacias da peptizacias safuZvlad udevs 

1) adsorbirebuli ionebis ormagi fenis struqturebis Secvla 

2) adsorbaciuli monomolekuluri fenis gazrda da ganmtkiceba.

am procesis Sedegad gruntSi sustdeba nawilakebs Soris 

kavSirebi da Txevadi fazis arsebobisas brounos moZraobis 

Sedegad, konveciuli denebis, Sereva da SenjRrevis Sedegad qani 

gadadis Setivtivebul mdgomareobaSi � peptizirdeba, warmoqmnis 

ra Tixovan suspenzias. SemdgomSi maTi SemkvrivebiT da daberebiT 

xdeba agregatebis gamsxvileba da struqturuli kavSirebis 

ganmtkiceba.

agregaciis meTods safuZvlad udevs koagulaciis 

dispergaciis Sebrunebuli procesi. nawilakebis miwebeba, 

romelsac  mivyavarT agregatis warmoqmnamde koagulacia 

ewodeba. ganirCeva daxuruli da Ria koagulacia.

koagulaciis procesi dakavSirebulia mizidulobis 

molekulur Zalebsa da nawilakebis eleqtrostatikur  

ganzidvis Zalebis balansze. e.lifSicis Teoriis Tanaxmad 

urTierTmoqmedebis molekuluri Zalebi unda icvlebodnen me-3 

da me-4 xarisxis  manZilis ukuproporciad. imisaTvis, rom moxdes 
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nawilakebis  Sewebeba, isini erTmaneTs unda miuaxlovdnen 

mikronis meaTasedi nawiliT. amas ewinaaRmdegeba ganzidvis 

iunuri da eleqtrostatikuri Zalebi, aseve adsorbaciul-

molekuluri fena nawilakebis zedapirze.

koagulaciis eleqtrolitebiT gamokvlevebs awarmoebdnen 

b.deriagini da l.landau. b.deriaginis koagulaciis fizikuri 

Teoria emyareba mizidulobis molekuluri Zalebis da ganzidvis 

eleqtrostatikuri Zalebis balanss.

hidrofobizacia mineraluri nawilakebis zedapiris bunebis 

Secvla. masze mcire dozebiT zedapirul-aqtiur nivTierebebiT 

zemoqmedebiT. araumetes 1_3%-isa. hidrofobizacia Tixovan 

gruntebSi gamoiyeneba maTi wyalTan urTierTqmedebis Tvisebis 

salikvidaciod.

hidrofobizatorebi � organuli zedapirulad aqtiuri 

nivTierebaa, romelic amcirebs zedapirul daZabulobas da 

adsorbentis aqtiurobas.

hidrofobizaciis fizikuri arsi mdgomareobs gruntis 

dasvelebuloba da aradasvelebuloba damokidebuli mis 

mineralebis kristalur struqturaze, paketebSoris da 

molekulaTa Soris kavSirebis xasiaTze. ZiriTadi mizezi 

dasvelebisa da hidrataciisa warmoadgens, mineralebis zedapirze 

arakompensirebul energetikulad aqtiuri centrebis arseboba.

hidrofobizacias axorcieleben reagentis gruntSi Serevis 

gziT. hidrofobul Tvisebas grunti iZens 3-7 dRis ganmavlobaSi. 

amasTan erTad wyalnajer mdgomareobaSi misi simtkice Seadgens 

4-9 kg/sm2-s. aqve unda aRiniSnos, rom uSualod hidrofobizacia 

ar iTvleba mTlad saimedo da efeqtur meTodad gruntebis

gamagrebisas.
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gruntebis kalmatacia da gaTixva 

(gaTixovneba)

`gaTixvis meTodi~-s arsi farTo cnebaa da moicavs gruntebis 

teqnikur melioraciis mTel rigs, romelic iyenebs Tixas 

ZiriTad komponentad qanebis Tvisebebis gaumjobesebisaTvis.

sagzao mSeneblobaSi gaTixvis meTodi, gamoiyeneba optimalur 

granulometruli Sedgenilobis mqone gruntebis Sesaqmnelad, 

romlebic eqvemdebarebian sxva meTodebis gamoyenebiT 

gamkvrivebas.

hidroteqnikur mSeneblobaSi Tixebi gamoiyeneba forebis 

bzarebis Semavseblis (kalmatantebis) saxiT, agreTve filtraciis 

sawinaaRmdego fardisa da ekranis saxiT.

`kalmataciis~ terminis ufro zust ganmartebas gvaZlevs 

g.kuprini `kalmatacia � es aris qviSovani an nebismieri sxva 

tipis gruntis forovani garemos Sevseba, ufro patara mtvrovani 

da Tixovani nawilakebiT, romelic Setivtivebulia

filtirirebad wyalSi, risi Sedegic warmoadgens gruntis 

forebisa da filtraciis swrafi Semcireba.

bunebaSi kalmataciis procesi farTodaa gavrcelebuli. is 

SesamCnevad aqtiurdeba wyliT datborvisas, mdinareSi kaSxlebis 

mSeneblobisas. bunebrivi kalmataciis procesi, rogorc wesi, 

xangrZlivi, mravalwliani procesia da damokidebulia bunebriv 

pirobebze.

bunebrivi kalmatacia TvalnaTliv aCvenebs, rom xelovnuri 

gziT kalmataciisas SeiZleba mivaRwioT gruntebis 

wyalJonadobis Semcirebas.

qanebSi Tixovani suspenziis ineqcirebas 20 atm da metiT 

uwodeben tamponirebas anu gaTixvas.

gaTixvis meTodi mdgomareobs WaburRilebis sistemaSi 

Tixovani xsnaris (kuTri woniT 1.2-1.4) wneviT CawnexvaSi. 

xsnaridan wylis gamosawurad da Tixovani nawilakebis swrafad 

dasaleqad, xsnars umateben koagulatorebs da wnevas zrdian 30 

atm-mde da metiT, ris Sedegadac wyali gamoiwureba, xdeba 
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Tixovani masalis dapresva bzarebSi da sicarieleebSi. Tixovani 

naleqis Semdgomi gajirjva aumjobesebs tamponirebas da swrafad 

amcirebs wyalJonadobas.

gaTixva gvaZlevs saukeTeso Sedegs uwylo, dabzarul da 

kavernuli sicarieleebis mqone qanebis tamponirebisas, romelTac 

aqvT wyalSTanTqmis unari 0.1-100 l/wT.

kalmataciis da gaTixvis Teoriul safuZvels warmoadgens 

gruntis STanTqmadobis Tviseba. ansxvaveben gruntebis sam 

STanTqmadobis Tvisebas

1) meqanikuri 

2) fizikuri 

3) qimiuri adsorbacia.

arsebobs ori azri gruntebis kalmataciis meqanizmze. 

1) kalmatacia ganpirobebulia gruntis forebis ubralo 

dacobiT. kalmataciis ganxorcieleba ganisazRvreba  sakalma-

tacio nawilakebis zomiT, romelic SeiZleba Cairecxos gruntis 

forebSi.

2) qviSis kalmatacia warmoadgens ufro rTul process, sadac 

qviSis mier nawilakebis meqanikur STanTqmas garda warmoiqmneba 

qviSisa da Tixis nawilakebis zedapiruli urTierTqmedeba.

arc erTi am ori azridan araa sayovelTaod aRorZinebuli, 

rac imas mowmobs, rom kalmataciis procesi arasakmarisadaa 

Seswavlili.

gruntebis marilovani da polimeruli

stabilizacia

gruntebis damarilianebis arsi mdgomareobs Tixovani qanebis 

xelovnur dispergaciaSi. maTi STanTqmis kompleqsSi 

mravalvalentiani kaTionebis (kalciumis, magniumis) natriumisa 

da kaliumis erTvalentiani kadionebiT SecvliT. damarilianebis 

meTodi gamoiyeneba adgilobrivi gruntebis antifiltraciul 

samosad gadasaqcevad, erTvalentiani marilebiT damuSavebis 

gziT.
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meTodi mdgomareobs SemdegSi: marili (NaCl) SeyavT gruntSi 

(mSral an xsnaris saxiT) Serevis an gajerebis gziT. gruntis 

zedapiris TiToeul kvadratul metrze SeaqvT 3-dan 6 kg sufris 

marili. grunts ureven 20 sm siRrmemde da satkepnebiT 

amkvriveben, rekomendirebulia damarilianebuli grunti 

daifaros 10-20 sm daumarilebeli gruntiT. pirvel xanebSi 

damarilianebul gruntSi filtraciam SeiZleba sagrZnoblad 

moimatos, magram zedmeti marilis gamorecxvis Semdeg xdeba  

nawilakebis dispergacia, romlebic Seicaven natriumis ionebs da 

filtracia praqtikulad wydeba.

es meTodi Seiswavla, mecnierulad daasabuTa da warmoebaSi 

danerga akademikosma a. sokolovskim. sufris marilis magivrad 

SeiZleba gamoyenebul iqnes sxva nivTierebebi: natriumis 

ftoridi (NaF), tute (NaOH), fosfornatriumiani marilebi 

(Na3POu, Na2PO3, Na4P2O7) soda (Na2CO3) da sxva. yvelaze iafian 

reagentad iTvleba sufris marili. 

fosforuli marilebi da natriumis ftoridi iZleva karg 

efeqts, magram aZvireben samuSaoebs TavianTi maRali fasis gamo.

TabaSirSemcveli gruntebi damarilianebas Zalian Znelad 

ganicdian. maTSi ganmarilianeba SedarebiT swrafad mimdinareobs, 

amitom dispergaciis procesi Zalian Senelebulia.

gruntebis marilovani stabilizacia. gruntze  sxvadasxva 

marilebis xsnarebiT moqmedebisas SeiZleba SesamCnevad 

SevamciroT maTi jirjvadoba, Sekleba, webvadoba, mtvradoba, 

wyalJonadoba da gavzardoT simtkice.

koncetrirebuli marilis xsnarebma Tixovan gruntebSi 

SeiZleba gamoiwvion bmuli wylis garsis sisqis Semcireba da 

maTi koagulacia, rac xels uwyobs agregatuli struqturis 

warmoqmnas, misi simtkicis zrdas da gruntis nawilakebis 

SekavSirebas marilebis kristalizaciis Sedegad, rodesac 

gruntSi wylis Semcveloba Semcirdeba, warmoiqmneba 

kristalizaciuri kavSirebi, romlebsac SeiZleba hqondeT an ar 

hqondeT Seqcevadi xasiTi, xsnadobis an uxsnadobis SemTxvevaSi.
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amis Sedegad gruntebi iZenen zidvis unaris stabilurobas, 

tenianobis SedarebiT did diapazonSi, magram sxvadasxva 

gruntebSi es diapazoni SeiZleba Zlier varirebdes.

Tixovani gruntebis stabilizaciisaTvis eleqtrolitebis 

garda SeiZleba gamoyenebuli iqnas polimerebi. magaliTad, 

iaponiaSi mosaluqad iyeneben Zlier koagulatorebs. magaliTad, 

karboqsilmeTilceluloza, kalciumis poliakrilati iyeneben ra 

e.w. `panflokis~ meTods (sayovelTao koagulacia). aseTi 

koagulaciis meqanizmis Cveneba SeiZleba kalciumis 

poliakrilaciiT gruntis koagulaciis magaliTze. 

poliakrilaciis kaTionebi gruntis mineraluri nawilakebis 

zedapiridan aZeveben metalur kaTionebs da Sedian mtkice qimiur 

kavSirSi mineralebis zedapirTan. iniciatorebis damatebiT 

SeiZleba gruntis Semdgomi ganmtkiceba, gamowveuli 

polimerizaciiT, polimerizaciaSi iRebs monawileobas, rogorc 

adsorbcirebuli, ise wyalSi gaxsnili akrilatis ionebi, ris 

Sedegadac warmoiqmneba polimeris grZeli jaWvi, romelic 

gruntis mezobel nawilebs kravs ionuri kavSiriT. is 

warmoiqmneba polimeris umniSvnelo SemcvelobiT (masis 0.001 %).

Zlier stabilizatorad iTvleba preparati K-4, romelic 

warmoadgens poliakrilnitrils (poliakrilati, hidrolizire-

buli NaOH SefardebiT 2.5:1)

preparati K4�is damatebiT gruntSi 0.01%-iT axdens 

dispergirebul moqmedebas. 0.05-0.1% _ mastabilizirebel 

moqmedebad da 0.25-1%-is SemTxvevaSi koagulirebad moqmedebas.

poliakrilnitrili gvaZlevs adsorbciul-flokulaciur 

gamagrebas. es niSnavs, rom moqnili grZeli molekula kravs 

Tixovani agregatebis mraval zedapirul nawilebs erT grZiv 

jaWvSi.
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1.5 gruntis gamagrebis qimiuri meTodebi. 

1.5.1 gruntis gamagreba organuli Semkvreli nivTierebebiT

gruntis gamagrebis qimiuri meTodi damyarebulia gruntSi 

qimiuri reagentebis (Semkvreli nivTierebebis) Seyvanaze. am dros 

gruntebis gamagreba xdeba struqturuli Tvisebebis xasiaTisa da 

maTi Sedgenilobis Secvlis xarjze.

qimiuri meTodebiT gruntis Tvisebebis SecvliT xdeba 

simtkicis mniSvnelovnad gazrda, wyal da yinulgamZleobis 

momateba, wyalJonadobis Semcireba da sxva.

qimiuri meTodebi mravalgvaria, maT Soris farTod gamoiyeneba 

biTumizacia, silikatizacia, cementacia da gruntis gakirianeba.

wvrilmarcvlovani da mtvrisebri aseve mcocavi gruntebis  

gamagrebis aucileblobasTan dakavSirebiT mimdinareobs qimiuri 

meTodebis Semdgomi ganviTareba, raTa Seiqmnas iseTi ineqciuri 

xsnarebi umniSvnelo siblantiT da gamyarebis maRali 

koeficientiT, rom moxdes gruntebis did masivebis gamagreba.

gruntebis biTumizacia

gruntebis biTumizaciis meTodi mdebareobs fiziko-qimiur da 

qimiuri meTodebis sazRvarze. is dafuZnebulia gruntSi biTumis 

Seyvanaze blant-Txevadi saxiT, emulsiis an pastis saxiT.

biTumizacia aris ori saxis cxeli da civi. cxeli 

biTumizacia gamoiyeneba dabzaruli qanebis hidrosaizolaciod. 

xolo civi biTumizacia gamoiyeneba  qviSa-RorRovani gruntebis 

gasamagreblad. biTumo-gruntuli izolacia uZlebs 

hidrostatikur wnevas 2.5 atm-ze mets. amitom is farTod 

gamoiyeneba gzebis da aerodromebis mSeneblobaSi.

biTumebi TavisTavad warmoadgenen myar an blant-Txevad 

nivTierebebs, romelTa SemadgenlobaSi Sedis naxSirwyalbadis  

narevi da maTi arametaluri warmoebulebi, romlebic mTlianad 

ixsneba gogirdnaxSirbadSi CS2, biTumis feri yavisferidan  

Savamdea. konsistencia damokidebulia temperaturaze.
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misi Semadgenloba Zalian rTulia, masSi warmodgenilia 

Zalian didi raodenobis (2�8 mln) individualuri naerTebi. 

dRemde mTlianad  ar arian isini gamoyofili. biTumebis 

SemadgenlobaSi gamoyofen Semdegi SenaerTebis jgufs:

1) asfaltenebi � kristaluri nivTierebaa muqi-ruxi da 

Savi SeferilobiT. kuTri woniT 1. isini xels uwyoben 

biTumis siblantes da advilad ixsnebian 

gogirdnaxSirbadSi, benzolSi, oTxqlorian naxSirbadSi 

da ar ixsnebian petroleinur eTerSi da eTeris spirtSi.

2) asfaltogenuri mJaveebi da misi anhidrilebi �

zedapirulad  aqtiuri nivTierebebi kuTri woniT 1. 

eseni warmoadgenen myar, naxevradmyar da blant 

nivTierebebs zeTovani konsistenciiT. kargad ixsneba

aromatul naxSirwyalbadSi, eTilis spirtSi, 

oTxqlorian naxSirwyalbadSi. ar ixsneba petroleinur 

eTerSi. asfaltogenebi � myari, myife aradnobadi 

nivTiereba Savi an seri feris. 3000-ze met temperaturaze 

iSleba gamoiyofa gazi da warmoiqmneba cvili. rac metia 

asfaltogenis Semcveloba biTumSi, miT myaria igi da 

maRalia darbilebis temperatura. misi Warbi Semcveloba 

iwvevs simyifes, simyares da biTumis elastiurobis 

dakargvas.

3) fisebi � naxevradmyari da myari nivTierebaa. kuTri 

woniT daaxloebiT 1. 1000-ze naklebi dnobis 

temperaturiT. isini gansazRvraven biTumis Sekvrasa da 

plastiurobas, advilad ixsnebian petroleinur eTerSi, 

benzolSi, oTxqlorovan naxSirbadSi, 

gogirdnaxSirbadSi.

4) zeTebi � Txevadi da sqeli nivTierebaa, 1-ze naklebi

kuTri woniT. iTvleba zemoT dasaxelebuli 

nivTierebebis gamxsnelad. maszea damokidebuli biTumis

elastiuroba. aqvT wiTel-yavisferi Seferiloba.
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5) karmenebi da karboidebi � myari myife nivTierebaa. 

gansazRvravs biTumis sixistes. ixsneba 

gogirdnaxSirbadSi, ar ixsneba oTxqlorovan 

naxSirbadSi da aromatuli naxSirwyalbadSi. isini axlo 

dganan naxSirebTan.

gruntebis gasamagreblad upirvelesad gamoiyeneba 

navTobisagan miRebuli biTumebi. biTumizaciisas biTumi 

gamoiyeneba mxolod dispersul mdgomareobaSi. am mdgomareobamde 

mosayvanad is unda  gacxeldes blant-Txevad mdgomareobamde.

biTumidan SeiZleba momzaddes sxvadasxvanairi dispersiuli 

sistema: eTiloiduri xsnari, emulsia, suspenzia da pasta.

biTumis gruntTan urTierTqmedebisas gaTvaliswinebuli unda 

iqnas procesebis specifika, romelic xdeba sxvadasxva xerxis  

gamoyenebisas: Serevisas, gaJRenTvisas, ineqcirebisas, dafarvisas 

da sxva.

dabzaruli qanebis biTumizaciisas, biTumis kavSiri bzaris 

kedelTan ganisazRvreba SeWidulobis ZaliT, SekumSviT da 

bzaris  kedlebze xaxuniT. cudi SeWidulobisas mxolod xaxunis 

Zalebi arasakmarisia da 2.5-3 atm wylis wnevisas xdeba biTumis 

amovardna msxvili bzarebidan. biTumizaciis xerxis gamoyenebisas 

didi mniSvneloba aqvs zedapirul reaqciebs. biTumis 

dispersiuli qanebis urTierTqmedebisas xdeba rTuli fiziko-

qimiuri da qimiuri procesebi, razec mxolod saerTo sqema 

arsebobs. dadgenili filatovis, tolstopiatovis, guliSis, 

lisinis, vinterkornis mier, rom qanebis biTumizaciiT 

gamagrebisas didi mniSvneloba aqvs qanebis qimiko-minerologiur 

Sedgenilobas, gacvlis moculobas, gacvliTi kaTionebis 

Semadgenlobas da aseve Semkvrelis Sedgenilobas. ZiriTad 

reaqcias gruntisa da biTums Soris urTierTqmedebisas 

warmoadgens  polimerizacia da polikondensacia, romlis 

drosac warmoiqmneba maRalmolekuluri naerTebi. reaqciis 

Sedegad zeTebi gadadian fisebSi, fisebi � asfaltebSi, am dros 

did zemoqmedebas axdens Suqi, da temperatura.
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aRsaniSnavia is faqti, rom adamianis mier biTumis gamoyenebis 

faqti cnobilia uZvelesi droidan. Cv.w.aRricxvamde 700 wlis win 

babilonSi aaSenes gvirabi sigrZiT 1 km. da siganiT 8 m. mdinare 

evfratis qveS, romelic dRemdea ESemorCenili. gvirabi 

mopirkeTebuli iyo gamomwvari aguriT  da damagrebuli iyo 

biTumiT. biTumi  gamoiyeneboda agreTve gzebis mSeneblobisas, 

peruSi evropelebis gamoCenamde iyo mSvenieri biTumirebuli 

gzebi. evropaSi aseTi gzebi gakeTda 1835 w. parizSi.

qanebis biTumizacia es erT-erTi yvelaze Zveli farTod

gavrcelebuli meTodia qanebis gasamagreblad.

gruntebis gamagreba sinTeTikuri polimerebiT

polimerebi warmoadgenen nivTierebebs,  romlebic Sedgebian 

grZeli molekulebisgan jaWvuri wyobiT, Seicaven ra aTasobiT 

da aTiaTasobiT aseT molekulur rgols. isini warmoadgenen 

Tavisebur tans da ixameben myari tanis Tvisebebs. didi simtkice 

elastiuri TvisebebiT kavSirSi molekulebis formis Secvlis 

TvisebiT gansazRvravs mis saerTo Tvisebebs.

