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uak 624.131.31 
winamdebare damxmare saxelmZRvaneloSi 

sainJinro geologiis sakiTxTa farTo wre aris 
ganxiluli. gansakuTrebuli yuradReba aqvs 
daTmobili iseTi sainJinro-geodinamikuri pro-
cesebis aRweras, rogoricaa karsti, sufozia, 
jdenebi, mewyrebi da sxv., ramdenadac Cveni 
qveynis teritoriisTvis damaxasiaTebeli rTuli 
reliefis da specifikuri, mravalferovani kli-
matis pirobebSi aRniSnuli procesebi farTod 
aris warmodgenili saqarTveloSi da gansakuT-
rebiT mis maRalmTian regionebSi. saTanadod 
aris gaSuqebuli agreTve hidrogeologiis 
zogierTi sakvanZo sakiTxi, romelTa ganxilvis 
saWiroeba eWvgareSea,  radganac erTi da igive 
gruntis mzidunarianoba da mSeneblobis praqti-
kaSi misi gamoyenebis pirobebi sruliad gansxva-
vebulia imis mixedviT, mSralia grunti Tu 
wyalTan kontaqtSi imyofeba. 

naSromi ZiriTadi saxelmZRvaneloa hidro-
geologiis da sainJinro geologiis mimarTule-
bis magistraturis da bakalavriatis saswavlo 
disciplinebSi. warmodgenili damxmare saxel-
mZRvanelo Sinaarsobrivad da struqturulad 
maqsimalurad aris morgebuli saswavlo 
disciplinebis silabusebze. 
 
recenzentebi:  
sruli profesori      u. kavTiaSvili 
asoc. profesori        m. lapiaSvili 
  



3 

 

S i n a a r s i 

 

Sesavali 

sainJinro geologiis ganmarteba, kvlevis 
Teoriuli amocanebi da meTodebi  . . . . . . . . 6 

Tavi I.  

zogadi hidrogeologiis safuZvlebi . . . .  11 

1. wylis saxeobani qanebSi, qanebis wylovani 
Tvisebebi . . . . . . . . . . . . . . . . . 12 

2. miwisqveSa wylebis saxeobani . . . . . . . . .  21 

3. gruntis wylebi . . . . . . . . . . . . . . . . . . .  22 

4. gruntis wylebis reJimi . . . . . . . . . . . . .  25 

5. arteziuli wylebi. . . . . . . . . . . . . . . . . .  27 

6. miwisqveSa wylebis moZraobis mimarTu-
lebis da siCqaris gansazRvra . . . . . . . . . 30 

7. xazobrivi filtraciis ZiriTadi kanoni 
(darsis kanoni) . . . . . . . . . . . . . . . . . . . .  32 

8. filtraciis koeficientis gansazRvris 
xerxebi . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

9. miwisqveSa nakadis erTeuli xarjis 
gansazRvra . . . . . . . . . . . . . . . . . . . . . . .  43 

10. miwisqveSa wylebis agresiuloba rkinisa 
da betonis konstruqciebis mimarT . . . . .  47 

Tavi II. sainJinro geologiis safuZvlebi .  50 

1. qanebis sainJinro-geologiuri klasi-
fikacia . . . . . . . . . . . . . . . . . . . . . 50 

2. qanebis fizikuri Tvisebebi . . . . . . . . . . .  54 



4 

 

2.1 xvedriTi wona, anu simkvrive . . . . . . . . 54 

2.2 moculobiTi wona . . . . . . . . . . . . . . . . 55 

2.3 forianoba . . . . . . . . . . . . . . . . . . . . . .  56 

2.4 tenianoba . . . . . . . . . . . . . . . . . . . . . .  59 

2.5 Tixuri qanebis plastikuroba . . . . . . .  60 

2.6 granulometriuli Semadgenloba . . . . .  64 

3. qanebis meqanikuri Tvisebebi . . . . . . . . . . .  67 

3.1 winaRoba kumSvaze (kompresia) . . . . . . .  67 

3.2 winaRoba Zvraze . . . . . . . . . . . . . . . . .  73 

Tavi III.  

sainJinro-geologiuri procesebi . . . . . .  79 

1. dawolis (datvirTvis) gavleniT qanebis 
Semkvriveba . . . . . . . . . . . . . . . . . . . . . . .  80 

2. qanebis Semkvriveba tenianobis gadidebis 
Sedegad (liosiseburi qanebis jdomadoba)  82 

3. Tixuri qanebis Semkvriveba tenianobis 
Semcirebis Sedegad . . . . . . . . . . . . . . . . . 87 

4. procesebi, romlebic dakavSirebulia 
qanebis moculobis gadidebasTan . . . . . .   88 

5. qanebis moculobis Secvla sufoziuri 
procesebis gavleniT . . . . . . . . . . . . . . .  91 

5.1 meqanikuri sufozia . . . . . . . . . . . . . .  91 

5.2 qimiuri sufozia (karsti) . . . . . . . . . .  92 

6. procesebi, romlebic qanebis ZvrasTan da 
gadaadgilebasTan aris dakavSirebuli . .  95 

6.1 mewyruli procesis dinamika . . . . . . . . 104 



5 

 

6.2 mewyrebis klasifikacia . . . . . . . . . . .  109 

6.3 mewyruli ferdobebis da xelovnuri 
ferdoebis mdgradobis gaangariSeba . .  112 

6.4 ferdobebis mdgradobis Sefaseba saav-
tomobilo gzis vakisis mowyobasTan 
dakavSirebiT . . . . . . . . . . . . . . . . . . . .  117 

6.5 mewyersawinaaRmdego RonisZiebebi . . . .  120 

Tavi IV.  

seismuri movlenebi da antiseismuri 

mSnenebloba . . . . . . . . . . . . . . . . . . . . . . . . 126 

Tavi V.  

samTo wneva, qanebis da dedamiwis zeda-

piris daZvra . . . . . . . . . . . . . . . . . . . . . . . 133 

1. samTo wnevis gansazRvra . . . . . . . . . . . . .  134 

2. samTo wnevis da misgan gamowveuli defor-
maciebis gazomva . . . . . . . . . . . . . . . . . . . . 135 

3. qanebis daZvra . . . . . . . . . . . . . . . . . . . . .  136 

4. dedamiwis zedapiris daZvra . . . . . . . . . . .  137 

daskvna 140 

literatura 141 

 

 

 

 



6 

 

 

Sesavali 

sainJinro geologiis ganmarteba, kvlevis 
Teoriuli amocanebi da meTodebi 

cnobilia, rom geologia aris mecniereba 
dedamiwis Sesaxeb, romelic Seiswavlis 
dedamiwis sferos (gansakuTrebiT misi zeda 
nawilis – liTosferos) Sedgenilobas, 
agebulebas da dedamiwis, rogorc planetis, 
geologiuri ganviTarebis istorias.  

sainJinro geologia zogadad geologiis 
calke dargia da warmoadgens mecnierebas 
sxvadasxva daniSnulebis mSeneblobisa da 
teritoriis sameurneo aTvisebis geologiuri 
pirobebis Sesaxeb. igi swavlobs da afasebs im 
geologiur faqtorebs, romlebic zemoqmedebs 
sainJinro nagebobaze: misi mSeneblobis adgilis 
SerCevaze, konstruqciaze, samuSaos warmoebis 
meTodze da a.S.  

sainJinro geologia ganixilavs qans, 
rogorc saZirkvels nebismieri tipis nagebo-
bisTvis da, meore mxriv, rogorc garemos, 
romelSic gaTvaliswinebulia samSeneblo samu-
Saoebis Sesruleba. aq igulisxmeba, ZiriTadad, 
miwisqveSa nagebobebi – satransporto gvirabebi, 
samTo gamonamuSevrebi, daxuruli saderivacio 
gvirabebi, samxedro strategiuli daniSnulebis 
obieqtebi da a.S.                                                                                      

sainJinro-geologiuri gamokvlevebi droSi 
win uswrebs mSeneblobas da winaswari daproeq-
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tebis stadiaze tardeba. Tumca, zogierTi saki-
Txis dazusteba SeiZleba muSa naxazebis an 
uSualod mSeneblobis stadiazec moxdes. gamok-
vlevebis mTavari mizani aris  mSeneblobis da-
sabuTeba sainJinro-geologiuri TvalsazrisiT. 

iseve, rogorc mecnierebis nebismier dargs, 
sainJinro geologias aqvs kvlevis Teoriuli 
amocanebi, romelTagan aRvniSnavT mTavars. 

1. sxvadasxva nagebobebis qveS ganlagebuli 
qanebis (gruntis) Sedgenilobis da 
agebulebis Seswavla, radganac swored es 
maCveneblebi gansazRvravs qanis qcevas 
samSeneblo datvirTvis pirobebSi.  

naTqvamis sailustraciod ganvixiloT 
sqema.   

  
nax. 1. sqema, romelic 
gviCvenebs im nagebobis 
dajdomas, romelic aSene-
bulia Tixuri qanebiT 
warmodgenil erTgvarovan 
saZirkvelze;  

xh - qvabulis siRrme; 'o o  

- saZirkvlis sibrtye; S  - 
nagebobis dajdomis sidide 

 

nax. 2. sqema, romelic gviCvenebs 
nagebobis dajdomas ara-
erTgvarovani saZirkvlis Sem-
TxvevaSi;  

1–Tixa; 2 – graniti; 
1h  da 

2h -

Tixis simZlavre nagebobis 

sapirispiro kveTebSi; 
maxS da 

minS -nagebobis maqsimaluri da 

minimaluri dajdomis sidideebi; 

l - nagebobis sigrZe; 
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pirvel SemTxvevaSi saZirkvlis grunti 
mTlian masaSi erTgvarovani homogenuri Tix-
nariT aris warmodgenili. gruntis damatebiTi 
SemWidroeba (S), romelic nagebobis woniT aris 
gamowveuli,  Tanabaria  fundamentis mTlian 
farTobze, ris gamoc nagebobis deformacias 
adgili ar aqvs. 

meore SemTxvevaSi fundamentis qveS Sedge-
nilobiT da agebulebiT erTmaneTisagan sru-
liad gansxvavebuli qanebi aris ganlagebuli. 
kerZod, Wrilis qveda nawili warmodgenilia 
Zalze mtkice, kldovani qaniT. amitom nagebobis 
im kveTSi, sadac sakontaqto zedapiri araRrmad 
aris ganlagebuli, nagebobis woniT gamowveuli 

damatebiTi SemWidroeba minimaluria (
minS ), xo-

lo mis mopirdapire kveTSi saZirkvlis gruntis 

dajdoma maqsimaluria (
maxS ). nagebobis araTana-

bari dajdomis xarisxi gamoiTvleba formuliT: 

                       
l

SS
i minmax     

im SemTxvevaSi, rodesac araTanabari 
dajdomis xarisxi aRemateba konstruqciis 
mdgradobis marags, adgili aqvs nagebobis 
deformacias, zogjer ngrevasac ki. 

2. iseTi geologiuri procesebis Seswavla, 
romlebic mimdinareobda samSeneblo 
ubanze mSeneblobis dawyebamde an aRiZra 
SemdgomSi bunebrivad arsebul wonas-
worul mdgomareobaSi sainJinro Carevis 
Sedegad. am procesebs miekuTvneba: 
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dajdoma, Sekleba, jdena, burcva-gajir-
jveba, sufozia, mewyeri, gamofitva da a.S. 

3. sasargeblo wiaRiseulis sabadoebis damu-
Savebis sainJinro-geologiuri pirobebis 
Seswavla. aq igulisxmeba sabadoebis damu-
Saveba rogorc miwisqveSa samTo gamonamu-
SevrebiT (Saxta, Stolna, Streki da sxv.), 
aseve damuSaveba Ria wesiT, karierebis 
saSualebiT. aRniSnuli amocanis gadawy-
vetisas mniSvnelovania iseTi sakiTxebis 
Seswavla, rogoricaa masivis fizikuri 
mdgomareoba, sainJinro-geologiuri pro-
cesebi, temperaturuli pirobebi, gamonamu-
SevrebSi miwisqveSa wylebis modineba, 
maTi qimiuri Sedgeniloba da samSeneblo 
masalebis mimarT agresiuloba, samTo 
wnevebis ganawileba da sxv.  

4. sadReisod arsebuli sainJinro-geologiu-
ri RonisZiebebis srulyofa da nagebobaTa 
mSeneblobisa da eqspluataciis konkre-
tuli saWiroebebidan gamomdinare, ufro 
Tanamedrove RonisZiebebis SemuSaveba.  

sainJinro geologiis zemoT CamoTvlili 
amocanebis gadasawyvetad Semdegi ZiriTadi 
meTodebi gamoiyeneba: 

1. teritoriis geologiuri ganviTarebis bu-
nebriv - istoriuli analizi anu geologi-
uri meTodi. am umTavresi meTodis gamo-
yenebis efeqtianoba mTlianad geologis 
Teoriul codnaze da praqtikul gamocdi-
lebaze aris damokidebuli, radganac 
mxolod am monacemebze dayrdnobiT aris 
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SesaZlebeli samSeneblo obieqtis geolo-
giuri garemos sworad Sefaseba; 

2. eqsperimentuli meTodi, anu qanebis wylo-
vani, fizikuri da meqanikuri Tvisebebis  
Seswavla laboratoriul pirobebSi an 
uSualod velze specialuri xelsawyoebis 
da aparaturis gamoyenebiT; qanebis fizi-
kur-meqanikur TvisebebSi igulisxmeba ise-
Ti maxasiaTeblebis gansazRvra, rogoricaa 
simkvrive, moculobiTi wona, tenianoba, 
plastikuroba, kompresia, winaRoba Zvraze 
da sxv. am maxasiaTeblebis raodenobrivi 
maCveneblebi nagebobaTa daproeqtebis 
safuZvels Seadgens. 

3. analogiis meTodi im SemTxvevaSi gamoi-
yeneba, rodesac mSeneblobis geologiuri 
garemo da nagebobis konstruqcia msgavsia 
ukve arsebuli sxva obieqtisa. am dros, 
gamocdilebaze dayrdnobiT, SesaZlebelia 
sainJinro-geologiuri gamokvlevebis mocu-
lobis mkveTrad Semcireba da Sesabamisad, 
samuSaoebis daCqareba da maTi gaiafeba; 

4. modelirebis meTodi mdgomareobs bunebriv 
pirobebTan maqsimalurad miaxloebuli 
sacdeli modelis damzadebaSi, romelsac 
laboratoriaSi gamocdian.  es meTodi Zvi-
radRirebulia, ris gamoc mas mxolod gan-
sakuTrebiT mniSvnelovani da pasuxsagebi 
obieqtebis mSeneblobisas iyeneben, rogo-
ricaa magaliTad, msxvili hidroteqnikuri 
nagebobebi – kaSxlebi, wyalsacavebi, sade-
rivacio gvirabebi da a.S. 
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sainJinro geologia dakavSirebulia geo-
logiuri mecnierebis sxvadasxva dargebTan, 
rogoricaa mineralogia (mecniereba mineralebis 
Sesaxeb), petrografia (mecniereba qanebis 
Sesaxeb), gruntebis meqanika (mecniereba 
gruntebis Tvisebebis Sesaxeb) da sxv. sainJinro 
geologia gansakuTrebiT mWidrod aris dakav-
Sirebuli hidrogeologiasTan, romelic warmoa-
dgens mecnierebas miwisqveSa wylebis Sesaxeb. 
mSral mdgomareobaSi qanis fizikuri da 
meqanikuri Tvisebebi, misi mzidunarianoba 
mkveTrad gansxvavdeba analogiuri maCveneb-
lebisagan wyalSi dasvelebis Semdeg. amis gamo, 
hidrogeologiis safuZvlebis codna aucile-
beli winapirobaa inJiner-geologis warma-
tebuli saqmianobisTvis. 

 

Tavi I. zogadi hidrogeologiis safuZvlebi 

hidrogeologia aris mecniereba miwisqveSa 
wylebis Sesaxeb, romelic Seiswavlis am 
wylebis warmoSobas, miwis qerqSi maTi gavrce-
lebis kanonzomierebebs, moZraobis kanonebs da 
qimiur Sedgenilobas. miwisqveSa wylebi orgva-
ri TvalsazrisiT SeiZleba iqnas ganxiluli:  

- rogorc sasargeblo wiaRiseuli, romlis 
bazazec wydeba adamianTa sazoga-
doebisaTvis umniSvnelovanesi, sxvadasxva 
daniSnulebis wyalmomaragebis amocana; 

- rogorc xelSemSleli faqtori nagebobaTa 
mSeneblobis da maTi Semdgomi eqsplua-
taciis procesSi. 
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sainJinro – geologiur kvlevebSi miwis-
qveSa wylebis roli swored negatiur zemoqme-
debaSi vlindeba. 

hidrogeologia Sinaarsobrivad kompleq-
suri mecnierebaa da moicavs zogad hidro-
geologias, miwisqveSa wylebis dinamikas, regio-
nul hidrogeologias, swavlebas mineraluri, 
samkurnalo, Termuli da samrewvelo wylebis 
Sesaxeb da a.S. 

 

1. wylis saxeobani qanebSi, qanebis wylovani 
Tvisebebi 

bunebaSi absoluturad mSrali qani ar 
arsebobs. TviT srulkristaluri intruziuli 
qanebic ki Seicavs wyals ama Tu im raodenobiT. 
qanSi wylis arsebobis Semdeg ZiriTad formebs 
arCeven: 

- wyali orTqlis saxiT;  
- fizikurad SekavSirebuli anu bmuli wyali; 
- Tavisufali wyali; 
- wyali mineralTa SemadgenlobaSi. 

 

ganvixiloT es saxeobani. 

wylis orTqli  damaxasiaTebelia umTav-
resad niadagis fenisTvis, sadac is did rols 
TamaSobs niadagwarmoqmnis fizikur-qimiur 
procesebSi. samSeneblo TvalsazrisiT wylis 
orTqls praqtikuli mniSvneloba ar aqvs. 

fizikurad SekavSirebuli anu bmuli 
(sorbirebuli) wyali  damaxasiaTebelia Tixuri 
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Sedgenilobis,  wvrildispersuli ( 0.002d  mm) 
qanebisTvis. Tixis wvrildispersuli nawila-
kebi, rogorc wesi, dadebiTi an uaryofiTi 
muxtis matarebelia, imis mixedviT, Tu romeli 
ionebia adsorbirebuli nawilakis zedapirze. 
amis Sedegad nawilakis irgvliv warmoiqmneba 
eleqtruli veli, romelic miizidavs ra wylis 
dipoluri aRnagobis molekulebs, ewinaaRmdege-
ba wylis Tavisuflad gadaadgilebas.  

 

nax. 3. Tixis nawilakebiT wylis 
molekulebis adsorbcia 

1. Tixis damuxtuli nawilaki; 2. wylis 
dipoluri struqturis  molekula 

 

sorbciuli Zalebis zegavleniT nawilakis 
garSemo warmoiqmneba wylis afski, e.w. solvatu-
ri garsi, romlis radiusi (R ) wylis erTmaneT-
ze miwyobili 15-20 molekulis sigrZis tolia  
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nax. 4. fizikurad SekavSirebuli wylis sqema 

1. Tixis damuxtuli nawilaki; 2. solvaturi 

garsi; R - solvaturi garsis radiusi 

qanSi fizikurad SekavSirebuli wylis 
arseboba gaigivebulia qanis molekuluri ten-
tevadobis cnebasTan, romlis qveS igulisxmeba 
qanis unari Seakavos fizikurad SekavSirebuli 
wylis garkveuli raodenoba, anu im wylisa, 
romelic forebsa da sicarieleebs ki ar avsebs, 
aramed hidratuli an solvaturi garsebis sa-
xiT gvxvdeba da dakavSirebulia qanis nawila-
kebTan zedapiruli sorbciuli ZalebiT. 
amasTan, fizikurad SekavSirebuli wylis im 
maqsimalur raodenobas, romelic SeiZleba Sea-
kavos qanma marcvlebis zedapirze, maqsimalur 
molekulur tentevadobas uwodeben da 

aRniSnaven – Wm.m.t . 

qanidan fizikurad SekavSirebuli wylis 
mocileba T = 105

0
C mudmiv temperaturaze 

gaxurebiT xdeba.  

fizikurad SekavSirebuli wyali uSualo 
zegavlenas axdens qanis, rogorc saZirkvlis 
gruntis zogierT mniSvnelovan maxasiaTebelze 
- kerZod, kumSvadobaze, plastikurobaze, wyal-
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gamtarobaze, wyalgacemaze da a.S. am maxasia-
Teblebs mogvianebiT ganvixilavT, aq ki 
aRvniSnavT, rom qanis wyalgacema aris sxvaoba 
srul tentevadobasa da maqsimalur molekulur 

tentevadobas Soris: W W W wy.g sr.t m.m.t . 

sadac Wsr.t - qanis sruli tentevadobaa, anu 

tenis is maqsimaluri raodenoba, romelic 
SeiZleba daitios erTeuli moculobis qanma 
sruli gajerebis pirobebSi, rodesac qanSi 
arsebuli yvela fori da sicariele Sevsilia 
gravitaciuli wyliT. maSasadame, wyalgacema 
axasiaTebs qanis unars gasces masSi arsebuli 
wyali Tavisufali gamodinebis pirobebSi. 
cxadia, rac ufro metia qanis maqsimaluri 
molekuluri tentevadoba, miT ufro naklebia 
misi wyalgacema da piriqiT. kerZod, Tixuri 
Sedgenilobis qanSi arsebuli tenis 95-98% 
fizikurad SekavSirebul mdgomareobaSi imyofe-
ba da Tavisuflad gamodinebis unars mokle-
bulia, Sesabamisad, wyalgacema aq 2-5%-s ar 
aRemateba, maSin, rodesac qviSnar gruntebSi 
arsebuli wylis ZiriTadi masa Tavisufali wya-
lia da amis gamo, wyalgacemis sidide 95-98%-s 
Seadgens. aRniSnuli garemoeba naTlad 
vlindeba samSeneblo qvabulis mowyobisas, 
saxeldobr, Tixnar qanSi CaRrmavebuli qvabuli 
praqtikulad mSralia, qviSian qanebSi qvabulis 
mowyoba ki, umetes SemTxvevaSi, qvabulidan 
wylis amotumbvasTan an drenaJis aucileb-
lobasTan aris dakavSirebuli. qanis wyal-
gacemis maxasiaTebels didi mniSvneloba aqvs 
zogierTi praqtikuli sakiTxis gadawyvetisas, 
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magaliTad, drenaJis sistemis mSeneblobisas 
qanis daSrobis SesaZleblobis da inten-
siurobis dasadgenad, qvabulSi wylis modinebis 
gamosaangariSeblad da a.S. 

praqtikuli TvalsazrisiT sainteresoa 
qanis moculobiT wonasa da maqsimalur 
molekulur tentevadobas Soris damokidebule-
bis sakiTxi. funqcionalurad es damokide-
buleba aisaxeba mrudis saxiT, gadaRunvis erTi 
maqsimaluri ordinataTi.  

 

nax. 5. Tixnaris tenianobis gavlena 
mis Semkvrivebaze dinamiuri 
datvirTvis pirobebSi 

oW -Semkvrivebis optimaluri tenianoba 

(axlosaa maqsimaluri molekuluri 

tentevadobis sididesTan); ConCx. - 
ConCxis moculobiTi wona optimaluri 
tenianobis dros 

 

rogorc grafikidan Cans, qanis optimalur 
(maqsimalur) moculobiT wonas (opt. ), romlis 
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drosac qanis kumSvadobis koeficienti 
minimaluria, Seesabameba tenianobis aseve opti-

maluri sidide (Wopt. ). saTanado gazomvebiT dad-

genilia, rom tenianobis es optimaluri sidide 

maqsimaluri molekuluri tentevadobis (Wm.m.t .) 

tolia. aRniSnuli garemoeba gamoiyeneba ara-
mkvrivi gruntis moculobiTi wonis xelovnu-
rad gasadideblad, anu mis SesamWidroeblad, 
raTa nagebobis woniT gamowveulma damatebiTma 
dajdomam ar gadaaWarbos dasaSveb sidides. am 
mizniT mimarTaven gruntis datkepnas, rac 
specialuri satkepni meqanizmebiT xorcieldeba. 
datkepnis procesSi xdeba gruntis datenianeba 
wylis calkeuli ulufebiT, sanam tenianoba 
maqsimaluri molekuluri tentevadobis sidides 
ar miaRwevs. Tu miwodebuli wylis raodenobam 
am sidides gadaaWarba, adgili eqneba ukuefeqts, 
anu moculobiTi wonis Semcirebas. 

