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S e s a v a l i 

 
samTo samuSaoebi, Ria wesiT damuSavebis dros, 

didi sirTuliTa da TaviseburebebiT gamoirCeva, 

gansakuTrebiT, samuSaoTa siRrmis gazrdasTan 

erTad. Qqanebis masivi warmoadgens rTul garemos 

da sabados mdgomareoba damuSavebasTan erTad 

ganuwyvetliv icvleba drosa da sivrceSi. 

Ria damuSavebis dros qanebis masivSi adgili 

aqvs rig fizikur procesebs: Zabvebis gadana-
wilebas da qanebis deformaciebs, masivis geolo-
giuri struqturebis rRvevas, Camoqcevebs, Camozva-
vebebs, CamoSlebs, mewyrul movlenebs, uecar 

gamortyorcnebs, airgamoyofas, wylis gamoyofas, 

qanebis temperaturul cvlilebebs da sxva.          

zemoT xsenebuli movlenebis bunebis Seswav-

lasa da maT prognozirebas didi mniSvneloba 

eniWeba Ria damuSavebis dros. Ggarda amisa, didi 

mniSvneloba eniWeba miwiszeda gvirabebis, kari-
eris gverdebisa da nayaris mdgradobas maTze 

moqmedi samTo-geologiuri da samTo-teqnikuri 

faqtorebis gaTvaliსwinebiT: gverdebis xelovnu-
ri gamagrebisa da nayaris mdgradobis gazrdis 

meTodebs, karierebis daSrobisa da sakariero 

velebis drenaJis xerxebs da sxva. Aamitom, masivSi 

mimdinare procesebis Seswavla Zalze mniSvnelo-
vania samuSaoebis usafrTxoebisa da sabados 

eqspluataciis efeqturobis TvalsazrisiT. 
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masivsa da nayarSi qanebis mdgradobis, agreTve 

karieris daSrobisa da drenaJis sakiTxebi didi 

xania Seswavlisa da dakvirvebis sagania. dagro-
vilia didi masala da Catarebulia misi 

Teoriuli ganzogadeba, ramac samTo mecniereba da 

praqtika gaamdidra axali debulebebiT, Teori-
ebiT, hipotezebiTa da gaangariSebis meTodebiT. 

amasTan, Camoyalibda masivisa da nayaris mdgra-
dobis, karierebis daSrobisa da drenaJis mecni-
erulad dasabuTebuli gaangariSebis meTodebi da 

xerxebi. 

   winamdebare saxelmZRvaneloSi, `qanebis 

masivis mdgomareobis marTva Ria damuSavebis 

dros~, masala dalagebulia saswavlo programis 

mixedviT da igi gankuTvnilia `Ria samTo samuSa-
oebis~ specialobis bakalavrebisa da magistrante-
bisaTvis. 
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1. Qqanebis deformaciis formebi Ria 
damuSavebis dros 

1.1. saerTo cnobebi 
 

Ria damuSavebis dros masivis (nayaris) 

deformaciaSi vgulisxmobT misi pirveladi 

foრmis nebismieri saxiT cvlilebebs. arakldovan 

qanebsa da nayarSi deformacia iwyeba gvirabis 

formirebis Tanave misi eqspluataciis vadaSi. 

SeiZleba ganvasxvaoT uwyveti da wyvetili 

(cikluri) deformaciebi, romelTa drosac qanebis 

deformaciebi mimdinareobs, Sesabamisad, Tanabari 

da araTanabari siCqariT. Uuwyvet deformaciebs 

miekuTvneba: dajdoma, CamoSvaveba, sufozuri da 

zedapiruli Camonacuri. wyvetil anu ciklur 

deformaciebs - mewyeri.  

mewyruli cikli moicavs ferdis mosazRvre 

(momijnave) qanebis wonasworobis mdgomareobidan 

aramdgrad da Semdeg axali wonasworobis mdgoma-
reobaSi gadasvlis process. 