Sedgenilobis mixedviT polimerebi iyofa 

1) organuli

2) organul elementebiani 

3) sivrcobrivi (qseluri).

polimerebisaTvis damaxasiaTebeli grZeli molekulebi, 

gansxvavebul rgolebs Soris ganivi kavSirebiT. gansakuTrebiT 

xazgasmulia, rom polimerebs ar aqvT izolirebuli jaWvuri 

modelebi.

polimerebi SeiZleba warmoqmnian polimerizaciis da 

polikondensaciis Sedegad. 

polimerizacia � es aris SeerTebis reaqcia ramdenime 

molekulisa, romelic mimdinareobs sxva produqtebis gamoyofis 

gareSe. polimerizaciis reaqciaSi advilad Sedian organuli 

naerTebi.
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polikondensacia � es ramdenime molekulis reaqciaa erTnair 

an sxvadasxva agebulebas, romelic mimdinareobs umartivesi 

dabalmolekuluri nivTierebebis gamoyofiT (rogoricaa OH, 

COOH, NH2 da sxva jgufi).

polimerizaciis da polikondensaciis produqtebi iseT 

pirobebSi, rogoric SeiZleba iyos gruntebis gamagrebisas,

praqtikulad maTze ar unda imoqmedos, radgan isini qimiurad 

inertul masalebs warmoadgenen, wyalSi ar ixsnebian. mdgradia, 

biologiur zemoqmedebaze, amitom isini warmoadgenen gruntis 

gamagrebisaTvis karg safuZvels da gamoirCevian didi 

xangrZlivobiT. gruntis polimerebiT gamagrebis dadebiT efeqts 

ganapirobebs polimeris sworad SerCeva. 

kargi Sedegi da maRali teqnikuri Tvisebebi aCvena 

karbamidulma fisma, romelic SedarebiT dabalfasiania da 

gamoiyeneba qviSovani gruntebis siRrmuli gamagrebisaTvis. 

purpurolanidurma fisebma hpova gamoyeneba gruntis zedapiruli 

gamagrebisaTvis. am sakiTxebiT dainteresebuli iyo aSS-s  

specialistebi afrikis sanapiroebis gasamagreblad. g.

vincekorni, d. devidsoni, g. Sileri, inglisSi d. mavlini,

v. endriumi, ruseTSi m. kostriko da sxvebi.

gruntebis gamagreba karbamiduli fisebiT

gruntebis karbamiduli fisebiT gamagreba ganpirobebulia, 

ZiriTadad fisis sorbciuli procesebiT, gruntis mineraluri

nawilakebis zedapirze.

fisis sorbciuli procesebi damokidebulia didi zomis 

organul polarul molekulebze, romelic miizideba da mtkiced 

iWers mineralebis zedapirs eleqtruli ZalebiT, 

molekulaTSorisi da wyalbaduri kavSiris ZalebiT.

karbamiduli fisebis xsnaris polikondecirebisas 

(gamagrebisas), warmoiqmneba sivrculi Zalisebri struqturis 

polimeri (uxsnadi mtkice guli), romelic avsebs gruntis 
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forovan sivrces da mtkiced kravs awebebs gruntis calkeul 

nawilakebs.

gruntis karbamiduli fisebiT gamagrebis efeqturoba 

damokidebulia gruntis qimiko-mineraluri da granulometrul 

Sedgenilobaze. rogorc dadginda  karbamiduli fisebis guls 

SeuZlia Sekras gruntis ConCxis nebismieri minerali kalcitis 

garda, romelic  inarCunebs yvelaze maRal simtkices 25 %-ian 

karbamidul fisTan (35-50 kg/sm2).

karbamiduli fisebiT liosebis gamagrebas iSviaTad 

mimarTaven, isic mxolod gamoiyeneba zedapiruli gamagrebisaTvis 

filtraciisa da wyalJonadobis Sesamcireblad.

1.5.2 gruntebis gamagreba araorganuli 

Semkvreli nivTierebebiT

gruntebis silikatizacia

gruntebis gamagrebas Txevadi minis xsnariT � silikatxsnariT 

gruntebis silikatizacias uwodeben. silikatizacia ZiriTadad 

gamoiyeneba qviSovani da liosovani gruntebis  gasamagreblad, 

ris Sedegadac grunti iZens met meqanikur simtkices, 

wyaluJonadobis da Cajdomadobis Tvisebas.

miuxedavad imisa, rom Txevadi mina jer cnobili iyo 

alqimikosebisaTvis me-16 saukuneSi, praqtikuli gamoyeneba hpova 

mxolid XIX saukuneSi. germaneli mecnieris iohan fuqsis mier 

iqna gamoyenebuli Txevadi mina bunebrivi qvebis gasamagreblad.

g. ioscenis mier SemuSavebuli iqna gruntebis wyalJonadobis 

Semcirebis xerxi gruntSi Txevadi minisa da naxSirorJangis 

gazis Cawnexvisas xdeba maT Soris, reaqcia gamoiyofa myari

naleqi, romelic gruntTan urTierTobisas aZlevs mas 

wyaluJonadobas da maRali simtkicis Tvisebas.

ungreTSi ganaxorcieles wyalgajerebuli mcocavi gruntebis 

silikatizacia, xidis burjebis gasamagreblad naxSirorJangis 

gamoyenebiT.



57

l. evdokimovam  ganaxorciela savele cdebi  wyalnajeri 

wvrilmarcvlovani aluviuri kvarculi qviSebis silikatizaciiT 

gamagreba, sadac gamamyareblad gamoyenebuli iqna naxSirorJangis 

gazi.

es meTodi kargad aqvs Seswavlili da aRwerili Tavis 

SromebSi v. jafariZes.

xsnaris Cawnexvis raodenobis mixedviT gruntis meTods yofen 

orxsnarian da erTxsnarian silikatizaciad.

orxsnariani silikatizacias iyeneben qviSebis gamagrebisas, 

romlis drosac wnexen or xsnars: Txevad minas da kalciumis 

qlorids. es meTodi efeqturia gruntebisaTvis maRali 

filtraciis koeficientiT 2-80 m/sut. Txevadi minisa da 

kalciumis qloridis Cawnexvisas xdeba gruntis nawilakebis gare 

zedapirze maTi Semokera-Semovleba, xolo qimiuri reaqciis 

Sedegad, romelic  mimdinareobs Txevad zonasa da kalciumis 

qlorids Soris warmoiqmneba kaJmJavas gelis apki. es procesi 

nela mimdinareobs da mTavrdeba mTlianad 10 dRe-RameSi.

liosuri gruntebis erTxsnariani silikatizaciis meTodiT 

gamagreba pirvelad SeimuSava v. askalonovma, rogorc 

Cajdomadobis Tvisebis sawinaaRmdego RonisZieba. es meTodi 

damyarebulia gruntTan masaSi arsebul marilebTan swrafi 

reaqciis xarjze. erTxsnariani silikatizacia orxsnarianisgan 

gansxvavebiT, meore xsnaris rols TamaSobs TviT grunti da 

gansakuTrebiT masSi arsebuli marilebi, TabaSiri.

gruntebis cementacia

cementis gamogonebam udidesi roli iTamaSa samSeneblo 

saqmeSi. cementiT gruntebis gamagreba ukve me-19-e saukuneSi 

daiwyes. pirvelad Saxtebis kedlebis gasamagreblad da gruntis 

napralebis amosavsebad betonis xsnaris ubralo CasxmiT, Semdeg 

ki xsnaris gruntSi wneviT CawnexviT. 1950-1960 wlidan cementacia 

farTod gamoiyeneba hodroteqnikuri Saxtebis, samoqalaqo 

mSeneblobaSi, saburR saqmeSi.
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cementi TavisTavad warmoadgens hidravlikur Semkvrel 

nivTierebas, romelic  miiReba sawyisi masalebis gamowviT 

Secxobamde. miRebul klinkerSi xdeba Warbi raodenobiT 

kalciumis sulfatis dagroveba, Semdeg xdeba qarxnul pirobebSi 

klinkebis wvrilad daqucmaceba.

cementis gamagrebis sakiTxze arsebobs 3 hipoTeza: qimiuri 

(i. ezioranski, d. zabotkini), kristalizaciuri (le-Sateli) da 

koloiduri (mixaelisi), rac, ZiriTadad, gamoxatavs am rTuli 

sakiTxis Seswavlis 3 safexurs, magram calkeuli iTvleba 

erTmxrivad, ufro srulad gamagrebis procesis arsi axsna 

a. baikovma. man mogvca hidravlikuri Semkvrivebis sami ZiriTadi 

periodi 1) gaxsnis periodi 

2) koloidaciis periodi 

3) kristalizaciis periodi.

cementis gamagrebis mravalsaxovani rTuli procesi kidev 

ufro rTuldeba gruntTan mimarTebaSi. gansakuTrebiT 

wvrildispersul da cementis hidrataciis Sedegad miRebul sxva 

nivTierebebTan.

gruncementebi miekuTvnebian naxevradmyari masalebis klass. 

TavianTi drekad-plastikuri TvisebebiT, amitom araerTgvarovani 

struqturis gamo misi simtkice didadaa damokidebuli 

tenianobaze.

cementogruntebis simtkice da xangrZlivoba damokidebulia 

maT struqturaze, romelic droTa ganmavlobaSi ganicdis

sxvadasxva cvlilebebs. xangrZlivobis gasazrdelad narevSi 

iyeneben sxvadasxva qimiur minarevebs da polimerebs.

cementogruntebis simtkicis dakargva warmoadgens 

urTierTqmedebis Sedegs garemosa da cementis mineralebis 

qimiur procesebs Soris. aseve warmoqmnili produqtebis 

Tvisebebze: xsnadobaze, uxsnadobaze, kristalizaciisas 

moculobis SenarCunebaze an gazrdaze, garemos agresiulobaze.
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SFDB ++

KBJCBCVFUDFHB UHEYNT,BC UFDHWTKT,F M7 S,BKBC-HECSFDBC 

HTUBJYIB LF VFSB ABPBREH-VTMFYBREHB VFXDTYT,KT,B7

@7! kbjcbct,ehb uheynt,bc ufdhwtkt,bc ,eyt,hbdb gbhj,t,b

cbn.df 2kbjcb3 uthvfyekb ofhvjij,bcff6 bcbyb kbjct,c 

eojlt,ty mfyt,c vl7 htbybc fepib6 hjvkt,bw eiefkjl ybflfubc 

mdti fhbfy ufysfdct,ekb lf ufvjbhxtdbfy vc[dbkb ajht,bs fye 

vfrhjajht,bs7 bub rfhufl xfyc itebfhfqt,tkb sdfkbsfw7 kbjcb 

uheynt,bc cgtwbfkehb sdbct,f bcff6 hjv bcbyb [tj,t,ibw

byfhxeyt,ty dthnbrfkeh rtlkt,c7

cbn.df 2k b j c b3 cgtwbfkeh kbnthfnehfib ud[dlt,f !*@! 

okblfy7 itvlujvib vj[lf kbjcb uheynt,bc6 hjujhw itlutybkj,bc6 

bct abpbreh-vtmfybrehb vfxdtyt,kt,bc itcofdkf7 ufvjbhrdf6 hjv 

kbjct,b [fcbfslt,bfy sfdbct,ehb uhfyekjvtnhbekb itlutybkj,bs6 

ntmcnehbsf lf cnhemnehbs7 vfufkbsfl6 uhfyekjvtnhbek 

itlutybkj,fib uf,fnjyt,ekb vlujvfhtj,f ezbhfdc vndhbct,eh 

ahfmwbt,c ~$)-^%0`6 [fcbfslt,bfy vrdtshfl ufvj[fnekb fuhtufnekb 

cnhemnehbs lf6 hfw vsfdfhbf6 o.kbs lfcdtkt,bc itvs[dtdfib 

b�ktdbfy lfvfnt,bs ]ljvt,c6 hjvtkcfw xdtekt,hbdb ]ljvbcufy 

ufyc[dfdt,bs xf]ljvf eojltc7 vfifcflfvt6 kbjcb uheynt,bc ths-

thsb vsfdfhb sdbct,f6 hjvtkbw vrdtshfl ufyfc[dfdt,c c[df 

uheynt,bcfufy fhbc xf]ljvflj,f7

hfw itt[t,f kbjcbcvfudfh uheynt,c6 bcbyb bubdt kbjct,c 

vbtresdyt,bfy bv ufyc[dfdt,bs6 hjv 2kbjcehb sdbct,t,b3 vfsib bct 

vrdtshfl fhff ufvj[fnekb7

eylf fqdybiyjs6 hjv cfmfhsdtkjib6 hjujhw fvfc vrdktdfht,b 

fqybiyfdty ~vidtybthf�t6 zj[jytkb�t` nbgbehb kbjct,b fhf udfmdc7 

ud[dlt,f v[jkjl kbjcbcvfudfhb uheynt,b lf bcbw v[jkjl 

fqvjcfdkts cfmfhsdtkjib7 gbhdtkfl kbjcbcvfudfhb uheynt,bc 

ufdhwtkt,f fqvjcfdkts cfmfhsdtkjib lf vfsb abpbreh-vtmfybrehb 

sdbct,t,b itcofdkbkbf l7 vidtybthf�bc vbth7 fv cfrbs[c vbt�qdyf 

vbcb rfgbnfkehb ihjvf 2cfmfhsdtkjc kbjct,b3 ufvjwtvekb !(^% o7 

itvlujv gthbjlib kbjcbcvfudfhb uheynt,bc itcofdkf uh�tklt,jlf 
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lf vbqt,ekb itltut,b sfdvj.hbkbf u7 zj[jytkb�t6 k7 wthwdf�t6 k7

vtkybrjdfc vjyjuhfabfib7 2cfmfhsdtkjc kbjct,b37  !(&^ o7 ihjvfib 

cfrvfj ltnfkehflff itcofdkbkb kbjcb uheynt,bc ufdhwtkt,f6 

itlutybkj,f lf abpbreh-vtmfybrehb vfxdtyt,kt,b7 ufycfresht,ekb 

.ehflqt,f fmdc lfsvj,bkb kbjcbcvfudfhb uheynt,bc xf]ljvfl 

sdbct,t,c7

kbjcb uheynt,b lblb ufdhwtkt,bs cfhut,kj,ty vcjakbjib7 

bcbyb ud[dlt,f uthvfybfib6 cfahfyutsib6 erhfbyfib6 hectsib6 

rfdrfcbfib6 xbytsib6 cfv[hts fvthbrfib lf c[df7 pjubthsb vtwybthbc 

vjyfwtvt,bs kbjct,c ezbhfdc vstkb ltlfvbobc [vtktsb yfobkbc 

%07

cfmfhsdtkjib kbjcbcvfudfhb uheynt,b �bhbsflfl ud[dlt,f 

vlbyfhtt,bc5 vnrdhbc6 bjhbc6 fkfpybc6 [hfvbc fept,ib7 

u7 zj[jytkb�bc vbth itlutybkbf rbltdfw cfmfhsdtkjib 

kbjcbcvfudfhb uheynt,bc ufdhwtkt,bc cmtvfnbehb hemf6 kbjcb 

uheynt,bc cbv�kfdhtt,bc xdtyt,bs7 se hjujh ofhvjbidf 

kbjcbcvfudfhb uheynt,b fvfpt vrdktdfht,c thsb fphb fhf fmds lf 

ofhvjflutyc lbcrecbbc cfrbs[c7 fv cfrbs[bc ufhitvj vrdktdfht,c 

ijhbc lfdf erdt 150 otkbf vbvlbyfhtj,c lf thscekjdfy 

it[tlekt,fvlt ]thfw fh fhbfy vbcekb7 fqybiyekb cfrbs[b rfhufl 

fhbc ufiemt,ekb d7 ghbrkjycrbc ~*$6*%`  f7 kfhbjyjdbc ~%^` 

d7 fyfybtdbcf ~*` l7 vidtybthf�bcf ~&(` lf u7 zj[jytkb�bc ~!)!` 

ihjvt,ib7

cfbynthtcjf fdnjhsf evtntcj,f bpbfht,c kbjcb uheynt,bc 

tjkeh stjhbfc ~*6%^6&(` bcbyb fydbsfht,ty hf fv stjhbfc6 hjvtkbw 

vfs vbbqtc rjyrhtnek hfbjyt,pt lfrdbhdt,bc itltufl dtqfh 

fdhwtkt,ty fv itltuc c[df hfbjyt,pt7 ghfmnbrfv rb udbxdtyf6 hjv 

c[df hfbjyt,c fqybiyekb stjhbf dth vjthuj7 tjkehb stjhbf 

ufvjlbc bmblfy6 hjv kbjcb uheynt,b ofhvjflutyc mfhbc vbth 

vjnfybk vfcfkfc7 fvbc lfvflfcneht,tk ths-ths afmnjhfl vbfxybfs 

bc6 hjv [ibhfl kbjct,b afhfdty o.fkufv.jat,c6 hjvtkbw 

ofhvjflutyc elf,yjt,blfy vjnfybk vndthc7 fvbnjvff cojhtl6 hjv 

kbjct,ib czfh,j,c vndhjdfyb ahfmwbt,b7 dbyfblfy vfsb lfktmdf 

[lt,jlf vihfk gbhj,t,ib6 bcbyb dth itmvyblyty itvzblhjt,ek6 

vrdhbd yfktmt,c6 hjujhw tc ud[dlt,f vfufkbsfl fkedbeh ~vlbyfhbc 
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vbth vjnfybk` yfktmt,ib7 fvbnjvfw o.kbc vj[dtlhbcfc kbjcb 

uheynt,b fv;qfdyt,ty xf]ljvfl sdbct,t,c7 dbyfblfy vndthbc lfktmdf 

[lt,jlf vwtyfhtek cfafhpt7 tc erfyfcrytkb hjltcfw ufb[hoyt,jlf6 

vbc flubkpt hxt,jlf dthnbrfkehb vbvfhsekt,bc ajht,b fye 

vfrhjajht,b7 vfhskfw kbjct,ib vfrhjajht,c dthnbrfkehb 

vbvfhsekt,f fmdc7

fqybiyek stjhbfc /.fdc vjobyffqvltutt,bw6 hjvkt,bw 

fqybiyfdty6 hjv ud[dlt,f kbjcb uheynt,b6 cflfw firfhflff 

ufvj[fnekb ihtj,hbj,f6 hfcfw tjkehb stjhbf dth f[cybc lf c[df7 

cfbynthtcjf k7 ,thubc vbth !(!^ o7 itvjsfdfpt,ekb ybflfu-

tkedbehb stjhbf7 bub ufvjlbc bv afmnbcfufy6 hjv kbjcb uheynt,b 

sfdbcb ojkbc ajhvbc vb[tldbsf lf ntmcnehbs bltynehbf bv 

mfyt,bcf6 hjvkbcufyfw bcbyb ofhvjbidty7 vbcb stjhbbs flubkpt 

lfktmbkb mfyt,b ufybwlblyty ufvjabndbc ghjwtct,c6 hbc itltuflfw 

cf,jkjj ]fvib hxt,jlf kbjcb uheynt,b7 kbjct,ib dthnbrfkehb 

ajht,bc fhct,j,fc bcbw vwtyfhtekb cfafhbc fhct,j,bs [cyblf7

bubdt fphc bpbfht,c hecb vrdktdfhb d7 j,hextdb ~*@` bub 

sdkbc6 hjv mfybc kbjcfl xfvj.fkb,t,f [lt,jlf sfylfsfyj,bs 

lbfutytpbc ghjwtcib d7 j,hextdc vj/.fdc cfbynthtcj vjyfwtvt,b 

xbytsbc kbjcb uheynt,bc ofhvjij,bc itcf[t,7 wyj,bkbf6 hjv 

xbytsib kbjcb uheynt,bc cbv�kfdht pjubths hfbjyib !)) 0 v7 lf 

vtncfw fqotdc7 cfiefkjl rb !)-&) v elhbc7

b7 nhjabvjdvf vjudwf rbltdfw kbjcb uheynt,bc utytnbrehb 

rkfcbabrfwbf6 hjvtkbw lfae�yt,ekbf tjkeh stjhbfpt7 kbjcb 

uheynb6 hjv vjnfybkbf mfhbc vbth fvfc bub fcf,est,c bvbs6 hjv 

kbjct,c fhfathb rfdibhb6 fhw gtnhjuhfabekb itlutybkj,bs fhw 

abpbreh-vtmfybrehb sdbct,t,bs fhf fmdc cfthsj vfs ufhitvj 

fhct,ek mfyt,sfy7 bub kbjcbcfsdbc lfvf[fcbfst,kfl sdkbc itvltu 

vfxdtyt,kt,c5

!7 athb xdtekt,hbdfl vj.dbsfkj-vjhe[j

@7 itlfht,bs a[dbthb fqyfuj,f7

#7 rtlkbc dthnbrfkehb vlujvfhtj,bc ityfhxeyt,f7

$ CaCO3  lf CASO4 vfhbkt,bc cfuh�yj,b itvwdtkj,f7

%7 vihfk vlujvfhtj,fib cbvnrbwbc cfrvfjl vfqfkb vfxdtyt,kt,b7

^7 vfqfkb abknhfwbbc rjtabwbtynb7 ufycfresht,bs rb vfssdbc
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lfvf[fcbfst,tkbf abknhfwbf dthnbrfkehb vbvfhsekt,bs7