 

Tavisufali wyali  

qanSi ori saxeobis Tavisufali wyali 
gvxvdeba: 

a) kapilaruli da  
b) gravitaciuli. 

kapilarobis movlena ZiriTadad Tixuri 
Sedgenilobis qanebisTvis aris damaxasiaTebeli 
da gamoixateba tenis gadaadgilebaSi simZimis 
Zalis sawinaaRmdego mimarTulebiT, qvevidan ze-
viT, zedapiruli daWimulobis meniskuri 
Zalebis gavleniT.  
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nax. 6. kapilarSi siTxis moZraobis sqema 

 

siTxisa da kapilaris kedlis gamyof 
zedapirze aRZruli zedapiruli daWimulobis 
R  Zala iSleba mdgenelebad, romelTagan T  

mdgeneli mimarTulia vertikalurad zeviT. misi 
gavleniT siTxe kapilarSi zeviT gadaadgildeba 
manam, sanam T  mdgenels ar gaawonasworebs kapi-
larSi moqceuli siTxis svetis P wona – T P . 

kapilaruli awevis simaRle, anu rac igivea, 
kapilaruli zonis simZlavre, miT metia, rac 
ufro metia wylis zedapiruli daWimuloba da 
rac ufro naklebia kapilaris diametri da 
wylis simkvrive (Jiurenis kanoni). igi gamoiT-

vleba formuliT: 
2

2a
H

r g
k.   
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sadac Hk.  - wylis kapilaruli awevis sima-

Rlea, sm; a  -  kapilaruli mudmiva; r - kapilaris 
radiusi, sm;   - wylis simkvrive, g/sm3; g  – Tavi-
sufali vardnis aCqareba, sm/wm2.   

kapilaruli awevis Zala, anu wylis 
meniskis amwevi Zala, Sefardebuli kapilaris 
wriuli kveTis erTeul farTobTan, gamoiT-

vleba laplasis formuliT: 
2

P
r


k.  

kapilaruli awevis zonaSi ganviTarebuli 
damatebiTi dawneva ki, gamoiTvleba formuliT: 

H k. k. , sadac 

Hk.  – kapilaruli awevis simaRlea, sm;  

 – wylis simkvrive, g/sm3;  

damokidebuleba kapilaruli awevis 
simaRlesa da kapilaris diametrs Soris wylis 
SemTxvevaSi gamoiTvleba formuliT:  

                  29.8
H

d
k.   

sadac  d – kapilaris diametria, mm.   
kapilaruli awevis simaRlesa da kapilaris 
diametrs Soris ukuproporciuli damoki-
debulebis sailustraciod ganvixiloT sqema. 
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nax. 7. kapilauri awevis simaRlis damokidebuleba 
kapilaris diametrze 

pirveli mili ufro wvrilia, vidre meore, 

amitom kapilaruli awevis simaRle 21 hh  . 

mesame milSi siTxe dadgeba 1h  simaRleze, 
radganac milis qveda, gafarToebuli nawilis 

simaRle naklebia 2h -ze. meoTxe milSi siTxe 

dadgeba 2h  simaRleze, radganac milis gafar-

Toebuli nawilis simaRle metia 2h -ze. 

rogorc vxedavT, kapilaruli awevis 
simaRle ZiriTadad kapilaris diametrze aris 
damokidebuli. nawilobriv igi damokidebulia 
siTxis fizikur Tvisebebze, gansakuTrebiT 
siblanteze. bunebriv pirobebSi kapilarebis 
zomebi da ganlageba gruntis raobiT ganisazRv-
reba, Sesabamisad, sxvadasxva Sedgenilobis 
gruntebSi kapilaruli awevis simaRle 
sxvadasxvaa: 

TixaSi        Hk.   4 m. 

TixnarSi     Hk.  = 1 – 4 m. 

qviSnarSi     Hk.    1 m. 
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samSeneblo saqmeSi kapilarobis movle-
nasTan dakavSirebulia nagebobaTa sardafebis 
da qveda sarTulis danestianeba, zogjer Zalze 
intensiuri. amave mizeziT soflis meurneobaSi 
adgili aqvs niadagebis meoreuli damari-
lianebis ukiduresad araxelsayrel process. 

gravitaciuli  ewodeba wyals, romelic 
Tavsdeba Qqanis forebSi, napralebsa da sica-
rieleebSi da gadaadgildeba sakuTari simZimis 
Zalis gavleniT maRali donis (dawnevis) 
ubnebidan dabali donis (dawnevis) ubnebisaken. 

  

 

1 - muxtis matarebeli 
nawilaki; 2 – higroskopuli 
wyali; 3 –SekavSirebuli 
wyali; 4 –gravitaciuli 
wyali. 

nax.8. wylis saxeobani gruntebSi 

garda zemoT ganxiluli formebisa, wyali 
gvxvdeba mineralTa SemadgenlobaSi da 
monawileobs kristaluri mesris agebulebaSi, 
rogorc damoukidebeli struqturuli erTeuli. 
wylis molekulebis Semcveli ZiriTadi 
qanmaSeni mineralebia: 

TabaSiri – 
4 2CaSO  . 2H O ; 

opali –
2 2SiO  . n H O   ; 

limoniti – 
2 3 2Fe O  . n H O ; 

mirabiliti – 
2 4 2Na SO  . 10 H O ; 
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efsomiti – 
4 2MgSO  .6 H O  da a.S.  

imis mixedviT, Tu ramdenad mWidrod  aris 
dakavSirebuli kristaluri mesris struqtu-
rasTan, wyali mineralTa SemadgenlobaSi sam 
nawilad iyofa: ceoliTuri, kristalizaciuri 
da konstituciuri. maT mosacileblad saWiro 
xdeba mineralis gaxureba maRal temperaturaze 

0
T 1000 C.  

 

2. miwisqveSa wylebis saxeobani 

miwis qerqSi gavrcelebisa da qanebSi 
cirkuliaciis pirobebis mixedviT, miwisqveSa 
wylebis or ZiriTad jgufs arCeven: 

- gruntis wylebi; 

- arteziuli wylebi.        

garda zemoT dasaxelebulisa, arCeven 
miwisqveSa wylebis sxva saxesxvaobebsac, 
rogoricaa ZarRvuli, napraluri, fenuri, 
karstuli da a.S., magram isini SedarebiT mcire 
gavrcelebisaa da sainJinro-geologiuri 
TvalsazrisiT naklebad sainteresoa. 

 

3. gruntis wylebi 

gruntis wyali ewodeba dedamiwis zedapi-
ridan pirveli, mudmivad moqmedi wyalSemcveli 
horizontis gravitaciul wyals, romelic 
qvemodan SemosazRvrulia wyalgaumtari sagebi 
feniT da gadaadgildeba sagebis gaswvriv 
sakuTari simZimis Zalis gavleniT, maRali 
donis ubnebidan dabali donis ubnebisaken. 
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gruntis wylis horizontis struqtura 
WrilSi Semdegnairad gamoisaxeba: 

 

 

nax. 9. gruntis wylis horizontis sqema 

1-wyalgaumtari sagebi feni; 2–gruntis wylis horizonti; 3–
aeraciis zona; 4–hidroizohifsebi; ab – wyalgaumtaris 
saxuravi; cd–gruntis wylebis sarke; 0-0–miwis zedapiri;    

      nakadis mimarTuleba 

 

- aeraciis anu infiltraciis zona warmoad-
gens Wrilis im nawils, romlis gavliTac 
atmosferuli naleqebi, zedapiruli an 
kondensaciuri wylebi CaiJoneba miwis 
siRrmeSi; 

-  gruntis wylis zedapiri anu sarke nakads 
zemodan SemosazRvravs. es Tavisufali 
zedapiria, romelzec hidrostatikuri wneva 
atmosferuli wnevis tolia. amis gamo 
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gruntis wylebs udawneo wylebsac 
uwodeben; 

-  sakuTriv gruntis wylebis horizonti anu 
vertikaluri Wrilis is nawili, sadac 
yvela fori da sicariele Sevsilia 
gravitaciuli wyliT. es e.w. gajerebis 
zonaa, romelic liTologiurad kargad 
wyalgamtari fenebiT aris agebuli – qviSa, 
qviSnari, xreSi, kenWnari, kaWari, agreTve 
ZiriTadi qanebis gamofitvis intensiurad 
danapralianebuli zona; 

- wyalgaumtari sagebi feni anu ekrani 
gruntis wylis horizonts qvemodan Semo-
sazRvravs da liTologiurad agebulia 
praqtikulad wyalgaumtari Tixuri qanebiT; 

-  daRmavali wyaro anu gruntis wylis naka-
dis bunebrivi gantvirTva miwis zedapirze, 
rasac adgili aqvs iq, sadac gruntis wylis 
zedapiri, anu sarke gadakveTs reliefs 
(sqemaze ar Cans); 

-  hidroizohifsebi, anu warmosaxviTi mru-
debi, romlebic miiReba, Tu gruntis wylis 
horizontis sarkes gadavkveTT erTmane-
Tisgan Tanabari simaRliT daSorebuli 
horizontaluri sibrtyeebiT. hidro-
izohifsebis saSualebiT gruntis wylis 
horizonti gamoisaxeba gegmaSi igive 
principiT, rogorc xdeba reliefis gegmaSi 
gamoxazva izohifsebis saSualebiT. 
maSasadame, hidroizohifsi warmoadgens 
mruds, romelic erTmaneTTan aerTebs 
gruntis wylis zedapirze mdebare, 
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erTnairi absoluturi niSnulebis mqone 
wertilebs. gegmaSi gamosaxvis sizuste miT 
ufro maRalia, rac ufro mcirea hidro-
izohifsebs Soris kveTis simaRle. 

gruntis wylebi araRrma cirkuliaciis 
wylebia, amitom maTi kvebis are gavrcelebis 
ares emTxveva. amave mizeziT gruntis wylebi 
mWidrod aris dakavSirebuli atmosferul 
naleqebTan da zedapirul nakadebTan, romelTa 
xarjzec xdeba gruntis wylebis kveba. amgvari 
hidravlikuri kavSiri gansakuTrebiT mkafiod 
aris gamoxatuli mdinareebis xeobebis farg-
lebSi. aq sam ZiriTad SemTxvevas arCeven: 

pirvel SemTxvevaSi mdinare orive fer-
dobze gruntis wylebis xarjze ikvebeba; 

meore SemTxvevaSi gruntis wylis hori-
zonti xeobis orive ferdobze mdinaris wyliT 
ikvebeba, rac kargad Cans hidroizohifsebis 
konfiguraciidan; 

mesame SemTxveva kombinirebulia, rodesac 
mdinare ierTebs gruntis wylis nakads marjvena 
ferdobidan da kvebavs gruntis wylis 
horizonts marcxena ferdobze. es varianti 
damaxasiaTebelia monoklinuri struqturis 
xeobisTvis, rodesac ferdobis amgebi Sreebi 
daxrilia erTi mimarTulebiT, erTnairi kuTxiT.              
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nax. 10.  hidroizohifsebis forma zedapiruli da gruntis 
wylebis sxvadasxva Tanafardobisas 

a-mdinare ikvebeba gruntis wylebiT, maTi sarke daxrilia 
mdinarisken; b–mdinare kvebavs gruntis wylebs, sarke 
daxrilia mdinaridan; g–mdinare kvebavs gruntis wylebs 
marcxena ferdobze da krebs maT marjvena ferdobidan 

 

4. gruntis wylebis reJimi 

atmosferul naleqebTan da zedapirul 
wylebTan mWidro hidravlikuri kavSiris gamo, 
gruntis wylebs weliwadis sezonebis mixedviT 
mniSvnelovani cvlilebebi axasiaTebs. es, pir-
vel rigSi, Seexeba gruntis wylebis iseT maCve-
neblebs, rogoricaa ganlagebis siRrme – h , m; 
nakadis xarji – q , m3/dR.R. an l/wm; temperatura 

- ( 0
T C ) da qimiuri Sedgeniloba. am maCveneblebs 

reJimis parametrebi ewodeba, xolo droSi maT 
cvalebadobas – gruntis wylebis reJimi. 
nagebobaTa mSeneblobis da SemdgomSi maTi 
eqspluataciis sworad warmarTvisTvis gruntis 
wylebis reJimis Seswavlas didi mniSvneloba 
aqvs. reJimuli dakvirvebebi specialuri sare-
Jimo qselis meSveobiT xorcieldeba. am mizniT 
gahyavT sareJimo WaburRilebi an Surfebi imis 
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mixedviT, Tu rogoria gruntis wylebis 
ganlagebis siRrme. gazomvebi drois garkveuli 
intervalebiT tardeba, umetesad 3 dReSi 
erTxel, zogjer dekadaSi erTxel. qimiuri 
analizisTvis sinjis aReba sezonebis mixedviT 
xdeba, weliwadSi oTxjer. 

reJimuli dakvirvebebis monacemebi unda 
gaformdes cxrilebis da grafikebis saxiT, 
romlebic reJimuli parametrebis droze 
damokidebulebas asaxavs. 

 

nax. 11. gruntis wylebis doneebis cvalebadoba weliwadis 
Tveebis mixedviT 

 

5. arteziuli wylebi 

arteziuli wyali Rrma cirkuliaciis 
dawneviTi wyalia, romelic zemodan da qvemodan 
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wyalgaumtari qanebiT SemosazRvrul wyal-
Semcvel fenSi moZraobs. 

geologiur WrilSi tipuri arteziuli 
auzis struqtura Semdegnairad gamoisaxeba: 

       

 

nax. 12. arteziuli auzis agebulebis sqema 

А–arteziuli wylebis gavrcelebis sazRvrebi; а–kvebis 
are, б–dawnevis are, в–gantvirTvis are; Б–gruntis wylebis 
gavrcelebis sazRvrebi; Н1 – dawnevis done miwis 
zedapiris zeviT; Н2 – dawnevis done miwis zedapiris 
qveviT; М – arteziuli horizontis simZlavre (m). 

                       

1. arteziuli dawneviTi horizonti anu feni, 
romelic liTologiurad kargad wyal-
gamtari qanebiT – qviSiT, xreSiT, 
kenWnariT, kaWariT, napralovani kirqvebiT 
da qviSaqvebiT da a.S. aris warmodgenili; 

2. wyalgaumtari qanebi, romlebiTac arte-
ziuli horizonti SemosazRvrulia rogorc 
zemodan, ise qvemodan; 

3. arteziuli horizontis dawneviTi anu pie-
zometruli zedapiri, romliTac zemodan 
SemosazRvrulia arteziuli horizontis 
bunebrivi hidrostatikuri dawnevis sidide. 
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es warmosaxviTi zedapiria, romelic 
miiReba, Tu arteziuli fenis saxuravi 
gverdis miwis zedapirze gamosavlis wer-
tilebs kvebisa da gantvirTvis areebSi 
erTmaneTTan SevaerTebT. meti sizustisTvis 
ganvmartavT, rom sqemaze punqtiriT 
datanili xazi piezometruli zedapiris 
kvalia Sveul sibrtyeze. arteziul fenSi 
bunebrivi hidrostatikuri dawnevis arse-
bobis mizezebze mogvianebiT SevCerdebiT; 

arteziuli auzis struqturaSi sami 
mTavari are (zona) gamoiyofa: 

a  –kvebis are, romlis farglebSic arteziuli 
feni gaSiSvlebulia dedamiwis zedapirze 
maRal absolutur niSnulebze da xdeba 
atmosferuli naleqebis, zedapiruli da 
kondensaciuri wylebis intensiuri infil-
tracia (CaJonva) arteziul fenSi;  

б – dawnevis are, romlis farglebSic arteziul 
horizonts gaaCnia bunebrivi hidrostatikuri 
dawneva, rac ori mTavari mizeziT aris 
ganpirobebuli:  

a) arteziuli wyalSemcveli horizonti, 
romelic did siRrmezea ganlagebuli, mis 
zemoT mdebare Sreebis simZimis ZaliT 
uzarmazar gravitaciul dawolas ganicdis. 
fenSi wylis moZraoba gaZnelebulia da 
wyali erTgvarad SekumSul mdgomareobaSi 
imyofeba. amgvari maRali dawolis piro-
bebSi daSveba imis Sesaxeb, rom siTxe 
praqtikulad ukumSavia, marTebulobas 
kargavs. SekumSvis xarisxi xasiaTdeba 
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kumSvadobis koeficientis sididiT, 
romelic gamoiTvleba formuliT: 

dP

dV

V

1
 , 

 sadac V  aris siTxis sawyisi moculoba; 

dV _ moculobis Secvlis sidide dP gravita-
ciuli dawolis zemoqmedebiT.       

fenSi SekumSul mdgomareobaSi arsebuli 
wyali drekad Tvisebas iZens, amitom arteziuli 
fenis WaburRiliT gadakveTisas wyali moZraobs 
qvevidan zeviT, sanam ar miaRwevs piezometruli 
zedapiris niSnuls. 

b) kvebis areSi wneviani horizontis gamo-
savlis niSnuli gacilebiT ufro maRalia 
gantvirTvis areSi gamosavlis niSnulTan 
SedarebiT. niSnulebis mkveTri gansxvavebis 
gamo, wylis moZraoba ziarWurWlis kanonis 
mixedviT xdeba. 

в  – gantvirTvis are, sadac adgili aqvs wneviani 
miwisqveSa wylebis bunebriv gantvirTvas 
aRmavali wyaroebis saxiT.  

H – hidrostatikuri dawneva, anu vertikaluri 
manZili (m) wneviani horizontis saxuravi 
gverdidan piezometrul zedapiramde. 

M  – wneviani wyaSemcveli fenis simZlavre, anu 
sisqe (m).  

gruntis wylebisgan gansxvavebiT, arte-
ziuli wylebi ganlagebis didi siRrmiT da 
filtraciis didi manZiliT xasiaTdeba, rac maT 
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gaWuWyianebisgan saimedod icavs. miuxedavad 
imisa, rom mSeneblobis pirobebze arteziuli 
wyali uSualo zegavlenas ar axdens, igi far-
Tod gamoiyeneba saxalxo meurneobaSi wyalmoma-
ragebis mizniT da garda amisa, bunebrivi 
daculobis maRali xarisxis gamo, strategiuli 
mniSvneloba eniWeba, gansakuTrebiT atomuri 
omis pirobebSi. 

 

6. miwisqveSa wylebis moZraobis 
mimarTulebis da siCqaris gansazRvra 

rigi praqtikuli sainJinro sakiTxebis 
gadasawyvetad saWiro xdeba miwisqveSa wylebis 
hidrodinamikuri maCveneblebis Seswavla, maT 
Soris, nakadis moZraobis mimarTulebis da 
siCqaris gansazRvra. Tu xelTa gvaqvs hidro-
izohifsebis ruka, sakiTxi martivad wydeba, 
radganac nakadis moZraobis mimarTuleba 
nebismier wertilSi aris am wertilSi hidro-
izohifsisadmi gavlebuli perpendikulari, 
romelic mimarTulia niSnulebis Semcirebisken. 

 

nax. 13. nakadis mimarTulebis gansazRvra 
hidroizohifsebis rukis mixedviT 

im SemTxvevaSi, rodesac aseTi ruka ar 
arsebobs, amocanis gadasawyvetad saWiroa sami 
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WaburRilis gayvana, romlebic ar unda iyos 
ganlagebuli wrfeze, aramed qmnides e.w. timis 
samkuTxeds (timi mkvlevaris gvaria). TiToeul 
WaburRilSi izomeba wylis sarkis ganlagebis 
siRrme. topogegmis safuZvelze viciT Wabur-
Rilis piris absoluturi niSnuli. sxvaoba am 
sididesa da WaburRilSi wylis dones Soris 
warmoadgens donis absolutur niSnuls 
mocemul WaburRilSi. interpolaciis meTodiT 
vpoulobT erTnairi absoluturi niSnulebis 
mqone wertilebs, romelTa SeerTebiT gavata-
rebT hidroizohifss, xolo misdami perpen-
dikulari, mimarTuli dabali niSnulisaken, 
Seesabameba nakadis moZraobis mimarTulebas. 

 

nax. 14. nakadis mimarTulebis gansazRvra sami 
WaburRilis saSualebiT 

mricxvelSi – WaburRilis piris niSnuli; mniSvnelSi – 
wylis donis niSnuli; isriT naCvenebia nakadis 
moZraobis mimarTuleba 

 

 mimarTulebis dadgenis Semdeg xdeba 
siCqaris gansazRvra. am mizniT, zeda Wabur-
RilSi CatvirTaven raime qimiur reaqtivs, 
romelic usafrTxoa da wyalSi iolad ixsneba, 
amasTanave, axasiaTebs mkveTri Seferiloba. 
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umetes SemTxvevaSi, hidrogeologiuri kvlevebis 

praqtikaSi kaliumis permanganats (
4KMnO ) 

iyeneben, romelic zemoT aRniSnul moTxovnebs 
akmayofilebs. CatvirTvis momentidan akvir-
debian, rodis miaRwevs indikatori qveda Wabur-
RilSi da Seferavs wyals. viciT ra manZili 
WaburRilebs Soris ( S , m) da indikatoris 
gavlis dro ( t ), moZraobis siCqares gamovian-

gariSebT cnobili formuliT: 
t

S
V   

 

7. xazobrivi filtraciis ZiriTadi kanoni 

(darsis kanoni) 

miwisqveSa wylebis moZraoba qanSi 
arsebuli forebis, wvrili napralebis da 
sicarieleebis gavliT xdeba. zedapiruli 
nakadisgan gansxvavebiT, miwisqveSa wylebis 
moZraoba Senelebuli da gaZnelebulia. nakadis 
moZraobis am tips filtracia ewodeba, xolo 
miwisqveSa nakads yovel mocemul kveTSi – fil-
traciuli nakadi. ori saxeobis filtraciul 
nakads arCeven: 

a) brtyeli da  

b) radialur-sferoseburi. 

  nakadis ama Tu im tipis warmoqmna wyal-
Semcveli fenis gaxsnis xarisxze aris damoki-
debuli. sailustraciod ganvixiloT sqema: 
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nax. 15. brtyeli da radialur-sferoseburi  

filtraciuli nakadis tipebi 

1 – miwis zedapiri; 2 – gruntis wylebis Tavdapirveli 
done amotumbvis dawyebamde; 3 – amotumbvis procesSi 
Camoyalibebuli depresiuli zedapiri; 4 – wyalSemcveli 
feni; 5 -  wyalgaumtari sagebi feni. 

                 

pirvel SemTxvevaSi wyalSemcveli feni 
WaburRiliT gaxsnilia mTlian  simZlavreze, 
ise rom WaburRilis sangrevi CaRrmavebulia 
wyalgaumtar sagebSi. am dros nakadi Wabur-
RilSi mxolod kedlebidan Semoedineba da 
warmoiqmneba brtyeli filtraciuli nakadi. 
WaburRils am SemTxvevaSi ewodeba srulyofili 
WaburRili gaxsnis xarisxis mixedviT. meore 
SemTxvevaSi saqme gvaqvs arasrulyofil Wabur-
RilTan, romelic wyalSemcvel fens mxolod 
nawilobriv xsnis. nakadis Semodineba xdeba 
rogorc kedlebidan, aseve sangrevidan da 
warmoiqmneba radialur-sferoseburi filtra-
ciuli nakadi. 

xazobrivi filtraciis ZiriTadi kanoni 
Camoyalibebul iqna XVIII saukuneSi frangi 
hidravlikosis darsis mier Semdegnairad: 
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qanis romelime kveTSi drois erTeulSi 
gamavali nakadis xarji pirdapirproporciulia 
wnevis dacemis sididisa da nakadis cocxali 
kveTis farTobisa da ukuproporciulia 
filtraciis manZilisa, rac maTematikurad 

Semdegnairad Caiwereba F
l

HH
kQ 21   

gamosaxuleba 
l

H

l

HH
I





 21  gviCvenebs wnevis 

dacemis fardobiT sidides filtraciis l  
manZilze da mas wnevis gradienti anu 
hidravlikuri qanobi ewodeba. aRniSnulis 
gaTvaliswinebiT, darsis kanoni SeiZleba 
Semdegi saxiT CavweroT: kIFQ        

k - proporciulobis koeficientia, anu e.w. 
filtraciis koeficienti. misi fizikuri 
arsi Semdegi Sedarebidan gamomdinareobs: 

hidravlikidan cnobilia, rom nakadis 
xarji gamoiTvleba rogorc siCqarisa da 
cocxali kveTis farTobis namravli: vFQ   

sadac v  - nakadis siCqarea; 

F  - cocxali kveTis farTobi. 

aRniSnulidan gamomdinare, SeiZleba CavweroT: 
vFkIF   anu kIv  . im pirobiT, Tu wnevis 

gradienti 1I , maSin vk  . 

maSasadame, filtraciis koeficienti 
SinaarsiT nakadis siCqares warmoadgens da 
ricxobrivad misi tolia im kerZo SemTxvevaSi, 
rodesac hidrvlikuri qanobi udris erTs. 
Sesabamisad, filtraciis koeficients siCqaris 
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ganzomileba aqvs. miwisqveSa hidravlikaSi 
filtraciis koeficientis ganzomilebad ufro 
miRebulia m/dR.Rame an sm/wm. 

filtraciis koeficienti qanebis Zalze 
mniSvnelovani fizikuri maxasiaTebelia. misi 
sidide figurirebs mTel rig hidrodinamikur 
gaangariSebebSi, rogoricaa wylis modineba 
samSeneblo qvabulSi, karierSi da miwisqveSa 
gamonamuSevrebSi, sairigacio sistemebis dapro-
eqteba, filtraciuli danakargebi arxebidan da 
kaSxlebidan, wyaldawevis angariSi da a.S. 

realur, bunebriv pirobebSi filtraciis 
koeficientis sidide umTavresad qanis 
liTologiaze aris damokidebuli, radganac igi 
gansazRvravs forebisa da napralebis sivr-
cobriv ganlagebas, anu uSualod zemoqmedebs 
qanis wyalgamtarobaze. SedarebiT naklebad 
filtraciis koeficientis mniSvneloba damoki-
debulia TviT siTxis fizikur Tvisebebze, 
kerZod temperaturasa da siblanteze. 

mravalricxovani praqtikuli gazomvebiT 
dadgenilia filtraciis koeficientis Semdegi 
miaxloebiTi sidideebi (m/dR.R.): 
Tixnari - 0.05  
qviSnari - 0.1 5.0 ; 
liosi - 0.05 0.5 ; 
qviSa  - 0.5 –dan  50-mde, marcvlebis diametrebis 
mixedviT; 
kenWnari - 100 500 ; 
xreSi  - 50 150 .  
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8. filtraciis koeficientis gansazRvris 
xerxebi 

filtraciis koeficientis gansazRvris sam 
ZiriTad xerxs arCeven: 

-  laboratoriuli xerxi; 
-  empiriuli formulebis gamoyenebiT; 
-  savele sacdeli amotumbvebis gziT. 

laboratoriuli meTodi gamoiyeneba 
filtraciis koeficientis miaxloebiTi angari-
Sisas, rodesac gamokvlevebi did teritorias 
moicavs. cda tardeba prof. timis mier 
konstruirebul xelsawyoSi, romlis tipuri 
sqema Semdegnairia: 

 
nax. 16. timis xelsawyo 

1–liTonis cilindri, romelSic Tavsdeba gamosacdeli 
grunti; 2–gamosacdeli grunti; 3–liTonis cilindrTan 
sxvadasxva simaRleze mierTebuli piezometrebi wylis 
doneebis asaTvlelad; 4–wylis mudmivi done, romelic 
SenarCunebulia gruntis zedapiris Tavze cdis 
ganmavlobaSi; 5–TiTberis wvrilnasvretebiani badura, 
romelic ewinaaRmdegeba filtraciuli nakadiT gruntis 
nawilakebis gamotanas; 6–WurWeli filtratis misaRebad. 
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wylis miwodeba cilindrSi imgvarad xdeba, 
rom gruntis zedapirze SenarCunebulia mudmivi 
done, rac imas niSnavs, rom damyarda dinamiuri 
wonasworoba wylis miwodebul da gafiltrul 
raodenobebs Soris. am momentidan ZalaSia 
darsis kanoni, romlis Tanaxmadac 

F
l

H
kF

l

HH
kQ





 21 , saidanac 

FH

Ql
k


  

k  - filtraciis koeficientia; 

Q  - filtraciuli nakadis xarji; 

l - filtraciis manZili, anu piezometrebis 
mierTebis wertilebs Soris manZili; 

H - wnevis dacemis sidide, anu zeda da qveda 
piezometrebSi wylis doneebs Soris sxvaoba. 
cxadia, qveda piezometrSi done naklebia, 
radganac filtraciis procesSi nakads 
uxdeba gruntis myari nawilakebis hidrav-
likuri winaRobis daZleva, razec wnevis 
nawili ixarjeba; 

F  - filtraciuli nakadis cocxali kveTis 
farTobi, romelic am SemTxvevaSi cilindris 

fuZis farTobis tolia  -  2rF    

rogorc vxedavT, tolobis marjvena mxares 
mocemuli yvela parametri emorCileba uSualo 
gazomvas cdis procesSi, riTac amocana 
gadawyvetilia. 

filtraciis koeficientis angariSi empi-
riuli formulebis gamoyenebiT damyarebulia 
gruntis agebulebis erTgvarovnebasa da mis 
wyalgamtarobas Soris damokidebulebis kvle-
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vaze. Tixuri Sedgenilobis gruntebSi filtra-
ciis koeficientis realur sididesTan maqsima-
lurad miaxloebul mniSvnelobas hazenis 

formula iZleva: 
2

(0.7 0.03 )
h

v cd T
l

 ef.  

sadac, v  - nakadis moZraobis siCqarea.  