Ria damuSavebis dros gvirabi iTvleba 

mdgradad manam, sanam misi deformacia ar 

gadaaWarbebs dasaSveb normas, romlis drosac 

uzrunvelyofilia karieris normaluri eqsplu-
atacia. gvirabis (nayaris) mdgomareobis darRveva 

niSnavs misi normaluri eqspluataciis SeuZle-
blobas dasaSvebze meti sididis deformaciis 

gamo. 
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zemoT CamoTvlili deformaciebi ZiriTadad 

gamowveulia qanebis simZimis Zalis zegavleniT. 

arCeven deformaciebis horizontalur da 

vertikalur mdgenelebs; xSirad deformaciebi 

gamovlindeba napralebis saxiT, romlis siganis 

gazrdis mixedviT SeiZleba vimsjeloT misi 

gamovlinebis intensivobaze. Mmewyruli defo-
rmaciebis dros adgili aqvs qanebis daZvras rRve-
vis zedapiris gaswvriv. 

 

1.2.Qqanebis deformaciis Tvisebebi 
 

Ria damuSavebis dros qanebis deformaciis 

magaliTebis analizi gviCvenebs, rom SeiZleba 

ganvasxvaoT deformaciebis sami tipi, А - rodesac 
deformaciebs rRvevis zedapiri ar gaaCnia, Б -
rRvevis zedapiri nawilobriv an mTlianad ganpi-
robebulia qanebis ganlagebis pirobebiT, В - rRve-
vis zedapiri araa ganpirobebuli qanebis ganlage-
bis pirobebiT. TiToeuli es tipi daiyofa klase-
bad, xolo es ukanaskneli - qveklasebad. 

А - tipis deformaciebisaTvis damaxasiaTebelia 

rRvevis sibrtyeebis uqonloba.Aaq SeiZleba 

vilaparakoT mxolod deformaciis zonebze, Sesu-
stebis (rRvevis potencialuri zedapiri) sibrtye-
ebsa da zedapirebze. kontaqtur mewyrebSi SeiZle-
ba daemTxves teqtonikur rRvevebs, napralebs, 

daSrevebis sibrtyeebs da susti qanebisagan 

Sedgenil Sreebs.  
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А-tipis deformaciebi  (cxrili 1.1, sur. 1.1.) 

iyofa or klasad: sakuTriv dajdoma (А-I) da Camo-
Svaveba anu Camocureba (А-II). pirveli iyofa or 

qveklasad (А-I-а da А-I-б), xolo meore - oTx qve-
klasad (А-II-а, А-II-с, А-II-б, А-II-г)  

А-I-а qveklasis deformaciebSi adgili aqvs 

nayari qanebisa da karieris Ziris dajdomas. 

Ddajdomis sidide pirdapirproporciulia nayaris 

simaRlis, misi wonis, nayarisa da karieris Ziris 

qanebis simtkicis. samTo - geologiuri pirobebis 

mixedviT, dajdoma gamovlindeba sxvadas-

xvanairadMmcire (7-8 metri) simaRlis safexurebSi. 

kldovani Ziris SemTxvevaSi dajdoma xdeba 

gafxvierebuli qanebis bunebrivi Semkvrivebis 

xarjze. damTmobi Ziris SemTxvevaSi Semkvrivebul 

deformaciebs emateba sagebis dawevis sidide. 

amasTan, nayaris qanebis sxvadasxvaobis gamo, 

qanebis Semkvriveba da sagebis daweva xdeba 

araTanabrad. Ppirveli 2-3-jer aRemateba meores. 