&7 o.fkib cohfafl lfikbc lfk,j,bc eyfhb7 kbjcb uheynt,bc 

xf]ljvfl sdbct,fib ufycfresht,ek hjkc fybzt,ty bv ghjwtct,c6 

hjvtkbw lfrfdibht,ekbf ybflfuofhvjmvyfcsfy7 

ghja7 u7 vfdkbfyjdb ~^(` sdkbc6 hjv nbgbehb kbjct,b tjkehb 

ofhvjij,bcff7 t7b7 mfhbc vbth fhbc vjnfybkb6 [jkj6 hfw itt[t,f 

kbjcbcvfudfh uheynt,c6 bcbyb vtjhflb ofhvjij,bcff7 bcbyb 

ofhvjbidyty kbjct,bc ufhtw[dbs6 uflfnfybcf lf lfktmdbc itltufl7 

vfifcflfvt kbjcbcvfudfhb uheynt,b ltkeubeh-ghjkedbeh lf 

fkedbeh yfktmt,c ofhvjflutyty7

ptvjs fqybiyekblfy ufvjvlbyfht itb�kt,f lfdfcrdyfs6 hjv 

lqtbcfsdbc .dtkfpt gjgekfhj,bs cfhut,kj,c cfvb /bgjstpf kbjcb 

uheynt,bcf ofhvjij,fpt7 tjkehb6 hjvtkcfw yfobkj,hbd itdt[ts6 

ltkedbeh-ghjkjdbehb6 fkedbehb lf vtcfvt ltkedbehb vfcfw 

yfobkj,hbd itdt[ts7 fhbc fuhtsdt /bgjstpt,b6 hjvkt,bw 

fhfhtfkehbf lf vfcpt xdty fh itdxthlt,bs7 vfufkbsfl kbjcb 

uheynt,bc ofhvjij,bc rjcvbehb stjhbf6 hjvtkbw ofhvjlutybkb b.j 

!(@) o7 lf itvltu rbltd ufydbsfht,ek bmyf7

fqcfybiyfdbf6 hjv tjkehb stjhbf cfpqdfhufhts .dtkfpt lblb 

vjojyt,bs cfhut,kj,c7 tc fqbybiyf rbltdfw !(^$ o7 gfhbpib 

ufvfhsek cfthsfijhbcj rjyuhtct,pt6 hjvtkbw vb�qdybkb b.j kbjc 

uheynt,bcflvb7

hjujhw fqdybiyts tjkehb stjhbbc vbvltdht,b kbjcbc 

ofhvjij,fc erfdibht,ty mfhbc vjmvtlt,fc vihfk rkbvfneh 

gbhj,t,ib vndhbct,ehb ahfmwbt,bc lfktmdf [lt,f ybflfubc atyt,pt6 

hjvtkbw ,fkf[bs fhbc lfafhekb7 dbyfblfy lfktmdbc ghjwtcb ytkb 

ntvgbs dbsfhlt,f ,fkf[b ptvjsfw fcoht,c fvjcdkfc6 [jkj mdtvjs 

lfhxtybkb ,fkf[b ufybwlbc rdljvfc lf vbc flubkpt ofhvjbij,f 

dthnbrfkehb ajht,b6 cfbynthtcjf6 hjv d7 j,hextdb !($* o7 

ihjvt,ib vbesbst,lf6 hjv ufvjb.jaf kbjcbc jhb nbgb5 wbdb lf 

s,bkb7 gbhdtkb ofhvjbij,f vihfk v.bydfhtekb gthbjlbc lhjc6 

v.bydfhtekb vfcfkbc uflfnfybs6 [jkj vtjht rb elf,yjt,blfy 

vndhjdfyb vfcfkbc uflvjnfybs7
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fdnjht,b6 hjvkt,bw vbesbst,ty kbjct,bc tjkeh ofhvjij,fpt 

fhuevtynfl b.tyt,ty vfs vbythfkehb itlutybkj,bc 

vhfdfkathjdyt,fc ~b7 ctlktwrb !(%#`7

g7 fyfybtdvf itbcofdkf hf !(%% o7 djkjulbc hfbjyib 

v.bydfhekb yfktmt,b lffcrdyf6 hjv vfsb vbythfkehb itlutybkj,f 

sbsmvbc bltynehbf fv hfbjyib ufdhwtkt,ekb kbjct,bc vbythfkehb 

itlutybkj,bcf6 fvbnjv v.bydfhekb yfktmt,b ofhvjflutyty cojhtl 

rthfc6 cfblfyfw mfhbc cfiefkt,bs vjlbjlf vndthb bktmt,jlf 

kbjct,bc cf[bs7

hjujhw fqdybiyts6 kbjct,b �fkbfy ufdhwtkt,ekbf ief 

fpbfib7 b7 nhjabvjdvf itbcofdkf hf nf]brtsbc cf[tkvobajc 

kbjct,b vblbc itvltu lfcrdyfvlt7

!7 kbjct,b tjkehb - ofhvjij,bcff7 rthf6 cfblfyfw mfhc vj-

fmdc vndhjdfyb vfcfkf6 mdbibc elf,yjt,b lf vfqfkb vst,bf7

@7 kbjct,bc ofhvjij,f exdtyt,c6 hjv rkbvfnb fhbc fhblekb7

#7 kbjct,b fhbc gbhdtkflb ofhvjij,bc6 hjvkt,bw mfhbc vbth 

vjnfybk ghjlemwbfc ofhvjflutyty7 bubdtc bvtjht,c v7 kjvjyjdbxb6 

hjvtkvfw itbcofdkf fknfbc v[fhbc kbjct,b7 fvbc 

lflfcneht,bcfsdbc bub b.tyt,c kbjct,bc uhfyekjvtnhbek lf 

vbythfkeh itlutybkj,fc7

ufycfresht,bs cfbynthtcjf xhlbkjts rfdrfcbfib fhct,ekb 

kbjct,bc utytpbcbc cfrbs[b7 vrdktdfht,c ~u7 gjgjdb !(&& o7` ijhbc 

�bhbsflfl ufvtat,ekbf kbjcbc tjkehb ofhvjij,f7 cfbynthtcjf6 

hjv fvfc bcbyb [cybfy bvbs6 hjv rdfhwb6 hjvtkbw lblb hfjltyj,bs 

ud[dlt,f kbjct,ib fhbc lfres[ekb ajhvbc6 cojhtl tc fhbc vfsb 

vsfdfhb fhuevtynb7 lfres[ekb ajhvbc rdfhwb fh itb�kt,f 

ltkedbeh-ghjkedbeh fylf fkedbeh yfktmt,c f[fcbfst,ltc7

kbjct,bc tjkeh stjhbfc tv[hj,bfy erhfbybc vrdktdfht,bw7 

bcbyb rjyrhtnekfl fcf[tkt,ty ~b7 rhjrjcb6 g7 pfvjhb` rbltdfw bv 

rtht,c6 cfblfyfw vjtlbyt,f mfhbc vbth vndthb7 sfdbfys /bgjstpfc 

bcbyb fvfuht,ty kbjct,bc uhfyekjvtnhbekb lf vbythfkehb 

itvflutykj,bc fyfkbpbc cfiefkt,bs7

fhbc vtwybthsf vstkb ]ueab6 hjvtkbw kbjct,ehb uheynt,bc 

ofhvjij,bc6 v[jkjl fkedbehb stjhbbs [cybc ~d7 ljrexftdb !*(@o7` 

~b7 fafyfcbtdb !(@$ o7 lf c[df7 vfufkbsfl6 b7 uthfcbvjdvf ~!(#( o7` 
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itbcofdkf lf uffyfkbpf hf .jabk cf,zjsf rfdibhbc kbjcb 

uheynt,pt fhct,ekb /bgjstpt,b lf bc vfcfkfw6 hjvtkcfw 

vrdktdfht,b t.hlyj,jlyty6 vbdblf lfcrdyfvlt6 hjv �bhbsflb 

afmnjhb kbjcb uheynt,bc ofhvjij,bcf fhbc fkedbehb /bgjstpf7 

hfw itt[t,f tjkeh afmnjhc vfc tresdybc lfmdtvlt,fht,ekb 

vybidytkj,f7 fvfdt fphc bpbfht,c c7 cj,jktdb ~!(#& o7` bcbyb 

sfdbfys lfcrdyt,c fut,ty itvltu lt,ekt,t,pt7

!7 v.bydfhekb mdbit,b lf6 se uyt,fds6 mdbiyfhbw6 fh itb�kt,f 

ofhvjflutyltc mfhbc vjnfybkc bvbnjv6 hjv fctsb lblb hfjltyj,bc 

vfcfkbc rtht,b e,hfkjl fh fhct,j,ty7

@7 se erhfbybc kbjct,bc uhfyekjvtnhek itlutybkj,fc 

ufdffyfkbpt,s6 rfhufl xfyc6 hjv bub rfyjypjvbthfl bwdkt,f o.kbc 

fhnthbt,blfy sfylfsfy lfijht,bs7

#7 bv hfbjyt,ib6 hjvtkbw ufybwlblyty tgtbhjutyek fotdfc6 

itbvxytdf kbjct,bc vbybvfkehb cbv�kfdhtt,b6 [jkj bc hfbjyt,bw6 

hjvkt,bw ufybwlblyty lfotdfc6 gbhbmbs - kbjcb mfyt,bc 

cbv�kfdhtt,b lblbf7

$7 fqybiyekb upbs lfktmbkvf vfcfkfv itvltu gthbjlib 

ufybwflf 2ufkbjct,f3 bct6 hjujhw fvfc fqybiyfdc f7 ,thub7

d7 ,jylfhxerb ~!($& o7` itbcofdkf hf kbjc uheynt,bc afeyf6 

~fctsb upbs rb kbjcb uheynt,bc itcofdkf gbhdtkfl vj[lf`6 vbdblf 

lfcrdyfvlt6 hjv erhfbybc kbjct,b ofhvjij,bkbf v.bydfhbc 

o.kt,bcfufy7 fvfc bcbw vjovj,c6 hjv kbjct,b [fcbfslt,bfy 

ihtj,hbj,bs6 hfw fkedbjyc f[fcbfst,c7 fvbnjvff cojhtl6 hjv 

lf,kj, hfbjyt,ib ud[dlt,f kbjcb uheynt,bc v�kfdhb yfktmt,b7

b7 crdjhwjdb ~!(%# o7` bvbcfsdbc6 hjv lfflfcnehjc kbjcb 

uheynt,bc ofhvjij,bc fkedbehb /bgjstpf6 b.tyt,c afeyfcsfy thsfl 

uheynbc vbythfkeh itlutybkj,fc lf fuhtsdt6 atyt,bc fut,ekt,fcf 

lf ojkbc ajhvt,cfw7 fv ufvjrdktdt,bc itltufl bub vblbc 

lfcrdyfvlt6 hjv ief fpbbc kbjct,c vlbyfhbc [tj,t,bc ufcodhbd 

fmds rfhufl ufvj[fnekb fkedbehb ofhvjij,f7 hfw itt[t,f tjkehb 

ofhvjij,bc kbjct,c6 bcbybw ud[dlt,bfy6 vfuhfv eahj 

lfmdtvlt,fht,ek hjkib7 ufycfresht,bs lbl hjkc bub fybzt,c 

zfkt,c6 cflfw [lt,f lblb hfjltyj,bs vndhbct,ehb vfcfkbc 

lfktmdf7 bubdt fphc bpbfht,c v7y7 ujkintbyb ~#)`7
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kbjcb uheynt,bc o.kjdfy ofhvjij,bc stjhbt,bc ufydbsfht,fib 

lblb hjkb vbe�qdbc c7 vjhjpjdc ~!(%!o7` jhbubyfkehb 

kf,jhfnjhbekb wlt,bc itltufl vfy lfflubyf6 hjv vndhbct,hb 

~)6)%-)6))% vv` ahfmwbt,b ofhvjbij,f ybflfuofhvjmvybc gthbjlib 

ufvjabndbc ghjwtct,bc itltufl7 mfyt,bc ajhbfyj,f rb lblflff 

lfvjrblt,ekb ufvjandbcf lf ybflfuofhvjvij, ghjwtct,pt7

kbjcb uheynt,bc ghjkedbfkeh ofhvjij,fpt .ehflqt,f 

uffvf[dbktc f7 gfdkjdvf lf d7 ljrexftdvf7 gbhdtkvf itvjbqj 

cojhtl nthvbyt,b ltkedbfkehb lf ghjkedbfkehb6 itvltu vfsb 

stjhbf ufydbsfht,ek bmyf6 hjujhw ptvjs fqdybiyts u7 vfdkbfyjdbc 

lf c[df vrdktdfht,bc vbth7

ufycfresht,bs fqybidybc qbhcbf mfhsdtkb vtwybthbc 

l7 vidtybthf�bc kbjct,bc ofhvjij,bc /blhjybflfuehb /bgjstpf7 bub 

bpbfht,c ,thubc vbth fnfwt,ek ybflfueh stjhbfc6 v[jkjl lbl 

vybidytkj,fc fybzt,c vlbyfhtt,bcf lf ptlfgbhekb o.kt,bc 

vjmvtlt,fcfw7 l7 vidtybthf�t sdkbc6 hjv cfmfhsdtkjc kbjct,bc 

vfcfkf ofhvjflutyc fyltpbnt,bcf lf ,fpfknehb kfdt,bc 

ufvjabndbc itltuc7 vbcufy ofhvjij,bkb odhbkb vfcfkf uflfnfybkb 

b.j vlbyfhtt,bc vbth lf vfsb ufkbjct,f vj[lf6 bct hjujhw tc 

k7 ,thuc fmdc vjwtvekb7

ghja7 u7 zj[jytkb�t cfmfhsdtkjc kbjcbcvfudfhb uheynt,bc 

ofhvjij,bc fcf[cytkfl b.tyt,c �bhbsflfl fkedbfkeh lf 

ltkedbfkeh-ghjkedbfkeh stjhbfc6 tc ghjwtct,b [lt,jlf 

cgtwbabeh rkbvfneh gbhj,t,ib6 vihfkb6 rjynbytynfkehb /fdbc 

gbhj,t,ib7 /fthbc vfqfkb ntvgthfnehf6 yfktmt,bc vwbht hfjltyj,f 

lf fqvjcfdkts cfmfhsdtkjc c[df cgtwbabehvf rkbvfnehvf 

gbhj,t,vf epheydtk.j fkedbehb yfktmt,bc uhfdbnfwbekb lfktmdbc 

ghjwtcbc lfevsfdht,kj,f7 lbfutytpbc ghjwtcb f[fklfktmbk mfyt,ib 

,jkjvlt dth vblbjlf7 vihfkb rkbvfnehb ghjwtct,bc itltufl 

uheynb fcoht,lf ufvjihj,fc6 hbc itltuflfw lfktmdbc ghjwtcb 

o.lt,jlf7 yfktmt,bc itvltub yfrflbw bubdt ghjwtct,ib [dlt,jlf7 

fvhbufl6 vbbqt,jlf yfktmt,b6 hjvtkvfw uhfdbnfwbekb lfnrtgyf 

o.fkvlujvfhtj,fib ,jkjvlbc dth ufybwflf6 bvbnjv6 hjv bub 

uflfdblf vihfk vlujvfhtj,fib7 fvbs fb[cyt,f cojhtl kbjcbcvfudfhb 

uheynt,bc itlfht,bs vfqfkb ajhbfyj,f7
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hjujhw rb uheynb cdtkb vlujvfhtj,blfy uflfdblf vihfk 

vlujvfhtj,fib6 w[flbf6 uhfdbnfwbekb ghjwtct,bc byntycbdj,fv 

vrdtshfl brkj lf uheynb6 se itb�kt,f fct bsmdfc6 lfhxf 

lfenrtgytkb6 cojhtl fvbs fb[cyt,f kbjcbcvfudfhb uheynt,bc 

vfqfkb ajhbfyj,f7

@7@ S,BKBCB-HECSFDBC HTUBJYIB UFDHWTKT<EKB 

KBJCBCVFUDFHB UHEYNT,B LF VFSB ABPBREH-VTMFYBREHB

VF[FCBFST,KT,B7

hjujhw flht b.j fqybiyekb s,bkbcb-hecsfdbc htubjyib 

kbjcbcvfudfhb uheynt,b cfrvfj ufdhwtkt,bs cfhut,kj,ty7 vfspt 

fityt,ekbf vhfdfkb ityj,f-yfut,j,fyb6 hjvtksf evhfdktcj,f 

yjhvfkeh tmcgkjfnfwbeh gbhj,t,ibf7 cfvoe[fhjl6 vhfdfkvf ityj,f-

yfut,j,fv ufybwflf ltajhvfwbf6 hjvkbc �bhbsflb vbptpb ae�t-

uheynt,bc xf]ljvflj,ff7 mdtvjs vjud.fdc xdtyc vbth itcofdkbkb 

j,btmnt,bcf lf fhct,ekb kbnthfnehekb lf ajylehb vfcfkt,bc 

cfae�dtkpt s,bkbcb-hecsfdbc htubjybc kbjcbcvfudfhb uheynt,bc 

lf[fcbfst,f7

hjltcfw s,bkbcb-hecsfdbc htubjybc kbjcbcvfudfh uheynt,ptf 

cfe,fhb obylfoby eylf fqdybiyjs6 hjv m7 s,bkbcib kbjcbcvfudfhb 

uheynt,b �bhbsflfl ud[dlt,f vl7 vnrdhbc vfhw[tyf yfgbhpt7 bcbyb 

bo.t,f uklfybc vfcbdblfy6 itvltu dhwtklt,f ve[bfybcf lf stvmbc 

lfcf[kt,fib6 bmblfy dbohj pjkfl itvjlbc cfypjybcf lf 

yf�fkfltdbc e,yt,ib6 uflbc fdkf,fhib6 cfrvfjl afhsj pjkbs7 

bmblfy rb pjkb vbtvfhst,f bcybcfrty6 ezbhfdc yfdskeqbc6 gbhdtkb 

vfcbdbcf6 dfhrtsbkbc lfcf[kt,t,bc nthbnjhbt,b6 itvltu rb 

dhwtklt,f cffdbfwbj mfh[ybc lfcf[kt,t,bc nthbnjhbfpt7 bmblfy 

dhwtklt,f ajybzfkfpt lf uflflbc hecsfdib7 fm rb kbjcbcvfudfhb 

uheynt,b vl7 vnrdhbc jhbdt v[fhtc ud[dlt,f7 m7 hecsfdbc hfvltybvt 

vbrhjhbfjybc ityj,t,b kbjcbcvfudfh uheynt,ptf fut,ekb7 fvbnjvfw

m7 hecsfdibfw cfrvfj hfjltyj,bsff ltajhvbht,ekb cf[kt,b7 

obylfoby fqdybiyfds6 hjv6 hjujhw m7 s,bkbcib6 bct m7

hecsfdib ityj,f-yfut,j,fsf ltajhvfwbbc vbptpbf ae�t-uheynt,bc 

lfcdtkt,f7
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eylf fqdybiyjs6 hjv xdtyc vbth vjrdktek vfcfkt,ib ptvjs 