Tu tolobis orive mxares gavyofT 
l

h
I  -ze, 

gadavalT filtraciis koeficientze:  

2
(0.7 0.03 )

v h
K cd T

I l
  ef.  

T - wylis temperaturaa,  

gamosaxulebas T03.07.0   temperaturuli 
koeficienti ewodeba. kerZo SemTxvevaSi, 

rodesac CT 010 , temperaturuli koeficienti 
1  da hazenis formula Semoklebuli saxiT 

Caiwereba: 
2

K cd ef.  sadac, c  - empiriuli koefi-

cientia, romlis sidide gruntis saxeobaze aris 
damokidebuli da icvleba 400 1200  farglebSi. 

def. - gruntis marcvlebis efeqturi diametria 

(mm), anu iseTi diametri, romelzec ufro didi 
zomis marcvlebis raodenoba saanalizo 
gruntis wonis 60%-ze mets Seadgens. misi 
gamoTvla granulometriuli analizis 
integraluri mrudis safuZvelze xdeba. 
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qviSuri gruntebis SemTxvevaSi filtraciis 
koeficientis gamosaTvlelad slixteris 

formulas iyeneben: 
2 1

88.3K d m


 ef.   

sadac 

m - empiriuli koeficientia, romlis sidide 
gruntis liTologiaze aris damokidebuli; 

  -  wylis siblante santipuazebSi.  

filtraciis koeficientis gansazRvra 
savele sacdeli amotumbvebis gziT warmoadgens 
ZviradRirebul da amasTanave, yvelaze sarwmuno 
meTods, romelic gamoiyeneba gansakuTrebiT 
pasuxsagebi amocanebis gadawyvetisas, rogori-
caa sasmeli da sameurneo wyalmomarageba, 
wyalmodinebis da wyaldawevis angariSi da sxv. 
meTodis arsi SemdegSi mdgomareobs. Tavda-
pirvelad unda moewyos e.w. hidrogeologiuri 
buCqi, romelic garkveuli wesiT ganlagebul 
WaburRilTa sistemas warmoadgens. hidrogeo-
logiur buCqSi WaburRilTa raodenoba da maTi 
ganlageba damokidebulia Sesaswavli terito-
riis hidrogeologiur pirobebze. umartives 
SemTxvevaSi hidrogeologiuri buCqi sami 
WaburRilisgan Sedgeba, romlebic ganlage-
bulia wrfeze, xolo wrfis mimarTuleba 
nakadis mimarTulebis Tanxvdenilia an misi 
perpendikularuli. erTi WaburRili, SedarebiT 
didi diametrisa, centraluri anu sacdeli 
WaburRilia, saidanac uSualod xorcieldeba 
amotumbva, danarCeni ori, SedarebiT mcire 
diametrisa, gankuTvnilia wylis doneebze 
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dasakvirveblad amotumbvis procesSi. amotumbva 
xdeba zedapiruli an CasaZiri tumboebiT, imis 
mixedviT, Tu ra siRrmezea wyali miwis zedapi-
ridan. gruntis (udawneo) wylebis horizontze 
mowyobili amgvari “buCqis” principuli sqema 
mocemulia qvemoT. 

 

nax. 17. hidrogeologiuri buCqidan gruntis wylis 
amotumbvis sqema 

1–miwis zedapiri; 2-gruntis wylis Tavdapirveli done 
amotumbvis dawyebamde; 3–depresiuli zedapiri amotumbvis 
procesSi, depresiis mrudi; 4–gruntis wylis horizonti, 
anu Wrilis is nawili, romelic Sevsilia gravitaciuli 
wyliT; 5–wyalgaumtari sagebi feni, anu ekrani 

 

amotumbvis sawyis stadiaze wylis done 
WaburRilebSi swrafad iwevs dabla, Semdeg 
dawevis siCqare mniSvnelovnad klebulobs da 
garkveuli drois Semdeg xdeba doneebis 
stabilizcia. ra Tqma unda, es procesi 
raodenobrivad unda aRiweros saTanado 
gazomvebiT drois garkveul SualedebSi, anu 
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doneebis perioduli gazomviT sacdel da 
sadamkvirveblo WaburRilebSi. doneebis 
stabilizaciis momentidan SeiZleba CavTvaloT, 
rom damyarda dinamiuri wonasworoba 
WaburRilSi wylis bunebriv Semodinebasa da 
amotumbvis debits Soris, anu ZalaSi Sedis 
xazobrivi filtraciis (darsis) kanoni. am 
pirobebSi filtraciis koeficientis gamoTvla 
frangi hidravlikosis diupuis formulebiT 
xdeba. gamoTvlis sam variants arCeven: 

1. mxolod centraluri  (sacdeli) Wabur-
Rilis monacemebiT: 

00

0

)2(

lg73.0

SSH

r

R
Q

K




  

2.  centraluri da saTvalTvalo WaburRilis 
monacemebiT: 

)()2(

lg73.0

1010

0

1

SSSSH

r

r
Q

K




  

3. ori saTvalTvalo WaburRilis monacemebiT: 

)()2(

lg73.0

2121

1

2

SSSSH

r

r
Q

K




  

 

formulebSi mocemulia Semdegi aRniSvnebi: 

K  - filtraciis koeficientia, m/dR.R.; 
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Q  - amotumbvis mwarmoebluroba, anu debiti, 

m3/dR.R.; 

0r  - sacdeli WaburRilis radiusi, m.; 

1r  da 2r  - manZili sacdeli WaburRilidan 
saTvalTvalo WaburRilebamde, m.; 

0S , 1S  da 2S  - amotumbvis gavleniT doneTa 

dawevis sidideebi centralur da saTvalTvalo 
WaburRilebSi, m.; 

R  - amotumbvis gavlenis radiusi (depresiuli 
Zabris radiusi, (m)), anu manZili centra-
luri WaburRilidan im wertilamde, 
romlis iqiTac amotumbvis gavlena aRar 
vrceldeba, donis dawevas adgili aRar 
aqvs; mis sidides specialuri formulebiT 
angariSoben an SeirCeven cxrilebidan 
wyalSemcveli horizontis liTologiis 
mixedviT. 

H - wyalSemcveli horizontis simZlavre, m. 

miRebuli sami sidididan gamoTvlian 
saSualo ariTmetikuls, rogorc saboloo sidi-
des. aRsaniSnavia, rom filtraciis koefi-
cientis gamoTvla ufro zustad SesaZlebelia 
amotumbvis damTavrebis Semdeg doneebis 
aRdgenaze dakvirvebis monacemebiT, magram es 
sakiTxi Cveni kursis farglebs scildeba. 

zemoT ganxiluli magaliTi asaxavs 
damyarebuli filtraciis SemTxvevas udawneo 
(gruntis) wylebisaTvis. dawneviTi filtraciis 
dros K -s saangariSo formulebi ramdenadme 
gansxvavebulia: 
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1) 
0

0

lg366.0

Sm

r

R
Q

K




  

2) 
)(

lg366.0

10

0

1

SSm

r

r
Q

K




  

3) 
)(

lg366.0

21

1

2

SSm

r

r
Q

K




  

sadac, m  – wyalSemcveli horizontis 
simZlavrea, m. 

  

9. miwisqveSa nakadis erTeuli xarjis 
gansazRvra 

sainJinro nagebobebSi wyalmodinebis 
sididis gamosaangariSeblad saWiro xdeba 
gruntis wylis nakadis erTeuli xarjis 
gansazRvra. aq or SemTxvevas arCeven: 

- rodesac wyalgaumtari sagebi feni 
horizontaluria; 

- rodesac wyalgaumtari daxrilia raime 
kuTxiT. 

horizontaluri wyalgaumtaris SemTxvevaSi 
gamoangariSebis Tanmimdevroba mocemulia 
qvemoT.  

erTeuli iseTi nakadis xarjia, romlis 
sigane 1 metris tolia. nakadis WrilSi ganvi-
xiloT romelime saangariSo kveTi, romelic 
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koordinatTa saTavidan raime X  manZiliT aris 
daSorebuli, xolo am kveTSi wnevis sidide Y -
is tolia.  

 
nax. 18. erTeuli xarjis gansazRvra 

horizontaluri wyalgaumtaris SemTxvevaSi 

1h  da 
2h - horizontis simZlavre I da II kveTebSi; 

l - manZili kveTebs Soris 

darsis kanonis mixedviT, SeiZleba 

CavweroT: 
dx

dy
ykq    

niSani minusi miuTiTebs, rom nakadis 

moZraobis mimarTulebiT wneva mcirdeba. 
dx

dy
 

hidravlikuri gradientis sididea wylis 
zedapiris mrudis usasrulod mcire 
monakveTTan mimarTebaSi.  

q dx k ydy    ;   

l

o

h

h

dyykdxq
2

1

; c
y

kxq 
2

2

 

Tu ganvixilavT sasazRvro pirobebs: 01 x , 

lx 2 ; 11 hy  , 22 hy  ; maSin  
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c
h

kq 
2

0
2

1   (1) da 

c
h

klq 
2

2

2  (2) 

Tu meore tolobas gamovaklebT pirvels, 

miviRebT: 
2

2

2

2

1 hh
klq


 , saidanac 

l

hh
kq






2

2

2

2

1  

daxrili wyalgaumtaris SemTxvevaSi 
SevirCevT horizontalur sibrtyes OO , 
romelic aTvlis sibrtyes warmoadgens.  

 
nax. 19. erTeuli xarjis gansazRvra daxrili 

wyalgaumtaris SemTxvevaSi 

1h  da 
2h - horizontis simZlavre I da II kveTebSi; 

1H  da 

2H - wnevebi imave kveTebSi, aTvlili horizontaluri 

OO  sibrtyidan 
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nakadis romelime kveTSi, sadac wnevis 
saSualo sidide - H saS. tolia, SeiZleba 
gamovsaxoT erTeuli xarjis sidide formuliT: 

hkq  saS.
dx

dy  

sadac 
dx

dy  Seesabameba hidravlikur qanobs, 

xolo . 1h F saS ,  Seesabameba 1 metri siganis 

nakadis cocxali kveTis farTobs.           

hkdxq  saS. dy ;   

l

o

h

h

hkdxq
2

1

saS.dy ;  

hkxq  saS. cy   

sadac c  integrirebis mudmivaa.  

Tu miviRebT sasazRvro pirobebs: 01 x , lx 2 ; 

11 hy  , 22 hy  ; maSin 

hkq 0 saS. cH 1  (1) 

hklq  saS. cH 2  (2) 

Tu meore tolobas gamovaklebT pirvels, 

gveqneba: hklq  saS. 21 HH   

wnevis saSualo sidide tolia h saS.
2

21 hh 
   anu 

2

))(( 2121 HHhh
klq


 , saidanac nakadis 

erTeuli xarji tolia: 
l

HHhh
kq






2

))(( 2121  
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rogorc vxedavT, miRebuli gamosaxuleba 
principulad wina gamosaxulebis analogiuria, 
im gansxvavebiT, rom aq aucilebelia aTvlis 
horizontaluri zedapiris Semotana. aseT 
zedapirad SeiZleba zRvis done iqnes miCneuli.  

 

10. miwisqveSa wylebis agresiuloba rkinisa 
da betonis mimarT 

samSeneblo saqmeSi gansakuTrebuli 
mniSvneloba eniWeba miwisqveSa wylebis 
agresiulobis Sefasebas rkinisa da betonis 
konstruqciebis mimarT. Tavisufali Jangbadis 
da gogirdwyalbadis Semcveli miwisqveSa 
wylebi, agreTve naxSirmJava mineraluri wylebi 
Zalze agresiulia rkinis milebis mimarT. 
amitom naxSirmJava wylebisTvis iyeneben Tujis, 
xolo gogirdwyalbadiani wylebisTvis – specia-
lur asbocementis an plastmasis milebs. 

betonze wylis agresiuli zemoqmedeba 
ornairad vlindeba: 

-  betonis forebSi wylis SeRweva da iseTi 
nivTierebebis kristalizacia, romlebic 
betonis moculobaSi matebas  da, aqedan 
gamomdinare, misi simtkicis Sesustebas 
iwvevs; 

-  wylis mier betonis Semadgeneli qimiuri 
komponentebis gamotutva. 

pirveli procesi dakavSirebulia 
umTavresad sulfaturi Sedgenilobis 
wylebidan TabaSiris an kalciumis sulfat-
aluminatis gamokristalebasTan. es ukanaskneli 
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devalis marilis saxelwodebiT aris cnobili. 
am marilis kristalizacias Tan sdevs 
moculobis mateba 2.5-jer, rasac, rogorc 
Sedegi, betonis rRveva mohyveba. praqtikuli 

gamocdilebis safuZvelze iTvleba, rom 2

4SO -is 
Semcvelobisas 250 mg/l meti raodenobiT, wyali 
betonis mimarT agresiulia. 

meore procesi gulisxmobs betonis 
karbonatuli masalis gaxsnas da gamotutvas 
agresiuli miwisqveSa wylis gavleniT. wylis 
gamxsnelobiTi unari e.w. agresiuli naxSir-
mJavas SemcvelobiT ganisazRvreba. bunebriv 
wylebSi naxSirmJava Semdeg formebSi gvxvdeba: 

-  Tavisufali naxSirmJavas saxiT, e.i. wyalSi 

gaxsnili airis - 2CO -is saxiT; 

-  

3HCO -is ionebis saxiT, romlebic wyalSi 

bikarbonatebis warmoqmnaSi monawileobs da  

-  2

3CO -is ionebis saxiT, romlebic saSualo 

naxSirmJava marilebis an karbonatebis 

(magaliTad, 
32CONa ) SemadgenlobaSi Sedis. 

Cveulebriv, bunebriv wylebSi erTdroulad 

arsebobs Tavisufali 2CO  da 

3HCO   ionebi. 

Tavisufali 2CO -is arsebobisas, 2

3CO  ionebi ar 

SeiZleba SesamCnevi raodenobiT dagrovdes, 
vinaidan naxSirmJavasTan urTierTqmedebiT isini 



3HCO  ionebs warmoqmnis:  

23223 )(HCOCaCOOHCaCO   
2

3CO  ionis saxiT naxSirmJava iTvleba 

bmulad, 

3HCO  saxiT ki – naxevradbmulad, 



50 

 

radganac bikarbonatebSi naxSirmJavas mxolod 
naxevari aris SeboWili. 

Tavisufali 2CO -is Semcvel wyalSi 
naxSirmJava kalciumis gaxsnisas, am ukanask-
nelis mxolod naxevari ixarjeba bikarbonat-
ionebis warmoqmnaze, nawili ki xsnarSi rCeba 
e.w. wonasworuli naxSirmJavas saxiT. wonaswo-

rulad iTvleba is 2CO , romelic unda iyos 
wyalSi gaxsnili kalciumis bikarbonatis arse-
bobisas, raTa es ukanaskneli xsnarSi Seakavos, 
rom igi karbonatSi ar gadavides da ar 
gamoileqos. 

wonasworuli naxSirmJavas Semcveloba 
auerbaxis gantolebiT ganisazRvreba: 

2
2

2
34

CO
CO

 
  
 

bmuli
Tavisufali  

am gantolebis mixedviT, Tavisufal naxSir-
mJavas ar SeuZlia gaxsnas naxSirmJava kalciu-
mis axali ulufa. magram, Tu wyalSi aris 
wonasworulze meti, Warbi, Tavisufali 
naxSirmJava, maSin mas Seswevs unari gadaiyvanos 

xsnarSi 
3CaCO -is damatebiTi nawili. naxSirmJa-

vas im nawils, romelsac SeuZlia xsnarSi 

gadaiyvanos 3CaCO -is axali ulufa, “agresiuli 

naxSirmJava” ewodeba. 

agresiuli naxSirmJavas gansazRvris kidev 
erT xerxs geieris meTodi warmoadgens, romel-
Sic reagentad marmarilos fxvnili aris gamo-
yenebuli. 
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wylis damSleli zemoqmedeba garda agre-
siuli naxSirmJavas Semcvelobisa, wylis reJim-
zec aris damokidebuli. kerZod, moZravi nakadi 
ufro agresiul zemoqmedebas axdens betonze, 
vidre mdore nakadi an damdgari wyali. 

agresiulobis arapirdapir maCveneblad 
wyalbad-ionebis koncentraciis sidide, e.w. 
PH iTvleba. agresiulobiT xasiaTdeba mJave 
reaqciis mqone miwisqveSa wylebi, sadac PH  
naklebia 7-ze. 

Tavi II. sainJinro geologiis safuZvlebi 

 

1. qanebis sainJinro-geologiuri 
klasifikacia 

qani ewodeba bunebriv geologiur 
warmonaqmns, romelic sxvadasxva mineralebis 
erTobliobisagan Sedgeba, gaaCnia garkveuli 
struqtura da fizikur-meqanikuri Tvisebebi. 

sainJinro geologiaSi da samSeneblo 
saqmeSi farTod gamoiyeneba gruntis cneba. 
grunti ewodeba nebismieri Sedgenilobis da 
genezisis qans, romelic moqceulia sainJinro 
nagebobis gavlenis sferoSi. amgvarad, grunti 
SeiZleba iyos rogorc rbili Tixuri qani, aseve 
zemtkice graniti, imis mixedviT, gamoiyeneba Tu 
ara igi mSeneblobaSi, rogorc saZirkvlis 
grunti. 

dResdReobiT farTodaa gavrcelebuli 
qanebis sainJinro-geologiuri klasifikaciis 
sqema, romelic damuSavebulia akad. savarenskis 
mier da ramdenadme Sevsebulia prof.           
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v. lomTaZis mier. am sqemiT, qanebi maTi 
fizikur-meqanikuri da wylovani Tvisebebis 
mixedviT, dayofilia calkeul jgufebad, rac 
samSeneblo saqmeSi maTi gamoyenebis pirobebs 
gansazRvravs. qanebis 5 ZiriTadi jgufi 
gamoiyofa, romlebic qvemoT mokled aris 
daxasiaTebuli  
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qanebis sainJinro–geologiuri klasifikacia 

(f.savarenskis da v.lomTaZis mixedviT) 

q
a
n
e
b
i
s
 

j
g
u
f
i
 

qanebis genetikuri da 

petrografiuli 

saxeebi 

qanebis fizikuri da 

meqanikuri maCveneblebi 

I 
k
l
d
o
v
a
n
i
 

magmuri: siRrmuli 
(intruziuli)–graniti, 
sieniti, dioriti, 
gabro.  
zedapiruli 
(efuziuri)–porfiriti, 
diabazi, lipariti, 
traqiti, daciti, ande-
ziti, bazalti 
metamorfuli: marmari-
lo, kvarciti, gneisi, 
kristaluri fiqali 
danaleqi: mtkiced 
Secementebuli qviSaqva 
da konglomerati. 
mkvrivi, mtkice kirqva 
da dolomiti 

maRali simkvrive, Zlier 
umniSvnelo forianoba, wyal-
gaumtari, wyalSeRwevadi mxo-
lod napralebis saSualebiT. 
maRali simtkice, drekadoba. 
praqtikulad ukumSvadi. kumSvi-
sadmi winaRoba 50 – 400 mpa. 
simagris koeficienti > 5 
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II
 
n
a
x
e
v
r
a
d
 
k
l
d
o
v
a
n
i
 

kldovani jgufis saxe-
Secvlili (gamofituli 
da danapralianebuli 
qanebi), daqveiTebuli 
fizikur-meqanikuri 
TvisebebiT. 
danaleqi: vulkanuri 
tufi, tufogenuri 
qanebi, qviSaqva da 
konglomerati Tixovani 
cementiT, Tixa-fiqali 
da argiliti, Tixiani 
kirqva da dolomiti, 
mergeli 

saSualo simkvrive, forianoba 
10-15%, zogjer metic. sustad 
wyalSemcveli.  
wyalSeRwevadoba damokidebu-
lia napralianobasa da gamo-
fitvaze. filtraciis koefi-
cienti 0.5–30 m/dR.R, kumSvi-
sadmi winaRoba 15–50 mpa. sus-
tad kumSvadi. simagris koefi-
cienti 2 - 5 

II
I 
f
x
v
i
e
r
i
 

S
e
u
k
a
v
S
i
r
e
b
e
l
i
 

danaleqi: qviSa, xvinWa, 
RorRismagvari qanebi 

simkvrive da forianoba 
icvleba farTo sazRvrebSi. 
sustad wyalSemcveli. praqti-
kulad uxsnadi, wyalgamtari. 
filtraciis koeficienti 30 
m/dR.R-ze ufro maRali Zlier 
wyalgamtar qanebSi. simtkice 
damokidebulia napralebis gan-
lagebis simWidroveze. mcire 
simagre <2. Siga xaxunis 

koeficienti f = 0.35 – 0.60 

IV
 
r
b
i
l
i
 
S
e
k
a
v
S
i
r
e
b
u
l
i
 

danaleqi: Tixa, 
Tixnari, qviSnari, 
liosi, liosiseburi 
qanebi 

simkvrive, forianoba da tenia-
noba icvleba farTo sazRv-
rebSi. wyalSemcveli, uxsnadi, 
sustad wyalSeRwevadi. fil-
traciis koeficienti 0.1 m/dR.R. 
da ufro naklebi. simtkice 
aseve farTo sazRvrebSi cvale-
badobs da damokidebulia 
tenianobasa da simkvriveze. 
simagris koeficienti <2. 
saSualod da Zlier kumSvadi. 
Siga xaxunis koeficienti 

mcirea f = 0.15 – 0.35  
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V
 
g
a
n
s
a
k
u
T
r
e
b
u
l
i
 

S
e
d
g
e
n
i
l
o
b
i
s
, 
m
d
g
o
m
a
r
e
o
b
i
s
 

d
a
 
T
v
i
s
e
b
i
s
 
q
a
n
e
b
i
 

mzrali qanebi: simtki-
cis, deformaciulobis 
da mdgradobis mkveTri 
cvalebadobiT galRo-
bisas. 
danaleqi: mcuravi qvi-
Sebi, qviSiani lami, 
gamarilianebuli Tixo-
vani lami, torfi, nia-
dagi, TabaSiri, anhid-
riti, qvamarili, xelo-
vnuri nayari, anTro-
pogenuli qanebi 

xasiaTdebian sxva qanebisagan 
gansxvavebuli specifikuri Tvi-
sebebiT. saWiroeben kvlevis 
specialur meTodebs da 
individualur Sefasebas 
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kldovani qanebi.  am jgufs miekuTvneba 
intruziuli qanebis umravlesoba – graniti, 
sieniti, gabro, agreTve danaleqi, agreTve 
metamorfuli qanebis zogierTi saxeoba – kvar-
citi, gneisi da sxv. maTTvis damaxasiaTebelia 
dabali forianoba – 3 - 4%, umniSvnelo wyal-
gamtaroba, kumSvaze maRali winaRoba, kompaq-
turi struqtura, maRali meqanikuri simtkice. 

naxevradkldovani qanebi. am jgufSi Sedis 
efuziuri qanebis umravlesoba, danaleqi, nawi-
lobriv metamorfizebuli qanebi, rogoricaa 
porfiriti, bazalti, qviSaqva, kirqva, mergeli 
da sxv. pirveli jgufis qanebTan SedarebiT, aq 
ramdenadme Semcirebulia simtkicis maxasia-
Teblebi, momatebulia forianoba da wyal-
gamtarobis unari. 

rbili SekavSirebuli qanebis jgufi  Ziri-
Tadad moicavs Tixebsa da Tixnarebs, romlebis-
Tvisac damaxasiaTebelia sakmaod maRali Siga 
SeWiduloba, ris gamoc maTi mzidunarianoba 
xSir SemTxvevaSi damakmayofilebelia da saZir-
kvlis gruntad maTi gamoyeneba mkacrad 
SezRuduli ar aris. 

fxvieri SeukavSirebeli qanebis jgufs  mi-
ekuTvneba qviSa, qviSnari, RorRi, kenWnari, 
kaWar-kenWnari da a.S. es qanebi gamoirCeva maRa-
li simtkiciT, aseve maRali wyalgamtarobiT, 
Tumca, araerTgvarovani struqturiT. rogorc 
saZirkvlis grunti, isini umetes SemTxvevaSi ga-
mosadegia, magram samSeneblo saqmeSi maTi gamo-
yenebis ZiriTadi daniSnuleba aris, rogorc Se-
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mavsebeli betonis warmoebaSi, balastad gzebis 
vakisis mosawyobad, sadrenaJo masalad da a.S. 

gansakuTrebuli Sedgenilobis da Tvisebe-
bis qanebis jgufi  aerTianebs iseT qanebs, rom-
lebic warmoSobis specifikuri pirobebiT da 
anomaluri TvisebebiT xasiaTdeba, ris gamoc 
samSeneblo mizniT maTi gamoyeneba gansakuT-
rebuli profilaqtikuri RonisZiebebis gatare-
basTan aris dakavSirebuli. am jgufis tipuri 
warmomadgenlebia torfi, mcuravi qviSebi, 
liosi da liosismagvari Tixnari, intensiurad 
damarilianebuli gruntebi da sxv. gansakuT-
rebuli Sedgenilobis gruntze warmatebuli 
mSeneblobis klasikuri magaliTia msoflioSi 
erT-erTi ulamazesi qalaqi sankt-peterburgi, 
romelic petre didis daarsebulia. 