qanebis Semkvrivebas xels uwyobs misi datenianeba, 

agreTve satransporto da sxva danadgarebisagan 

gamowveuli dinamikuri datvirTvebi. Tavdapirve-
lad nayaris Semkvriveba ar aRemateba misi simaR-

lis 4-7%-s, xolo xangrZlivi periodis ganmavlo-
baSi igi SeiZleba gaizardos 10-11%-mde.  
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Nsur. 1.1. Ria samTo gamonamuSevrebisa da nayaris 

deformaciis sqemebi: 
1. daxra deformaciamde;D2. daxra deformaciis Semdeg; 3. 
rRvevis zedapiri; 4. Tixa; 5. qviSa; 6. garegani datvirTva. 
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cxrili 1.1 

klasi qveklasi indeqsi 

  tipi A deformaciebs rRvevis zedapiri ar gaaCnia 

 
 

tipi A- I 
 

 
 
 
 

CamoSvaveba 

(Camocureba) 

- II 

_dajdoma (nayaris qanebisa 

da karieris Ziris); 
_dajdoma nayaris qveviT 

ganlagebuli qanebis 

ferdodan gamoWyletvis 

(gamoWirxvnis) Sedegad. 

_safexuris qanebis (nayaris) 

CamoSvaveba; 

_safexuris ferdze qanebis 

sufozuri CamoSvaveba; 

_qanebis zedapiruli 

CamoSvaveba maTi sanayaroSi 

moTavsebisas; 

_nayaris ZirSi qanebis 

CamoSvaveba. 

-I- а 
A 

-I- б 
 

 
 

-II- а 
 

-II- б 
 

-II- в 
 

-II-г 

 

qanebis araerTgvarovnebis gamo sanayaro 

frontis gaswvriv dajdoma xdeba araTanabrad. 

Nnayaris ZirSi Tixnari qanebis ganlagebis 

SemTxvevaSi maTi maRali deformaciebis, atmos-

feruli naleqebisa da miwisqveSa wylebis 

zegavleniT xdeba maTi gajirjveba da qanebi 

kargavs simagres. zemdebare qanebis wonis 

gavleniT xdeba maTi dajdoma da gamoWirxvna 

ferdosaken, romlis drosac xdeba Ziris 

deformireba (А-I-а) - zeda moednis dajdoma 

warbis maxloblad. zogjer SeiniSneba Zabrisebri 

formis Camoqceva, arcTu iSviaTad - gamoWirxvna. 
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qanebSi SeimCneva warbis paraleluri 1 m-de 

siRrmisa da 0,5 m siganis sakmaod mkafio 

napralebi Dmisi wyalSemcvelobis da nayaris 

Ziris ferdisaken daxris SemTxvevaSi, aseTi saxis 

deformaciebs SeiZleba adgili hqondes mcire (6-14 
m) simaRlis nayaris SemTxvevaSic. am saxis 

deformaciebi gvxvdeba sakmaod maRali (30-50 m) 

Siga nayaris drosac. gansakuTrebiT Warbi 

Tixovani qanebis (55-60%) SemTxvevaSi. 

nayaris mdgradobis darRvevis Tavidan asaci-
leblad SedarebiT efeqturad gvevlineba Semdegi 

RonisZiebebi: 

qveklasi А-I-а _ qanebis dajdomis Sesamcireb-

lad sanayaroze mizanSewonilia nayaris fuZeSi 

davyaroT kldovani qanebi. 

qveklasi А-I-б _ karieris fuZesTan dagrovebu-
li wylebis mocileba; xolo Tu nayars vqmniT 

erTCamCiani eqskavatoriT, mizanSewonilia qanis 

seleqciuri dayra. 