xfvjsdkbk hfbjyt,c thsbfyb cfby;byhj-utjkjubehb lf[fcbfst,f fh 

fhct,j,c6 hfw cfiefkt,fc vjudwtvlf rjyrhtnekfl udtvc]tkf 

kbjcb uheynt,bc cbv�kfdhtpt6 vfs xf]ljvflj,fpt lf c[d7 fhct,j,c 

v[jkjl wfkrtekb ityj,t,bc vjtlybc cfby;byhj- utjkjubehb 

zhbkt,b7 bcbyb fhff bv hfjltyj,bs6 hjv vfspt lf.hlyj,bs 

hjvtkbvt hfbjybc cfby;byhj-utjkjubehb zhbkb6 eahj vtnbw 

pjubths e,fypt itcofdkbkbf kbjcbcvfudfhb uheynt,b lf fhff 

ufycfpqdhekb vfsb sdbct,t,b lf bctsb cfzbhj sdbct,f6 hjujhbwff 

xf]ljvflj,f7 fvbnjvfw xdty b�ekt,ekb ufd[lbs 

lfdrvf.jabkt,ekb.fdbs wfkrtekb vjtlybc itcf[t, vbqt,ekb 

vfcfkt,bs7 vfcfw fqdybiyfds6 hjv evtntc itvs[dtdfib fvf se bv 

j,btmnbc cfby;byhj-utjkubehb itcofdkf lfrfdibht,ekbf bvfcsfy7 

hjv fv j,btmnpt fityt,ekvf ityj,fv ufybwflf ltajhvfwbf7

vjrdktekb vfcfkt,bcf lf xdtyc vbth itcofdkbkb j,btmnt,bc 

cfby;byhj-utjkjubehb rdktdt,bc cfae�dtkpt ufycfpqdhekbf 

s,bkbcb-hecsfdbc htubjybc kbjcb uheynt,bc abpbreh-vtmfybrehb 

vfxdtyt,kt,b7

itltut,b vjwtvekbf w[hbkb 1@7! lf w[hbkb 1@7@-ib7 w[hbkb 

1@7!-ib yfxdtyt,bf uheynbc uhfyekjvtnhbekb itlutybkj,f lf 

abpbrehb vfxdtyt,kt,b6 [jkj w[hbk 1@7@-ib  vjwtvekbf uheynbc

ltajhvfwbekb lf vtmfybrehb vfxdtyt,kt,b6 vfs ijhbc xf]ljvflj,fw7

cehdbkb udmjylf thslhjekfl udtxdtyt,byf sf,fibhbc 

hfjltyj,f lf vbcb wdkbkt,f cbqhvbc vb[tldbs6 vfuhfv cehfsb

vtnfl hsekb ufvjluf lf fh lftmdtvlt,fhf rfyjypjvbtht,fc7 w[hbk 

1@7@-ib sf,fibhbc hfjltyj,bc wdkbkt,f7 cfthsjl eylf fqdybiyjs6 

hjv evtntc itvs[dtdfib s,bkbc-hecsfdbc htubjyib sf,fibhbc 

hfjltyj,f cbqhvbc vb[tldbs vwbhlt,f6 sevwf fhbc vstkb hbub 

e,yt,b6 cflfw fqybiyekb rfyjypjvbtht,f fh itbvxytdf lf [lt,f 

gbhbmbsfw6 cbqhvbc vb[tldbs sf,fibhbc hfjltyj,f bphlt,f7 mdtvjs 

vjud.fdc s,bkbcb-hecsfdbc htubjybc kbjcbcvfudfhb uheynt,bc 

abpbreh-vtmfybrehb sdbct,t,bc vjrkt lf[fcbfst,f7 itlutybkj,f5  

itcofdkbk bmyf htubjybc uheynt,bc uhfyekjvtnhbekb6 mbvbehb lf 

vbythfkehb itlutybkj,f7 fqdybiyfds6 hjv mbvbehb lf vbythfkehb 

itlutybkj,f .dtkf uheynbcfsdbc fh .jabkf ufycfpqdhekb7



68

TabaSIrSemcveli liosismagvari gruntebis granulometruli Sedgeniloba cxrili #2.1

ahfmwbt,bc pjvt,b vv reshb ojyf gkfcnbrehj,f

mdbif vndhjdfyb sb[ehb
1

ybveibc
fqt,bc 
flubkb

fqt,bc
cbqhvt

,eyt,7
ntybfy

@-)6)% )6)%-)6))% <0.0)%

ajhbfy
j,bc 
rjtabw
btynb ,eyt,hbdb xjyx[bc vihfkb 

uheynbc
ptlf
pqdfhb

mdtlf
pqdfhb

gkfcn7 
hbw[db s

f,
fi
bh
bc

h
fj
l
ty
j
,f

0

sb[ehb 
ahfmw7 
vbyth7 
itluty7

! uklfyb #7) !@ 18 56 26 0.77 1.68 2.68 1.52 30 18 12 5 -

@ ve[bfyb $7@ !! 16 63 21 0.76 1.67 2.68 1.53 32 19 13 6 rfjkbyb
nb

# cfy7pjyf *7# !) 19 65 16 0.78 1765 2.67 1.50 32 20 12 12 /blhjmf
hcb

$ cfy7pjyf %7$ !! 21 59 20 0.78 1.66 2.68 1.50 33 20 13 14 -

% yf�fkfltdb #7@ !@ 22 59 19 0.73 1.72 2.70 1.56 34 19 15 8 -

^ yf�fkfltdb !@7^ !# 17 66 17 0.77 1.70 2.67 1.52 30 18 12 12 rfjkbyb
nb

& fdkf,fhb &7@ ( 15 63 22 0.71 1.74 2.70 1.58 31 18 13 9 /blhjmf
hcb

* fdkf,fhb #7) !) 19 65 15 0.80 1.65 2.66 1.48 27 17 10 17 /blhjmf
hcb

( III vfcbdb $7! ( 18 66 14 0.79 1.64 2.68 1.49 27 18 9 19 -

!) dfhrtsbkb #7@ !! 15 72 13 0.79 1.66 2.66 1.49 29 19 10 20 -

!! jh[tdb #7! !) 16 71 13 0.77 1.65 2.66 1.50 27 18 9 39 rfjkbyb
nb

!@ yfdskeqb #7) !) 14 66 22 0.80 1.65 2.66 1.48 27 18 9 42 -

!# hecsfdb #7@ ( 18 66 16 0.72 1.69 2.66 1.55 31 19 12 10 -

!$ hecsfdb #7) ( 16 62 16 0.77 1.64 2.66 1.50 28 19 9 18 -

!% hecsfdb @7% !! 14 75 11 0.78 1.65 2.66 1.50 28 16 12 15 /blhjmf
hcb

!^ hecsfdb @7* !@ 22 59 19 0.77 1.73 2.67 1.55 30 18 12 8 -
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TabaSirSemcveli liosismagvari gruntebis meqanikuri maxasiaTeblebi       cxrili #2.2
revidflj,bc rjtwbabtynb obyfqj,f �hfdfpt

,eyt,hbdb ntybfyj,bc cdtk vlujvfhtj,fib1
ybveibc
fqt,bc 
flubkb

fqt,bc 
cbqhvt

v

,eyt,h7
ntybfy7

ajhbfyj
,bc rjt
abwbty7

)-!
ru4cv@

)-@
ru4cv@

)-#
ru4cv@

afhlj,bsb 
xf]ljvflj,f

�0 Cru4v@ �0 Cru4v@
CaSO4 %

! uklfyb 3.0 12 0.77 0.06 0.04 0.03 0.019 18 0.60 12 0.34 5

@ ve[bfyb 4.2 11 0.76 0.05 0.03 0.02 0.015 19 0.68 12 0.40 6

# cfypjyf 8.3 11 0.78 0.06 0.03 0.02 0.016 15 0.44 11 0.30 12

$ cfypjyf 5.4 11 0.78 0.07 0.04 0.03 0.017 19 0.56 13 0.28 14

% yf�fkfltdb 3.2 12 0.73 0.05 0.03 0.02 0.016 19 0.60 12 0.36 8

^ yf�fkfltdb 12.6 13 0.77 0.06 0.04 0.03 0.016 18 0.60 11 0.40 12

& fdkf,fhb m7 7.2 9 0.71 0.05 0.03 0.01 0.015 20 0.67 12 0.36 9

* fdkf,fhb 3.0 10 0.80 0.07 0.04 0.03 0.016 20 0.64 11 0.40 17

( III vfcbdb 4.1 9 0.79 0.06 0.03 0.02 0.012 19 0.56 10 0.28 19

!) dfhrtsbkb 3.2 11 0.79 0.07 0.04 0.03 0.012 20 0.60 10 0.32 20

!! jh[tdb 3.1 10 0.77 0.06 0.04 0.02 0.01 19 0.70 12 0.40 39

!@ yfdskeqb 3.0 10 0.80 0.07 0.05 0.03 0.016 19 0.68 11 0.28 42

!# hecsfdb 3.2 9 0.72 0.06 0.04 0.03 0.017 20 0.72 11 0.32 10

!$ hecsfdb 3.0 9 0.77 0.06 0.05 0.04 0.015 18 0.56 12 0.42 18

!% hecsfdb 2.5 11 0.78 0.07 0.04 0.03 0.014 19 0.60 12 0.38 15

!^ hecsfdb 2.8 12 0.77 0.06 0.05 0.03 0.015 17 0.52 11 0.34 8
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mbvbehb itlutybkj,bc ufycfpqdhbcfsdbc ufvj.tyt,ekb b.j 

cbkbrfnehb fyfkbpb7 itcofdkbk bmyf [esb ybveibc cbkbrfnehb 

fyfkbpb6 itltut,b yfxdtyt,bf w[7 1@7#-ib6 hjujhw w[hbkblfy xfyc 

kbjcbcvfudfh uheynt,ib uf,fnjyt,ekb vlujvfhtj,f ezbhfdc SiO2 �c 

lf rf;vbofc6 fqcfybiyfdbf6 hjv hfw eahj bphlt,f CaSO4-bc 

hfjltyj,f6 vbs eahj itlfht,bs vwbhlt,f SiO2 hfjltyj,f7 hxt,f 

isf,tzlbkt,f6 hjv sbsmjc CaSO4    ltdybc SiO2-c7

w[hbkb 1@7#

itvflutykj,f 0

1
fqt,bc 

flubkb

fqt,bc 

cbqhvt SiO2 Al203 Fe203 CaO MGo SiO3 CO2 lfyfrfhut,b

s
f,
fi
bh
b

! ve[bfyb $7@ $*7) !@7# *7$ (7@ !7! - @7# !#7* ^ 0

@ cfypjyf *7# $^7) !!7* ^7$ !@7# !7@ - @7) *7# !@0

# fdkf,fhb &7@ $$7@ !@7& &7* !$7% !7# !7@ @7! !7@ !%0

$ hecsfdb #7) $(7) !@7) *7! !)7& !7! - @7@ ^7( !)0

% hecsfdb @7% $&7$ !@7! *7# !!7@ !7! - @7@ (7& * 0

hfw itt[t,f uhfyekjvtnhbek itlutybkj,fc6 hjujhw w[h7 1@7!

xfyc uf,fnjyt,ekb vlujvfhtj,f ezbhfdc vndhjdfy ahfmwbt,c7 mdtvjs 

yf[7 1@7! vjud.fdc itcofdkbkb uheynt,bc uhfyekjvtnhekb 

itlutybkj,f lfnfybkb lbcgthcbek cbcntvfpt7

uhfyekjvtnhek itlutybkj,fib itcfvxytdbf bc ufhtvjt,f6 hjv 

sf,fibhbc vjvfnt,f uheynib sb[ehb ahfmwbt,bc itvwbht,fc 

ufybwlbc7 xdty dtwflts xfvjudt.fkb,t,byf fphb6 se hjujh bwdkt,f 

uhfyekjvtnhekb itlutybkj,f cbqhvbc vb[tldbs6 vfuhfv fctsb 

rfyjypjvbtht,t,b dth bmyf lfabmcbht,ekb7
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yf[7 @7!  s,bkbc hecsfdbc htubjybc kbjcbcvfudfhb uheynt,bc 

uhfyekjvtnhekb itlutybkj,f

hfw itt[t,f vbythfkeh itlutybkj,fc6 ufycfpqdhekb bmyf 

sb[ehb ahfmwbt,bc vbythfkehb itlutybkj,f lf bcbw v[jkjl 

pjubthsb ybveibcsdbc7 vfsb itcofdkf [lt,jlf6 hjujhw itlfht,bsb 

vtsjlbs6 tktmnhjsthvekb fyfkbpbsf lf tktmnhjvbrhjcrjgbc 

cfiefkt,bs7 itltut,vf udbxdtyf6 hjv s,bkbcb-hecsfdbc htubjybc 

uheynt,bc sb[ehb ahfmwbt,b ofhvjlutybkbf /blhjmfhcrfjkbybnbc 

]ueabs7 

yf[7 @7@ sb[jdyb ahfmwbbc tktmnhjvbrhjcrjgekb cehfsb
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uf,fnjyt,ekb vlujvfhtj,f ezbhfds /blhjmfhct,c7 yf[7 @7@ lf 

yf[7 @7#-pt yfxdtyt,bf ths-thsb ybveibc tktmnhjvbrhjcrjgehb 

cehfsb lf sthvjfyfkbpbc itltufl vbqt,ekb uhfabrb7 uhfabrblfy 

yfskfl xfyc6 hjv /blhjmfhct,b udf�ktdty jh tyljsthvek tatmnc7 

gbhdtkb fhbc !))-@)))6 [jkj vtjht *))-())) bynthdfkib7 bcbw 

yfskfl xfyc6 hjv vtjht tyljsthvekb tatmnb eahj qhvff

yf[7 @7# kbjcbcvfudfhb uheynbc ufw[tkt,bc lbathtywbfkehb vhelb

gbhdtksfy itlfht,bs7 .dtkf itcofdkbkb ybveit,b itbwfdty hrbybc 

;fyutekt,c6 hfw vfsb athbsfw ufvjrdtsbkfl xfyc tktmnhjyek 

vbrhjcrjgbc cehfspt rfhufl xfyc hrbybc ;fyutekt,b6 hjujhw 

odhbkb ifdb othnbkt,b stsh ajypt7 mdtvjs vjud.fdc bv ikbabc 

fqothf6 hjvtkbw lfvpflt,ekb bmyf xdtyc vbth7 ybveib ofhvjflutyc 

rfh,jyfnek6 /blhj;fyubfy hrbybfy sb[yfhc6 hjvtkbw itbwfdc 

rfknfbncfw7 ntmcnehf vbrhjatyjdfybf6 cnhemnehf vfhwdkjdfyb 

uhfyekjvtnhek itlutybkj,fib rfhuflff ufvj[fnekb 

fktdhjkbnehb sb[yfht,bc vjhbutj,f sb[jdfy ahfmwbt,sfy7 mfyb 

cfrvfjl ajhjdfybf6 hjvtkibfw [ibhflff uf,ytekb sf,fibhbcf lf 

rfkwbnbc odhbkb vfhwdkt,b7 hfw itt[t,f sf,fibhc bub 

ofhvjlutybkbf6 hjujhw rhbcnfkehb ajhvbs6 bct a[dbthb 

ajhvbsfw7

uheynbc abpbrehb sdbct,t,blfy itdxthlt,bs cbvrdhbdtpt lf 

gkfcnbrehj,fpt7 ,eyt,hbd vlujvfhtj,fib kbjcbcvfudfhb uheynt,bc 

cbvrdhbdt bwdkt,f !7&@ - !7*) ru4cv# afhukt,ib6 hfw chekbfl 
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lfvf[fcbfst,tkbf cfthsjl kbjcbcvfudfhb uheynt,bcfsdbc7 ,eyt,hbd 

vlujvfhtj,fib kbjcbcvfudfhb uheynt,b bv.jat,bfy vihfk 

vlujvfhtj,fib6 ntybfyj,f vfsb bwdkt,f (-!@ 0 afhukt,ib7 bv 

itv[sdtdfib se vj[lf vfsb [tkjdyehb lfcdtkt,f vfiby ntybfyj,f 

bphlt,f @)-@#0-vlt lf pju]th vtnflfw7 lf[fcbfst,ekb 

ntybfyj,t,bc ufycfpqdhbc itltufl kbjcbcvfudfhb uheynt,b 

vbtresdyt,bfy sb[yfht,c6 se vbdbqt,s v[tldtkj,fib vfs 

uhfyekjvtnhek itlutybkj,fcfw6 vfiby kbjcbcvfudfhb uheynt,b 

ofhvjudblut,f vce,em lf cfiefkj sb[yfht,fl7

o.kjdfyb sdbct,t,b7 o.kjdfy sdbct,t,blfy ufycfpqdhekb bmyf 

abknhfwbbc rjtabwbtynb6 o.fkib lfikbc eyfhb lf ]bh]dflj,f7

kbjcbcvfudfhb uheynt,bc o.fkufvnfhbfyj,fc dcfpqdhfdlbs 

kf,jhfnjhbekb vtsjlbs cnfylfhnekb otcbs7 cfwltkb ybveibc 

afhsb itflutylf ^) cv@ cfthsjl kbjcbcvfudfhb uheynt,b vfqfkb 

o.fkufvnfhbfyj,bs [fcbfslt,bfy7 cojhtl fvbnjvff6 hjv cfvtkbjhfwbj 

fh[t,b6 hjvkt,bw uflbfy kbjct,pt vjbs[jdty vjgbhrtst,fc7 

abknhfwbek rfhudt,bc itcfvwbht,kfl ghbrkjycrbc vjyfwtvt,bs 

.jabk cf,zjsf rfdibhib ufdhwtkt,ekb kbjcbcvfudfhb uheynt,bc 

abknhfwbbc rjtabwbtynb bwdkt,f !)@ cv4pv-!)-^ cv4ov afhukt,ib7 

fvhbufl6 wdkbkt,t,bc lbfgfpjyb �fkbfy lblbf7 fqcfybiyfdbf bc 

ufhtvjt,fw6 hjv kbjcb uheynt,b [fcbfslt,bfy dthnbrfkehb lf 

/jhbpjynfkehb vbvfhsekt,bs abknhfwbbc rjtabwbtynbc c[dflfc[df 

cblblbs7 kbnthfnehekb vjyfwtvt,bs pju]th dthnbrfkehb 

vbvfhsekt,bs 2K3 !6%-@-]th vtnbf /jhbpjynfkehb vbvfhsekt,bs 

2K3 cblbltpt7 w[h7 1@7$-ib vjwtvekbf abknhfwbbc rjtabwbtynbc 

cblbltt,b6 hjujhw w[hbkblfy xfyc vfsb cblblt bwdkt,f 

34 107101 �� ��� -vlt7

hjltcfw sf,fibhitvwdtkb kbjcbcvfudfhb uheynt,bc 

abknhfwbek sdbct,t,c df[fcbfst,s6 fh itb�kt,f fh itdxthlts 

ufvjnendbc ghjwtct,pt6 hjvtkbw sfy f[kfdc kbjct,ib 

abknhfwbfc7 cfmvt t[t,f sf,fibhbc uheynblfy ufvjnendbc cfrbs[c7 

wyj,bkbf6 hjv sf,fibhb o.fkib b[cyt,f6 cfiefkjl vfsb [cyflj,f 

itflutyc @6^ u4k7 fvhbufl6 sf,fibhb vbtresdyt,f o.fkib cfiefkjl
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TabaSirSemcveli liosismagvari gruntebis sufoziuri deformacia  cxrili #2.4

wlbc [fyuh�kbdj,f sdtt,ib abknhfwbbc 
rjtabwbtynb

1

ybveibc fqt,bc 
flubkb

sf,fibhbc
hfjltyj,f 

0
1 2 3 4 5 6 7

]fvehb 
ltajhvfwbf

cfo.bcb cf,jkjj

1 uklfyb 5 0.2 0.3 0.2 0.1 0 0 0 0.8 2�10-4 6�10-4

2 ve[bfyb 6 0.3 0.2 0.2 0.1 0.1 0 0 0.9 2�10-4 6�10-4

3 cfy7pjyf 12 0.3 1.2 1.4 1.2 2.2 1.3 - 7.6 1�10-4 4�10-3

4 cfy7pjyf 14 0.4 1.3 1.5 1.3 2.1 1.4 0.1 8.1 1�10-4 4�10-3

5 yf�fkfltdb 8 0.4 1.8 0.7 0.8 0.4 0.2 0.2 4.5 3�10-4 7�10-4

6 yf�fkfltdb 12 0.3 1.2 1.4 1.2 2.0 1.4 0.3 7.8 2�10-4 8�10-4

7 fdkf,fhb 9 0.3 1.2 1.4 1.2 1.7 1.1 0.4 7.3 2�10-4 8�10-4

8 fdkf,fhb 17 0.4 1.3 1.5 1.3 1.8 1.0 0.4 7.7 2�10-4 8�10-4

9 III vfcbdb 19 0.4 1.5 1.7 1.5 1.9 1.2 0.5 8.7 2�10-4 9�10-4

10 dfhrtsbkb 20 0.5 1.8 1.9 1.7 1.5 1.3 0.5 9.2 1�10-4 5�10-3

11 jh[tdb 39 0.7 1.9 2.1 1.9 1.5 1.1 0.5 9.7 1�10-4 7�10-3

12 yfdskeqb 42 0.7 2.0 2.2 1.8 1.7 1.1 0.4 9.9 1�10-4 5�10-3

13 hecsfdb 10 0.3 1.2 1.4 1.2 1.3 1.1 0.3 6.8 2�10-4 7�10-4

14 hecsfdb 18 0.3 1.3 1.7 1.4 1.2 1.0 0.4 7.3 2�10-4 8�10-4

15 hecsfdb 15 0.3 1.4 1.8 1.5 1.1 1.0 0.3 7.4 2�10-4 7�10-4

16 hecsfdb 8 0.3 1.3 1.7 1.4 1.2 0.9 0.3 7.1 2�10-4 5�10-4
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[cyfl vfhbkc7 uheynib ceajpbehb ghjwtct,bc itcofdkfc lblb 