 

2. qanebis fizikuri Tvisebebi 

qanebis fizikuri Tvisebebi ewodeba iseT 
Tvisebebs, romlebic maT fizikur mdgomareobas, 
wyalTan damokidebulebas da sxva Tavisebu-
rebebs gansazRvravs.   

qviSuri da Tixuri Sedgenilobis qanebis 
ZiriTadi fizikuri Tvisebebia xvedriTi wona 
(simkvrive), moculobiTi wona, forianoba, 
tenianoba, plastikuroba. es Tvisebebi urTierT-
dakavSirebulia. maTi gansazRvra xdeba an 
uSualod velze specialuri xelsawyoebis 
gamoyenebiT, an laboratoriaSi. 

2.1 xvedriTi wona, anu simkvrive  aris qanis 
erTeul moculobaSi moqceuli myari, minera-
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luri nawilis wona (g/sm3, kg/m3, t/m3). igi damoki-
debulia qanis mineralur Sedgenilobaze da 
gamoxatavs qanis amgebi mineralebis saSualo 

simkvrives. 1

1

g

V
 xv.w

,  g/sm3, kg/m3, t/m3. 

sadac 1g  – qanis myari nawilis erTeuli mocu-

lobis wonaa, tenis wonis CauTvlelad; 

1V – qanis myari nawilis moculoba, forebis 

moculobis CauTvlelad. 

Tixuri qanebis, qviSnarisa da qviSebis 
xvedriTi wona saSualod 2.65-dan 2.75-mde g/sm3 

farglebSi icvleba. 

2.2 moculobiTi wona aris misi moculobis 
erTeulis wona bunebrivi tenianobis da 
forianobis CaTvliT (g/sm3, kg/m3, t/m3). 
Cveulebriv, rac maRalia qanis simkvrive 
(xvedriTi wona), miT ufro maRalia misi 
moculobiTi wona; rac ufro didia forianoba, 
anu rac ufro fxvieri wyobisaa qani, miT ufro 
mcirea misi moculobiTi wona.  

1 2

1 2

g g

V V






moc.w. ,    g/sm3, t/m3 

sadac  2g – qanis erTeul moculobaSi tenis 
wonaa; 

 2V  –   qanis erTeul moculobaSi forebis 
jamuri moculoba.  

moculobiTi wona axasiaTebs gruntis 
fizikur mdgomareobas, SemWidroebis xarisxs. 
rac ufro mWidro wyobis aris qani, miT ufro 
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naklebia gansxvaveba mis simkvrivesa da 
moculobiT wonas Soris. 

moculobiTi wonisgan ganasxvaveben ConCxis 
moculobiT wonas, romlis qveSac igulisxmeba 
bunebriv mdgomareobaSi qanis mineraluri 
(myari) nawilis erTeuli moculobis wona, anu 
es aris gamomSrali qanis erTeuli moculobis 
wona, rac niSnavs, rom tenis wona mxedvelobaSi 
ar miiReba. 

1

1 2

g

V V
 


C.w. ,    g/sm3, t/m3 

qviSuri da Tixuri Sedgenilobis qanebis 
dasaxasiaTeblad mniSvnelovania maTi simkvrivis 
da moculobiTi wonis codna. xvedriTi wonis 
maCvenebeli ZiriTadad qanis fizikuri mdgoma-
reobis sxva parametrebis gamosaTvlelad gamoi-
yeneba, xolo moculobiTi wona qanis wyobis 
simWidroves axasiaTebs da aqedan gamomdinare, 
saSualebas gvaZlevs arapirdapir vimsjeloT 
qanis simtkiceze, mdgradobaze da deformire-
bulobaze. 

2.3 forianoba. qviSuri da Tixuri Sedge-
nilobis qanebis mniSvnelovan fizikur maxasia-
Tebels, romelic gansazRvravs maT fizikur 
mdgomareobas, anu marcvlebis wyobis simWid-
roves, forianoba warmoadgens. igi axasiaTebs 
forebis jamur moculobas qanis erTeul 
moculobaSi da gamoiTvleba formuliT:  

1 1n m



   

C.w.

xv.w.
, sadac  n  – forianobaa;  
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m  -  qanis myari, mineraluri nawilis moculoba, 
romelic gamoisaxeba ConCxis moculobiTi 
wonis SefardebiT qanis simkvrivesTan: 

.
m






C.w.

xv.w
, aqedan  1n m

 




  

xv.w. C.w.

xv.w.

 

forianobis amgvari gamosaxva mizanSe-
wonilia im TvalsazrisiT, rom tolobis mar-
jvena mxares mocemuli sidideebi iolad 
isazRvreba laboratoriaSi. 

qanebis forianobis ufro mosaxerxebel 
maxasiaTebels warmoadgens forianobis koefi-
cienti, romelic tolia saerTo forianobis 
Sefardebisa qanis myari nawilis moculobasTan: 

n

n

m

n




1
  

zemoT mocemuli formulidan gamomdi-

nareobs, rom 







1
n  da 




1

1
m  

qviSebisa da Tixebis forianoba farTo 
sazRvrebSi icvleba imis mixedviT, Tu rogoria 
gruntis Semadgeneli marcvlebis forma da 
zomebi, maTi sivrcobrivi ganlageba, dispersu-
lobis xarisxi, Secementebis saxeoba (TixebSi), 
agreTve gruntis erTgvarovnebis xarisxi. 
araerTgvarovani Sedgenilobis gruntis foria-
noba, rogorc wesi, ufro dabalia, radganac 
sivrces didi zomis marcvlebs Soris patara 
nawilakebi avsebs da Sesabamisad, forianoba 
klebulobs. TixisTvis damaxasiaTebelia maRali 
forianoba, rac am qanis erTgvarovani Sedgeni-
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lobiT aixsneba. maRali forianobis gamo, samSe-
neblo datvirTviT gamowveuli dajdoma Tixis 
saZirkvelze nela da xangrZlivi drois 
ganmavlobaSi mimdinareobs, risi klasikuri 
magaliTebia wminda isakis taZari sankt-
peterburgSi da pizas koSki italiaSi. qviSiani 
gruntis saZirkvelze dajdomis procesi Seuda-
reblad ufro mokle droSi mTavrdeba. qanis 
forianobaze arsebiT gavlenas axdens agreTve 
myari nawilakebis wyobis simWidrove, rac 
qvemoT mocemul sqemaze naTlad Cans. 

  

nax. 20. forianobis damokidebuleba  
gruntis marcvlebis ganlagebaze 

 

rogorc vxedavT, forianobis maqsimumi aRi-
niSneba marcvlebis ganlagebis kuburi modelis 
SemTxvevaSi, minimumi – rombulis SemTxvevaSi. 

qviSebis, Tixebis da Tixuri Sedgenilobis 
qanebis sainJinro-geologiuri Sefasebisas fo-
rianobis Seswavlas didi yuradReba eqceva, rad-
ganac nagebobebis seriozuli deformaciebis 
mizezi swored saZirkvlis gruntis agebulebis 
arasakmaris bunebriv SemWidroebaSi mdgo-
mareobs. 
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2.4 tenianoba.  qviSuri, gansakuTrebiT ki 
Tixuri gruntebis umniSvnelovanesi maxasia-
Tebeli maTi tenianobaa, romelic ganisazRvreba 
forebSi arsebuli wylis raodenobiT. tenia-
nobis xarisxis mixedviT, grunti sxvadasxva 
fizikur mdgomareobaSi imyofeba da amis 
Sesabamisad, icvleba misi simtkice, mdgradoba, 
deformirebuloba, gansakuTrebiT Tixuri 
gruntis SemTxvevaSi. ricxobrivad tenianobas 
gamosaxaven rogorc Sefardebas FforebSi 
arsebuli wylis wonisa mSrali qanis wonasTan, 
erTeulis nawilebSi an procentebSi. 

2

1

100%
g

W
g

 




  

xv.w. C.w.
w.t.

xv.w.  

es e.w. woniTi tenianobaa, romlis garda 
arCeven moculobiT tenianobas, anu qanis 
erTeul moculobaSi arsebuli wylis mocu-

lobas: 
W

W







w.t. C.w.
moc.w.

wy.
, imis gamo, rom 1 wy. , 

moculobiTi tenianoba W W  moc.w. w.t. C.w.  

bunebrivi tenianobis sididis mixedviT, qani 
SeiZleba iyos mSrali, sustad teniani an wyliT 
gajerebuli. Tu qanSi yvela fori Sevsilia 
wyliT, maSin wylis moculoba qanis forianobis 

tolia: W nmoc.w.  

qanebis dasaxasiaTeblad wyalgajerebis xa-
risxis mixedviT, SemoRebulia wyalgajerebis 
koeficientis cneba, romlis qveSac igulisxmeba 
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qanis bunebrivi tenianobis Sefardeba mis srul 

tentevadobasTan: 
W

W
G 

b.t.

sr.t.
  

wyalgajerebis koeficients erTeulis nawi-
lebSi gamosaxaven. es sidide SeiZleba 0-dan    
1-mde farglebSi icvlebodes. amis mixedviT 
qanebi iyofa: 

sustad teniani -  0 0.5G   ; 

teniani  -  0.5 0.8G   ; 

gajerebuli  -  0.8 1.0G   . 

2.5 Tixuri qanebis plastikuroba aris 
gruntis Tviseba Seicvalos forma gare Zalis 
zemoqmedebiT da SeinarCunos Secvlili forma 
Zalis moxsnis Semdeg. es Tviseba mxolod 
Tixur gruntebs axasiaTebs da maTi Siga 
agebulebiT aris ganpirobebuli. dadgenilia, 
rom Tixis plastikuroba vlindeba tenianobis 
garkveul sazRvrebSi, romlebsac aterbergis 
zRvrebs uwodeben. Tixaze tenis damatebisas 
qanis konsistencia TandaTan denad 
mdgomareobas uaxlovdeba da misi siblante 
nulisken miiswrafvis ( 0 ). piruku 
SemTxvevaSi, rodesac tenianoba ganuxrelad 
klebulobs, Tixis konsistencia naxevrad myari 
qanis mdgomareobas uaxlovdeba da siblante 
usasrulobisken miiswrafvis (  ). tenianobis 
zeda zRvars, rodesac qani denad 
mdgomareobaSi gadadis, denadobis zRvari 

ewodeba (Wd. ), xolo qveda zRvars – 

plastikurobis zRvari (Wpl. ). aRniSnul 
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zRvrebis sidideebs Soris sxvaobas 
plastikurobis ricxvi ewodeba. plastikurobis 
ricxvi axasiaTebs, Tu ramdenad Tixuria qani, 
sxva sityvebiT rom vTqvaT, ra raodenobiT 
Seicavs qani Tixur fraqcias.  

I W W d. pl.  

sadac I  – plastikurobis ricxvia; 

       Wd. – denadobis zRvari; 

       Wpl. – plastikurobis zRvari. 

mSeneblobaSi saZirkvlis gruntad Tixis 
gamoyenebisas didi mniSvneloba aqvs konsis-
tenciis maCveneblis sidides, romelic gamoi-
saxeba, rogorc bunebrivi tenianobis da 
plastikurobis zRvris sxvaobis Sefardeba 

plastikurobis ricxvTan: 
W W

B



b.t. pl.

I
 

am sididis mixedviT, arCeven rbilplas-
tikuri, magarplastikuri, naxevrad myari da a.S. 
konsistenciis Tixur grunts. 

plastikurobis ricxvis sididis mixedviT, 
qanebi iyofa: 

17%I   -  Tixa (maRalplastikuri qani); 
7 17%I     - Tixnari (saSualod plastikuri 

qani); 
1 7%I    - qviSnari (sustad plastikuri qani). 

 

fizikur Tvisebebs Soris urTierTkavSiri 
maTematikur gamosaxulebaSi mocemulia qvemoT 
krebsiTi cxrilis saxiT.  
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maxasiaTeblebi aRniSvna 
saangariSo 

formulebi 
ganzomileba 

1 2 3 4 

xvedriTi wona 
(simkvrive) y  

1

1

V

q
y   g/sm3 

moculobiTi wona   

21

21

VV

qq




  g/sm3; t/m3 

ConCxis 
moculobiTi wona c  WVV

q
c







121

1 


 

g/sm3; t/m3 
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forianobis 
koeficienti 
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qviSovani qanis 
SemWidroebis 
koeficienti 

U  

min

minmax

e

ee
U


  

ganyenebuli 
ricxvi 

 

rogorc aRvniSneT, qviSovani da Tixovani 
qanebis umTavresi fizikuri Tvisebebia xvedriTi 
da moculobiTi wona, forianoba, tenianoba da 
plastikuroba. es Tvisebebi urTierTdakavSire-
bulia da zogadad gamoxatavs qanis mdgoma-
reobas rogorc bunebriv pirobebSi, aseve miway-
rilTa nagebobebSi (kaSxlebi, dambebi, yrilebi 
da sxv.) ZiriTadi fizikuri Tvisebebis mixedviT 
SeiZleba arapirdapir vimsjeloT qviSovani da 
Tixovani qanebis simtkiceze, deformirebadobaze 
da mdgradobaze, agreTve am Tvisebebis cvlile-
bebze geologiuri procesebis an xelovnuri 
faqtorebis zegavleniT. 

2.6 granulometriuli Semadgenloba. 
granulometruli Semadgenlobis Seswavla 
gulisxmobs gruntis mocemul wonaSi ama Tu im 
zomis  sxvadasxva fraqciis (myari nawilakebis) 
procentuli Semadgenilobis dadgenas. 
teqnikurad es samuSao Semdegnairad 
xorcieldeba: 

a) 0.1 mm-ze ufro didi zomis marcvlebis pro-
centuli Semadgenlobis gansazRvra standar-
tuli sacrebis kompleqtSi gacris gziT; 

b) 0.1 mm-ze ufro mcire zomis marcvlebis 
procentuli Semadgenlobis gansazRvra 
wyalSi maTi daleqvis siCqaris gazomviT. am 
mizniT grunti winaswar unda iqnas momza-
debuli – garecxili, xangrZlivad anaduRi, 
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da wyalSi dasresili, Sewebebuli nawilake-
bis gancalkevebis mizniT. am operacias dis-
pergireba ewodeba. wylis garemo, romelSic 
Sewonilia wvrili fraqciis Tixuri 
nawilakebi, dispersul garemos warmoadgens, 
xolo wyalSi Setivtivebuli, xiluli an 
uxilavi nawilakebi – suspenzias.  

wyalxsnaridan nawilakebis gamoleqvis siC-
qare damokidebulia nawilakebis formaze, zome-
bze, xvedriT wonaze da TviT xsnaris siblan-
teze, romelic, Tavis mxriv, temperaturis funq-
cias warmoadgens. gruntis granulometruli 
analizis arsebuli meTodebidan yvelaze marti-
vi areometruli meTodia, romelic dafuZnebu-
lia imaze, rom drodadro xdeba areometriT 
xsnaris simkvrivis gansazRvra. es ukanaskneli 
icvleba myari nawilakebis gamoleqvis 
kvalobaze.  

granulometruli analizis Sedegebs 
saTanado cxrilis da grafikis saxiT 
gamoxataven. sacruli meTodiT granulo-
metruli Sedgenilobis analizis safuZvelze 
ageben integralur mruds, romlis tipuri sqema 
qvemoT aris mocemuli.  
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nax. 21. granulometriuli Semadgenlobis analizis 

integraluri mrudi 

integralur mrudze TiToeuli wertili 
gviCvenebs Tu rogoria mocemul gruntis 
erTeul wonaSi (Cveulebriv, 1 kg) am zomaze 
ufro naklebi zomis marcvlebis (fraqciis) 
procentuli Semcveloba. im diametrebis 
Sefardebas, romlebic Seesabameba fraqciaTa 
60% da 10%-ian Semcvelobebs, hazenis winada-
debiT, gruntis araerTgvarovnebis koeficienti 

ewodeba, aRiniSneba - .nar  da tolia  60
.

10

d
n

d
ar .   

10d  diametrs moqmedi, anu efeqturi diametri 

ewodeba.  

granulometruli Semadgenlobis mixedviT 
(anu Semadgeneli myari nawilakebis zomebis 
mixedviT), miRebulia gruntebis Semdegi dayofa: 

 
gruntis saxeoba marcvlebis zoma 

kaWari damrgvalebuli da 20 sm-ze meti 
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natexovani 
kenWnari damrgvalebuli 
da RorRi 

4 20  sm 

xreSi damrgvalebuli da 
xvinWa 

2 40  mm 

qviSebi 2  0.5 mm 
mtveri 0.5  0.05 mm 
Tixa  0.005 mm-ze naklebi  

samSeneblo normebisa da wesebis mixedviT, 
granulometruli SemadgenlobiT mxolod 
msxvilnatexovan da qviSur gruntebs hyofen. 
rac Seexeba Tixuri Sedgenilobis gruntebs, 
maTi klasificireba plastikurobis ricxvis 
mixedviT xdeba.  

3. qanebis meqanikuri Tvisebebi 

meqanikuri Tvisebebi gansazRvravs qanis 
qcevas garegani zemoqmedebis - datvirTvis qveS. 
qviSur da sxva natexovan qanebSi, agreTve 
TixebSi am dros qanis SemWidroeba, anu 
forianobis Semcireba da erTeul moculobaSi 
myari nawilakebis koncentraciis gazrda xdeba. 
garkveuli datvirTvis pirobebSi rac ufro 
mniSvnelovania qanSi mimdinare amgvari cvli-
lebebi, miT ufro metia misi deformirebulobis 
xarisxi. Tu garegani Zalis zegavleniT qanSi 
aRZrulma Zvris Zalam gadaaWarba Zvraze wina-
Robis Zalas, qani irRveva, anu ikargeba misi 
simtkice. 

maSasadame, zogadad qanebis meqanikuri 
Tvisebebi maTi deformirebulobiT da 
simtkiciT xasiaTdeba da amave maCveneblebiT 



71 

 

gamoisaxeba, saxeldobr, deformirebulobas 
gruntis kumSvadobis maCvenebeli gansazRvravs, 
xolo simtkices – Zvraze winaRoba. am 
parametrebiT SesaZlebelia movaxdinoT 
nagebobebis dajdomis prognozi, xolo 
fundamentebis daproeqtebisas maqsimalurad 
gamoviyenoT qanis mzidunarianoba. 

 

3.1 winaRoba kumSvaze (kompresia) 

qviSaze an Tixaze ganviTarebuli garegani 
dawola SekumSvis (SemWidroebis) deformacias 
anu kompresias iwvevs. amis Sedegad qanis 
forianoba mcirdeba, xolo simkvrive da 
moculobiTi wona izrdeba. qviSur qanebSi 
matulobs winaRoba Zvraze, xolo TixebSi – 
saerTo SeWiduloba da rogorc Sedegi -  
winaRoba Zvraze. qviSuri da Tixuri qanebis 
SekumSvis (deformirebulobis) Sesafaseblad 
ikvleven garegani datvirTvis (dawolis) 
zegavlenas qanis forianobaze an, rac igivea, 
forianobis koeficientze. damokidebuleba am 
sidideebs Soris Zalze damaxasiaTebelia da 
gamoisaxeba kompresiuli mrudis formiT (1), 
romlidanac Cans, rom garkveul datvirTvas - 

1 ,  forianobis koeficientis - 1   garkveuli 

sidide Seesabameba.  
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nax. 22. kompresiis da dekompresiis mrudebi 

 

datvirTvis gadidebisas 2 -mde, Sesabamisad, 

mcirdeba forianobis koeficienti - 2 -mde. Tu 

datvirTvis cvlileba mcirea, anu 2 1 d    , 

maSin forianobis koeficientic mcire sididiT 

Seicvleba, anu  d 21 . kompresiuli mrudis 

mcire monakveTze, M1  da M2  wertilebs Soris, 
mrudi SeiZleba wrfed miviCnioT. mrudis 
aRniSnuli ubnis daxris kuTxis tangensi 
axasiaTebs gruntis kumSvadobas dawolis 

mocemul intervalze: 1 2

2 1

d
tg

d

  


  


 


 

rac ufro didia tg , miT ufro sustia 
qani, radganac igi ufro “damyolia” da metad 
ikumSeba datvirTvis mocemul intervalSi. 
kompresiuli mrudis daxris kuTxis tangenss - 
tg , aRniSnaven “ a ” asoTi da mas kumSvadobis 
koeficienti ewodeba. maSasadame, es aris 
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kuTxuri koeficienti, romelic forianobis 
koeficientsa da datvirTvas Soris damokide-
bulebas gamoxatavs - atg  . imis gamo, rom   
ganyenebuli ricxvia, xolo   kg/sm2-Si izomeba,  
a -s ganzomileba aris sm2/kg. cxadia, 
kumSvadobis koeficienti warmodgenas gvaZlevs 
garegani datvirTvis gavleniT gruntis 
SekumSvis unarze. kumSvadobis koeficientis 
sididis mixedviT gruntebi iyofa: 

- Zlier kumSvadi   0.05a   sm2/kg; 
- saSualod kumSvadi 0.05 0.01a    sm2/kg; 
- sustad kumSvadi 0.01a   sm2/kg. 

zemoT mocemuli tolobidan gamomdi-
nareobs:  dad   

es gantoleba qviSuri da Tixuri gruntebis 
meqanikis erT-erT ZiriTad kanons – SemWid-
roebis kanons asaxavs da Semdegnairad 
gamoiTqmis: “qanis forebis SefardebiTi 
cvlileba dawolis cvlilebis pirdapir-
proporciulia”.  imasTan dakavSirebiT, rom 

12

21








a , SeiZleba CavweroT: 

1221  aa  , anu  

constaaa nn   ...2211  

Tu am mudmiv sidides “ A ” asoTi 
aRvniSnavT, miviRebT gantolebas, romelic qanis 
forianobas datvirTvasTan akavSirebs:                               

 aA  

Tu am gamosaxulebaSi 0  ,  maSin mudmiva 
“ A ” tolia qanis forianobis koeficientisa, 
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rodesac datvirTva nulis tolia, anu 
0A . 

kompresiis grafikze A sidides Seesabameba 
kompresiuli mrudis sawyisi parametri, 

romelic miiReba, Tu 
1 2M M  wrfes ordinatTa 

RerZis gadakveTamde gavagrZelebT. 

qanis kompresiuli Tvisebebis sazomad 
SeiZleba gamoviyenoT agreTve fardobiTi 

kumSvadobis koeficienti – 
0a , romelic gani-

sazRvreba rogorc qanis 1 metri sisqis Sris 
SekumSvis sidide   (kg/sm2) datvirTvis dros. am 
maCvenebels gamoxataven procentebSi an mm-Si 
qanis 1 m sisqis SrisaTvis. 

fardobiTi kumSvadobis koeficienti 

SeiZleba gamovTvaloT formuliT: 
h

h
a


1000  

sadac 
0a - fardobiTi kumSvadobis koeficientia; 

h - sidide, romliTac Semcirda nimuSis 
simaRle mocemul datvirTvaze misi SemWid-
roebis sruli stabilizaciis Semdeg; 

h -  qanis gamosacdeli nimuSis Tavdapirveli 
simaRle, mm. 