А-II-а klasis deformaciebi, e.w. CamoSvaveba 

(Camocureba), damokidebulia qanebis tipebsa da 

datenianebis xarisxze. Hhorizontaluri Zirisa da 

ferdos daxris SemTxvevaSi CamoSvavebis Sedegad 

Seiqmneba Zalze damreci ferdo. CamoSvavebis 

(Camocurebis) kuTxe izrdebaDdeformaciis proce-

sis siCqaris, nayaris Ziris daxris kuTxis Semci-

rebasa da qanebis simtkicis gazrdasTan erTad. 

gansakuTrebiT saSiSia  А-II-а da А-II-г qveklasis 

CamoSvaveba, romlebic iwveven manqana – danadgare-
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bisa da satransporto komunikaciebis avariebs da 

materialur-teqnikur zarals. CamoSvavebisaTvis 

damaxasiaTebelia misi uecari gamovlineba, 

gamafrTxilebeli niSnebis gareSe. Aam dros 

miwisqveSa wylebis done umetes SemTxvevaSi 

ganlagebulia nayaris Ziris zeviT. Ddeformacia 

iwyeba miwisqveSa wylebis kritikuli donis 

miRwevisas, romelic Seadgens nayaris simaRlis 

daaxloebiT 1:13-s, CamoSvavebis siCqare aRwevs 

ramdenime aseul metrs wuTSi. 

wvrilmarcvlovani qanis nayaris Camocurebis 

Tavidan acilebis mizniT, saWiroa nayarSi 

miwisqveSa wylebis donis sistematuri gazomva, 

xolo Tu misi simaRle miaRwevs kritikul 

zRvars, saWiroa wylis donis saswrafod daweva.  

sufozur CamoSvavebas (А-II-c) adgili aqvs 

karieris romelime nawilSi miwisqveSa wylebis 

donis dawevis dros, rodesac Seiqmneba e.w. 

hidravlikuri qanobi ferdosaken wylis gaJonvis 

zonidan gamoitaneba wvrilmarcvlovani qviSa da 

xdeba qveda qanebis zedapiris datenianeba, rac 

bunebrivad xels uwyobs deformaciis process. 

dawneviT miwisqveSa wylebis nakadis karieris 

samuSao bortis ferdoze gamosvlis dros xdeba 

masalis gamotana siRrmivi zonidan, rac SeiZleba 

gaxdes zedapiruli kompleqsebis stacionalur 

nagebobaTa avariis mizezi. Mmdgomareoba rTulde-

ba imiTac, rom procesis siRrmivi xasiaTis gamo 

Znelia deformaciis gamovlinebis adgilis gansa-
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zRvra. samuSao safexuris bortis CamoSvaveba 

(Camocureba) xdeba agreTve ferdos gaswvriv, 

wyliT gajerebuli izolirebuli linzebis 

gaxsnis SemTxvevaSi. aseTi deformaciis Tavidan 

acilebis erT-erT RonisZiebas warmoadgens 

amgvari linzebis drouli aRmoCena, rac 

SesaZlebelia radiotalRuri meTodis meSveobiT 

da misi imavdrouli amoSrobiT. 

zedapirul CamoSvavebas А-II-c adgili aqvs 

Tixis Semcveli daSrevebuli qanebis datenianebis 

SemTxvevaSi, uSualod ferdoze ganlagebuli 

Tovlis dnobis an wvimis dros, qanebis 

CamoSvaveba mimdinareobs SedarebiT nela da ar 

warmoadgens iseT saSiSroebas, rogorc А-II-a, А-II-
в da А-II-г qveklasis deformaciebis dros. aseTi 

tipis CamoSvavebas adgili aqvs qanebis maRali (40-

58%) tenianobis dros; amasTan, qanebis daferdebis 

kuTxe deformaciis Semdeg gacilebiT metia, vidre 

bunebrivi daferdebis kuTxe qviSaqvebSi. 

deformaciis Tavidan acilebis SedarebiT 

efeqturi RonisZiebebia qanebis amoSroba, zedapi-

ruli wylebisagan dacva da qanis seleqciuri 

dayra sanayaroSi. 