vybidytkj,f fmdc6 hjltcfw ufyb[bkt,f vfhbkitvwdtk uheynt,pt 

fut,ek ityj,fsf ltajhvfwbt,b7 fv cfrbs[c xdty rdkfd 

lfde,heylt,bs6 hjv xdty ufvjdb.tyts uheynt,bc vtmfybrbcf lf ae�t-

cf�bhrdkt,bc rfstlhfpt flht fhct,ekb vfcfkt,b sf,fibhitvwdtk 

uheynt,pt ceajpbehb ltajhvfwbt,bc itcf[t,7 ybveit,b fqt,ekb 

bmyf cfypjybc  nthbnjhbblfy7 kf,jhfnjhbekb 

yf[7 @7$ abknhfwbbc rjtabwbtynbc wdkbkt,f ufvjnendbcfc

!` ufvjabknhekb o.kbc hfjltyj,f k7

@` ufvjnenekb vfhbkbc hfjltyj,f uh7

#` ufvjnenekb vfhbkbc  hfjltyj,f 07

wlt,b xfnfhlf xdtyb eiefkj vjyfobktj,bs7 vtsjlbrf ceajpbeh 

ltajhvfwbt,pt wlt,bc xfnfht,bcf vlujvfhtj,lf itvltuib5 ybveic 

dfsfdct,lbs abknhfwbek-rjvghtcbek [tkcfo.jib6 df�ktdlbs 

dthnbrfkeh lfndbhsdfc lf dfofhvjt,lbs lfrdbhdt,t,c hjujhw 

abknhfwbfpt6 bct ltajhvfwbt,pt7 fctdt lhjufvjidt,bs dbqt,lbs 

abknhfnt,c lf dcfpqdhfdlbs ufvjnfybkb sf,fibhbc hfjltyj,fc7 

ths-thsb fctsb wlbc itltub yfxdtyt,bf yf[7 1@7$-pt7
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yf[7 @7% ceajpbehb ltajhvfwbt,bc wdkbkt,f lhjib

hjujhw yf[fpblfy xfyc ceajpbehb ghjwtct,b ofhvjflutyty 

vtnfl [fyuh�kbd ghjwtcc7 gbhdtk [fyt,ib vbvlbyfhtj,c uheynblfy 

sf,fibhbc ufvjnendf7 fv ghjwtcc mbvbeh ceajpbfc eojlt,ty7 

itvlujv rb bvbclf vb[tldbs se hjujhbf abknhfwbbc rjtabwbtynb 

lf vjmvtlb oytdt,b mbvbehb ceajpbf itb�kt,f uflfbpfhljc 

vtmfybrehib7 t7b7 bcts ghjwtcib6 hjltcfw uheynblfy bo.t,f 

sf,fibhsfy thsfl sb[bc odhbkb yfobkfrt,bc ufvjnfyf6 fv ghjwtcc 

vtmfybrehb ceajpbf tojlt,f7

hjujhw yf[7 @7%-lfy xfyc6 ybveibc ltajhvfwbf ufycfresht,bs 

fmnbehb [lt,f6 hjltcfw uheynib bo.t,f vtmfybrehb ceajpbf7 

fvbnjv6 hjltcfw ae�blfy ceajpbehb ghjwtct,bc ufydbsfht,bc 

cfobyffqvltuj qjybc�bt,t,c dcf[fds6 fewbkt,kfl ae�t uheynt,blfy 

vtmfybrehb ceajpbf ufvjhbw[ekb eylf b.jc7
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SF,FIBHITVWDTKB KBJCBCVFUDFHB UHEYNT,BC LFK,J,F LHJIB

w[hbkb 1@7%

1 ybveibc
fqt,bc flubkb

ybveibc
fqt,bc
cbqhvt

,eyt,hbdb
ntybfybfyj,f

ajhbfyj,bc 
rjtabwbtynb

sf,fibhbc 
hfjltyj,f

0

lfk,j,f 
os7

1. uklfyb 3.0 12 0.77 5 5

2. cfy7pjyf %7$ !! 0.78 14 4

3. yf�fkfltdb #7@ !@ 0.73 8 5

4. fdkf,fhb #7) !) 0.80 17 3

5. III vfcbdb $7! ( 0.79 19 3

6. dfhrtsbkb #7@ !! 0.79 20 3

7. jh[tdb #7! !) 0.77 39 2

8. hecsfdb #7) ( 0.77 18 3
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hjujhw yf[fpblfy xfyc6 ceajpbbc lhjc bphlt,f uheynbc 

abknhfwbekb rjtabwbtynb lf vfifcflfvt bphlt,f abknhfwbekb 

cbxmfhtt,bw7 fqdybiyfds6 hjv cfvityt,kj yjhvt,b vbesbst,ty rbltdfw6 

hjv uheynb itbwfdc o.fkib [cyfl vfhbkc6 fctsb uheynbc ae�tl 

ufvj.tyt,bc itvs[dtdfib fewbkt,tkbf xfnfhltc tmcgthbvtynt,b 

mfyt,bc ceajpbehb vlujvfhtj,fpt7

cfrdktdb uheynt,bc uf]bh]dfpt ufvjwlbc itcf[t, fqdybiyfds6 

hjv fhwths cfwltk uheync fh vjewbf uf]bh]df lf fvbnjvfw 

itltut,b fh vjud.fdc7 kbnthfnehekb o.fhjt,blfyfw wyj,bkbf6 hjv 

kbjcbcvfudfhb uheynt,b fhf]bh]dflbf7

itdxthlt,bs kbjcbcvfudfhb uheynt,bc o.fkib lfikbc eyfhpt7 

ufvjwlbkb b.j hdf ybveib6 itltut,b vjwtvekbf w[h7 1@7%

uheynt,bc o.fkib7 lfikbc eyfhpt ufvjwlf [lt,jlf cnfylfhnekb 

vtsjlt,bs6 itltut,blfy xfyc6 hjv cfwltkb uheynt,b o.fkib 

fldbkfl bikt,bfy7 hfw itt[t,f sf,fibhc hjujhw wlt,vf udbxdtyf 

sf,fibhbc hfjltyj,bc ufphlbs o.fkib lfikbc eyfhb bphlt,f7

uheynbc ltajhvfwbbc vf[fcbfst,kt,blfy ufvjd.jas 

revidflj,fcf lf xf]ljvflj,fc6 fmtlfy ufycfresht,ek hjkc 

dfybzt,s xf]ljvflj,fc6 hjujhw kbjcbcvfudfhb uheynt,bc c[df 

nbgbc uheynt,bcfufy ufyvfc[dfdt,tk sdbct,fc7 fqybiyekb cfrbs[b 

vtnfl hsekbf lf vrdktdfht,b ufvj.jaty itvltu cfrbs[t,c7

!7 xf]ljvflj,f lf vbcb wdkbkt,f uheynbc utytpbcsfy

lfrfdibht,bs7

@7 xf]ljvflj,bc wdkbkt,f uheynbc cbv�kfdhbc wdkbkt,fcsfy

lfrfdibht,bs7

#7 xf]ljvflj,bc pjyfkj,f7

u7 zj[jytkb�t cfmfhsdtkjc kbjcbcvfudfhb uheynt,bc 

itcofdkbc cfae�dtkpt fqybiyfdc6 hjv xf]ljvflj,f lfvjrblt,ekbf 

uheynbc ofhvjij,fcsfy7 cf[tklj,h6 fkedbehb6 ltkedbehb se 

tjkehb ofhvjij,bcf fhbfy uheynt,b7 fmtlfy .dtkfpt lblb cblblbc 

xf]ljvflj,bs [fcbfslt,bfy tjkehb ofhvjij,bc uheynt,b6 .dtkfpt 

yfrkt,bs rb fkedbehb7

fhct,j,c uheynbc xf]ljvflj,bc ufycfpqdhbc gbhlfgbhb lf 

bhb,b vtsjlt,b7 bhb,b vtsjlt,b b�ktdf uheynbc xf]ljvflj,fpt 
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pjufl ofhvjlutyfc7 fct vfufkbsfl6 f7 kfhbjyjdb fqybiyfdc6 hjv 

uheynb xf]ljvflbf se vbcb reshb ojyf vihfk vlujvfhtj,fib 

yfrkt,bf !$6* ry4v#-pt7 y7 ltybcjdvf itvjudsfdfpf6 hjv xf]ljvflj,f 

ufybcfpqdhjc itvltub ajhvekbs7

0100 e
WK L

�
�

�
�

cflfw

LW - uheynbc ltyflj,bc pqdfhbf

� - uheynbc v.fhb afpbc reshb ojyff

0e - uheynbc ,eyt,hbdb ajhbfyj,ff

se �K ! vfiby fctsb uheynt,b xf]ljvflbf lf se yfrkt,bf

vfs vblhtrbkt,f fmds xf]ljvflj,fpt7 gbhlfgbhb vtsjlt,b eiefkjl 

fh udf�ktdty xf]ljvflj,bc cblbltc7 fv itvs[dtdfib xf]ljvflj,f 

ufybcfpqdht,f cfdtkt vtsjlbs6 hjvtkbw bsdkt,f itlfht,bs 

.dtkfpt htfkehfl7

cfdtkt vtsjlt,blfy ufvjd.j,s b7 f,tktdbcf ~!` lf b7 ltybcjdfc 

~##` vtsjlt,c7

f,tktdbc vtsjlbs uheynbc xf]ljvflj,f ufybcfpqdht,f 

ajhvekbs5

vi

ch

S
SM �

cflfw6 Sch - infvgbc chekb ]ljvff6 lfcdtkt,fvlt lf 

lfcdtkt,bc itvltu

Svi - ]ljvf uheynbc lfcdtkt,fvlt

uheynb xf]ljvflbf se M > 5 lf gbhbmbs7

b7 ltybcjdb uheynbc xf]ljvfljfc f[fcbfst,c ajhvekbs5

ey,

l

S
S

M �

cflfw6

Sl - infvgbc lfvfnt,bsb lf]ljvff lfcdtkt,bc itltufl

S,ey - infvgbc lf]ljvff ,eyt,hbd gbhj,t,ib7

se M > 4-pt uheynb xf]ljvflbf lf gbhbmbs7
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erfyfcrytk lhjc lblb gjgekfhj,bs cfhut,kj,c xf]ljvflj,bc 

ufycfpqdhf cnfnbcnbrehb pjylbht,bs ~vecnfaftdb` pjylbht,fc 

fnfht,ty6 hjujhw ,eyt,hbdb ntybfyj,bc uheynt,bcfsdbc7 bct vfs 

cdtk vlujvfhtj,fib7 xdtyb gbhj,t,bcsdbc uheynbc xf]ljvflj,f 

ufybcfpqdhf kf,jhfnjhbek gbhj,t,ib bv vtsjlbrbs6 hjujhw 

yjhvt,ibf vbsbst,ekb7 xf]ljvflj,f ufybcfpqdhf ajhvekbs5

h
hhi 1�

�

cflfw6

i � xf]ljvflj,bc vfxdtyt,tkbf

h � ybveibc cfo.bcb cbvfqktf

h1 � ybveibc cbvfqkt lfcdtkt,bc itvltu

uheynbc xf]ljvflj,bc kf,jhfnjhbekb otcbs ufycfpqdhf 

[lt,jlf cnfylfhnekb vtsjlbs7 dthnbrfkeh lfndbhsdfc dbqt,lbs 

p=3 ru4cv@ w[7 1@7@-ib vjwtvekbf vbqt,ekb itltut,b7 hjujhw 

w[hbkblfy xfyc sf,fibhitvwdtkb uheynt,b [fcbfslt,bfy 

xf]ljvflj,bs7 xf]ljvflj,bc vfxdtyt,tkb bvbclf vb[tldbs se hf 

hfjltyj,bs itbwfdc uheynb sf,fibhc bwdkt,f i=0.01�0.019.

fqdybiyfds6 hjv gbhlfgbhb lfvjrblt,ekt,f sf,fibhbc 

hfjltyj,bc wdkbkt,fcf xf]ljvflj,fcsfy fh itbybiyt,f7 vfufkbsfl 

fhbc uheynt,b6 hjvkt,ibfw sf,fibhbc hfjltyj,f vwbhtf lf 

xf]ljvflj,bc vfxdtyt,tkb lblb lf gbhbmbsfw6 fv ufhtvjt,fc d[cybs 

bvbs6 hjv xf]ljvflj,f uheynbc ,tdh afmnjhptf lfvjrblt,ekb6 

vfufkbsfl cnhemnehfpt6 ntmcnehfpt6 vbythfkeh itlutybkj,fpt6 

ajhbfyj,bc rjtabwbtynpt lf hfw vsfdfhbf6 ,eyt,hbd ntybfyj,fpt7 

hjujhw fqdybiyts uheynt,bc cfdtkt ufvjwlbc itltufl 

vbqt,ekb vfcfkf ufwbkt,bs rfhufl ufvj[fnfdc uheynbc 

xf]ljvflj,fc6 dblht kf,jhfnjhbbc itltufl vbqt,ekb itltut,b7 fv 

sdfkcfphbcbs xdtyc vbth !(($ o7 cfypjyfib xfnfht,ekb bmyf cfdtkt 

wlf uheynbc xf]ljvflj,fpt7 uheynt,b ufvjwlbkb b.j infvgehb 

vtsjlbs7 ufvj.tyt,ekb b.j cnfylfhnekb kbsjybc ohbekb infvgb6 

hjvkbc afhsbw itflutylf %))) cv@ ~d=&( cv`7 infvgbc cbcmt 

itflutylf $ cv7 infvgc ~!` lfndbhsdt,b uflftwtvjlf /blhfdkbrehb 
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yf[7 @7^  infvgehb ufvjwlbc cmtvf

ljvrhfnbc ~@` cfiefkt,bs7 infvgbc ufvjwlf ofhvjt,lf @7% v 

cbqhvtpt ptlfgbhblfy7 fvbcfsdbc uf.dfybkb bmyf iehab6 hjvkbc 

�bhbw vjcojhlf6 hfsf vfc /mjyjlf pecnfl /jhbpjynfkehb 

ptlfgbhb7 itvltu ptlfgbhpt d.hblbs % cv cbcmtpt mdbifc lf vfcpt 

dfsfdct,lbs infvgc7 yf[7 1@7^ vjwtvekbf cfdtkt ufvjwlbc cmtvf7 

infvgblfy ljvrhfnbc cfiefkt,bs �fkf uflftwtvjlf ~#` kbsjybc 

jhnfdhc7 htfmwbbc �fkt,c /mvyblf kbsjybc js[b [bvby]b ~$`6 

hjvkt,bw xfidt,ekb b.j * v7 cbqhvtpt7 [bvby]bc lbfvtnhb 

itflutylf !@) vv7 infvgbc ltajhvfwbf bpjvt,jlf qeyvpjvt,bc 

cfiefkt,bs7 infvgc lfndbhsdf t�ktjlf cfat[ehj,hbdfl )7% ru4cv@ -

vlt7 hjltcfw fqybiyek lfndbhsdfpt vj[lf ltajhvfwbt,bc 
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cnf,bkbpfwbf iehaib xfbc[f o.fkb6 hbc itltuflfw infvgbc 

ltajhvfwbf6 rdkfd ufuh�tklf hjujhw rb o.kbc ljyt ~iehaib 

o.kbc ljytc dfxtht,lbs % cv cbvfqktpt` lfbotdlf rdkfd 

dfc[fvlbs o.fkc7 itb�kt,jlf o.kbc hfjltyj,f vbudtojlt,byf 

fyufhbibs6 vfuhfv xfdsdfkts6 vbpfyitojybkfl hjv uheynbcsdbc 

vbudtojlt,byf bvltyb o.fkb6 hfvltycfw vbbqt,lf7 xfnfht,ekb wlbc 

itltufl ufvjsdkbkb bmyf uheynbc xf]ljvflj,bc vfxdtyt,tkb6 

hjvtkbw elhblf i=0.014

se fqybiyek cblbltc itdflfht,s kf,jhfnjhbekb wlt,bc 

itltufl vbqt,ek vfxdtyt,tkc6 hjvtkbw elhblf i= 0.017 

xfyc6 hjv kf,jhfnjhbekb wlt,bc itltufl vbqt,ekb 

xf]ljvflj,bc vfxdtyt,tkb vtnbf cfdtkt wlt,bs vbqt,ek 

xf]ljvflj,bc vfxdtyt,tkpt7

kf,jhfnjhbekb wlt,bc cfiefkt,bs ufycfpqdhekb bmyf 

uheynbc revidflj,bc rjtabwbtynb7 uheynbc ,eyt,hbdb ntybfyj,bc 

itvs[dtdfib itltut,b vjwtvekbf w[h7 1@7@-ib6 hjujhw w[hbkblfy 

xfyc6 kbjcb uheynt,b vbtresdyt,bfy cfiefkj revifl uheynt,c7

kbjcbcvfudfhb uheynt,bcfsdbc vtnfl sfdbct,ehflff 

lfvf[fcbfst,tkb cbvnrbwbc vfxdtyt,kt,b uheynbc ibuf [f[eybc 

res[t � lf reshb itzblekj,f C fqybiyekb cblbltt,b xdtyc vbth 

ufycfpqdhekb b.j kf,jhfnjhbekfl7 xdtekt,hbdb cnfylfhnekb 

vtsjlbs /blhjghjtmnbc zhbc [tkcfo.jpt7 fhct,j,c uheynbc zhfpt 

ufvjwlbc c[dflfc[df vtsjlb7 vfsufy ghfmnbrekfl ufvjb.tyt,f7 

itvltub vtsjlt,b5 ufhctdfyjd-nthwfubc6 u7 ybxbgjhjdbxbcf

lf y7 vfckjdbc7

ufhctdfyjd-nthwfubc vtsjlbs ybveit,b bzht,f c[dflfc[df 

dthnbrfkeh lfndbhsdt,pt7 vfufkbsfl P=! ru4cv@ lf P= 3 ru4cv@

vbqt,ekb itltut,bs fbut,f uhfabrekb lfvjrblt,ekt,f vjmvtl 

�fkfcf lf itcf,fvbc zhbc �fkfc ijhbc7 dbqt,s ohabc ufynjkt,fc6 

hjvkbc lf[hbc res[tw fhbc [f[eybc res[t6 [jkj ohabc vbth 

jhlbyfnsf qth�pt xfvjzhbkb cblblt ofhvjflutyc resh 

itzblekj,fc7 ufhctdfyjd-nthwfubc vtsjlbs ufvjlbc hjv uheync 

P=1 ru4cv@ lf P=3 ru4cv@ thsb lf bubdt � lf C fmdc7 cbyfvldbktib 
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rb # ru4cv@ uheynb lfbnrtgyf lf itcf,fvbcfl ufbpfhlf vbcb  �

lf  C 7

ybxbgjhjdbxvf vbbqj hf ptvjs fqybiyekb ufhtvjt,f 

v[tldtkj,fib obylfoby lfnrtgyf uheynt,b P = 3 ru4cv@ lfndbhsdfpt 

lf zhf vjf[lbyf xdtekt,hbdb otcbs7 fvhbufl6 zhbcsdbc vfc /mjylf 

thsyfbhb reshb ojybcf lf ntybfyj,bc uheynt,b7 fmtlfy ufvjvlbyfht 

vfs thsyfbhb � lf C  /mjyjlfs7

fqybiyekb vtsjlbc cecn v[fhtc ofhvjflutyc bc ufhtvjt,f6 

hjv uheynt,b obylfoby bnrtgyt,f7 cbyfvldbktib rb ,eyt,hbd 

vlujvfhtj,fib6 vfufkbsfl vto.hbc itvs[dtdfib zhf itb�kt,f vj[ltc 

vfyfvlt6 dblht uheynb vbfqotdltc vfqfk cbvrdhbdtc7

ghja7 y7 vfckjdbc vtsjlb itvltuib vlujvfhtj,fc7 bub wlbc 

,tdh ybveic7 lff[kjt,bs !@-!$ wfkc lf f[ltyc zhbc lhjc 

uheynbc ntybfyj,bcf lf reshb ojybc abmcfwbfc7 itvltu fut,c zhbc 

uhfabrt,c6 ntybfyj,bcf lf reshb ojybc wdkbkt,t,bcfc7

fqybiyekb vtsjlb rfhufl fcf[fdc uheynbc veifj,bc htfkeh 

gbhj,t,c6 vfuhfv  �fkbfy ihjvfntdflbf7

ptvjfqothbk vtsjlt,blfy xdty vbth egbhfntcj,f vbtwf 

ybxbgjhjdbxbc vtsjlc6 ufvjvlbyfht bmblfy6 hjv xdtyb rdktdbc 

�bhbsfl vbvfhsekt,fc vfbyw itlfht,t,b ofhvjflutyc7 vfufkbsfl6 

hjujh vjmvtlt,c sf,fibhbc c[dflfc[df hfjltyj,f � lf C  

vybidytkj,t,pt7 xfnfht,ekb wlt,bc itltut,b vjwtvekbf w[hkib

1@7@7 fm thsb ufhtvjt,f vrdtshfl fqbybiyt,f sf,fibhbc vjvfnt,bs 

�-c vybidytkj,f bphlt,f6 hfw itt[t,f C vybidytkj,fc bub gbhbmbs 

- twtvf7

dbyfblfy ntybfyj,bc wdkbkt,bc itltufl vrdtshfl bwdkt,f �

lf C vybidytkj,f6 xdty uheynt,bc zhfpt ufvjdwflts6 hjujhw 

,eyt,hbdb ntybfyj,bcfc6 bct o.fkuyf;qtysbk vlujvfhtj,fib7 hjujhw 

w[hbk 1@7@-lfy xfyc o.fkuf;qtysbk vlujvfhtj,fib uheynbc � lf 

C vfxdtyt,kt,b vrdtshfl twtvf7 fvbs fb[cyt,f yfobkj,hbdfl 

kbjcbcvfudfh uheynt,ib se itcf,fvbcb utjkjubehb gbhj,t,b 

fhct,j,c vto.hekb ghjwtct,bc [ibhb ufydbsfht,f7
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SFDB +++