Tu datvirTvis qveS myof grunts 
ganvtvirTavT (movxsniT datvirTvas), adgili 
eqneba Sebrunebul process: gruntis moculobis 
matebas. es procesi ganpirobebulia gruntis 
nawilakebis irgvliv arsebuli hidratuli 
garsis drekadi TvisebebiT. mruds, romelic 
gamoxatavs damokidebulebas forianobasa da 
datvirTvas Soris gantvirTvis pirobebSi, 
dekompresiis mrudi (2) ewodeba. unda aRiniSnos, 



75 

 

rom dekompresiis Sedegad grunts ar ZaluZs 
aRidginos sawyisi moculoba. sxvaobas sawyis 
da dekompresiul moculobebs Soris gruntis 
narCeni deformacia ewodeba.  

saerTo deformaciis moduli ewodeba 
daZabulobasa da mis Sesabamis fardobiT 
deformacias Soris proporciulobis koefi-
cients. igi tolia SemkumSavi daZabulobis - 

z Sefardebisa am daZabulobiT gamowveul 
fardobiTi deformaciis sididesTan im pirobiT, 
rodesac ar xdeba qanis gverdiTi gafarToeba. 

z

z

e
E


0 , sadac 

h

h
z


  

saerTo deformaciis moduls daZabulobis 
ganzomileba – kg/sm2 aqvs. misi gansazRvra xdeba 
savele da laboratoriuli specialuri gamokv-
levebis gziT an gamoiTvleba gruntis 
kompresiuli gamocdis Sedegebis mixedviT, 

formuliT 
a

E 1
0

1 



 , 

sadac 1  - forianobis koeficientia, romelic 

kompresiul mrudze 1  datvirTvas Seesabameba;  

a  - kumSvadobis koeficienti (sm2/kg), romelic 

ganisazRvreba kompresiis mrudiT 1 -dan  

2 -mde datvirTvis intervalSi; 

  - mamravli, romliTac gadavdivarT 

kompresiuli gamocdisas  SekumSvidan 
gverdiTi gafarToebis SesaZleblobis 
gareSe SekumSvaze bunebriv pirobebSi. 
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ricxobrivad igi tolia: qviSebisTvis – 0.76; 
qviSnarisTvis – 0.72; TixnarisTvis – 0.57; 
TixisTvis – 0.43.  

gruntis kompresiuli Tvisebebis 
gansazRvra specialuri xelsawyos, e.w. 
odometris saSualebiT xdeba. cdis 
ganmavlobaSi datvirTvas nimuSze safexure-
brivad anviTareben. Cveulebriv, gamoiyeneba 
samSeneblo praqtikaSi gavrcelebuli datvirT-
vebi: 1; 2; 3; 4 da 6 kg/sm2. gruntis deformaciaze 
dakvirveba specialuri indikatorebis saSua-
lebiT xdeba. datvirTvis mocemul safexurze 
nimuSi unda davtovoT deformaciis dasrule-
bamde. indikatorebis Cvenebebis mixedviT, 
SeiZleba gamovTvaloT forianobis koeficie-
ntis sidideebi datvirTvis yoveli safexuris-
Tvis, Semdegi formuliT: 

1 1(1 )n n n

h

h
   


                             

sadac, 
n  aris forianobis koeficienti 

n    

datvirTvisas; 

1n 
- forianobis koeficienti wina safexurze 

datvirTvisas; 

h

h


 – gruntis fardobiTi deformaciis sidide, 

romelic aiTvleba indikatorze da warmoadgens 
nimuSis simaRlis Semcirebis fardobas  
Tavdapirvel simaRlesTan. 

  da  -s miRebuli sidideebiT ageben 
kompresiul mruds. dekompresiuli mrudis 
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asagebad datvirTvas moxsnian TandaTan 
Sebrunebuli wesiT.   

 

3.2 winaRoba Zvraze 

Zvraze winaRoba aris qviSuri da Tixuri 
qanebis unari winaaRmdegoba gauwios darRvevas 
(daSlas). qanis rRveva maSin iwyeba, rodesac 
masSi aRZruli mxebi daZabulobebi aRemateba 
winaaRmdegobis Sinagan Zalebs. qviSebSi da sxva 
namsxvrev qanebSi Zvraze Sinagani winaaR-
mdegobis Zalebs warmoadgens xaxunis Zala, 
romelic aRiZvreba myari nawilakebis urTierT-
gadaadgilebis dros. SekavSirebul Tixur 
qanebSi Siga Zalebs garda xaxunisa, warmoad-
gens SeWidulobis Zalebi, anu struqturuli 
kavSiris Zalebi. SeWiduloba raodenobrivad 
asaxavs struqturuli kavSirebis simtkices, 
romlebic srialis zedapirze an srialis 
zonaSi moqmedebs. 

amisgan gansxvavebiT, gruntis amgeb nawi-
lakebs Soris aRZruli xaxunis gamo, xaxunis 
Zala nebismier natexovan da Tixur qanSi 
moqmedebs. xaxunis Zala miT ufro didia, rac 
ufro didia SemkumSavi daZabuloba. SeWidu-
loba umTavresad damaxasiaTebelia SekavSire-
buli Tixuri qanebisTvis. igi struqturuli 
kavSirebis arsebobiT aris ganpirobebuli. Tavis 
mxriv, struqturuli kavSirebi nawilakebs 
Soris moqmedi molekuluri, ionuri, 
kovalenturi, magnituri da sxva Zalebis 
gamoxatulebaa. aqedan cxadia, rom qviSuri 
gruntebis Zvraze winaRoba umTavresad xaxunis 
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Zalebze aris damokidebuli, xolo Tixuri 
gruntebis – xaxunze da SeWidulobaze. 

gruntis Zvraze winaRobis dasaxasiaTeblad 
ganvixiloT daxril sibrtyeze  myari sxeulis 
wonasworobis piroba. 

 

nax. 23. daxril sibrtyeze materialuri 
wertilis wonasworobis piroba 

 

mdgeneli T  qveviT aris mimarTuli da 
cdilobs sxeuli gadaadgilos qveviT. magram 
aseT gadaadgilebas ewinaaRmdegeba sapirispiro 
mimarTulebis xaxunis Zala (R ). sxeulis 
moZraobaSi mosayvanad saWiroa, rom Zvris 
daZabuloba (T ) aRematebodes normalur daZabu-
lobas ( N ) da xaxunis Zalas (R ) erTad 
aRebuls. rac metia N ,  miT meti unda iyos T , 

raTa sxeulma imoZraos daxril sibrtyeze. Tu 
am damokidebulebas grafikulad gamovsaxavT, 
miviRebT wrfes, romelic koordinatebis saTa-
veSi gadis (normaluri da Zvris daZabulobebis 
damokidebulebis grafiki), romelic damaxasia-
Tebelia qviSuri da zogadad fxvieri 
gruntebisaTvis.                         
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nax. 24. qviSuri gruntebis winaRoba Zvraze      

wrfis gantoleba Semdegnairad gamoisaxeba: 

ntg    

sadac   - Zvris daZabulobaa; 

tg - proporciulobis koeficienti, anu kuTxuri 

koeficienti, romelic asaxavs Zvris 
daZabulobis damokidebulebas normalur 
daZabulobaze; 

  - normaluri SemamWidroebeli daZabuloba. 

imis gamo, rom qviSuri da sxva SeukavSi-
rebeli gruntebis winaRoba Zvraze aris winaRo-
ba Siga xaxunze, kuTxe  -s Siga xaxunis kuTxes 

uwodeben, xolo tg -s – Siga xaxunis koefi-

cients. Tu aRvniSnavT ftg  , maSin SeukavSire-
beli gruntebis SemTxvevaSi damokidebuleba 
Zvris daZabulobasa da normalur daZabulobas 
Soris gamoisaxeba formuliT: 

nf    

aRniSnuli damokidebuleba sityvierad ase 
gamoiTqmis: fxvieri SeukavSirebeli qanebis wi-
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naRoba Zvraze aris xaxunis winaRoba, romelic 
pirdapirproporciulia normaluri 
daZabulobisa. 

ganxiluli diagramisgan gansxvavebiT 
(pirdapirproporciuli damokidebuleba fxvier 
qanebSi), Tixuri qanebis SemTxvevaSi grafiki 
ori nawilisagan Sedgeba: erTi nawili 
damokidebulia normalur daZabulobaze da 
garkveul sazRvrebSi misi proporciulia, xolo 
meore nawili ar aris damokidebuli normalur 
daZabulobaze. pirveli nawili ganpirobebulia 
qanSi arsebuli Siga xaxuniT, xolo meore 
nawili – saerTo SeWidulobiT, romelic, Tavis 
mxriv, struqturuli kavSirebiT aris 
ganpirobebuli. es damokidebuleba gamoisaxeba 

gantolebiT: ntgc     

 
nax. 25. Tixuri gruntebis winaRoba Zvraze 

c  - saerTo SeWiduloba, anu wrfis sawyisi 
parametri, romelic axasiaTebs Zvraze wina-
Robis im nawils, romelic ar aris damo-
kidebuli normalur daZabulobaze, kg/sm2.  
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imasTan dakavSirebiT, rom ftg  , 

gantoleba SeiZleba Semdegi saxiT CavweroT:                

nfc          

SekavSirebuli Tixuri gruntebis winaRoba 
Zvraze normaluri mkumSavi daZabulobis pirve-
li xarisxis funqciaa. Tu gantolebis orive 

mxares gavyofT 
n  da aRvniSnavT 

n

tg



  , 

miviRebT: 
n

c
ftg


           

n
Ftg    sidides   Zvris koeficienti 

ewodeba. qviSnar gruntebSi igi Siga xaxunis 
koeficientis tg  tolia da mudmivi sididea 

yvela qanisTvis gansazRvrul mdgomareobaSi. 
Tixur gruntebSi Zvris koeficienti cvladi 
sididea, kerZod, normaluri mkumSavi Zalis 
gadidebiT is mcirdeba. 

maSasadame, Tixuri qanebis Zvraze winaRobis 
mixedviT dasaxasiaTeblad aucilebeli pirobaa 
 -sa da c -s gansazRvra, romlebsac gruntis 
Zvris maCveneblebs uwodeben. maTi gansazRvra 
xdeba laboratoriuli gamocdiT agebuli 
grafikis saSualebiT, romelic gviCvenebs 
damokidebulebas normalur da Zvris daZabu-
lobebs Soris. sworad Sesrulebuli cdis Sem-
TxvevaSi grafiki unda iyos sworxazovani, ara-
umetes 5%-iani gadaxrisa da amasTan, wrfem ar 
unda gaiaros koordinatTa saTavis qveviT. 

qvemoT cxrilis saxiT mocemulia  -sa da 
c -s sidideebi zogierTi tipuri gruntisTvis: 
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gruntis dasaxeleba 

Siga 
xaxunis 
kuTxe, 

0  

SeWidulobis 
Zala, 

c , kg/sm2 

rbili Tixa 10 0.05 
mkvrivi Tixa 16 0.40 
rbili Tixnari 14 0.02 
mkvrivi Tixnari 20 0.2 
wvrilmarcvlovani qviSa 27 _ 
uxeSmarcvlovani qviSa 35 _ 
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Tavi III. sainJinro-geologiuri procesebi 

 

iseTi geologiuri procesebi, rogoricaa 
miwisZvra, vulkanizmi, teqtonikuri moZraobebi 
da a.S., yvela qanSi mimdinareobs da maTi Tavi-
dan acileba SeuZlebelia. amisgan gansxvavebiT, 
sainJinro-geologiuri procesebi mxolod gar-
kveuli Sedgenilobis da warmoSobis qanebSi 
mimdinareobs. ase magaliTad, Semkvrivebis pro-
cesi mxolod Tixuri gruntebisaTvis aris 
damaxasiaTebeli, jdenas mxolod liosisebur 
qanebSi aqvs adgili, mewyeri umTavresad 
TixebTan aris dakavSirebuli, qimiuri an 
meqanikuri sufozia karbonatuli da qviSuri 
Sedgenilobis qanebs axasiaTebs da sxv. aRniS-
nuli procesebis xangrZlivoba metnaklebad 
Seesabameba nagebobis eqspluataciis vadas da 
isini mWidrod aris dakavSirebuli adamianis 
sainJinro saqmianobasTan. es procesebi iseT 
kategorias ar miekuTvneba, romelTa Tavidan 
acileba SeuZlebelia. umetes SemTxvevebSi 
sainJinro RonisZiebebis gatarebiT xerxdeba 
maTi regulireba an sruli likvidacia. 
aRniSnul procesebs sainJinro-geologiuri 
procesebi ewodeba.  

sainJinro-geologiuri procesebi or 
mTavar jgufad SeiZleba davyoT: 

I. procesebi, romlebic qanebis moculobis 
SecvliT mimdinareobs; 
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II. procesebi, romlebic qanebis ZvrasTan da 
gadaadgilebasTan aris dakavSirebuli.  

pirvel jgufSi Semdegi saxeobebi 
gamoiyofa:  

a) procesebi, romlebic dakavSirebulia 
qanebis SemkvrivebasTan Semdegi mizezebiT: 
- dawolis gazrda,  
- tenianobis gadideba (liosiseburi 

qanebis jdomadoba),  
- tenianobis Semcireba. 

b) procesebi, romlebic dakavSirebulia 
qanebis moculobis gadidebasTan; 

g) sufoziuri procesebi:  
- meqanikuri sufozia; 
- qimiuri sufozia. 

d) qanebis gayinvasTan da galxobasTan 
dakavSirebuli procesebi, romlebsac Cveni 
teritoriis sinamdvileSi praqtikuli 
mniSvneloba ar eniWeba da amitom maT ar 
ganvixilavT.  

III. procesebi, romlebic qanebis ZvrasTan da 
gadaadgilebasTan aris dakavSirebuli:  

a) qanebis gamoWyletva nagebobaTa funda-
mentis qveS;  

b) mewyruli movlenebi; 
g) qanebis Zvra – gadaadgileba. 
 

1. dawolis (datvirTvis) gavleniT qanebis 
Semkvriveba 
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samSeneblo praqtikaSi miRebuli datvirT-
vebis (5 - 7 kg/sm2) gavleniT kldovani qani 
mxolod drekad deformacias ganicdis. amgvari 
deformaciis sidide Zalze umniSvneloa da 
nagebobis mdgradobaze gavlenas ar axdens. 
sruliad gansxvavebulia datvirTvis qveS myofi  
fxvieri an rbili gruntebis qceva. am SemTxve-
vaSic drekadi deformacia umniSvneloa, 
samagierod SeiZleba adgili hqondes struq-
turul da struqturul-adsorbciul defor-
maciebs, anu myari marcvlebis sivrcobrivi 
wyobis darRvevas, rasac Sedegad gruntis 
moculobaSi Semcireba mohyveba. cxadia, 
nagebobis fundamentis mTlian perimetrze 
gruntis Semkvrivebis xarisxi Tanabari ar 
iqneba, Sesabamisad, nagebobis dajdomac 
araTanabaria da misi deformaciis albaTobac 
mocemul SemTxvevaSi gacilebiT maRalia. 
vertikaluri dawolis gavleniT gruntis 
Semkvrivebis (kumSvis) procesis kanonzo-
mierebebze zemoT ukve visaubreT kompresiuli 
Tvisebebis ganxilvisas. zogadad, rac ufro 
maRali bunebrivi datvirTvis qveS imyofeboda 
qani mSeneblobis dawyebamde, sxva Tanabar 
pirobebSi, miT ufro naklebi iqneba misi 
Semkvrivebis xarisxi da Sesabamisad, mcire 
iqneba nagebobis dajdomac. maSasadame, 
dajdomis sidide gruntis daZabuli 
mdgomareobis istoriaze aris damokidebuli. 
aRsaniSnavia, rom gruntis Semkvriveba garda 
vertikaluri daZabulobis gazrdisa, sxva 
mizezebiTac SeiZleba iyos gamowveuli. ase 
magaliTad, Tu danaleqi qanebidan miwisqveSa 



86 

 

wylebis intensiuri amotumbva mimdinareobs, am 
process Tan axlavs qanebis Semkvriveba, 
radganac mcirdeba hidrostatikuri wneva da 
myari nawilakebi ufro mWidrod ganlagdeba. am 
dros miwis zedapiri dabla iwevs, zogjer 
mniSvnelovnad. kaliforniaSi miwisqveSa 
wylebis amotumbviT intensiuri mopovebis 
Sedegad miwis zedapirma 5 metriT daiwia, xolo 
dawevis saSualo siCqarem weliwadSi 40 sm 
Seadgina. zog SemTxvevaSi miwisqveSa wylebis 
amotumbvas specialurad mimarTaven, raTa am 
gziT gruntis Semkvrivebas miaRwion, 
gansakuTrebiT maSin, rodesac saZirkvlis 
gruntad aluviuri qviSebis gamoyeneba aris 
gaTvaliswinebuli. 

 

2. qanebis Semkvriveba tenianobis gadidebis 
Sedegad (liosiseburi qanebis jdomadoba) 

dasaxeleba liosiseburi qanebi gulisxmobs 
ara mxolod klasikur lioss, romelic qaris 
geologiuri moqmedebis Sedegad eoluri gziT 
warmoiSoba, aramed Tixnarsa da qviSnars, 
romelTa warmoqmna deluviur, proluviur da 
aluviur procesebTan aris dakavSirebuli. 
liosisebur qanSi Warbi tenis SeRwevisas 
adgili aqvs qanis damatebiT Semkvrivebas da 
miwis zedapiris dawevas. am process jdomadoba 
ewodeba. igi qanis narCen deformacias warmoad-
gens. raodenobrivad am procesis dasaxasia-
Teblad, samSeneblo masalebis Seswavlisas 
gamoiyeneba darbilebis koeficientis sidide, 
romelic warmoadgens wyliT gajerebuli 
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masalis simtkicis Sefardebas imave masalis 
simtkicesTan mSral mdgomareobaSi. rac ufro 
mcirea es koeficienti, miT ufro naklebad 
wyalmedegia samSeneblo masala. intensiurad 
gatenianebuli liosiseburi qanis moculoba 
mkveTrad mcirdeba. amis ZiriTadi mizezi aris 
is, rom liosi bunebrivad arasakmarisad 
SemWidroebuli qania, rasac emateba misi minera-
luri Sedgenilobis da struqturis Tavisebure-
bebi. liosiseburi qanis jdomadobis xarisxi 
asaxavs im gansxvavebas, romelic arsebobs qanis 
Semkvrivebis intensiurobaSi bunebrivi (mcire) 
tenianobis pirobebSi da wyliT gajerebis 
Semdeg. qvemoT mocemul sqemaze asaxulia 
liosiseburi qanis SemWidroebis mrudebi 
sxvadasxva tenianobis pirobebSi.    

  

nax. 26. liosis jdomadoba 
sxvadasxva tenianibis 
pirobebSi                                    

liosiseburi gruntis SemWid-
roebis mrudi bunebrivi 
tenianobis pirobebSi (1), 
igive wyliT sruli gaje-
rebis pirobebSi (2) (n. 

nax. 27. liosis forianobis 
koeficientis mkveTri 
Semcireba dasvelebis 
Sedegad   

liosiseburi qanis jdena-
dobis Sefaseba erTi mrudis 

meTodiT: 
1 - forianobis 

koeficienti 
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denisovis mixedviT) 

 

dasvelebamde;
2 - foria-

nobis koeficienti dasve-
lebis Semdeg 

 

nax. 26-ze 1 - mrudi asaxavs liosis SemWid-
roebis process bunebrivi (mcire) tenianobis 
dros, 2 – mrudi ki, imave process wyliT gaje-
rebis pirobebSi. pirveli mrudis amozneqili 
forma imaze miuTiTebs, rom qanis mniSvnelovani 
SemWidroeba xdeba maRali dawolis pirobebSi 
(mrudis bolo cicabo monakveTi). meore mrudi, 
piriqiT, Cazneqilia. es niSnavs, rom qanis 
mniSvnelovan SemWidroebas adgili aqvs ukve 
sawyis etapze, mcire dawolis zegavleniT. 
maSasadame, pirvel SemTxvevaSi qani inarCunebs 
simtkices da misi rRveva mxolod maRali 
dawolis dros xdeba, xolo meore SemTxvevaSi, 
svel mdgomareobaSi myofi grunti mcire 
dawolis drosac ki deformirdeba. mrudebis 
ordinatebs Soris gansxvavebebi (ab, a

*
b

*
, a

**
b

**
) 

gviCvenebs gansxvavebas liosiseburi qanis 
SemWidroebis xarisxSi bunebrivi tenianobisa da 
wyliT gajerebis pirobebSi. aqedan gamomdinare, 
aRniSnuli gansxvavebebis sidideebi qanis 
jdomadobis raodenobriv sazoms warmoadgens. 
kompresiaze cdis saSualebiT liosis jdoma-
dobis Sefaseba xdeba specialuri maCveneblis 
gamoangariSebiT, romelic axasiaTebs liosis 
jdomadobas wyalSi dasvelebis Semdeg. am 
maCvenebels fardobiTi jdomadoba ewodeba da 
gamoiTvleba formuliT: 
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                             j. 

0

21

1 






     

sadac  j.  -  fardobiTi jdomadobaa; 

1  - ip  datvirTvis qveS (nagebobis wona da 

zemoT ganlagebuli gruntis wona masSi 
arsebuli wylis wonis gaTvaliswinebiT) 
myofi bunebrivi tenianobis nimuSis 
forianobis koeficienti. gruntis nimuSs 
ara aqvs gverdiTi gafarToebis saSualeba; 

2 -  imave nimuSis forianobis koeficienti masSi 

wylis gatarebis Semdeg, rodesac 

SenarCunebulia igive ip  datvirTva; 

0 - bunebrivi tenianobis igive nimuSis 

forianobis koeficienti, rodesac gruntze 
ganviTarebulia bunebrivi datvirTvis 
toli datvirTva da amasTanave, gamoricx-
ulia gverdiTi gafarToebis SesaZlebloba. 

sxvaoba 21     warmoadgens forianobis 
koeficientis Semcirebis sidides wyalSi 
dasvelebis gavleniT, anu qanis 
SemWidroebis maCvenebels. zemoT mocemuli 
formula SeiZleba Semdegi saxiT CavweroT: 

 j. 

0

'

h

hh 
  

sadac ,h  'h  da 0h  Sesabamisad, im nimuSebis 

simaRleebia, romelTa forianobis koeficien-

tebia 1 , 2  da 0 . 
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unda aRiniSnos, rom xSir SemTxvevaSi 
laboratoriuli cdiT miRebuli jdomadobis 
sidideebi 5 – 10-jer da zogjer 25 – 30-jerac 
ki Camouvardeba nagebobaTa faqtobriv 
jdomadobas. es faqti eWvis qveS ayenebs 
laboratoriuli meTodebis gamoyenebas 
liosiseburi qanebis jdomadobis Sesafaseblad. 
aRniSnulis gamo, upiratesobas gamocdis 
savele meTodebs aZleven. am mizniT specialuri 
Stampebi gamoiyeneba. StampiT gruntis 
gamocdisas xelovnurad dasveleba xdeba iseTi 
dawolis pirobebSi, romelic tolia mSenebare 
nagebobis da saZirkvlis gruntze ganlagebuli 
qanebis wonebis jamisa. StampebiT gamocda 
bunebrivTan gacilebiT miaxloebul Sedegebs 
iZleva da amitom farTod gamoiyeneba 
sainJinro-geologiuri kvlevebis praqtikaSi. 
axali konstruqciis Stampebi aRWurvilia 
gazomvis Sedegebis avtomaturad Camweri 
mowyobilobiT, riTac samuSao mniSvnelovnad 
Cqardeba da iafdeba.  

liosisebur jdomad qanebze mSenebloba 
gansakuTrebuli profilaqtikuri RonisZiebebis 
gatarebas moiTxovs. daniSnulebis mixedviT es 
RonisZiebebi oTx jgufad SeiZleba daiyos: 

- RonisZiebebi, romelTa mizans Seadgens 
nagebobis fundamentis izolacia 
atmosferuli, gruntis da Camdinare 
wylebisagan; 

- RonisZiebebi, gruntis xelovnurad 
Semkvrivebis mizniT, rac SeiZleba 
ganxorcieldes winaswari datkepniT an 
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gruntis damuSavebiT qimiuri reagentebis 
saSualebiT; 

- TviT nagebobis konstruqciaSi SesaZlo 
araTanabari dajdomis gaTvaliswineba 
saimedoobis maRali koeficientiT; 

- SesaZleblobis SemTxvevaSi saZirkvlidan 
jdomadi gruntis mTlianad mocileba.  

 

3. Tixuri qanebis Semkvriveba tenianobis 
Semcirebis Sedegad 

gamoSrobis Sedegad Tixuri qanis 
moculobaSi Semcirebis process Sekleba 
ewodeba. am dros qanis zedapirze napralebi 
Cndeba, rasac miwis zedapiris erTgvari dawevac 
axlavs Tan. wvimian periodSi napralebi qreba 
da miwis zedapiric Tavis pirvandel mdgoma-
reobas ubrundeba. nagebobaTa fundamentis 
gruntis gamoSroba sxvadasxva mizeziT 
SeiZleba iyos ganpirobebuli, rogoricaa 
intensiuri aorTqleba, siTbos adgilobrivi 
xelovnuri wyaroebis, magaliTad, Rumelebis 
zemoqmedeba, mcenareTa mier wylis STanTqma an 
eleqtroosmosuri procesebi. saZirkvlis 
gruntis Seklebis sidide ar aris Tanabari 
nagebobis mTlian perimetrze, ris gamoc adgili 
aqvs fundamentis araTanabar dajdomas da 
kedlebze deformaciis bzarebis warmoqmnas. 
literaturaSi aRwerilia SemTxvevebi, rodesac 
Tixebis gamoSrobam da Seklebam nagebobebis 
seriozuli deformaciebi gamoiwvia. ase magali-
Tad, aSS-is q. kanzasSi orwliani gvalvebis 
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Sedegad sacxovrebeli saxlebis 65%-ma 
mniSvnelovani deformaciebi ganicada, xolo am 
movleniT miyenebulma zaralma 30 milioni 
dolari Seadgina. sakmaod xSirad Seklebis 
procesi mcenareTa fesvebis mier tenis 
SewovasTan aris dakavSirebuli. swored amis 
gamo, saxlebis deformaciis Tavidan asaci-
leblad, reglamentirebulia saxlidan xis 
minimaluri daSoreba, kerZod, es manZili ar 
unda iyos zrdadasrulebuli mcenaris 
simaRleze naklebi. 