qanebis Camocureba nayaris ZirSi А-II-г analo-

giuria А-II-a qveklasis deformaciebis. Camocureba 

xdeba moulodnelad; miwisqveSa wylebis done 

ganlagebulia nayaris sagebSi misi Ziris qvemoT 3-

8m-ze. Camocurebul qanebSi iqmneba Rrmulebi, 

saidanac gamoedineba wyali. xelSemwyob faqtore-
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bad iTvleba rxevebi, romlebsac adgili aqvs 

vagonebis gaclisa da Semadgenlobis gadaadgi-

lebis dros, agreTve ferdoze ganlagebuli 

wylis hidrostatikuri wnevis gazrdaს. 
Б-III klasis mewyrebSi (cxrili 1.2, sur. 1.1) 

masisagan  mowyvetis sibrtye  emTxveva Sesustebis  

                                                              
cxrili 1.2 

klasi qveklasi indeqsi 

tipi В - rRvevis zedapiri mTlianad an nawilobriv 

ganpirobebulia qanebis ganlagebis pirobebiT 

kontaqturi 

mewyrebi, 

ganpirobebu-

lia 

Sesustebuli 

zedapiris 

safexuris 

(nayaris) 

zeda baqanze 

gamosvliT 

Б-III 

_Sesustebuli zedapiri gadis 

mxolod safexuris (nayaris) 

zeda baqanze; 

_Sesustebuli zedapiri gadis 

safexuris zeda baqansa da 

ferdoze; 

_Sesustebuli zedapiri gadis 

safexuris (bortis) zeda 

baqanze da ganlagebulia sageb 

qanebSi. 

Б-III-a 
 
 
Б-III-б 
 

 

Б-III-в 
 

safexurisa 

(nayaris) da 

Ziris 

koნtaqturi 
mewyerebi 

Б-IV 

_Sesustebuli zedapiri gadis 

safexuris (bortis) ferdoze 

qveda baqans zemoT; 

_Sesustebuli zedapiri gadis 

safexuris (nayaris) ferdoze 

mis qveda warbTan; 

_Sesustebuli zedapiri gadis 

sageb qanSi. 

Б-IV-a 
 

 

Б-IV-б 
 

 

Б-IV-в 
 

 

sibrtyes, radgan es ukanaskneli, rogorc wesi, 

gadakveTs safexuris an nayaris zeda baqans. 
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amasTan, aRniSnul klasebSic SeiZleba gamovyoT 

sami qveklasi: Б-III-a - Sesustebis zedapiri gamo-
dis mxolod safexuris (nayaris) zeda baqanze; Б-
III-б Sesustebis zedapiri gamodis zeda baqanze da 
safexuris ferdoze; Б-III-в - Sesustebis zedapiri 
gamodis safexuris zeda baqanze da ganlagdeba 

sagebi gverdis qanebSi. am saxis deformaciebis 

dros adgili aqvs Sesustebuli zonebis date-

nianebas, ferdos Tixovani qanebi iwyeben daSlas. 

sustdeba qanebis kontaqti, rac iwvevs maT defor-

macias. Mmewyers xels uwyobs agreTve Zveli 

miwisqveSa gvirabebis siaxlove ferdosTan axlos, 

xolo calkeul SemTxvevebSi mewyers xels uwyobs 

qanebis vibracia sxvadasxva sawarmoo procesis 

Sesrulebisas dros. xelSemwyob faqtorebad unda 

CaiTvalos qanebis gamofitva da temperaturis 

cvalebadoba. 

karieris bortis (safexuris) daxris kuTxis 

mdgradi mdgomareobis SenarCunebis SedarebiT 

efeqtur RonisZiebas warmoadgens daxris kuTxis 

swori SerCeva.  