KBJCBCVFUDFH UHEYNT,PT FUT,EK YFUT,J,FSF

TMCGKEFNFWBBC GBHJ,T,B

#7! kbjcbcvfudfhb uheynt,bc ae�tl ufvj.tyt,bc 

obyfcofhb itafct,f

se uflfd[tlfds cf�bhrdtkvityt,kj,bc bcnjhbfc lfdbyf[fds6 hjv 

.dtkf bc cfrbs[b6 hjvtkbw fv;fvfl fbynthtct,c cfvityt,kj 

ntmybrfc6 sdbcj,hbdfl uflfo.dtnbkt,fc gjekj,lf ]th rbltd 

rfwj,hbj,bc wbdbkbpfwbbc ufydbsfht,bc ufhb;hf;pt7 ufyf itb�kt,f

fvbc ufhtit ufy[jhwbtkt,ekb.j ,f,bkjybc6 tudbgnbc6 xbytsbc6 

byljtsbc6 cf,th�ytsbc6 hjvbcf lf c[df yfut,j,fsf vityt,kj,f6 

hjvtkbw lqtc rfwj,hbj,bc vfnthbfkehb reknehbc lbfl 

vfufkbst,c ofhvjflutyty9 vfuhfv bv lhjc fctsb cfrbs[t,bc 

uflfo.dtnf tv.fht,jlf wfkrtekb gbht,bc bybnebwbfc lf eyfhc -

cojhfl ittafct,byfs ghfmnbrbc ufvjwlbkt,f7

fvbs fb[cyt,f bc hjv cfvityt,kj [tkjdyt,bc ufydbsfht,bc ntvgt,b 

�kbth ytkb b.j vfyfv cfyfv fh ofhvjbidf lf ufydbsfhlf 

vtwybtht,bc itcf,fvbcb lfhut,b7

hfw itt[t,f cf�bhrdtkvityt,kj,bc ntmybrfc6 bub �kbth lbl[fyc 

xfvjhxt,jlf vityt,kj,bc c[df lfhut,c6 hfw fb[cyt,f uheynt,bc 

hsekb abpbrehb fqyfuj,bs lf cfvityt,kj sdbct,t,bs7 tc uhtvjt,f 

cfvityt,kj rjycnhemwbt,ib ufvj.tyt,ekb cfityb vfcfkt,bcfufy 

ufyc[dfdt,bs6 f�ytkt,ty ufhrdtek rfyjypjvbtht,t,bc lfv.fht,fc 

ae�t-cf�bhrdkt,bc veifj,fib ufydbsfht,ek vjdktyt,c6 vbptpt,c lf 

itltut,c ijhbc7

vityt,kj,bc fv lfhubc ufydbsfht,bc f[kfyltkb xmfhb ntvgt,b 

epheydtk.j uheynt,bc vtmfybrbc6 hjujhw vtwybtht,bc6 ofhvjij,fv 

lf cohfavf ufydbsfht,fv7 sevwf vbcb cbhsekt6 hfw �bhbsflfl 

uheynt,bc ufycfresht,ek sdbct,t,bs fb[cyt,f ]th rbltd fh b�ktdf 

.dtkf rjyrhtnek cfrbs[bc ]thjdfyb uflfo.dtnbc itcf�kt,kj,t,c7

thsths fcts cecn hujkc ofhvjflutyc pjubthsb 

ufycfresht,ekb sdbct,bc vmjyt uheynt,b6 hjvtksfw6 ufhlf bctsb 

abpbreh-vtmfybrehb sdbct,t,bcf6 hjvkt,bw cfthsjf .dtkf 
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uheynt,bcfsdbc6 f[fcbfst,s ufycfresht,ekb vrdtshfl ufyc[dfdt,ekb 

sdbct,t,b7 fctsb uheynt,b itb�kt,f lfb.jc js[ �bhbsfl ]ueafl5

!7 kfvt,b lf pjubthsb cecnb lfnjhabkb uheynt,b

@7 xf]ljvflb uheynt,b

#7 ]bh]dflb uheynt,b

$7 uf.byekb uheynt,b

fvfsufy itdt[t,bs v[jkjl xf]ljvfl uheynt,c6 hjvkt,bw 

cfmfhsdtkjc gbhj,t,ib �fkbfy [ibhflff ofhvjlutybkb ae�tl7 vfs

vbtresdyt,f bctsb uheynt,b6 hjvkt,bw lfcdtkt,bc lhjc ufybwlbfy 

sfdbcb cnhemnehbc vrdtsh hqdtdfc6 hbc itltuflfw �kbth vjrkt 

lhjib b�ktdbfy lfvfnt,bs ]ljvt,c6 vfsb cfresfhb ojybc fy ufht 

lfndbhsdt,bc ptufdktybs7

xf]ljvflb uheynbc nbgbehb ofhvjvflutytkbf kbjct,b lf 

kbjcbcvfudfhb sb[yfht,b7 bcbyb �bhbsflfl vndhjdfyb yfobkfrt,bcfufy 

itlut,bfy6 hjvkt,bw thsvfytsc erfdibhlt,bfy [cyflb vfhbkt,bs 

~rfh,jyfnt,bs6 cekafnt,bs lf mkjhblt,bs` [fcbfslt,bfy lblb 

ajhbfyj,bs6 hjvtkbw xdtekt,hbd $)-%)0-c fqtvfnt,f7 itbwfdty 

vc[dbk ajht,c6 hbc ufvjw vfrhjajhjdfy uheynt,cfw eojlt,ty7 

vfsb ,eyt,hbdb ntybfyj,f vwbhtf6 hjvtkbw xdtekt,hbd fujht,bc 

pqdfhpt yfrkt,bf6 f[fcbfst,s vybidytkjdfyb o.fk;jyflj,f6 

ufycfresht,bs dthnbrfkeh vbvfhsekt,bs6 ,eyt,hbd gbhj,t,ib 

uffxybfs cfrvfjl vfqfkb cbvnrbwt6 vfuhfv lfcdtkt,bcfc �kbth 

vjrkt lhjib rfhufdty cbvnrbwtc lf b�ktdbfy lbl fhfsfyf,fh 

]ljvt,c sfdbcb cfresfhb ojybc ptufdktybsfw rb7

fctsb uheynt,bc �bhbsflb cfltajhvfwbj vf[fcbfst,tkbf 

afhlj,bsb xf]ljvflj,f6 hjvtkbw ofhvjlutybkbf itvltuyfbhfl7

0

'

h
hh

n
�

��

cflfw h - fhbc ,eyt,hbdb ntybfyj,bc uheynbc ybveibc cbvfqkt 

itreviekb rjvghtcbbc gbhj,t,ib7 bctsb oytdbs6 hjvtkbw 

ufvjodtekbf uheynbc cfresfhb ojybs lf ufht lfoytdbs7 h� - bvfdt 

ybveibc cbvfqkt oytdbc bvfdt vybidytkj,bcfsdbc uheynbc chekb 

o.fkuf;qtysdbc gbhj,t,ib8 h0 - bvfdt uheynbc ybveibc cbcmt 

hjltcfw bub itreviekbf ,eyt,hbdb ntybfyj,bc gbhj,t,ib7 uheynbc 

cfresfhb ojybc trdbdfktyneh oytdbs7
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uheynb xfbsdkt,f xf]ljvflfl se 01.0�n� 8 xf]ljvflb uheynb6 

bvbc vb[tldbs se hjujhbf afhlj,bsb xf]ljvflj,f lf ae�tpt 

uflfwtvekb oytdf6 sfyf[vfl #7! w[hbkbcf b.jaf vwbhtxf]ljvfl6 

cfiefkjxf]ljvfl lf �kbthxf]ljvflfl7

w[hbkb #7!

afhlj,bsb xf]ljvflj,f6 n� hjltcfw oytdf njkbf6 

ru4cv@
uheynt,bc 

lfcf[tkt,f

1 2 3

vwbhtxf]ljvflb 0.01� n� �0.015 0.01� n� �0.02 0.01� n� �0.03

cfiefkjxf]ljvflb 0.015< n� �0.03 0.02< n� �0.05 0.03< n� �0.07

�kbthxf]ljvflflb
n� >0.03 n� >0.05 n� >0.07

fqcfybiyfdbf6 hjv fctsb uheynt,b xf]ljvfl sdbct,t,c ufvjfdktyty 

fhf ths,fifl6 fhfvtl ntybfyj,bcf lf oytdbc v[jkjl ufhrdtekb

vybidytkj,bcfsdbc6 hjvtkbw itcf,fvbcfl cfo.bcb ntybfyj,f lf oytdf 

tojlt,f7

uheynbc xf]ljvflj,bc obyfcofh itafct,f itcf�kt,tkbf fuhtsdt 

itvltub vfxdtyt,kbc vb[tldbs

� �
�

�
e
eeL

1
#7@

cflfw e - fhbc ,eyt,hbdb cnhemnehbcf lf ntybfyj,bc uheynbc 

ajhbfyj,bc rjtabwbtynb6 [jkj eL - bubdt uheynbc ajhbfyj,bc 

rjtabwbtynb6 hjltcfw vbcb ntybfyj,f ltyflj,bc pqdhbc WL-bc

itcf,fvbcbf6 bub ufybcfpqdht,f

w

s
LL We
�
�
�� #7#

fm s� - fhbc uheynbc reshb ojyf [jkj w� - o.kbc vjwekj,bsb 

ojyf7 uheynb xfbsdkt,f xf]ljvflfl se vbcsdbc vf[fcbfst,tkb �
gkfcnbehj,bc hbw[dbc fqybiyek vybidytkj,bc vb[tldbs yfrkt,bf 

w[h7 #7@-ib yfxdtyt, cblbltpt6 hjltcfw vbcb ntybfyj,bc [fhb[b 

8.0�rS
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w[hbkb 1#7@

gkfcnbrehj,bc hbw[db 
Ip

1< Ip <10 10� Ip �14 14< Ip �22

vfxdtyt,tkb � 0.1 0.17 0.24

cfvityt,kj yjhvt,bsf lf otct,bs ~���� II-15-74` uheynbc 

xf]ljvflj,bc itafct,f ufsdfkbcobyt,ekbf fuhtsdt cnfnbreh 

pjylbht,bc itltut,bc vb[tldbs7

xf]ljvfl uheynt,c sfdbcb cfvityt,kj sdbct,t,bs 

ef[kjdlt,bfy t7 o7 ktynehb sb[t,b6 hjvkt,bw ofhvjij,bkbf 

v.bydfht,blfy xfvjyfltyt,bc o.fkib lfktmdbc itltufl6 fuhtsdt 

njhat,b lf lfnjhabkb uheynt,b6 se bcbyb vybidytkjdfyb 

hfjltyj,bs itbwfdty jhufyek ybdsbtht,t,c7

eylf fqbybiyjc6 hjv xf]ljvfl uheynt,pt vityt,kj,bcfc 

fewbkt,kfl obyfcofh eylf bmytc uheynb ufvjrdktkekb6 hjujhw 

tc cfvityt,kj yjhvt,ibf vbsbst,ekb7

3.2 TabaSiriSemcvel gruntebze agebul SenobaTa

deformaciis zogierTi magaliTi

rogorc zemoT gvqonda aRniSnuli q. TbilisSi mravali 

Senoba-nagebobaa agebuli liosisebur gruntebze, romlebic 

ganicdian araTanabar jdomebs, ris Sedegadac Senoba-nagebobebis 

zogierTi konstruqciuli elementi gamodis mwyobridan da qmnis 

Senobis avariis saSiSroebas. aseTi magaliTebi mravladaa 

moyvanili mkvlevarebis: d. mSvenieraZis, g. WoxoneliZis,        l. 

lomizis, m. terleckaias da sxvaTa SromebSi. Cven moviyvanT 

Senoba-nagebobaTa deformaciis tipiur magaliTs, romelic 

Segvxvda Cveni muSaobis periodSi.

rogorc aRvniSneT, liosiseburi gruntebi meti gavrcelebiT 

sargebloben md. mtkvris marcxena mxares (marjvena mxaresTan 

SedarebiT) marcxena mxareze ki gansakuTrebiT gamovyofT e.w.

sanzonis raions, sadac liosiseburi gruntebi gamoirCevian didi 

farTobrivi gavrcelebiT da amave dros SedarebiT didi 
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simZlavrec axasiaTebT. liosiseburi gruntebis simZlavre 

aRniSnul raionSi 12-18 m farglebSi icvleba. bunebrivia, rom am 

raionSi bevri deformirebuli Senobebic aris. amas jer kidev   

d. mSvenieraZe aRniSnavs Tavis naSromSi (79), rodesac mohyavs 

sanzonaSi aSenebuli wylis rezervuaris eqspluataciis 

savalalo Sedegi. Sedegi savalaloa imitom, rom rezervuarma 

verc moaswro xeirianad eqsluataciaSi Sesvla, rom wylis didi 

kargvebisa da fuZis sagrZnobi deformaciis gamo igi mwyobridan 

gamovida iseTi seriozuli xarvezebiT, rom verc ki SeZles 

aRdgena. am droisaTvis sanzona qalaqis gareubnad iTvleboda. 

SemdegSi ki am raionSi daiwyo intensiuri binaTmSenebloba, 

mSeneblobis devizi iyo vaSenoT swrafad da iafad, ramac 

mSeneblobis xarisxze uaryofiTad imoqmeda. amis kargi magaliTia 

sanzonaSi ganTavsebuli saswrafo daxmarebis Senoba. aRniSnuli 

Senobis mdgradobis sakiTxiT rom droulad ar 

dainteresebuliyo gruntebis meqanikisa da fuZe-saZirkvlebis 

kaTedra da ar ganexorcielebina saWiro RonisZiebani, SeiZleba 

saswrafos Senobas rezervuaris bedi gaeziarebina.

saswrafo daxmarebis Senoba mdebareobs yofil 

magnitogorskis quCaze, romelic sanzonaSi Sedis da ekuTvnis 

gldani-naZaladevis raions. Senoba aSenebulia gasuli saukunis 

80-ian wlebSi, igi orsarTuliania, aSenebulia aguriT, duRabad 

gamoyenebulia qviSa-cementis xsnari. sarTulSua gadaxurva 

ganxorcielebulia betonis Rrutaniani filebiT, saxuravi 

brtyeli gadaxurviTaa, xolo saZirkveli betonisaa lenturi 

tipis.

Senobis deformacia SemCneuli iqna jer kidev 70-iani wlebis 

dasawyisSi, rac gamoixateboda mzidi kedlebis dabzarvaSi. 1987 

wlisaTvis kedlebis deformaciebma miaRwies iseT sidideebs, rom 

saerTod Senobis mdgradobis sakiTxi kiTxvis niSnis qveS daisva. 

adgilobrivma xelisuflebam mogvmarTa fuZe-saZirkvlebis 

kaTedras TxovniT, raTa Segveswavla Senobis teqnikuri 

mdgomareoba da dagvedgina SeiZleboda Tu ara Senobis 
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eqspluatacia gagrZelebuliyo. aRsaniSnavia, rom am droisaTvis 

zogierTi bzari  gaxsnili iyo 4-5 mm-ze. raime dakvirvebani 

bzarebis ganviTarebaze ar arsebobda.

kaTedram samuSaoebi daiwyo imiT, rom pirvel rigSi bzarebze 

dayenebuli iqna maniSneebi, romelic mogvcemda SenobaSi 

deformaciebis ganviTarebis suraTs. Seswavlili iqna detalurad 

Senobis teqnikuri mdgomareoba, raTa dadgeniliyo Senobis 

eqspluataciis gagrZeleba-Sewyvetis  sakiTxi. nax.#3.1 naCvenebia  

Senobis ori maniSnis cvlileba eqvsi Tvis

��

��

��

��

�

�

�

1 2 3 4 5 6 SDT

yf[7 1#7! ,pfht,bc ufydbsfht,bc wdkbkt,f lhjib

<P
FH
BC

CB
L
B
L
T
VV

ganmavlobaSi. e.i. im periodSi, rodesac kaTedra aq atarebda 

samuSaoebs. aRvniSnavT, rom maniSnebi gviCvenebdnen  Senobis 

jdomiT deformaciebs da maTze anaTvlis aReba xdeboda 

preceziuli niveliris gamoyenebiT, rogorc Sedegebidan Cans,  

maniSneebma daafiqsires Senobis jdomiTi deformaciebi. 

saintereso is aris, rom deformaciebs milevadi xasiaTi aqvs. es 

ki moxda imitom, rom aRmoCenili iyo kvebis is kera, romelic 

wyals awodebda fuZe-gruntebs. igi likvidirebuli iqna da 
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vTvliT, rom deformaciebmac amitom miiRes milevadi xasiaTi. 

saqme isaa, rom saswrafo daxmarebis ezoSi  avtoparki iyo

ganTavsebuli da xdeboda manqanebis sistematuri  recxva. 

dazianebuli iyo, rogorc wyalsadenis, ise kanalizaciis mili, 

ris Sedegadac xdeboda fuZe-gruntebis wyliT dasveleba, rac 

iwvevda kidevac Senobis deformacias.

imisaTvis, rom dadgeniliyo Senobis deformaciis mizezebi 

moedanze gayvanili iqna oTxi, oTx metriani Surfi, or adgilze 

gaSiSvlda saZirkveli, ramac saSualeba mogvca dagvedgina 

saZirkvlis konstruqcia da CaRrmaveba, gaSiSvlebuli iqna fuZe-

gruntebic. moedanze gayvanili iqna agreTve 10 m. simZlavris 

WaburRili, raTa dagvedgina liosiseburi gruntebis simZlavre. 

nax. #3.2-ze naCvenebia Surfisa da WaburRilis liTologiuri

nax. #3.2 saswrafo daxmarebis Senobis fuZis liTologiuri Wrili

Wrili. fizikur-meqanikuri Tvisebebis dadginda laboratoriuli 

meTodiT. cxr. #3.1-Si mocemulia gruntis  fizikur-meqanikuri 

maCveneblebi aRebuli or Surfidan, romlebSic saZirkvlebi iyo 

gaSiSvlebuli. aqedan Surfi #1-Si gruntebi ar iyo dasvelebuli 

teqnologiuri  wylebiT, xolo meore Surfis gruntebi ki 

TiTqmis wyalgajerebul mdgomareobaSi iyo. rogorc
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CFYPJYFIB CFCOHFAJ LF[VFHT,BC ITYJ,BC AE�T-UHEYNT,BC 