 

nax. 28. naprali Senobis kedelze, 
romelic warmoiqmna mcenaris mier tenis 
STanTqmis mizeziT Tixis Seklebis 
Sedegad (j. kingis da d. krosvelis 
mixedviT) 

 

4. procesebi, romlebic dakavSirebulia 
qanebis moculobis gadidebasTan 

samSeneblo qvabulis amoRebis Sedegad 
qanze manamde arsebuli bunebrivi dawolis 
sidide mcirdeba, rasac moculobaSi mateba 
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mosdevs. cxadia, moculobaSi mateba Tixur 
qanSi Seudareblad ufro metia, vidre kldovan 
an naxevrad kldovan qanSi. am sididem 
pirvandeli moculobis 10% SeiZleba Seadginos, 
ris Sedegadac nagebobis fundamentze qvevidan 
zeviT mniSvnelovani dawola viTardeba. Tixuri 
qanebis SemTxvevaSi moculobaSi mateba mxolod 
drekadi deformaciis xarjze ar xdeba. 
ZiriTadi mizezi aris is, rom adgili aqvs 
fizikurad SekavSirebuli wylis apkis sisqis 
zrdas, anu struqturul-adsorbciul defor-
macias. am process sainJinro geologiaSi 
gajirjveba (sinonimi “burcva”) ewodeba. burcva 
aris gruntis mier garedan tenis Sewovis da 
gruntis struqturaSi   wylis molekulebis 
gadanawilebis Sedegi. Tu samSeneblo qvabulis 
fskeri burcvadi TixebiT aris warmodgenili, 
qvabulis fskeri maRla iwevs ramdenime 
milimetridan ramdenime aTeul santimetramde. 
am mizezis gamo, fundamentis mowyobamde saWiro 
xdeba qvabulidan burcvadi da gadazelili 
Tixis fenis mocileba. Tixis burcva droSi 
ramdenadme gawelili procesia, razec 
warmodgenas gvaZlevs qvemoT mocemuli grafiki. 

 



94 

 

 

nax. 29. Tixis nimuSis zedapiris aweva droSi 
Tixis burcvis Sedegad 

 

burcvis Sedegad aRiZvreba e.w. burcvis 
dawneva, romlis sidide Tixebis umravleso-
bisaTvis 1.5 – 2.0 kg/sm2 farglebSia, magram zog 
SemTxvevaSi SeiZleba 12-15 kg/sm2 miaRwios. Tu 
burcvis dawnevam gadaaWarba im dawolas, 
romlis qveSac imyofeba saZirkvlis grunti 
sakuTari simZimis Zalis da nagebobis wonis 
gavleniT, SeiZleba moxdes nagebobis aweva, 
romlis magaliTebic mravladaa samSeneblo 
praqtikaSi. burcvis Sedegad moculobaSi mateba 
araTanabrad ganawildeba fundamentis perimet-
rze, ris gamoc qvemodan ganviTarebuli dawo-
lis sididec araTanabaria, rasac saboloo 
angariSSi, nagebobis deformacia mosdevs. 

Tixuri qanis burcvis maCveneblis (Rb ) 
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gamoTvla Semdegi formuliT xdeba: 

0 1

100%
h

S
R

S
 



b
b   

sadac 

Sb  - nimuSis zedapiris awevis maqsimaluri 

sididea; 

0h  -  nimuSis Tavdapirveli simaRle; 

1S  - nimuSis zedapiris dajdoma bunebrivi 
tenianobis pirobebSi. 

burcvis maCveneblis sididem SeiZleba 15 – 20%-s 
miaRwios. am maCveneblis da im Sris simZlavris 
mixedviT, romlis farglebSic mosalodnelia 
burcvis gamovlineba, angariSoben nagebobis 
awevis mosalodnel sidides. 
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5. qanebis moculobis Secvla sufoziuri 
procesebis gavleniT 

zogadad sufozia ganixileba rogorc procesi 
moZravi nakadiT gruntis marcvlebis gamotanisa 
(meqanikuri sufozia) an qanebis gaxsnisa 
(qimiuri sufozia). 

5.1 meqanikuri sufozia im hidrodinamikuri 
dawnevis Sedegia, romelic qanSi filtraciis 
Sedegad aRiZvreba. cxadia, am SemTxvevaSi 
dawnevisa da nakadis mimarTulebis veqtorebi 

Tanxvdenilia. hidrodinamikuri dawnevis ( h.w. ) 

sidide gamoiTvleba formuliT: I  h.w. wy.            

sadac I  - dawnevis gradientia; 

wy. - wylis moculobiTi wona, g/sm3. 

qviSis forebidan myari nawilakebis 
gamotana araerTgvarovani granulometriuli 
Sedgenilobis qanidan ufro advilad xdeba. 
amisTvis saWiroa, rom nakadis faqtobrivma 
siCqarem gadaaWarbos e.w. kritikul siCqares, 
romlis sidide damokidebulia marcvlebis 
diametrze da qviSis wyobis simWidroveze. 
meqanikuri sufoziis dawyebamde zRvruli 
wonasworobis piroba Semdegi formuliT 

aisaxeba:  0 1
100

n
I   

 
    

 
kr. wy. wy. .  

am gamosaxulebidan Cans, rom Ikr 
ricxobrivad qviSis moculobiTi wonis tolia 
ativtivebul mdgomareobaSi, anu daaxloebiT 
erTis toli. im SemTxvevaSi, rodesac adgili 
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aqvs samSeneblo qvabulSi meqanikuri sufoziis 
Sedegad wyalTan erTad myari nawilakebis 
intensiur Semotanas, wylis amotumbva uSualod 
qvabulidan dauSvebelia, radganac amotumbvis 
Sedegad hidravlikuri qanobis sidide izrdeba 
da sufoziis procesi ufro aqtiuri xdeba.  

 

5.2 qimiuri sufozia (karsti) 

akad. f. savarenskis ganmartebiT cneba 
karsti gulisxmobs movlenebs, romlebic 
dakavSirebulia miwisqveSa wylebis geologiur 
moqmedebasTan da gamoixateba xsnadi qanebis 
(kirqvebi, dolomitebi, TabaSiri) gamotutvaSi 
da am qanebSi sicarieleebis (arxebi, gamoqvabu-
lebi) warmoqmnaSi, rasac Tan axlavs reliefSi 
karstuli formebis (Zabrebi, Rrmulebi) ganviTa-
reba. umetes SemTxvevaSi karstis ganviTareba 
araxelsayrelia teritoriis samSeneblo da 
sameurneo aTvisebisaTvis, agreTve sasargeblo 
wiaRiseulis sabadoebis damuSavebisaTvis. 
xsnadobis xarisxis mixedviT qanebis Semdegi 
ZiriTadi jgufebi gamoiyofa: 

- karbonatebi (kirqvebi, dolomiti); 
- TabaSiri da anhidriti;  
- haloidebi (natriumis, kaliumisa da 

magniumis qloridebi). 

am marilebis xsnadoba sxvadasxva faqtor-
zea damokidebuli, maT Soris, wylis temperatu-
raze. magaliTad, qvamarilis da kalcitis xsna-
doba temperaturis zrdasTan erTad izrdeba, 
xolo anhidritis da TabaSiris xsnadoba 
matulobs mxolod 350C temperaturamde, romlis 
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zeviTac am marilebis xsnadoba klebulobs. 
garda xsnadobisa, karstis warmoqmnasa da 
Semdgom ganviTarebaSi did rols TamaSobs 
qanebis wyalSeRwevadoba. rac ufro metad 
napralovania qani, miT ufro xelsayreli 
pirobebia karstis ganviTarebisTvis. zogadad, 
karbonatebi wyalSi cudad ixsneba, kerZod, 
kalcitis xsnadoba 0.013 g/l Seadgens. meore 
mxriv, karstuli procesi umetesad swored 
karbonatuli qanebisaTvis, saxeldobr, kirqve-
bisTvis aris damaxasiaTebeli. am, erTi 
SexedviT paradoqsis axsna imaSi mdgomareobs, 
rom karbonatuli qanebi farTod aris gavrce-
lebuli miwis qerqSi da zedapirze, xolo 
procesi geologiuri drois xangrZlivobisaa, 
romlis ganmavlobaSic miwisqveSa wyali xsnis 
karbonatul qans. gaxsnis procesi 
gansakuTrebiT intensiuria im SemTxvevaSi, 
rodesac miwisqveSa wyali Seicavs e.w. agresiul 
naxSirmJavas, romelsac Znelad xsnadi 
karbonatuli forma advilad gadahyavs xsnad 
bikarbonatul formaSi Semdegi reaqciis 

mixedviT: 23223 )(HCOCaCOOHCaCO   

karbonatuli qanebiT agebuli teritoriis 
sainJinro-geologiuri Sefasebisas Zalze 
mniSvnelovania karstuli procesis ganviTa-
rebis siCqaris gansazRvra. es sakiTxi jerje-
robiT kargad garkveuli ar aris. karstuli 
procesis ganviTarebis siCqare SeiZleba 
Sefasdes karstuli procesis aqtiurobis 
maCvenebliT, romelic ganisazRvreba formuliT: 
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%100
V

v
A  

sadac A -karstuli procesis aqtiurobis 
maCvenebelia; 

v  - 1000 wlis ganmavlobaSi gaxsnili qanis 
moculoba; 

V - karstvadi qanebis saerTo moculoba, 
romelic ganisazRvreba karstvadi qanebis 
gavrcelebis farTobisa da karstuli 
procesis ganviTarebis zonis simZlavris 
(sisqis) mixedviT. dadgenilia, rom 
karstuli procesis aqtiurobis maCvenebeli 
tolia: yirimSi - 0.08%, q. soWis SemogarenSi 
- 1.0%, Sua aziis gvalvian raionebSi – 
0.001%.  

karstuli procesis sawinaaRmdego Ronis-
Ziebebis SemuSaveba da gatareba Zalze rTuli 
amocanaa, magram amis miuxedavad, zogjer kars-
tul masivze mSenebloba gardauvalia. karstis 
sawinaaRmdego RonisZiebebidan aRsaniSnavia:  

- zedapiruli Camonadenis regulirebis da 
drenaJis mowyobis gziT karstuli masivis 
izoliacia zedapiruli da miwisqveSa 
wylebisgan; 

- nagebobaTa saZirkvlis gruntebis cementa-
cia, rac xorcieldeba specialur WaburRi-
lebSi cementis xsnaris CaWirxvniT, ris 
Sedegadac iqmneba wyalgaumtari barieri da 
imavdroulad izrdeba qanebis simtkice da 
monoliTuroba; 
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- saZirkvlis gruntebis bitumizacia, rome-
lic qmnis miwisqveSa wyalgaumtar bariers. 

mSeneblobisTvis gankuTvnili karstuli 
masivis sainJinro-geologiuri Seswavla moicavs 
samuSaoTa Semdeg ZiriTad saxeobebs: 

- adgilmdebareobis klimaturi pirobebis, 
mcenareuli safaris da hidrologiis 
Seswavla; 

- sainJinro-geologiuri agegmva; 

- saZiebo samuSaoebi – WaburRilebisa da 
Surfebis gayvana; 

- geofizikuri kvlevebi; 

- sacdeli samuSaoebi da reJimuli 
dakvirvebebi; 

- laboratoriuli kvlevebi. 

TiToeuli es sakiTxi specialuri ganxil-
vis sagania da Sesabamis literaturaSi aris 
gaSuqebuli.    

 

6. procesebi, romlebic qanebis ZvrasTan da 
gadaadgilebasTan aris dakavSirebuli 

am procesebidan SedarebiT vrclad ganvixi-
lavT mewyrebs, radganac saqarTvelos terito-
riisTvis damaxasiaTebeli rTuli, mTian-naoWa 
reliefis pirobebSi Camoyalibda Sesaferisi 
garemo sxvadasxva zomis mewyrebis Casaxvisa da 
ganviTarebisaTvis, romlebic farTodaa gavrce-
lebuli saqarTvelos saSualo da maRalmTian 
raionebSi.  
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mewyeri bunebis mrisxane movlenebis ricxvs 
miekuTvneba, romelic garda imisa, rom Zalian 
arTulebs nagebobebis mSeneblobis da eqsplua-
taciis pirobebs, xSirad katastrofis mizezi 
xdeba, rasac mniSvnelovani materialuri 
zarali da admianTa msxverlic ki mosdevs. amis 
magaliTebi Cvens sinamdvileSi mravladaa, 
Tundac e.w. ekomigrantebi, anu raWidan, 
svaneTidan da aWaridan mewyrebis mizeziT barSi 
gadmosaxlebuli mosaxleoba. 

mewyeri ewodeba qanebis masis moZraobas 
ferdobis gaswvriv, rac miwisqveSa da 
zedapiruli wylebis aqtiuri monawileobiT 
mimdinareobs. maSasadame, mewyeri gravitaciuli 
procesia da warmoiqmneba im SemTxvevaSi, 
rodesac arsebobs Seusabamoba ferdobis 
konfiguracias, daxrilobasa da am ferdobis 
amgebi qanebis Sedgenilobasa da fizikur 
mdgomareobas Soris. mewyris ganviTarebaSi 
ferdobis daxrilobis rolis gasarkvevad, 
sakmarisia ganvixiloT daxril sibrtyeze 
materialuri wertilis wonasworobis piroba. 

  

nax. 30. sxvadasxva kuTxiT daxril sibrtyeze 
materialuri wertilis wonasworobis piroba 
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meore SemTxveva mewyris warmoqmnisTvis 
ufro xelsayrelia, radganac ferdobis 
daxrilobis zrdasTan erTad ( 2> 1), simZimis 
Zalis ucvleli mniSvnelobisas (P ), mdgeneli 
T , romelic mimarTulia qveviT, ferdobis 
daxrilobis gaswvriv da muSaobs materialuri 

wertilis dacurebaze, izrdeba ( 2 1T T ). rodesac 

es mdgeneli gadaaWarbebs xaxunis Zalisa da 
normaluri mdgenelis sidideTa jams, iwyeba 
masis gadaadgileba ferdobis gaswvriv.  

sakuTriv mewyers axasiaTebs mowyvetili 
masis didi moculoba da srialis sibrtyis 
Rrma ganlageba. Camongrevisgan mewyeri imiT 
gansxvavdeba, rom pirveli myisieri procesia, 
xolo mewyeri xangrZlivi drois ganmavlobaSi 
viTardeba, „emzadeba“ da Semdeg katastrofuli 
siCqariT mimdinareobs. zogadad, mewyruli 
ferdobis agebulebaze da mewyris Semadgenel 
elementebze warmodgenas gvaZlevs qvemoT 
mocemuli sqema.  

 
nax. 31. mewyruli ferdobis sqema: 1–ferdobis 
Tavdapirveli mdebareoba; 2–daurRveveli ferdobi; 3–
mewyruli sxeuli; 4–srialis zedapiri; 5–ukana nakeri; 6–
mewyris zeda safexuri; 7–mewyris sagebi; 8–wyaro  
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nax .32. rTuli mewyris sqema (e. Sanceris mixedviT) 

 
mowyvetis zedapiris ganlagebis da konfi-

guraciis dadgenas didi mniSvneloba aqvs 
mewyrebis Seswavlisas. Tu mowyvetis (srialis) 
sibrtye araRrma ganlagebisaa (5 m-mde), mas 
Surfebis saSualebiT daadgenen, xolo ufro 
Rrma ganlagebis SemTxvevaSi saWiro xdeba 
WaburRilebis gayvana. Mmewyruli ferdobisTvis 
damaxasiaTebelia Taviseburi reliefi, romel-
sac borcvovan-safexurisebri forma aqvs. 
amasTan, safexurebi ferdobis SigniT aris 
daxrili da erTgvar terasebs qmnis, romlebzec 
xSirad wvimis wyali grovdeba da mcire 
farTobis daWaobebul ubnebs warmoqmnis. 
mewyris calkeuli elementebis detaluri 
ganxilva scildeba winamdebare kursis mocu-
lobas, aRvniSnavT mxolod, rom mowyvetis 
sibrtyes umTavresad rkaluri moxazuloba 
axasiaTebs, ris gamoc misi proeqcia miwis 
zedapirze aseve rkaluri formisaa da mas 
mewyrul cirks uwodeben. mewyruli cirkis 
arseboba mewyris diagnostikis erT-erTi 
ZiriTadi saSualebaa. 
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mewyris gamomwvevi mizezebi Zalze mraval-
ferovania da sam mTavar jgufad iyofa: 

1) procesebi, romelTa zegavleniTac xdeba 
ferdobis formisa da simaRlis Secvla: 

-  eroziis bazisis cvalebadoba; 

- zRvis talRebisa da zedapiruli 
nakadebis damangreveli moqmedeba; 

-  ferdobze samSeneblo mizniT mowyobili 
Wrilebi da naxevarWrilebi. 

2) procesebi, romlebiTac gamowveulia 
ferdobis amgebi qanebis fizikur-meqanikuri 
Tvisebebis Secvla: 

- gamofitvis Sedegad qanebis fizikur-
meqanikuri Tvisebebis gauareseba; 

- wyalTan urTierTqmedebis mizeziT 
qanebis fizikur-meqanikuri Tvisebebis 
gauareseba;  

- miwis masebis ferdobze gadaadgilebis 
Sedegad qanebis fizikur-meqanikuri 
Tvisebebis gauareseba.  

3) ferdobze datvirTvis gazrdasTan 
dakavSirebuli procesebi: 

-  hidrodinamikuri dawneva; 

-  hidrostatikuri dawneva; 

-  xelovnuri mizezebiT gamowveuli maRali 
dinamikuri da statikuri datvirTvebi; 

-  seismuri biZgebi.    

   



105 

 

eroziis bazisis cvalebadoba dakavSire-
bulia zedapiruli nakadebis an zRvis 
geologiur moqmedebasTan, agreTve teqtonikur 
movlenebTan. eroziis bazisis dadablebisas 
simaRle ferdobis warbasa da Zirs Soris 
izrdeba, rac araxelsayreli faqtoria ferdo-
bis mdgradobis Sesustebis TvalsazrisiT. Tu 
eroziis bazisis dadablebas Tan axlavs 
ferdobis ZirSi wyalSemcveli Sris gaSiSvleba, 
filtraciis gradienti mkveTrad matulobs, 
izrdeba hidrodinamikuri dawneva, warmoiqmneba 
Sesaferisi pirobebi mewyris ganviTarebisTvis. 

zRvis talRebisa da zedapiruli nakadebis 
damangreveli moqmedeba vlindeba zRvis 
sanapiro zolSi da mdinareTa eroziuli 
xeobebis farglebSi, agreTve atmosferuli 
naleqebis intensiuri gamoyofis ubnebze. am 
sakiTxze mogvianebiT SevCerdebiT mewyer-
sawinaaRmdego RonisZiebebis ganxilvisas.  

xelovnuri Wrilebi da naxevarWrilebi,  
romlebsac samSeneblo mizniT awyoben 
ferdobis ZirSi, xSirad ferdobis wonas-
worobis darRvevis da mobilur mdgomareobaSi 
gadasvlis mizezi xdeba. amitom, Wrilis 
daniSnulebisa da zomebisagan gamomdinare, 
aucilebelia axlad warmoqmnili xelovnuri 
ferdobis mdgradobis winaswari gaangariSeba, 
raTa ferdobis daxrilobis faqtobrivma kuTxem 
optimalur sidides ar gadaaWarbos.  

 

qanebis fizikur-meqanikuri Tvisebebi maT 
bunebriv mdgomareobaze aris damokidebuli. 
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gamofitvas Tan sdevs qanis mTlianobis 
darRveva, napralebis warmoqmna, meoradi 
mineralebis warmoqmna, Sesabamisad meqanikuri 
da fizikuri Tvisebebis mkveTri daqveiTeba 
sawyis deda-qanTan SedarebiT. cnobilia, rom 
plagioklazebis qimiuri gamofitvis Sedegad 
Tixuri mineralebi warmoiqmneba, xolo Tixuri 
masa xelsayreli garemoa mewyris Casaxvisa da 
ganviTarebisaTvis. plagioklazis qimiuri 
gamofitva Semdegi tipuri reaqciis mixedviT 
mimdinareobs: 

    38104422822 )( CaCOOHOSiAlCOOHOSiAlCa    

anorTiti                   kaoliniti 

 

rogorc vxedavT, mkvrivi anorTitis gamo-
fitvis Sedegad warmoiqmneba fxvieri, miwisebri 
masis Tixuri minerali kaoliniti.  

wyalTan gruntis urTierTqmedebis Sedegad 
am ukanasknelis tenianoba matulobs, ris gamoc 
grunti SeiZleba denad plastikur mdgoma-
reobaSi gadavides; xaxunis Zala mkveTrad 
klebulobs, paralelurad izrdeba ferdobze 
simZimis Zala tenis momatebis xarjze, ris 
gamoc SeiZleba adgili hqondes mewyris 
warmoqmnas.  

gruntebis fizikur-meqanikuri Tvisebebis 
gauareseba xdeba agreTve ferdobis gaswvriv 
miwis masis gadaadgilebis Sedegad. Tu ferdobi 
ukve imyofeboda mobilur mdgomareobaSi, maSin 
misi amgebi gruntebis fizikuri da meqanikuri 
Tvisebebi gauaresebulia, rac xSirad mewyris 
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warmoqmnis mizezad gvevlineba. aqedan gamom-
dinare, samSeneblo samuSaoebis warmoeba Zvel, 
stabilizirebul mewyrul ferdobebze gansa-
kuTrebul yuradRebas da profilaqtikuri 
RonisZiebebis gatarebas  moiTxovs. 

gruntebis fizikur – meqanikuri Tvisebebis 
gauaresebis erT-erT mizezad qimiuri sufoziis 
procesi gvevlineba, romelic sakmao detalu-
robiT aris ganxiluli karstuli movlenebis 
daxasiaTebisas.  

ferdobze hidrodinamikuri dawneva im 
SemTxvevaSi viTardeba, rodesac arsebobs 
miwisqveSa nakadi, romlis moZraobis mimar-
Tuleba ferdobis daxrilobas emTxveva. cxadia, 
rac ufro didia filtraciis siCqare, miT ufro 
maRalia dawnevis gradienti. hidrostatikuri 
dawneva forebsa da sicarieleebSi arsebuli 
wylis gravitaciuli Zalis moqmedebiT 
viTardeba. aqedan gamomdinare, rac ufro 
maRalia ferdobis amgebi gruntis gatenianebis 
xarisxi, miT ufro maRalia hidrostatikuri 
dawneva.  

ferdobze xelovnuri dinamikuri da 
statikuri datvirTvebi xSirad mewyris 
warmoqmnis mizezi xdeba. amitom, SedarebiT 
naklebad mdgrad ferdobebze warbasTan axlos 
mSenebloba rekomendebuli ar aris (statikuri 
datvirTva), gansakuTrebiT im SemTxvevaSi, Tu 
obieqtis eqspluatacia gaTvaliswinebulia 
vibraciis reJimSi (dinamikuri datvirTva).  

zemoT ganxilul sxvadasxva mizezebs 
Soris mewyris warmoqmnaSi erT-erTi umniSvne-
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lovanesia seismuri biZgi, romlis moqmedeba 
ferdobze sqematurad SeiZleba Semdegnairad 
gamovsaxoT.  

 
nax. 33. seismuri biZgis zemoqmedeba ferdobze  

 

ferdobis romelime abc moculobaze ori 
ZiriTadi Zala moqmedebs: simZimis Zala mgP   

da seismuri biZgis Sedegad aRZruli Zala 
maQ  ,  

sadac m  - abc moculobaSi moqceuli qanis 
masaa; 

g - simZimis Zalis aCqareba; 

a - seismuri talRis aCqareba. 

mocemul SemTxvevaSi ferdobze masis Zvris 
intensiuroba damokidebulia R  tolqmedis 
sididesa da mimarTulebaze. amis miuxedavad, 
miwisZvra yovelTvis rodi gvevlineba mewyris 
warmomqnel mizezad. procesi ZiriTadad damoki-
debulia imaze, Tu rogoria Q  Zalis mimarTu-
leba da wlis romel sezonSi moxda miwisZvra, 
anu rogori iyo im periodSi ferdobis 
bunebrivi mdgomareoba.  
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6.1 mewyruli procesis dinamika 

mewyris warmoqmna da ganviTareba bevrad 
aris damokidebuli ferdobze ganlagebuli 
Tixuri gruntis mdgomareobaze. procesi inten-
siurad mimdinareobs maSin, rodesac gruntis 
konsistencia denadobis zRvars uaxlovdeba. 
laboratoriaSi kumSvadobaze Tixuri gruntis 
gamocda dafuZnebulia im principze, rom nimuSi 
moqceulia metalur salteSi da vertikaluri 
datvirTvis ganviTarebisas gverdiT gafar-
Toebas adgili ar aqvs. Tu am SemTxvevas, buneb-
riv pirobebs SevadarebT, unda vigulisxmoT, 
rom Sreebi ganlagebulia horizontalurad da 
miuxedavad datvirTvis sididisa, susti Sris 
gamownexva ar xdeba. gruntebis meqanikaSi am 
mdgomareobas ganixilaven, rogorc hidros-
tatikur wonasworobas, romlis ilustracias 
qvemoT mocemuli naxazi warmoadgens:  

 
nax. 34. hidrostatikuri wonasworobis piroba 

hidrostatikuri wonasworobis piroba 

gamoisaxeba tolobiT: 321     

sadac 1  - mTavari vertikaluri datvirTvaa; 

xolo 2  da 3  Sesabamisad gvedriTi daZabu-
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lobebia. imis mixedviT, Tu rogoria ZiriTad 
daZabulobebs Soris Tanafardoba, gruntis 
deformacia sxvadasxvagvarad mimdinareobs. 
sailustraciod ganvixiloT sqema.  

 
nax. 34. gruntis deformacia  

sxvadasxva daZabulobebis dros 

 

pirveli mrudi asaxavs im SemTxvevas, 
rodesac mTavari vertikaluri datvirTva 
gawonasworebulia gverdiTi daZabulobebiT. 
grunti, ganicdis ra kumSvis deformacias 

garkveul 
1i  sididemde, gadadis stabilur 

mdgomareobaSi da miuxedavad vertikaluri 
datvirTvis gazrdisa, SekumSvas adgili aRar 
aqvs. meore SemTxvevaSi gverdiTi daZabulobebi 

ar arsebobs – e.i.  032  . amitom, vertika-

luri datvirTvis raime kritikuli sididis 
miRwevis Semdeg, deformacias uwveti xasiaTi 
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aqvs, anu iwyeba gruntis denadoba. zogadad, 
gverdiTi daZabulobebis Semcirebis kvalobaze 
qanis simtkice kumSvaze mkveTrad mcirdeba. 
gruntebis meqanikidan cnobilia, rom qanis 
zRvrulad daZabul mdgomareobas asaxavs 

toloba: C221  , sadac 1  da 2  Sesaba-
misad mTavari, vertikaluri da gverdiTi 
daZabulobebia, C  - SeWidulobis Zala. aqedan 
gamomdinare, miRebulia mdgradobis koeficie-

ntis sidide, romelic tolia: 1 2

2
K

C

 
mdg. . 

aRniSnuli tolobis mixedviT iTvleba, rom 
grunti imyofeba mdgrad mdgomareobaSi, 

rodesac 1K mdg. ; zRvrulad wonasworul 

mdgomareobaSi, rodesac 1K mdg.  da grunti 

aramdgradia, rodesac 1K mdg. . aRniSnul 

sakiTxs davubrundebiT mewyruli ferdobis 
mdgradobis gaangariSebis meTodebis 
ganxilvisas.  

bunebriv pirobebSi, horizontaluri 
reliefis SemTxvevaSi SeiZleba davuSvaT, rom 
vertikaluri datvirTva mTlianad aris 
kompensirebuli gverdiTi daZabulobiT da 
grunti, ubralod rom vTqvaT, versad 
gamoiwnexeba. meore SemTxvevaSi, Tu reliefi 
bunebrivad uswormasworoa an es uswormas-
woroba xelovnurad aris Seqmnili, ferdobis 
mxridan gverdiTi daZabuloba mcirdeba da 
Sesabamisad, gruntis gamownexvis albaToba 
matulobs, rac sabolood mewyris warmoqmniT 
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unda dasruldes. ganvixiloT vertikaluri 
ferdobi. 

 
nax. 36. vertikaluri ferdobis wonasworobis piroba 

 

cxadia, amgvari ferdobi mdgradobas 
inarCunebs garkveul kritikul simaRlemde, 
romelsac vertikaluri datvirTvis esa Tu is 
sidide Seesabameba. rodesac ferdobis faqtob-
rivi simaRle kritikul zRvars gadaaWarbebs 

h hfaqt. krit. , moxdeba Camongreva, romelsac Tan 

axlavs ferdobis ZirSi plastikuri qanebis 
gamownexva, ris Sedegadac gamownexvis damaxa-
siaTebeli zvinulebi warmoiqmneba.  
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nax. 37. gamownexvis zvinulebi vertikaluri  
ferdobis CamoSlisas 

Tu ferdobis daxris kuTxe 0
90  , is 

SeiZleba ganvixiloT, rogorc ori nawilisagan 
Sedgenili: abd  da dbc .  

 
nax. 38. mdgradoba mitvirTvis gavleniT 

 

meore nawili vertikalur datvirTvas 
anviTarebs, maSin rodesac pirveli nawili, 
warmoadgens ra ferdobze erTgvar mitvirTvas, 
amcirebs da akompensirebs vertikalur 
datvirTvas. cxadia, rac ufro mcirea ferdobis 
daxris kuTxe ( ), miT metia mitvirTvis masa da 
miT ufro mdgradia ferdobi.  

Tixuri gruntebis zemoT ganxiluli 
deformacia klasificirdeba, rogorc meqani-
kuri denadoba. bunebaSi gvxvdeba agreTve 
fizikur-qimiuri denadoba, romelic weliwadis 
sezonebis mixedviT gruntis perioduli 
dasvelebis da gamoSrobis Sedegs warmoadgens. 
zogjer gruntis fizikur-meqanikuri Tvisebebis 
amgvari perioduli cvalebadoba sakmao 
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siRrmeze aRwevs da mewyruli procesis 
ganviTarebas ganapirobebs.  
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6.2 mewyrebis klasifikacia 

mewyrebis warmomqneli mizezebis mraval-
ferovneba, im mizezebisa, romlebic am uaRresad 
araxelsayreli movlenis winaaRmdeg brZolis 
praqtikul RonisZiebebs gansazRvravs, mewyrebis 
klasifikacias Zalze arTulebs. am sakiTxs 
bevri gamoCenili mkvlevari swavlobda - 
a.pavlovi, f. savarenski, i. popovi, v. priklonski 
da sxvebi. Sesabamisad, mewyrebis bevri 
klasifikacia arsebobs. zogierTi  maTgani 
SedarebiT detaluria da iTvaliswinebs 
erToblivad ramdenime damaxasiaTebel niSans, 
sxvebi naklebad detaluria da dafuZnebulia 
erTi an ori mTavari niSan-Tvisebis gaTvalis-
winebaze. erT-erT nimuSad ganvixiloT 
profesor f. savarenskis farTod gavrcelebuli 
klasifikacia, romlis mixedviTac mewyrebi 
agebulebis da srialis sibrtyis konfiguraciis 
mixedviT aris dayofili. am klasifikaciaSi 
gamoyofilia mewyrebis sami ZiriTadi tipi: 

- aseqventuri ewodeba mewyers, romelic 
erTgvarovan qanebSi warmoiqmneba.  

 
nax. 39. aseqventuri mewyeri 
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am jgufis mewyrebis srialis zedapirs 
uTanabreben cikloidurs an wriul-cilind-
ruls. srialis zedapiris forma da mimarTule-
ba ferdobis konfiguraciaze da ferdobis 
amgebi qanebis winaRobis unarze aris 
damokidebuli. aseqventuri mewyrebis magaliTad 
SeiZleba ganvixiloT e.w. konsistenturi 
mewyeri, romelic warmoiqmneba Tixuri qanebiT 
agebuli ferdobis darbilebiT wyalTan 
urTierTqmedebis Sedegad.  

- konseqventurs miekuTvneba iseTi mewyrebi, 
romelTa sriali ama Tu im procesiT winaswar 
momzadebuli zedapiris gaswvriv xdeba, 
magaliTad, ori sxvadasxvagvari Sris gamyof 
zedapirze. 

 
nax. 40. konseqventuri mewyeri 

 

sxva SemTxvevaSi sriali SeiZleba 
ganviTardes danapralebuli zonis gaswvriv  an 
im zedapiris gaswvriv, romelic erTmaneTisgan 
deluviur safars da ZiriTad qanebs gamoyofs. 
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nax. 41. konseqventuri mewyris sxvadasxva tipebi 

 

- inseqventuri ewodeba mewyers, romlis 
srialis zedapiri qanebis daSrevebis sibrtyeebs 
hkveTs.  

 
nax. 42. inseqventuri mewyeri 

 

aRsaniSnavia, rom mxolod kerZo niSan-
Tvisebis gaTvaliswineba ar aris sakmarisi 
winapiroba saimisod, rom davsaxoT mewyris 
sawinaaRmdego efeqturi RonisZiebebi. aseT 
SemTxvevebSi aucilebeli moTxovnaa mewyruli 
ubnis kompleqsurad Seswavla, romelic garda 
srialis zedapiris Taviseburebisa bevr sxva 
bunebriv faqtors iTvaliswinebs.  
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6.3 mewyruli ferdobebis da xelovnuri 
ferdoebis mdgradobis gaangariSeba 

mewyruli ferdobis mdgradobis 
Sefasebisas aucilebelia im mravalferovani 
mizezebis gaTvaliswineba, romlebic mewyris 
warmoqmnas ganapirobebs. mdgradobis Sefaseba 
kompleqsuri samuSaoa, romelic dafuZnebulia 
iseTi faqtorebis Seswavlaze, rogoricaa 
ferdobis morfologia, mewyris agebuleba 
(struqtura), ferdobis amgebi qanebis 
gawylovaneba da maTi fizikur-meqanikuri 
Tvisebebi, Tanafardoba mZvrel da Semakavebel 
daZabulobebs Soris da a.S. es ukanaskneli 
faqtori ganmsazRvrelia mewyruli ferdobis 
mdgradobis SefasebaSi. Semakavebel da mZvrel 
daZabulobebs Soris fardobas mdgradobis 
koeficienti ewodeba, romelic Semdegi 

formuliT gamoiTvleba: 





displ

sRe , sadac  sRe
- 

srialis zedapirze arsebuli Semakavebeli 
daZabulobebis jamia (resistance – winaaRmdegoba);   

 displ - imave zedapirze mZvreli daZabuloebis 

jami (displacement – Zvra). 

ganvixiloT mewyruli ferdobis 
mdgradobis saangariSo tipuri sqemebi.  

konseqventuri mewyris SemTxvevaSi (nax. 43) 
ferdobs mdgradobis piroba gamoixateba 
Semdegi gantolebiT: T Ntg CL    

sadac T  - mewyris amgebi qanebis saerTo 
wonis ( P ) is mdgenelia, romelic muSaobs 
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ferdobis dacurebaze, anu mewyris warmoqmnaze - 
sinT P   ; 

N - qanebis simZimis Zalis is mdgeneli, 
romelic muSaobs mewyris wonasworobis 
SenarCunebaze - cosN P   ; 

tg f   - qanebis Siga xaxunis koeficienti; 

C - qanis kuTri SeWiduloba; 

L  - I-I srialis zedapiris sigrZe; 

  - srialis zedapiris daxriloba; 

 
nax. 43. Srialis brtyeli zedapiris SemTxvevaSi 

mewyris saangariSo sqema 
a – saangariSo geologiuri Wrili;  

b – mewyruli ubnis gegma 

angariSi sruldeba ara mewyris mTliani 
moculobisTvis, aramed qanebis 1 m siganis 
zolisTvis, romelic gamoyofilia geologiur 
Wrilze. geologiuri Wrilis mixedviT 
ganisazRvreba farTobi S  (m2), misi Sesabamisi 
moculoba V  (m3) da am sidideebidan gamomdinare 
angariSoben masivis gamoyofili zolis wolas: 
P V   , sadac V  gamoyofili masivis 
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moculobaa - 1V S   (m3),   - mewyris amgebi 

qanebis simkvrive (t/m3).  

Semdeg angariSoben T  da N  mdgenelebis 
sidideebs da Caweren wonasworobis pirobas 
ferdobis mdgradobis koeficientis 

gamosaTvlelad: 
Ntg CL

T





   

aq sam SemTxvevas arCeven: 
- 1   - ferdobi imyofeba zRvruli 

wonasworobis pirobebSi; 
-  1   - ferdobi stabiluria; 

- 1   - ferdobi mobiluria, warmoiqmneba 
mewyeri.  

srialis zedapiris wriul-cilindruli 
moxazulobisas mewyruli ferdobis mdgradobas 
angariSoben aseqventuri da nawilobriv 
inseqventuri mewyrebis SemTxvevaSi, radganac am 
dros srialis zedapirs Cazneqili, pirobiTad 
wriul-cilindruli forma aqvs (nax. 44). 

 
nax. 44. srialis zedapiris Cazneqili wriul-cilindruli 

formis SemTxvevaSi mewyris saangariSo sqema 
I-I, I-II – srialis zedapirebi  
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aRniSnuli tipis mewyrebis SemTxvevaSi 
srialis zedapiri fiqsirdeba ori wertiliT:  

- zeda, romelic mdebareobs mowyvetis 
sibrtyis dasawyisSi; 

- qveda, romelic mdebareobs mewyris ZirSi. 

am or wertils Soris srialis zedapiris 
konfiguracia ganisazRvreba interpolaciis 
meTodiT garkveuli sigrZis radiusiT rkalis 
Semoxazvis gziT.  

 
nax. 45. TiToeuli blokis farglebSi srialis 
zedapiris daxris kuTxis saangariSo sqema 

 

am SemTxvevaSic angariSi warmoebs masivis 1 
metri siganis zolisTvis. imis gamo, rom I-I 
srialis zedapirs sxvadasxva ubanze sxvadasxva 
daxriloba aqvs, geologiur Wrilze masivs 
dahyofen blokebad – 1; 2; 3; ..., i  im angariSiT, 
rom TiToeuli blokis sigane daaxloebiT 
toli iyos 0.1R . amis Semdeg ganisazRvreba 
TiToeuli blokis farTobi ( S ), moculoba (V ) 
da wona (P ). TiToeuli blokis simZimis 
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centridan (nax. 45) gaavleben perpendikulars 
srialis zedapirisadmi da gadakveTis wertilSi 
atareben mxebs, romlis daxris kuTxe 
axasiaTebs srialis zedapiris daxrilobas 
TiToeuli blokis farglebSi. am kuTxis 

gamoTvla SeiZleba gamosaxulebidan: sin
x

R
  , 

sadac R - srialis zedapiris radiusia, x  - 

manZili, perpendikularis srialis zedapirTan 
dagakveTis wertilidan vertikalur radiusamde. 
gansazRvraven I-I srialis zedapiris sigrZes ( L ) 

da simZimis Zalis mdgenelebs 
1 2 3, , , ... iN N N N  da 

1 2 3, , , ... iT T T T  TiToeuli blokisaTvis. srialis 

zedapiris sigrZis gamoTvla SeiZleba agreTve 

formuliT: 
180

L R


    , sadac   - centraluri 

kuTxea (nax. 44). Semdeg Seadgenen mewyruli 
masivis wonasworobis gantolebas da 
gamoTvlian mdgradobis koeficientis sidides: 

i

i

f N CL

T






. rogorc nax. 44-dan Cans, srialis 

zedapiri 1; 2 da 3 blokebis farglebSi 
daxrilia ferdobis sawinaaRmdego 
mimarTulebiT. Sesabamisad, es blokebi 
ewinaaRmdegeba danarCeni blokebis Zvras anu 
mewyris warmoqmnas. amitom, wonasworobis 

gantolebis Sedgenis dros Zalebs 
1 2 3, ,N N N  da 

1 2 3, ,T T T  iReben minusi niSniT, xolo Zalebis 

jamTa gamoTvlis dros 
iN  da 

iT  iyeneben 

jamTa Sekrebis algebrul meTods. mdgradobis 
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koeficientis gamoTvlili sididis mixedviT, 
zemoT aRniSnuli piroba ZalaSi rCeba. 

6.4 ferdobebis mdgradobis Sefaseba saavtomobilo gzis 
vakisis mowyobasTan dakavSirebiT 

xelovnuri ferdoebis mowyobisas iseT ubnebze, 
sadac safari deluviuri Tixnari gruntebis simZlavre 10 
– 15 m-s aRwevs, bunebrivi ferdobebis, agreTve arsebuli 
da saproeqto ferdoebis mdgradobis SefasebisTvis 
aucilebelia movaxdinoT mewyris warmoqmnis prognozi. 
saavtomobilo gzis vakisis mowyobisas gadamwyveti mniSv-
neloba aqvs ferdoebis daxrilobis da simaRlis 
optimaluri sididis gansazRvras, raTa uzrunvelyofil 
iyos maTi mdgradoba da trasis eqspluataciis usafr-
Txoeba. yvela naxseneb SemTxvevaSi mewyeri jer ar 
aRZrula, magram igi SeiZleba warmoiqmnas sagzao samu-
Saoebis Catarebisas, an trasis eqspluataciiis procesSi, 
Tu srulad ar aris gaTvaliswinebuli bunebrivi da 
anTropogenuri faqtorebis zegavlena. aRniSnulis 
sailustraciod qvemoT moyvanilia praqtikuli magaliTi. 

saqarTvelos samxedro gzis trasaze arc Tu iSvia-
Tad gvxvdeba ubnebi, sadac ZiriTadi qanebi gadafarulia 
10 – 15 m sisqis deluviuri safariT, romelic stabilu-
robas inarCunebs mxolod bunebrivi wonasworobis piro-
bebSi da swrafad gadadis mobilur mdgomareobaSi 
mSeneblobasTan dakavSirebuli Wrilebis an naxevarWri-
lebis mowyobis SemTxvevaSi. konkretulad, gansaxilveli 
ferdobis frontis sigane daaxloebiT 60 m-ia; mdgrado-
bis Sesaswavlad Catarda gruntebis siRrmuli dasinjva 
ZiriTadi meqanikuri maxasiaTeblebis gansazRvris mizniT. 
ferdobis simaRle 50 m-mdea, xolo daqaneba 200 – 250-is 
farglebSi icvleba.  

erT romelime gamonamuSevarSi aRebuli nimuSis la-
boratoriuli SeswavliT dadgenili meqanikuri maxasia-
Teblebi axasiaTebs masivis mdgomareobas mxolod nimu-
Sis aRebis wertilSi da araviTar SemTxvevaSi ar gamod-
geba mdgradobis pirobebis Sesafaseblad mocemuli masi-
visaTvis mTlianad. am faqtTan aris dakavSirebuli Siga 
xaxunis kuTxisa ( ) da kuTri SeWidulobis ( c ), rogorc 
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nagebobaTa daproeqtebis da mSeneblobis sayrdeni parame-
trebis, normatiuli da saangariSo maCveneblebis maTema-
tikuri statistikiT damuSavebis aucilebloba. H  

mas Semdeg, rac xelTa gvaqvs  , c  saangariSo sidi-

deebi, gamovTvliT ferdobis kritikul simaRles Semdegi 

formuliT: 
 

c
H

tg tg  


 
kr. . Tavis mxriv, Hkr.  amosa-

vali parametria saavtomobilo gzis vakisis mowyobasTan 
dakavSirebiT mdgradi ferdobis prognozisTvis. sxva 
sityvebiT rom vTqvaT, ganvsazRvroT ferdobis ra simaR-
leze unda moewyos vakisi zeda ferdos mocemuli daxri-
lobis SemTxvevaSi, rom SenarCunebuli iyos ferdobis 
stabiluroba. am  SemTxvevis grafikuli asaxva mocemulia 
sqemaze. 

 
nax. 46. ferdos optimaluri daxrilobis 

damokidebuleba kritikul simaRleze 

 

cxadia, damokidebuleba ferdos daxrilobasa da 
mis kritikul simaRles Soris erT-erTi umniSvnelovanesi 
gasaTvaliswinebeli faqtoria ferdobebze ama Tu im 
saxis sainJinro nagebobebis mSeneblobisas. 

zog SemTxvevaSi SeiZleba wamoiWras sakiTxi piruku 
gaangariSebis saWiroebisa, kerZod, ferdobis winaswar 

SerCeuli kritikuli simaRlis ( Hkr. ) pirobebSi, ra sidi-

dis kuTxiT unda ganxorcieldes ferdobis CamoWra, raTa 
xelovnurma ferdom SeinarCunos mdgradoba nagebobis 
saeqspluatacio vadis ganmavlobaSi. sailustraciod 
ganvixiloT romelime SesaZlo SemTxveva. 
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vTqvaT, winaswar gvaqvs gansazRvruli vakisis mow-
yoba ferdobis im nawilze, saidanac vertikaluri manZi-

li Txemamde Seadgens 30H  m. 

ferdobis CamoWris dasaSvebi kuTxis gamoTvlisas 

viyenebT formulas: )(
H

c
tgarctg





 .  

mdgradobis Sefasebis zemoT aRwerili xerxi aris 
aucilebeli, magram arasakmarisi piroba ferdobis 
stabilurobis SesanarCuneblad. ra Tqma unda, 
srulfasovani prognozisaTvis aucilebelia mravali sxva 
faqtoris gaTvaliswineba, rogoricaa mcenareuli safaris 
arseboba-ararseboba, ferdobis amgebi gruntebis 
wyalSemcveloba da filtraciuli Tvisebebi, 
hidrodinamikuri dawneva, dinamiuri datvirTvebi 
ferdobze da a.S.  
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6.5 mewyersawinaaRmdego RonisZiebebi 

mewyersawinaaRmdego RonisZiebebis dasaxva 
da maTi praqtikaSi gatareba rTuli sainJinro 
amocanaa, radganac dakavSirebulia im mraval-
ricxovan da mravalferovan mizezebTan, 
romlebic am process warmoqmnis. saerTod, 
mewyersawinaaRmdego RonisZiebebis dasaxva 
mewyris aqtiurobis gaTvaliswinebiT xdeba. am 
mxriv moqmed da umoqmedo mewyrebs arCeven. 
umoqmedo mewyrebze siZvelis gamo, moZraobis 
kvali ar SeiniSneba, radganac is waSlilia 
atmosferuli wylebis zemoqmedebiT. amis miuxe-
davad, didia imis albaToba, rom xelovnurad 
CamoWris mizeziT amgvari ferdobi moZrav 
mdgomareobaSi gadavides. moqmed mewyrebze 
aucilebelia mewyersawinaaRmdego RonisZiebebis 
gatareba, romelTa SerCeva mewyris warmoqmnis 
konkretul mizezze aris damokidebuli. mewyris 
winaaRmdeg brZolis xerxebi or jgufad 
SeiZleba daiyos: pasiuri da aqtiuri 
RonisZiebebi. 

pasiuri brZola profilaqtikur RonisZie-
bebs gulisxmobs, romlebic ama Tu im sainJinro 
saqmianobas krZalavs. ase magaliTad, akrZalu-
lia mewyruli ferdobis CamoWra, mewyerze da 
mis warbasTan axlos mSenebloba, mewyruli 
zonis siaxloves afeTqebis da samTo samuSaoe-
bis warmoeba, ferdobze mcenareulobis gaCexva, 
nakveTebis morwyva da Camdinare wylebis 
ferdobze miSveba da a.S. 

aqtiur RonisZiebebs miekuTvneba mewyruli 
ferdobis amgebi gruntebis damagrebis mizniT 
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specialuri sainJinro nagebobebis mowyoba, 
romlebmac unda uzrunvelyos bunebrivi 
ferdobis an xelovnuri Wrilis ferdoebis 
mdgradoba. aRniSnul mravalgvar RonisZiebebs 
Soris ganvixiloT zogierTi ufro metad 
damaxasiaTebeli SemTxveva. 

imisTvis, rom SevamciroT ferdobis amgeb 
qanebSi arsebuli daZabuloba, mimarTaven 
ferdobis daxrilobis kuTxis Semcirebas. am 
mizniT xdeba miwis masebis xelovnurad 
gadanawileba. ferdobis zeda nawilSi moxsnil 
miwis masas gadaadgileben qveda nawilSi. es 
RonisZieba amcirebs ra ferdobze arsebuli 
daZabulobis gradients, aqtiurad ewinaaRm-
degeba zedapiridan raime siRrmeze ganlage-
buli aramdgradi qanebis gamownexvas.  

 
nax. 47. miwis masebis gadanawileba mewyrul ferdobze 

 

im SemTxvevaSi, rodesac ferdobis zeda 
nawilidan miwis masis mocileba SeuZlebelia, 
vTqvaT, nagebobis arsebobis gamo, maSin ferdo-
bis qveda nawilSi awyoben e.w. mitvirTvas, anu 
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sxva obieqtidan motanili miwis masis miyras 
ferdobis ZirSi, rac rig SemTxvevebSi qanebis 
gamownexvasTan brZolis radikalur RonisZiebas 
warmoadgens.  

 
nax. 48. mitvirTva mewyruli ferdobis ZirSi 

 

zedapiruli Camonadenis regulireba 
saWiroa im mizniT, rom SevamciroT an gamovri-
cxoT wvimis da Tovlis dnobis Sedegad war-
moqmnili wylebiT mewyrul ubanze ganviTareb-
uli gruntis Warbad gatenianebis SesaZleb-
loba, radganac tenianobis zrdas qanebis 
Zvrisadmi winaRobis Sesusteba mosdevs da amis 
Sedegad ferdobi mobiluri xdeba. amitom 
zedapiruli Camonadenis regulireba erT-erT 
ZiriTad profilaqtikur RonisZiebad iTvleba. 
Camonadenis regulirebis samuSaoTa kompleqsi 
calkeuli Tanmimdevruli operaciebisgan 
Sedgeba, rogoricaa: 

- mewyris da masTan mimdebare teritoriis 
planireba; 

- wyalsarini zedapiruli sistemis mowyoba; 
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- agromelioraciuli samuSaoebi. 

wyalsarini zedapiruli sistema ZiriTadad 
wyalsagdebi da samTo mimtacebeli arxebis 
erTobliobaa. amasTan, samTo arxi, romelic 
ferdobis zeda nawilSi ewyoba, miitacebs 
wvimis wylis udides nawils, xolo wyal-
sagdebi arxebis daniSnulebaa zedapiruli 
Camonadenis daubrkolebliv gayvana mewyruli 
ferdobis farglebs gareT. sqematurad 
aRniSnuli sistema Semdegnairad gamoisaxeba:  

 
nax. 49. mewyrul ferdobze zedapiruli  

Camonadenis regurireba 

 

zog SemTxvevaSi ferdobis mobilurobis 
gamomwvevi ZiriTadi mizezi aris miwisqveSa 
wylebis moqmedeba. am dros saukeTeso gadawyve-
taa miwisqveSa sadrenaJo arxebis (Stolnebis) 
mowyoba, romlebic gantvirTavs miwisqveSa 
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nakads ise, rom mas ar eqneba Sexeba ferdobis 
amgeb aramdgrad gruntTan.  

 
nax. 50. mewyrul ferdobze miwisqveSa wylebis drenaJi 

 

rigi RonisZiebebisa mimarTulia iqiT, rom 
Seakavos cocvisadmi midrekili miwis masebi. am 
mizniT mewyrul ubanze specialur betonis an 
rkina-betonis ximinjebs awyoben, romlebsac 
mewyris zedapirze Wadrakuli wesiT ganala-
geben, Tumca, es sakmaod ZviradRirebuli 
samuSaoa da SesaZleblobis farglebSi ximin-
jebs sarWebiT cvlian, romlebic ufro 
iaffasiani masalisgan mzaddeba da ufro ioli 
mosawyobia. sarWma unda gadakveTos srialis 
sibrtye da mdgrad qanSi CaRrmavdes. zeda 
nawili datamponaJebulia cximiani TixiT, raTa 
wyalma siRrmeSi qanebamde ver CaaRwios.  
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nax. 51. mewyruli ferdobis damagreba sarWebiT 

mewyrebTan brZolis radikalur Ronis-
Ziebad iTvleba sayrdeni kedlebis mowyoba. 
sayrdeni kedeli unda moTavsdes mewyruli 
ferdobis ZirSi an qveda nawilSi. imisTvis, rom 
miwis dacurebulma masam sayrdeni kedeli ar 
gadaayiraos, misi fundamenti srialis 
zedapiris qveviT aucileblad ZiriTad qans 
unda daeyrdnos. aseve aucilebelia drenaJis 
mowyoba kedlis zurgis mxridan.  

 
nax. 52. mewyersawinaaRmdego kapitaluri damcavi kedeli 
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winamdebare mokle kursis limitirebuli 
moculoba ar iZleva mewyersawinaaRmdego 
RonisZiebebis, agreTve mewyruli ubnebis 
Seswavlis sainJinro-geologiuri meTodebis 
Sesaxeb vrceli aRwerilobis SesaZleblobas. 
aRniSnuli sakiTxebis irgvliv dawvrilebiTi 
cnobebis moZieba specialur literaturaSi aris 
SesaZlebeli, romelTa dasaxeleba literatu-
ris TandarTul nusxaSi aris miTiTebuli. 
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Tavi IV. seismuri movlenebi da antiseismuri 

mSenebloba 

miwis qerqis nebismier moZraobas, romelic 
dedamiwis Sinagan energiasTan aris dakavSirebu-
li, miwisZvrebi ewodeba. warmoSobis pirobebis 
mixedviT miwisZvra SeiZleba iyos CaqceviTi, 
vulkanuri, teqtonikuri. 