ABPBREH-VTMFYBREHB VF[FCBFST,KT,B

w[hbkb 1#7#

cbvrdhbdt gkfcnbrehj,f obyfqj,f �dHfpt

,eyt,hbdb cdtk 
vlujvfhtj,fib1

iehabc 

1

fqt,bc 

cbqhvt

v ,e
yt
,h
bd
b

n
ty
bf
yj
,f

a
j
h
bf
yj
,b
c

rj
ta
bw
bt
yn
b

,e
yt
,h
bd
b

xj
yx
[b
c

vi
h
fk
b

u
h
e
yn
bc

p
tl
f

md
tl
f

gk
fc
be
h
j
,b
c

h
bw
[d
b

xf
]
l
j
vf
l
j
,b
c

vf
xd
ty
t,
tk
b

a
bk
n
h
fw
bb
c

rj
ta
bw
bt
yn
b

�0 C
ru4v@

�0 C
ru4v@

! 1 1.4 12 0.77 1.68 2.68 1.52 28 18 10 0.020 2�10-5 19 0.68 12 0.42

@ 1 2.0 13 0.76 1.70 2.68 1.51 30 19 11 0.014 - - - - -

# 1 2.5 14 0.77 1.70 2.68 1.49 33 19 14 0.018 1�10-5 18 0.56 11 0.36

$ 1 3.2 14 0.75 1.72 2.67 1.51 29 18 11 0.020 2�10-6 - - - -

% 1 3.8 15 0.77 1.72 2.66 1.50 31 19 12 0.016 - 18 0.52 12 0.40

^ 2 1.5 25 0.79 1.86 2.69 1.50 31 19 12 <0.010 - 12 0.42 11 0.40

& 2 2.0 24 0.77 1.85 2.66 1.51 30 18 11 <0.010 8�10-6 11 0.36 11 0.36

* 2 2.6 25 0.77 1.88 2.66 1.50 29 17 11 <0.010 - - - - -

( 2 3.3 26 0.76 1.89 2.67 1.52 30 19 11 <0.010 4�10-5 12 0.28 11 0.24

!) 2 4.0 26 0.76 1.86 2.67 1.51 30 18 12 <0.010 - - - - -
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monacemebidan Cans, sveli gruntebi CajdomadobiT aRar

xasiaTdebian. samagierod, sveli gruntis areSi Senobis

deformaciebi gansakuTrebiT aqtiuria. aseve iTqmis Zvris

winaRobazec. mSrali da sveli gruntis � da C maCveneblebi

mkveTrad gamsxvavdebian erTmaneTisagan. amrigad, SeiZleba iTqvas, 

rom dasvelebis Sedegad marto CajdomadobiT ki ar xasiaTdeba, 

aramed mkveTrad ecema maTi simtkicis maCveneblebic � da C

maSasadame, dasvelebis Sedegad fuZe-gruntebis mzidunarianobac

mkveTrad klebulobs.

sainteresia, rogor mimdinareobs aRniSnul gruntebSi 

sufoziuri deformaciebi. Cven gvqonda saSualeba, rom 

Segveswavla aRniSnuli procesebis ganviTareba laboratoriul  

pirobebSi 8 Tvis ganmavlobaSi. cdis msvleloba igive wesiT 

mimdinareobda, rogorc zemoT ganxilul magaliTSi. nimuSebi 

Tavsdeboda filtraciul xelsawyoSi da Semdeg warmoebda 

dakvirvebebi sufoziur deformaciebze. erT-erTi cdis Sedegi 

moyvanilia nax. #3.3 aRvniSnavT, rom sacdeli gruntebi 

xasiaTdebodnen dabali filtraciis koeficientiT da amitomac  

gruntidan TabaSiris gamotutva Zalian neli tempiT xdeboda. 

cdebis dro aRmoCnda  mcire, raTa gruntis simtkice TabaSiris 

gamoricxvis Sedegad  Semcirebuliyo iseTi sididiT, rom mas 

gamoewvia sufoziuri  deformaciebi. vTvliT, cda rom 

gagrZelebuliyo kidev ramdenime Tve gruntSi filtraciuli 

procesebis ganviTareba migviyvanda sufoziur deformaciamde.

Cajdomadi deformaciebis sawinaaRmdego RonisZiebad 

gamoyenebuli iqna saZirkvlis gafarToeba. meTodi metad Zvelia 

da drois mixedviT sakmaod gamocdili. meTodis axleburi  

midgoma mdgomareobs arsebuli saZirkvlis fuZeze datvirTvis
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nax 3.3  filtraciis koeficientis cvlileba

SemTxvevaSi e.i. saZirkveli imdenad unda gafarTovdes, rom masze 

mosulma datvirTvam fuZis dasvelebis SemTxvevaSi ar unda 

mogvces dajdoma. amisaTvis ki, pirvel rigSi unda dadgindes 

gruntis Cajdomadobis kategoria.  aRvniSnavT, rom saqarTvelos 

liosiseburi gruntebi Cajdomadobis mxriv ZiriTadad 

miekuTvnebian meore kategorias. e.i. isini sakuTari wonis 

zegavleniT ar ganicdian deformacias dasvelebis SemTxvevaSi. 

amisaTvis saWiroa ganisazRvros datvirTvis sawyisi 

Cajdomadobis P sidide. e.i. sidide, romelzedac da romlis 

zemoTac grunti amJRavnebs Cajdomad Tvisebebs. aRniSnuli 

sidide gansazRvruli iqna laboratoriuli meTodiT. 

gansazRvreT ra P Senobis fuZis gafarToebas, vawarmoebT ise, 

rom daculi yofili yofiliyo piroba, sadac

P < P1

P � aris saZirkvlis Zirze mosuli datvirTva. 
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amrigad, saZirkvlis gafarToeba movaxdineT iseTi sididiT, 

rom fuZis dasvelebis Sedegad saZirkvlis dajdoma da, 

maSasadame,  Senobis deformaciac aRar momxdariyo.

Tbilis-rusTavis regionSi TabaSirSemcvel liosismagvar

gruntebze da kenWnarebze mravali Senoba-nagebobaa agebuli. 

liosismagvar gruntebze agebul SenobaTa deformacia 

dakavSirebulia liosismagvar gruntebis TaviseburebaSi, rac 

maTi Cajdomadi TvisebiT aris ganpirobebuli. rac Seexeba 

kenWnarebs, isini warmoadgenen md. mtkvris aluvions, romelTa 

Semavsebelic warmodgenilia TabaSirSemcveli TixnarebiT an 

qviSebiT. TabaSirSemcvel Tixnarian kenWnarebSi SenobaTa 

deformaciebi, gamowveulia kenWnarebSi sufiozuri  procesebis 

ganviTarebasTan. aRniSnuli sakiTxi Seswavlili aqvs 

i. mSvidobaZes.

TabaSirSemcvel kenWnarebSi sufozuri procesebis 

ganviTarebis karg magaliTs warmoadgens q. rusTavSi 

ganTavsebuli sacxovrebeli saxli. Senoba xuT-sarTuliania, 

agebuli gasuli saukunis 70-ian wlebSi, mzidi kedlebi agurisaa, 

sarTulSua gadaxurva rkinabetonis Rrutaniani filebiTaa 

ganxorcielebuli. saZirkveli betonisaa, lenturi tipis. 

aRsaniSnavia, rom proeqtiT Senobas sardafi ara aqvs, magram 

mosaxleobam Tavisi iniciativiT gaakeTa sardafebi.

sacxovrebeli saxlis Senobis deformacia SemCneuli iqna 

80-ian wlebSi; Senobis mzid kedlebs zogierT adgilze gauCnda 

bzarebi, droTa ganmavlobaSi bzarebis sidide izrdeboda.

bzarebi gansakuTrebiT SesamCnevi iyo kar-fanjrebis zRudarebze. 

1989 w. martisaTvis, rodesac kaTedris TanamSromlebma daiwyes 

Senobis deformaciis mizezebis Seswavla, zogierTi bzaris 

sigane ukve sm-Si izomeboda.

Senobis deformaciis mizezebis dasadgenad moedanze gayvanili 

iyo sami 4.5 m siRrmis Surfi da 8 m, siRrmis ori WaburRili nax. 

#3.4-ze mocemulia Surfi #2 da Wab. #1 liTologiuri Wrilebi.
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rogorc moyvanili Wrilebidan Cans, moednis zeda fena 

warmodgenili aris 0.5-0.7 m. simZlavris nayariT. liTolgiurad 

igi warmoadgens Tixnars, romelic Seicavs kenWnaris 

qvargvalebsa da samSeneblo nagavs. 15-20 % raodenobiT.

nayaris qveda fena warmodgenili aris 2-3 sm simZlavris 

deluviur proluviuri warmoSobis liosiseburi TixnarebiT. 

vinaidan Tixnarebi ar warmoadgenen fuZe-gruntebs. maT 

daxasiaTebaze ar SevCerdebiT, aRvniSnavT mxolod rom Senoba 

Tixnarebze ar iqna dasmuli imitom, rom isini CajdomadobiT 

xasiaTdebian da amitomac damproeqteblebi sworad moiqcnen, 

rodesac Senobis fuZed Tixnarebi miuReblad miiCnies. moednis 

Semdgomi fena 2-2.1 m. simZlavris kenWnarebiT arian warmodgenili, 

romlebic md. mtkvris aluvions miekuTvnebian. aRsaniSnavia, rom 

kenWnarebis Semavsebeli TabaSirSemcveli TixnarebiTaa 

warmodgenili, Semavseblis raodenoba 35-40% Seadgens, xolo 

SemavseblebSi TabaSiris raodenoba 28-33% farglebSi icvleba

qvemoT cxr. #3.4-Sis mogvyavs kenWnarebis granulometruli 

Sedgeniloba.

cxr. #3.4

fraqciis zoma mm-Si
# Surfi aRebis

siRrme >200 200-50  50-10 10-1 1-0.05 <0.05

1 1 2.7 0 23 22 12 13 30

1 1 3.8 0 20 21 14 14 31

2 2 2.8 13 28 20 6 12 21

2 2 3.9 12 27 22 5 14 20

qvemoT mogvyavs  Semavseblis granulometruli  Sedgeniloba, 

romelTa saSualo mniSvnelobac Semdegnairad gamoiyureba:

fraqcia    1    - 0.5 mm - - - - - - - 12

fraqcia 0.5   - 0.05 - - - - - - - - - 22

fraqcia 0.05  - 0.005 - - - - - - - - 53

<0.005 - - - - - - - 14
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amrigad, gruntSi sWarbobs mtvrovani fraqciebi. amas 

aRvniSnavT imitom, rom Semavsebeli granulometruli 

SedgenilobiT Zalian axlosaa liosisebur gruntebTan. Tumca 

vizualuri daTvalierebisas Semavsebeli makroforebi ar 

SeiniSneba. rogorc aRvniSneT, SemavsebelSi 27% TabaSiriTaa 

warmodgenili, xolo Semavsebels ki kenWnaris 35-40% uWiravs.

imisaTvis, rom dadgeniliyo kenWnarebis sufiozuri mdgradoba 

Catarda laboratoriuli cdebi kenWnarebis sufoziur

mdgradobaze. aRebuli iyo kenWnarebis daSlis struqturis 

grunti. maT saTanado datkepniT mieca is simkvrive, romelic 

axasiaTebdaT bunebriv pirobebSi. aRvniSnavT, rom kenWnarebidan 5 

sm-ze meti sididis qvargvalebs vamsxvrevdiT da ise vdebdiT. 

filtraciis xelsawyoSi farTi 200 sm2-is Seadgenda. aseT 

pirobebSi momzadebuli nimuSebi icvleboda filtraciis cdebSi 

filtraciis gradienti miaxlovebulia bunebrivTan da Seadgenda

0.2-s. cdebi sufiozur mdgradobaze mimdinareobda xangrZlivi 

periodis ganmavlobaSi. cdis msvlelobisas iReboda wylis 

filtratebi maTSi gamotutvadi CaSO4 raodenobis dasadgenad. 

nax.#3.5 mocemulia cdis msvlelobisas grafiki, xolo cxril

#3.5-Si  naCvenebia filtraciaSi CaSO4 koncentraciis cvlileba. 

rogorc grafikidan da moyvanili cxrilidan Cans cda 

filtraciaze mimdinareobda TiTqmis  1.5 wlis ganmavlobaSi. 

cdis saboloo mizani iyo dagvedgina daiwyeboda Tu ara gruntSi 

meqanikuri sufizia. rogorc grafikidan Cans nimuSSi pirveli 

wlis ganmavlobaSi warmoebda qimiuri sufiozia, romelic 

SemdgomSi gadaizarda meqanikur sufioziaSi. Cven ar gvqonda

saSualeba Cagvetarebina cdebi sufoziur deformaciebze, magram 

i. mSvidobaZes aRniSnuli sakiTxi kenWnarebisTvis ganxiluli 

aqvs. nax.3.5 naCvenebia mis mier Catarebuli erT-erTi cdis 

msvlelobis grafikuli gamosaxuleba, rodesac kenWnarebSi 

Semavseblis raodenoba 
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itvfdct,tkb  - $)0   CaSO4 - 20%,          

Seadgens 40% xolo SemavsebelSi ki TabaSiris raodenoba 

Seadgens 20% grafikidan naTlad Cans, rom nimuSidan TabaSiris 

gamotutvis procesebs Tan axlavs sufoziuri deformaciebi, 

romelic sabolood iwvevs Senobis araTanabar dajdomebs.

imisaTvis, rom SeCerebuliyo Senobis Semdgomi deformacia, 

Senobas gaukeTda fuZis cementacia. misi arsi SemdegSi 

mdgomareobs: betonis saZirkveli ixvriteba WaburRilebis 

gamyvani dazgis saSualebiT keTdeba e.w. fesvura ximinjebi.

WaburRilebi gayavT daxrilad ise, rom igi kargad Sevides 

kenWnarebSi. milis diametri Seadgens 70 mm-s. WaburRilSi xdeba 

cementis xsnaris CaWirxvna. es keTdeba imitom, rom xsnars 

saSualeba hqondes kenWnarebSi Sevides farTo masStabiT. wylisa 

da cementis fardoba icvleba saSualod 1:3-1:6-mde. cementi Sedis 
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nax. 3.5 abknhfwbf

kenWnarebis forebSi, iwvevs kenWnaris gamagrebsac da, rac 

mTavaria, maTi forebis Sevsebas, riTac mkveTrad ecema 

kenWnarebis filtraciis koeficienti. igi imdenad mcirdeba, rom 

kenWnari praqtikulad wyalgaumtari xdeba, rac sruliad 

gamoricxavs maTSi sufiozuri procesebis ganviTarebas. aseTi  

meTodiT q. rusTavSi gamagrebuli iqna Svidi Senoba.

lios gruntebze SenobaTa deformaciis tipiur magaliTs 

warmoadgens isan-samgoris raionSi q. wamebulis #73-Si 

ganTavsebuli saxlis deformacia.

sacxovrebeli saxli xuT-sarTuliania da warmoadgens rkina-

betonis karkasul Senobas, kedlis Sevseba aguriTaa 

ganxorcielebuli, sarTulSua gadaxurva Rrutaniani rkina-

betonis filisaa, saZirkveli wertilovania rkina-betonis 

masaliT.
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Senobis dajdoma macxovreblebis gadmocemiT 1985 wlidan 

SeimCneva, rac gamoixateba kedlebis dabzarvaSi.

imisaTvis, rom dadgeniliyo sacxovrebeli saxlis 

deformaciis mizezebi da dasaxuliyo kidevac maTi sawinaaRmdego 

RonisZiebani, kaTedris TanamSromlebis mier moedanze gayvanili 

iqna Surfebi da WaburRilebi nax. #3.6 da #3.7 mocemulia 

moedanze samTo gamonamuSevrebis ganlagebis sqema da maTi

liTologiuri Wrilebi. samTo gamonamuSevrebidan aRebuli iqna 

monoliTebi gruntis fizikur-meqanikuri Tvisebebis Sesaswavlad. 

Sedegebi mocemulia cxr. #3.6-Si. qvemoT mogvyavs moednis 

gruntebis daxasiaTeba liTologiuri  Wrilis mixedviT. moednis 

gruntebis  sul zeda fena warmodgenilia 0.4-1.2 m simZlavris 

nayariT. nayari liTologiurad warmoadgens Tixnars, romelic 

10-15 % raodenobiT Seicavs samSeneblo nagavs. 

ZiriTadad betonisa da aguris muSaobaSi (filis gamoyenebis 

SemTxvevaSi), amitom nayaridanac aRebuli iqna nimuSebi, maTi 

fizikur-meqanikuri Tvisebebis Sesaswavlad. Senobis 

eqspluataciis periodSi nayars sakmaod didi simkvrive miuRia. 

igi xasiaTdeba myari konsistenciiT. maTi winaaRmdegobis Ro

gansazRvrisaTvis visargebleT samSeneblo normebiT 2.02.01. 1983 w. 

`Senoba-nagebobaTa fuZeebi~ cx. #5, saidanac

Ro = 1,2 kg/sm2

nayaris Semdegi fena warmodgenili aris moTeTro-moyviTalo 

feris TixnarebiT. aRsaniSnavia, rom TeTri feri maT axasiaTebT 

imitom, rom Seicaven didi raodenobiT TabaSirs. rogorc 

nimuSebis analizma gviCvena, TabaSiris raodenoba zeda 1.5-2.5 m 

siRrmeze 20-25% Seadgens. ori metris qvemoT TabaSiris 

raodenoba gruntSi mkveTrad ecema da dadis 3-5 %-mde. 

aRniSnuli fena, garda TabaSirisa, Seicavs 5-6 % raodenobiT 

kirqvas, romelic xan gabneulia mTel masaSi, xan ki 

Canawinwklebis saxiTaa warmodgenili. SeiZleba iTqvas, rom 

Tixnarebis zeda 1.0-2.0 m fena gajiT aris warmodgenili. Tu 

rogor moxda aRniSnul fenaSi TabaSiris aseTi didi raodenoba,
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nax. 3.6 WaburRilis liTologiuri Wrili 
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nax. #3.7 moednis sqema da liTologiuri Wrili
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amis Sesaxeb literaturaSi sxvadasxva mosazrebebi arsebobs. 

zogierTebis azriT gruntma TabaSiri miiRo  Tixnarebis qveS 

ganlagebuli gamofituli ZiriTadi qanebidan qviSaqvebisa da 

Tixafiqalebisagan. deluvioni daleqvisas ukve Seicavda 

TabaSirs da masTan erTad ileqeboda. zogierTebis azriT, 

TabaSiri meoradi warmoSobisaa, e.i. deluvioni daleqili iyo 

ukve, xolo TabaSiri man miiRo damlaSebuli gruntis 

wylebisagan. marTlac, deluvionis qveS aris riynaris fena, 

romelic SesaZlebelia Tavis droze iyo damlaSebuli wylebis 

koleqtori. TabaSiri ki gruntSi xvdeboda wylis kapilaruli 

awevis Sedegad. Cven ufro vemxrobiT pirvel mosazrebas imitom, 

rom vinaidan TabaSirSemcveli gruntebi saerTod CajdomadobiT 

xasiaTdebian, maSasadame isini unda warmoSobiliyvnen Cvens mier 

warmodgenili pirveli versiis Sedegad.

rogorc cxr. #3.6-dan Cans, deluvioni bunebriv mdgomareobaSi 

xasiaTdeba dabali tenianobiT, amitom isini xasiaTdebian 

simtkicis maRali maCveneblebiT. ase magaliTad, nimuSi #4 Siga 

xaxunis kuTxe yo da kuTri SeWiduloba Semdegi maCveneblebiT 

xasiaTdeba yo = 190, C=0.64 kg/sm2, dasvelebis SemTxvevaSi, rogorc 

ukve cxrilidan Cans, simtkicis maCveneblebi Semdegnairad 

mcirdeba: yo = 120, C=0.16 kg/sm2. amrigad, dasvelebis SemTxvevaSi 

gruntebis mzidunarianoba mkveTrad klebulobs.

aq unda SevCerdeT erT saerTo garemoebaze, rogorc cxr. #3.6

Cans Surfi @2 gruntebis bunebrivi tenianoba sakmaod maRalia, 

rac saerTod ar gvxvdeba moednis sxva adgilebze. daTvalierebis 

Sedegad dadginda, rom zustad aRniSnul adgilze miSvebulia 

saxuravidan Camomavali wvimis wylis mili, miwis zedapiri ki am 

adgilze moasfaltirebuli ar aris. amrigad, wvimis wyali 

wlebis ganmavlobaSi pirdapir xvdeboda gruntSi. Tu miviRebT 

mxedvelobaSi, rom, vidre Surfi gaiTxreboda, wina aTi dRe 

wvimiani iyo, unda vifiqroT, rom Surfis gatenianeba wvimis 

wylebiT iyo ganpirobebuli.
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aRvniSnavT, rom saerTod mikroraionis gruntebi sakvlevi 

moedania, xasiaTdebian CajdomadobiT. amis Sedegad ramdenime 

saxli avariul mdgomareobaSia. amitom Cvens mier 

gansakuTrebuli sizustiT Seswavlili iqna gruntis 

Cajdomadoba, romelic isazRvreboda laboratoriulad 

standartuli meTodiT. sacdeli nimuSis farTi Seadgenda 60 sm2, 

xolo simaRle 2 sm-s. nimuSi icdeboda kompresiul xelsawyoSi. 

rogorc saTanado gamoTvlebma gviCvena fuZeze mosul nagebobis 

datvirTva 2 kg/sm2 farglebSia. amitom Cvenc cdis dros nimuSs 

wyali miveciT P=2 kg/sm2 datvirTvaze. nax. #3.8 mocemulia erT-

erTi nimuSebis Cajdomadobis grafiki. nimuSi aRebulia Surf #3-

dan saZirkvlis qveS 2.8 m. siRrmeze. rogorc Cans, naxazidan, aseve 

cxr. #3.6-danac, rom TabaSirSemcveli gruntebis Cajdomadobis 

koeficienti icvleba 0.07-0.08 farglebSi.

nax. 3.8 Cajdomadobis grafiki
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CajdomadobasTan erTad laboratoriuli cdebis saSualebiT 

gansazRvruli iqna Cajdomadobis sawyisi wneva. e.i. wneva romlis 

zemoTac deleviuri TabaSirSemcveli gruntebi avlenen 

Cajdomadobas, masze nakleb wnevaze ki gruntebi ar avlenen 

Cajdomadobas. amisaTvis Cajdomadoba gansazRvruli iqna gruntis 

sxvadasxva vertikalur datvirTvebze, intervali datvirTvebs 

Soris iReboda 0.1 kg.sm2.

cdebis Sedegad dadginda, rom Cajdomadobis sawyisi wneva 

P=1.1 kg/sm2. aqedan gamomdinare SeiZleba gakeTdes daskvna, rom Tu 

nagebobidan gruntze gadmocemuli datvirTva ar iqneba 1.1 

kg/sm2 meti fuZe-gruntebi ver gamoavlenen Cajdomad Tvisebebs. 