CaqceviTi miwisZvra karbonatuli qanebis 
did masivebTan aris dakavSirebuli. am qanebSi 
moZravi miwisqveSa wyali qanebs xsnis, ris Sede-
gadac warmoiqmneba didi zomis sicarieleebi, 
napralebi, gamoqvabulebi. masivis bunebrivi 
wonasworoba irRveva. teritoriis geologiuri 
ganviTarebis garkveul etapze, masebis 
gravitaciuli gadanawilebis Sedegad, adgili 
aqvs zemoT ganlagebuli qanebis Caqcevas 
warmoqmnil sicarieleebSi. amgvari miwisZvrebi 
lokalizebulia konkretul ubnebze da Sesaba-
misad, safrTxes uqmnis mxolod am ubnebze 
dagegmil mSeneblobas an ukve arsebul nagebo-
bebs. magaliTisTvis SeiZleba davasaxeloT 
msxvili hidroteqnikuri nagebobebi, romlebic 
mZlavri karbonatuli wyebebis gavrcelebis 
ubnebze aris ganlagebuli. mosalodneli 
safrTxis Tavidan asacileblad, masivis mono-
liTurobis SenarCunebis mizniT, saWiro xdeba 
didi moculobis dacementebis samuSaoebis 
Sesruleba, rogorc am RonisZiebas mimarTavdnen 
engurhesis kaSxlis da saderivacio gvirabis 
mSeneblobis dros. 

vulkanuri miwisZvra vulkanis amofrqve-
vasTan aris dakavSirebuli da vulkanuri 
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aqtivobis sawyis etapze vlindeba. gavrcelebis 
SezRuduli arealis gamo, vulkanuri miwis-
Zvrebis praqtikuli mniSvneloba didi ar aris. 

damangreveli Zalis miwisZvrebis katego-
rias teqtonikuri miwisZvra miekuTvneba, rome-
lic miwis qerqis msxvili blokebis erTmaneTis 
mimarT swrafi da mniSvnelovani gadaadgilebis 
Sedegad aRiZvreba. am dros ramdenime wamis 
ganmavlobaSi kolosaluri kinetikuri energiis 
gamoTavisufleba xdeba, rac miwisZvris daman-
grevel Zalas ganapirobebs. 

miwisZvris Casaxva garkveul siRrmeze 
xdeba, romelic ramdenime aseuli metridan 
ramdenime aseul kilometramde SeiZleba 
icvlebodes. amasTan, rac ufro Rrmad aris 
ganlagebuli miwisZvris fokusi anu kera, miT 
metia misi damangreveli Zala. miwis qerqis 
siRrmeSi miwisZvris Casaxvis adgils hipocentri 
ewodeba, xolo misi proeqcia dedamiwis 
zedapirze epicentrs warmoadgens.  

 
nax. 53. miwisZvris hipocentri da epicentri 

 

hipocentrSi qarmoqmnili biZgi koncentru-
li wreebis saxiT yvela mimarTulebiT vrcel-
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deba da e.w. seismur talRebs warmoqmnis. seis-
muri talRa SeiZleba iyos grZivi da ganivi, 
amasTan, grZivi talRis siCqare 1.7-jer aRemateba 
ganivi talRis siCqares. grZivi talRis 
gavlisas qanis myari nawilakebis rxeviTi 
moZraoba talRis gavrcelebis sibrtyeSi xdeba, 
xolo ganivi talRis SemTxvevaSi, misi gavrce-
lebis perpendikularul sibrtyeSi. seismuri 
talRis siCqare qanis simkvrivis proporciulia. 
magaliTad, granitsa da sxva mkvriv magmur 
qanebSi 5 7v   km/wm (daaxloebiT pirveli 
kosmosuri siCqare), qviSaqvebsa da kirqvebSi – 
2.5 5.0 km/wm, TixebSi – 1.1 1.8  km/wm da a.S. 
miwisZvris Casaxvasa da ganviTarebaSi SeiZleba 
sami ZiriTadi faza gamovyoT: 

 
nax. 54. miwisZvris fazebi 

I -  SedarebiT susti biZgebis sawyisi faza; II -maqsimaluri 
amplitudis rxevebis faza; III - milevadi rxevebis faza. 

 

miwisZvrebis Semswavlel mecnierebas 
seismologia ewodeba. miwisZvris dafiqsireba 
specialuri xelsawyoTi – seismografiT xdeba, 
romelic maTematikuri qanqaras principze 
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muSaobs. miwisZvris Zala seismuri talRis 
aCqarebaze aris damokidebuli, romelic Semdegi 

formuliT gamoiTvleba: 
2

2

4
a A

T


 , sadac a -

seismuri talRis aCqarebaa, A  - rxevis 
amplituda, T  - rxevis periodi.    

 
nax. 55. damokidebubleba miwisZvris rxevis  

periodsa da amplitudas Soris 

 

ama Tu im raionis seismurobis dasaxasia-
Teblad Semotanilia seismurobis koeficientis 

cneba 
a

K
g

s , sadac g  simZimis Zalis aCqarebaa.  

seismurobis koeficientis (Ks ) sididis 

mixedviT, gamoiyofa raionebi, sadac ama Tu im 
Zalis miwisZvra aris mosalodneli. am mizniT 
ageben seismuri daraionebis rukebs, romlebzec 
Caketili izoxazebiT Semokonturebulia teri-
toriebi balebSi gamoxatuli miwisZvris mosa-
lodneli ZaliT, seismurobis koeficientis 
sxvadasxva sidideebis mixedviT. magaliTad, 
kavkasiis regionisTvis miwisZvrebis mosalod-
neli Zala 7-dan 9 balis farglebSi icvleba. 
saqarTveloSi seismurad yvelaze aqtiuri 
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regioni javaxeTis mTianeTia, 9-baliani mosa-
lodneli miwisZvrebiT. Cveni dedaqalaqis 
mikroseismuri daraionebis rukaze 7-dan 9 
balamde siZlieris miwisZvrebis ubnebi aris 
gamoyofili, rac sxvadasxva bunebrivi faqtore-
bis (geologiuri agebuleba, hidrogeologiuri 
pirobebi da sxv.) erTobliobaze  aris 
damokidebuli. 

miwisZvris mizeziT gamowveuli dazianebis 
xarisxi, garda uSualod miwisZvris siZlierisa, 
bevrad aris damokidebuli nagebobis tipze. 
SedarebiT naklebad miwisqveSa nagebobebi – 
rezervuarebi, gvirabebi, Webi ziandeba, rac imiT 
aixsneba, rom maTSi aRZruli inerciuli Zalebi 
garemomcvel grunts gadaecema da amiT TviT 
nagebobaze daZabuloba mcirdeba. miwiszeda 
SenobebSi yvelaze naklebad saZirkveli 
ziandeba. Tu Senoba mkvriv gruntze aris 
dafuZnebuli, fundamenti, rogorc wesi, mTeli 
rCeba, Tundac Zalze Zlieri miwisZvris drosac 
ki. am mxriv, SenobaSi susti adgilebia kuTxeebi 
da kedlebis gadakveTebi. amitom nagebobebis 
ngrevis mTavari mizezi kedlebis Camongrevaa. 
nagebobaTa konstruqciebSi aRZruli daZabulo-
bebis sidide seismuri rxevebiT gamowveuli 
inerciuli Zalebis intensiurobaze aris damo-
kidebuli. amis gamo, samSeneblo konstruqciebis 
seismomedegobis gaangariSeba damyarebulia 
inerciuli Zalebis sididis gamoTvlaze Sem-

degi formulis mixedviT: P K G s s ,  

sadac G  - nagebobis wonaa; 
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Ks  - seismurobis koeficienti; 

  -  koeficienti, romelic axasiaTebs gruntis 
zegavlenas inerciuli Zalebis sidideze;   

Ks  da   sidideebis dadgena standartuli 

cxrilebis gamoyenebiT aris SesaZlebeli. 

 
miwisZvris 

Zala 
(balebSi) 

seismuri 
aCqareba, 
mm/wm2 

seismurobis 
koeficientis 

( Ks ) sidide,  

1-6 25-100 < 1/100 
7-8 100-500 1/40 – 1/20 
9 500-1000 1/10 
10 1000-5000 1/10 – 1/2 

 
gruntis saxeoba  -is 

sidide 
kldovani qani 0.5 
naxevrad kldovani qani 0.75 
mkvrivi Tixa, msxvilnatexovani 
grunti, kenWnari 

1.0 

mSrali morenuli grunti 1.5 
mSrali qviSuri grunti 1.75 
wyliT gajerebuli qviSuri, 
qviSrobi, Tixnari, plastikuri 
Tixuri gruntebi 

2.0 

 

miwisZvris dros Zalze saxifaToa rezonan-
sis movlena, rodesac seismuri rxevebis perio-
di nagebobis sakuTari rxevebis periods 
emTxveva. am SemTxvevaSi inerciuli Zalebi ram-
denjerme izrdeba, rasac xSirad katastrofa 
mosdevs.  
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seismurad aqtiuri raionebis farglebSi 
nagebobaTa daproeqtebisadmi da mSeneblobisad-
mi umTavresi moTxovna aris samSeneblo 
konstruqciebSi miwisZvris mosalodneli 
siZlieris gaTvaliswineba. didi mniSvneloba 
aqvs samSeneblo masalis sworad SerCevas. 
saxeldobr, antiseismuri mSeneblobis praqti-
kiT dasabuTebulia, rom maRlivi mSeneblobisas 
yvelaze saimedo konstruqcia aris rkina-betoni. 
SesaniSnavi antiseismuri TvisebebiT xasiaTdeba 
xis konstruqciebi. imisaTvis, rom Senobebs da 
nagebobebs saWiro seismuri mdgradoba gaaCndes, 
sxvadasxvagvari arqiteqturul-saproeqto da 
konstruqciuli RonisZiebebi xorcieldeba, 
romlebic nagebobaTa sivrcobriv urTierT-
kavSirs, sixistes da mdgradobas uzrunvel-
yofs. am mizniT gamoiyeneba xisti karkasebi, 
CarCoebi, kontrforsebi, agreTve specialuri 
antiseismuri sartylebi. gadamwyveti 
mniSvneloba aqvs saZirkvlis gruntis sworad 
SerCevas. SedarebiT naklebad sayuradReboa, 
magram angariSgasawevia Senobebis fasadebis 
orientireba, did qalaqebSi quCebis da 
moednebis zomebis dacva da a.S. nagebobis 
konstruqciaSi seismurobis erTi baliT 
gazrdac ki, did materialur da finansur 
danaxarjebTan aris dakavSirebuli, amitom am 
RonisZiebas mxolod gansakuTrebuli mniSvne-
lobis da pasuxsagebi nagebobebis mSeneblo-
bisas mimarTaven. 
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Tavi V. samTo wneva, qanebis da dedamiwis 

zedapiris daZvra 

sxvadasxva tipis da daniSnulebis miwis-
qveSa nagebobebis mSeneblobisas erT-erT 
ZiriTad amocanas samTo gamonamuSevrebis 
saxuravis da keedlebis mdgradobis gaangari-
Seba warmoadgens. gamonamuSevris gayvanisas am 
amocanis gadaWra qanebis daZabuli mdgomareo-
bis, anu samTo wnevis gansazRvrasTan aris 
dakavSirebuli.  

samTo wnevis erT-erTi mniSvnelovani 
gamovlineba aris qanebis gadaadgileba gamomu-
Savebuli sivrcis Tavze, rasac literaturaSi 
qanebis daZvras uwodeben. zogjer qanebis 
daZvra dedamiwis zedapiramde aRwevs da maSin 
termini - dedamiwis zedapiris daZvra gamoi-
yeneba. arc Tu iSviaTad masivis daZabuli 
mdgomareoba aRemateba qanebis simtkicis zRvars 
da maTi darRveva iwyeba. zogjer rRveva Zalian 
swrafad xdeba, afeTqebis msgavsad. am movlenas 
samTo dartyma ewodeba. samTo wnevebis mTavar 
mizezs zemoT ganlagebuli qanebis  simZimis 
Zala warmoadgens. samTo wnevis warmoqmna, 
garda amisa, SeiZleba dakavSirebuli iyos 
qanebis fizikuri mdgomareobis SecvlasTan 
(gajirjveba da Sekleba), temperaturis meryeo-
basTan, narCen teqtonikur daZabulobebTan da 
sxva mizezebTan.  

samTo wnevis sidide damokidebulia masivis 
geologiur agebulebaze da Tvisebebze, gamona-
muSevris ganlagebis siRrmeze, mis zomebze, 
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damuSavebis meTodze da sxva samTo-teqnikur 
faqtorebze.  

 

1. samTo wnevis sididis gansazRvra 

samTo saqmis ganviTarebis da gvirabebis 
mSeneblobis sawyis etapze varaudobdnen, rom 
samTo gamonamuSevari, ra siRrmezec ar unda 
iyos ganlagebuli, imyofeboda mis zemoT 
ganlagebuli qanebis wonis eqvivalenturi 
wnevis qveS. SemdgomSi gamocdilebam uCvena, rom 
gvirabis gayvana usafrTxod gacilebiT ufro 
did siRrmeebzec SeiZleboda. am movlenis 
asaxsnelad wamoyenebul iqna hipoTezebi 
bunebrivi wonasworobis Sesaxeb. hipoTeza 
daamuSava samTo wnevis Teoriis erT-erTma 
fuZemdebelma m. protodiakonovma. am hipoTezis 
mixedviT, gamomuSavebuli sivrcis Tavze 
bunebrivi wonasworobis TaRi warmoiqmneba, ro-
melsac parabolis forma aqvs. gamonamuSevris 
samagrze wneva tolia im qanis wonisa, romelic 
TaRis konturis SigniT aris moqceuli.  

 
nax. 56. wonasworobis TaRi gvirabis Tavze 
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amgvarad, saxuravis qanebis dawola 
samagrze gamonamuSevris sigrZis 1 metrze 
gadaangaariSebiT SeiZleba gamovTvaloT 

formuliT: 0
3

4
abP      

sadac, 
0 - qanis moculobiTi wonaa, t/m3; 

a  - gamonamuSevris malis naxevari, m; 

b  - bunebrivi wonasworobis TaRis simaRle.  
formulaSi Semavali b sidide, Tavis mxrv, 

ganisazRvreba formuliT 
a

b
f


kr.

 (Tu 

gamonamuSevris eqspluataciis dro erT 

wlamdea) da 
2a

b
f


kr

 (Tu gamonamuSevris 

eqspluataciis dro erT wels aRemateba).  

fkr  - simagris koeficientia (m. protodiakonovis 

mixedviT). 

qanebis liTlogiidan gamomdinare, simagris 
koeficientis sidideebi specialur cxrilSi 
aris mocemuli.  

Tanamedrove kvlevebma daadastura samTo 
wnevasa da saxuravis qanebis wonas Soris damo-
kidebulebis faqti, magram am damokidebulebas 
wrfivi forma ar aqvs.  

 

2. samTo wnevis da misgan gamowveuli 
deformaciebis gazomva 
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samTo gamonamuSevris saxuravis da 
kedlebis samTo wnevis mier gamowveuli 
absoluturi deformaciebis gazomva xdeba 
zusti markSeideruli xelsawyoebiT (niveli-
reba, poligonuri agegmva).  

saxuravis da fskeris fardobiTi 
gadaadgilebebis gazomva teleskopuri 
StangebiT xdeba, romlebic aRWurvilia 
milimetriani Skalis masStaburi saxazaviT. 
zogjer Stangaze mimagrebulia saaTis tipis 
indikatori an TviTCamweri, rac saSualebas 
iZleva CaviweroT qanebis gadaadgileba 
uwyvetliv.  

gamonamuSevris samagrze samTo wneviT 
gamowveuli dawola dinamometrebiT izomeba. 
konstruqciis da gamoyenebis pirobebis mixedviT 
dinamometrs aTavseben mudmivi an droebiTi 
samagris sayrdenis Tavze an mis ZirSi. 
dResdReobiT Seqmnilia sxvadasxva konstruq-
ciis meqanikuri, hidravlikuri da eleqtruli 
dinamometrebi, romelTa muSaobis principi da 
pirobebi specialur literaturaSi aris 
ganxiluli. imasTan dakavSirebiT, rom samTo 
wnevis gazomva rTulia da calkeuli faqto-
rebis gamoyofa SeuZlebelia, bolo xanebSi 
xSirad mimarTaven aRniSnuli movlenis 
modelirebas. ufro gavrcelebulia qanebis 
deformaciis da samTo wnevis Seswavla 
eqvivalenturi masalisgan damzadebul 
modelebze. 

 

3. qanebis daZvra 
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ganlagebis siRrmesTan SedarebiT samTo 
gamonamuSevris didi zomebis SemTxvevaSi 
qanebis deformacia ar Semoifargleba mxolod 
wonasworobis TaRiT, aramed vrceldeba saxura-
vis qanebis mTlian simZlavreze da xSirad 
dedamiwis zedapiramde aRwevs. am movlenas 
qanebis daZvra ewodeba. qanebis daZvris 
ZiriTadi saxeobebia: qanebis CaRunva, maTi 
Camoqceva, daZvra Sreobriobis sibrtyeze, 
sasargeblo wiaRiseulis da qanebis gamownexva 
da plastikuri denadoba. qanebis daZvris 
procesi gamonamuSevris Tavze ganlagebuli 
Sris CaRunviT iwyeba. Semdeg am procesSi 
TandaTan erTveba ufro da ufro zemoT ganla-
gebuli Sreebi. Tu es Sreebi arasakmarisad 
magaria, CaRunva swrafad aRwevs dedamiwis 
zedapirs, rasac axlavs Caqcevebi da dedamiwis 
zedapiris sxva deformaciebi. 

CaRunva SeiZleba xdebodes qanebis 
mTlianobis darRvevis gareSe an mTlianobis 
darRveviT. Sreebis mTlianoba im momentSi 
irRveva, rodesac gamWimavi da Runvis daZabu-
lobebi qanebis simtkicis zRvars aRemateba. am 
dros adgili aqvs lodebis da natexebis 
Camoqcevas gamonamuSevris saxuravidan. fenebis 
daxrili ganlagebisas aRiniSneba qanebis Zvra 
Sreobriobis sibrtyeebis gaswvriv. es movlena 
gansakuTrebiT mkafiod vlindeba, rodesac 
Sreebis daxris kuTxe 20-300 aRemateba. 

 

4. dedamiwis zedapiris daZvra 
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dedamiwis zedapiris daZvra maSin iwyeba, 
rodesac qanebis daZvra dedamiwis zedapirs 
miaRwevs. daZvris procesis formebi damokidebu-
lia: qanebis wolis pirobebze da agebulebaze, 
qanebis fizikur Tvisebebze, sabados 
damuSavebis siRrmeze, samTo-teqnikur pirobebze. 

horizontaluri an mcired daxrili 
Sreebis SemTxvevaSi dedamiwis zedapiris 
daZvris tipuri forma aris vertikaluri 
CaRunva, xolo cicabo daxris SemTxvevaSi – 
CaRunva qanebis horizontaluri Zvris 
TanxlebiT. 

 
 

nax. 57. CaRunvis mrudebi 
qanebis horizontaluri 
daZvrisas 

nax. 58. CaRunvis mrudebis 
Sreebis cicabod daxrisas 

1-CaRunvis mrudi; 2-
horizontaluri daZvris 
mrudi,  -daxris kuTxe 

 

cxadia, daZvris procesis ganviTarebaze 
did gavlenas axdens qanebis Tvisebebi da, 
pirvel rigSi, maTi simtkice da plastikuri 
deformaciis unari. aranakleb mniSvnelovania 
zemoT CamoTvlili sxva faqtorebis 
gaTvaliswineba. 
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dedamiwis zedapiris daZvris process Tan 
axlavs CaRunvis, SekumSvis, gaWimvis da daxris 
movlenebi. 

miwis zedapiris dajdomis (dawevis) 
maqsimaluri sidide 0.1-dan 0.9m  m-mde Seadgens, 
sadac m  - gamosamuSavebeli fenis simZlavrea.  

daZvris procesis mimdinareobaSi gamohyo-
fen saxifaTo deformaciebis periods, romlis 
drosac gamomuSavebuli sivrcis Tavze miwis 
zedapiris daZvris sidide weliwadSi 50 mm 
aRemateba. saxifaTo deformaciebis periodSi 
xSirad adgili aqvs zedapirze ganlagebuli 
Senoba-nagebobebis seriozul deformaciebs. 

daZvris procesis Sedegad dedamiwis 
zedapirze warmoiqmneba CaRunva, romelsac 
dajdomis mulda ewodeba.  

 
nax. 59. dajdomis muldis warmoqmna zedapiris sruli an 

arasruli damuSavebisas ( -daZvris kuTxe) 

 

dajdomis muldis zomebi, rogorc wesi, 
aRemateba budobis gamomuSavebuli nawilis 
farTobs, rac imiT aixsneba, rom adgili aqvs 
qanebis plastikur denadobas gamomuSavebuli 
sivrcis mimarTulebiT. 
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xazs, romelic erTmaneTTan aerTebs 
gamomuSavebuli sivrcis sazRvars saxifaTo 
daZvris zonis sazRvarTan, daZvris teqnikuri 
sazRvari ewodeba, xolo am xaziT horizontTan 
Sedgenil kuTxes – daZvris kuTxe (ix. nax. 59).  

d a s k v n a 

dabolos, daskvnis saxiT aRvniSnavT, rom 
sainJinro geologiis winamdebare mokle kursSi 
gadmocemuli masala odnavadac ver amowuravs 
im farTo asparezs, romelic Tanamedrove 
sainJinro-geologiis winaSe aris gadaSlili. 
xazgasasmelia is garemoeba, rom 
saqarTvelosTvis damaxasiaTebeli mcire 
teritoriis da rTuli reliefis pirobebSi 
axalgazrda specialistisTvis sainJinro 
geologiis urTules sakiTxebSi garkveva 
samSoblosTvis sasargeblo profesiuli 
saqmianobis aucilebeli winapirobaa. imeds 
vitovebT, rom es naSromi erTgvar gzamkvlevad 
gamoadgeba sainJinro profilis  momaval 
specialistebs sainJinro geologiis, rogorc 
uaRresad aqtualuri dargis, safuZvlebis  
dauflebaSi.  
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