Cvens SemTxvevaSi ki fuZe-gruntze mosuli  datvirTva, rogorc 

adre aRvniSneT Seadgens 2 kg/sm2 da amitom fuZe-gruntebi 

ganicdian Cajdomadobas.

amrigad, Catarebuli samuSaoebi saSualebas gvaZleven, rom 

TabaSirSemcvel TixnarebisaTvis ganvsazRvreT R0

Ro = 1.2 kg/sm2

TabaSirSemcvel Tixnarebis deformaciis modulis dasadgenad 

Catarebuli iqna savele cdebi gruntis Stampur gamocdaze 

viyenebdiT cdisaTvis standartuli liTonis Stampebs, romlis 

diametric �80 sm. Seadgens, xolo farTi 5000 sm2. Stampze 

vertikalur datvirTvebs vanxorcielebdiT 50 toniani 

hidravlikuri domkratis saSualebiT. datvirTvas vzrdidiT 

safexurobrivad da TandaTanobiT. safexuris sidide Seadgenda 

0,5 kg/sm2. rodesac moxdeboda datvirTvis Sedegad gruntis 

SekumSvis deformaciis stabilizacia, mxolod mas Semdeg 

vzrdidiT datvirTvas. fuZe-gruntebis deformacia izomeboda 

CaRunvzomebis saSualebiT. cdis msvlelobisas vagebdiT 

grafikul damokidebulebas Stampis deformaciasa da moqmed 

datvirTvas Soris. igi mocemulia nax. #3.9-ze gruntis
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nax. 3.9 Stampuri gamocdis Sedegebi

deformaciis moduli gansazRvruli iqna formuliT:

E= 0,8 
S
d�

sadac

E  - gruntis deformaciis modulia kg/sm2;

P - moqmedi datvirTvaa kg/sm2;

d     - Stampis diametri sm;

S     - Stampis Cajdomis sidide sm;

Catarebuli cdebis Sedegad miviReT, rom

E  = 220 kg/sm2

rogorc aRvniSneT, Surfi #2 svel mdgomareobaSi iyo, 

vixelmZRvaneleT am garemoebiT da Catarebuli iqna cda Stampur 

gamocdaze aRniSnul SurfSic. cdis msvleloba igive wesiT 

mimdinareobda, rogorc pirvel SemTxvevaSi. aqac agebuli iqna 

damokidebuleba moqmed datvirTvasa da Sesabamis deformacias 



107

Soris. Sedegebi mocemulia igive nax.#3.9-ze. cdebiT dadginda, 

rom TabaSirSemcveli sveli Tixnarebis:

E = 120 kg/sm2

miTiTebuli Sedegebidan naTlad Cans, rom Tixnarebis 

mzidunarianoba dasvelebisas mkveTrad klebulobs:

moednis gruntebis Semdegi fena kenWnarebiTaa warmodgenili, 

romlebic Seicaven 20-32% Tixnaris Semavseblebs. kenWnarebis 

simZlavre 0.2-0.5 m farglebSi icvleba. vinaidan kenWnarebi mcire 

simZlavriT xasiaTdebian, isini fuZeebis gaZlierebis SemTxvevaSi 

ar SeiZleba asrulebdnen fuZe-gruntebis movaleobas da 

amitomac maT detalur daxasiaTebaze ar SevCerdebiT.

moednis gruntebis Semdegi fena warmodgenilia deleviur-

proleviuri warmoSobis moyviTalo-moyavisfro TixnarebiT. isini 

bunebriv mdgomareobaSi xasiaTdebian myari konsistenciiT. 

TabaSirs TiTqmis ar Seicaven. aqvT gamoxatuli agregatuli 

struqtura, xasiaTdebian rogorc cxr. #3.6 Cans simtkicis 

sakmaod maRali maCveneblebiT.

Tixnarebis mzidunarianobis dasadgenad visargebleT igive 

normebiT, saidanac

Ro = 2,5 kg/sm2

rogorc Surfebis, ise WaburRilis gayvanam dagvarwmuna, rom 

Senobis qveS 10 m siRrmemde wyali ar aris. faqti ki metyvelebs, 

rom Senobis jdena gamowveulia fuZe-gruntebis mzidunarianobis 

SesustebiT. rogorc macxovreblebma gadmogvces adre, sardafSi 

idga boileri, romlis dazianebis Sedegad sardafebi 

itboreboda xangamoSvebiT. unda vifiqroT, rom adre fuZe-

gruntebis gawylianebis keras swored boileri warmoadgenda, 

ramac gamoiwvia kidevac Senobis dajdoma. dReisaTvis boileri 

aRar aris, magram Senobis deformacia mainc mimdinareobs. unda 

vivaraudoT, rom Senobis fuZes xangamoSvebiT lokalurad mainc 

xvdeba wyali, rac iwvevs saxlis dajdomas. wyali fuZeSi xvdeba 

mouwesrigebeli wylis komunikaciebidan wylis kargvebis gamo.
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Tavi IV

zemaRali sixSiris  mikrotalRebis gamoyeneba 

liosismagvari gruntebis  gasamagreblad.

4.1 zemaRali sixSiris  mikrotalRebis mokle aRwera

rogorc fizikis kursidanaa cnobili, sxeulis Sida energias 

gansazRvravs sxeulis umciresi  nawilakebis qaosuri moZraobis 

kinetikuri energiisa da amave nawilebis potenciuri energiis 

urTierTqmedeba.

sxeulis Sida energia SeiZleba Seicvalos ori gziT: muSaobis 

SesrulebiT da siTbogadacemiT. SesaZlebelia, agreTve, 

erTdroulad moxdes meqanikuri muSaobis da energiis siTburi 

gadacema. ufro martivad rom avxsnaT, garedan energiis 

miwodebis xarjze xdeba sxeulis temperaturis momateba, Tu 

sxeulis gascems energias, sxeulis temperatura ecema. 

saerTaSoriso sistemaSi siTbos raodenoba izomeba joulebSi. 

siTbos raodenoba Q miRebuli sxeulis mier misi gacxelebisas 

an gacemuli misi gacivebisas, gamoiTvleba formuliT

)( 12 ttcmtcmQ ���� 4.1

sadac c � nivTierebis kuTri siTbotevadobaa, risganac 

Sedgeba sxeuli; m � sxeulis masa; t = t2 � t1 � sxeulis saboloo da 

sawyisi temperaturebis sxvaoba.

bunebaSi siTbos gadamtanebad energiis wyarodan sxeulamde 

warmoadgens infrawiTeli sxivebi, romlebsac eleqtromagnituri 

talRebis speqtrSi sakmaod didi diapazoni uWiravs nax. #4.1.

nax. 4.1 eleqtromagnituri talRebis diapazoni
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rogorc nax. 4.1-dan Cans, infrawiTeli sxivebis diapazoni 

moTavsebuli zemaRali sixSiris  talRebsa (zms) da xiluli 

sixSiris (x) talRebs Soris, sadac xiluli sixSiris talRebi  

es is sinaTlis diapazonia, romelsac aRiqvams adamianis Tvali, 

igi naxazze sakmaod  viwro  zoliTaa warmodgenili, radgan 

adamianis Tvals Zalian viwro speqtris talRebis aRqmis unari

aqvs. 

rac Seexeba zemaRali sixSiris talRebs, igi, pirobiTad, 

moTavsebulia 1 mm-dan 1000 mm-mde sigrZis mqone talRebis 

speqtrSi da amitom maT mikrotalRebsac uwodeben. 

radiofizikidan cnobilia sixSiresa da talRis sigrZes Soris 

damokidebuleba

f
300

�� m (4.2)

sadac  f � sixSirea;  � - talRis sigrZe.

cxadia sixSiris cvlileba iwvevs talRis sigrZis cvlilebas 

an ufro sworia konkretuli talRis sigrZes Seesabameba 

konkretuli sixSire. zms talRebis sixSiris cvlileba 

sxeulebze zemoqmedebisas iwvevs gacxelebis parametrebis 

cvlilebas, rac qvemoT iqneba aRwerili.

zemaRali sixSiris mikrotalRebiT gacxelebas xSirad 

uwodeben �moculobiT gacxelebas�, riTac xazs  usvamen sxeulis 

mTel moculobaSi erTdroul gacxelebas.

zemaRali sixSiris energias aseve xSirad uwodeben �civ 

siTbos�, romlis drosac mxedvelobaSi aqvT zemaRali sixSiriT 

gacxelebis specifikuri Tviseba - gaacxelos mxolod sxeuli da 

amave dros haeri, aparatis samuSao kamera da WurWeli, razedac 

sxeuli devs, rCeba civi.
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4.2 gamoyenebis sferoebi

zms mikrotalRebis miRebis ZiriTad wyaros warmoadgens 

magnetroni. radiolokaluri aparatebis daxvewis procesSi 

Seiqmna kompaqturi da saimedo zemaRali sixSiris generatorebi 

e.w. magnetronebi, romlebmac didi gamoyeneba hpova mecnierebis 

sxvadasxva dargebSi da yoveldRir yofacxovrebaSi.

mecnierebisaTvis didi xnis win iyo cnobili molekulebis 

dipoluri polarizaciis efeqti da maTi iZulebiTi rxeva gare 

cvladi magnituri velis zemoqmedebiT. es rxevebi  iwvevs 

�molekulaTSoris xaxuns� da amis xarjze xdeba polarizebul 

nivTierebaSi siTbos gamoyofa. magram ufro SesamCnevi  siTburi 

efeqtis  misaRebad saWiro iyo ufro maRali sixSire. wamSi 

ramdenime aseuli milionis rxevis toli. aseTi mowyobilobis 

Seqmnis Semdeg, romlebsac SeeZloT aseTi sixSiris generireba, 

daiwyo axali era zemaRali sixSiris mikrotalRebis energiis 

siTbur energiad gardaqmnisa da maTi gamoyenebis saqmeSi.

dReisaTvis zemaRali sixSiris mikrotalRebis gamoyenebis are 

sakmaod farToa. igi  gamoiyeneba axal Tanamedrove 

radiolokaciur sistemebSi, kosmosur kavSirgabmulobaSi, 

Tanamgzavruli telegadacemebisas,  gamoiyeneba soflis 

meurneobaSi, mosavlis zrdis mizniT da parazitebis 

gasanadgureblad, iyeneben rogorc niadagis ise saTesle masalis 

dasamuSaveblad, rac, rogorc daamtkices, 25-30%-iT zrdis 

mosavlianobas. aseve warmoudgeneli iqneboda zemaRali sixSiris 

mikrotalRebis gamoyenebis gareSe bolo wlebSi ganviTarebuli 

mobiluri kavSirgabmuloba. mas didi xania aseve  iyeneben xe-tyis 

mrewvelobis saqmeSi xis masalis SrobisaTvis. gamoiyeneba 

medicinaSi, sxva mraval dargSi.

zemaRali sixSiris danadgari, imisdamiuxedavad, Tu rogori 

konstruqciuli gadawyvetiTaa agebuli, yovelTvis Sedgeba 

ZiriTadi elementebisagan.

1) samuSao kamera
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2) kvebis wyaro

3) zms generatori � magnetroni, romelic gardaqmnis mudmivi 

denis energias zms eleqtromagnitur velad.

4) magnetronis gacivebis sistema

5) danadgaris marTvisa da avtomatikis mowyobiloba, romelic 

uzrunvelyofs danadgaris CarTva-gamorTvas, muSaobis

reJims da misi calkeuli elementebis dacvas.

zms danadgaris yvelaze ZviradRirebuli elementebia 

magnetroni, romelic warmoadgens xelsawyos, romelSic xdeba 

mudmivi denis energiis gardaqmna zemaRali sixSiris 

eleqtromagnituri velis  energiad. magnetronis margi qmedebis 

koeficienti 70-75%-ia. arsebobs sxvadasxva sixSiris da 

simZlavris magnetronebi. simZlavris mixedviT arsebobs 0.4 vt-dan 

� ramdenime aseul kilovatamde. aqve SeiZleba aRiniSnos, rom 50 

kvt-ze zeviT magnetronis gacivebis sistema SedarebiT rTuldeba, 

rac iwvevs mis Rirebulebis zrdas.

magnetroni warmoadgens eleqtrovakumur diods, romelic 

Sedgeba spilenZis masiuri cilindruli anodisagan (nax.4.2) 

nax. 4.2 magnetroni

volframis kaTodisagan. anodis tanSi amoWrilia moculobiTi 

rezonatorebi SeerTebuli naxvretebiT centralur siRruesTan �

kaTodis kamerasTan, romelic warmoadgens arsebiTad RreCos 

kaTodsa da anods Soris (mas uwodeben urTierTqmedebis 

sivrces). mudmivi magnitebis magnituri veli, romelTa polusebic 
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mdebareobs magnitronis torculi saxuravis gareT, mimarTulia 

xelsawyos RerZis mimarTulebiT (kaTodis mimarTulebiT).

kaTodi cxeldeba dabali ZabviT, kaTodsa da anods Soris 

miewodeba mudmivi deni maRali ZabviT (2-4 aT.volti).

magnetronis muSaobisas gacxelebul kaTodidan 

gamotyorcnili eleqtronebi moZraoben radikalurad anodisken 

mudmivi eleqtruli velis zemoqmedebiT, romelic warmoSobilia 

anodsa da kaTods Soris maRali ZabviT. magram magnituri veli, 

romelic perpendikularuladaa mimarTuli eleqtronebis 

moZraobis mimarT, amrudebs moZraobis traeqtorias da awyebinebs 

maT wreze moZraobas.

urTierTqmedebis sivrceSi anu kaTodsa da anods Soris 

mdebare rezonatorul RreCoSi moZravi eleqtronebis moqmedebas, 

agreTve zemaRali sixSiris eleqtromagnituri veli, aRZruli 

moculobiT rezonatorebSi. Sedegad mudmivi eleqtronuli 

magnituri da cvladi zms velis urTierTgavlena moZrav 

eleqtronebze iwvevs maT Sededebas �Cxiris� saxiT, romelic 

moZraobs urTierTqmedebs sivrceSi. eleqtronebi, romlebic 

Tavmoyrilia �CxirebSi�, dafrinaven moculobiTi rezonatorebis 

xvrelebis win, gadascemen energias zms velis saxiT. aseTnairad 

moZravi eleqtronebis energia, miRebuli eleqtruli velidan 

Seqmnili anoduri ZabviT, gardaiqmneba zms eleqtromagnituri 

velis energiad. amas energiis gamosatanad anodis erT-erTi 

moculobiT rezonatorze keTdeba yulufi, romelic magrdeba 

rezonatoris Siga zedapirze, xolo zms energia anteniT 

gadaecema datvirTvas � talRisatars an pirdapir samuSao 

kameras. antenis gamomyvani dafarulia sxvadasxva gamWvirvalobis 

xufiT, romelic damzadebulia specialuri minis an 

keramikisagan. (dReisaTvis arsebobs uamravi sxvadasxva 

konstruqciis magnetronebi, romlebsac awarmoeben sxvadasxva 

qveynebi).

rogorc aRvniSneT, antenidan gamosuli energia SeiZleba 

gadaeces talRisatars an samuSao kameras, saidanac SeiZleba 
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Semdgom gamoyenebuli iqnes. Tu raime mizezis gamo zemaRali 

sixSiris energia magnetronma ver gasca (mag. talRsataris 

Caketva), SeiZleba moxdes magnetronis gadaxureba da misi 

mwyobridan gamosvla, amitom dacvis mizniT sasurvelia zms 

danadgars hqondes dacvis sistema.

4.3  zms mikrotalRebis gamoyeneba liosismagvari 

gruntebis gasamagreblad

zms mikrotalRebis gamoyeneba ZiriTadad xdeba or Caketil 

(daxurul) da Ria sistemaSi. praqtikaSi gamoiyeneba orive 

sistema, magram zms siTbur energiad gardaqmnisas gamoiyeneba 

ZiriTadad (daxuruli) Caketili sistema. siTburi danakargebis 

Tavidan asacileblad da, rac mTavaria, usafrTxoebis mizniT.

Caketili sistema warmoadgens ZiriTadad Rumels. zms 

mikrotalRovani RumelisaTvis ZiriTad problemas warmoadgens 

masSi talRebis iseTi ganawileba, romlis drosac Rumelis 

samuSao kameris nebismier wertilSi energia Tanabrad 

ganawildeba. amitom gamaxurebeli kameris zomebi ise unda 

SeirCes, rom maqsimalurad iqnes piroba dakmayofilebuli. 

amisaTvis atareben ramdenime miaxloebiT, xolo Semdeg zust 

gazomvas, ganixilaven ra kameras rogorc moculobiT 

rezonators gamosaxulebiT
2
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mis zomebs.

aq  � - talRis sigrZea, m, n da p mTeli ricxvebis nakrebi, 

romelic aCvenebs Tu ramdeni saxis rxevebi SeiZleba warmoiSvas 

mocemuli  � - sigrZis talRis SemTxvevaSi a, b da c rezonatoris 

zomebia.

arsebobs Rumelis uamravi konstruqcia, romlebic 

literaturaSi kargadaa aRwerili.



114

Ria sistema gamoyenebulia radiolokaciuri, Tanamgzavruli, 

kosmosuri kavSirgabmulobis da mobiluri kavSiris SemTxvevaSi. 

misi gacxelebis mizniT gamoyeneba usafrTxoebis TvalsazrisiT 

ar iqneboda gamarTlebuli, magram, radgan saqme exeba miwis qveS 

ramdenime metrze mis eqsploatacias, mainc SeiZleba CaiTvalos

pirobiT Caketil sistemad. cdebis Catarebisas Catarebulma 

gazomvebma daadastura gruntis gasamagreblad zms-is gamoyenebis 

usafrTxoeba. misi gamoyeneba gruntis gasamagrblad SeiZleba  

ori xerxiT: damatebiTi konstruqciis saSualebiT an pirdapir 

talRisataris gamoyenebiT (nax. 4.3). konstruqciis gamoyenebis 

SemTxvevaSi, rogorc nax. 4.3-dan Cans, viRebT cilindruli tipis 

gamagrebul svets, xolo talRsataris SemTxvevaSi konusur 

gamagrebul masivs.












































































