Б-IV klasis mewyerebs adgili aqvs qanebis 

sxvadasxva pirobebSi ganlagebis dros. amasTan, 

safexuris masivSi, Sesustebuli zonebi (sibrtye-

ebi) upiratesad warmodgenilia Tixis Semcveli 

qanebiT. Mmewyris xelSemwyob faqtorebad gvevli-

neba qanebis datenianeba, ferdos didi simaRle da 

Zalze cicabi daqaneba, manqana - danadgarebis 

muSaobiT gamowveuli statikuri da dinamikuri 

15 
 



datvirTvebi, miwisqveSa samTo samuSaoebis zegav-

lena da sxva. 

deformaciis regulirebisa da aRmofxvris 

efeqturi RonisZiebebia: qanebis amoSroba, 

satransporto bermis zomebis swori SerCeva, 

samuSao frontis winwawevis siCqaris zrda, 

nayarSemqmneli agregatis mTel frontze muSaoba, 

nayaris seleqciuri dayra, Sida sanayaroze uaris 

Tqma da gare sanayaros Seqmnaze gadasvla da a.S. 

В-V klasis mewyrul movlenebs (cxrili 1.3, 

sur. 1.1.) adgili aqvs safexurebze, romlebzedac 

damontaJebulia, samTo da satransporto 

saSualebebi da `sufTa~ saxiT Zalze iSviaTad 

gvxvdeba Б-V-a.  
                                         

cxrili 1.3 

klasi qveklasi indeqsi 

tipi В rRvevis zedapiri ar aris ganpirobebuli 

qanebis ganlagebis pirobebiT 

safexuris 

(nayaris) da 

Ziris 

mewyerebi 

В-V 

_rRvevis zedapiri gadis 

safexuris (nayaris) ferdoSi, 

misi qveda baqnis (Ziris) 

zemoT; 

_rRvevis zedapiri gamodis 

safexuris (nayaris) ferdoSi 

mis qveda warbTan; 

_rRvevis zedapiri 

ganlagebulia sagebi gverdis 

qanebSi. 

В-V-a 
 

 

В-V-б 
 

 

В-V-в 
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В-V-б qveklasis mewyrebisaTvis damaxasiaTebe-

lia napralebi zeda warbis maxloblad, dajdoma 

da napralebi Cndeba mewyruli movlenebis 

dawyebamde ramdenime saaTiT an erT ori dRiT 

adre. rig SemTxvevebSi adgili agqvs miwisqveSa 

wylebis donis awevas. aseTi saxis mewyerma 

SeiZleba gamoiwvios adamianTa daRupva da manqana 

- danadgarebis avaria. mewyris mizezi SeiZleba 

Seiqmnas qanebis datenianeba, ferdos didi 

simaRle da cicabo kuTxe, stacionaluri da dიna-
mikuri datvirTvebi, Sesustebuli qanebi miwis-

qveSa gvirabebis arsebobis gamo, agreTve nayaris 

gadaadgilebis didi siCqare. 

deformaciebs didad uwyobs xels safexuris 

(nayaris) ZirSi mniSvnelovani odenobis Tixis Se-

mcveli qanebis arseboba. Aam dros adgili aqvs qa-

nebis gamoWirxvnas da safexuris dajdomas (В-V-в).  
deformaciebis Tavidan acilebis SedarebiT 

efeqtur RonisZiebas warmoadgens qanebis daSroba 

da ferdos dacva zedapiruli wylebisagan; 

damuSavebis sistemis elementebis Secvla 

(sanayaro frontis winwawevis siCqaris gazrda, 

sanayaroze qanis dayris Tanamimdevrobis Secvla); 

Sida sanayaros daSroba sadrenaJo arxebis 

gamoyenebiT da sxva.  
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1.3. qanebis deformaciis parametrebi 

 

masivisa da nayaris deformaciis geometriuli 

parametrebis dasaxasiaTeblad SemoRebulia 

Semdegi aRniSvnebi: samuSao fრონტის sigrZe - L, 
pirmodebis gani – b, gavrcelebis gani – B. defo-
rmaciebi xSirad napralebis saxiT vlindeba, 

romelTa maxasiaTeblebia: napralis simaRle – hn, 
napralis gaxsnis sigrZe – bn, (nax. 1.2). napralis 

ganfeniloba (sigrZe) - ln, napralis gaSlis siCqa-

ris mixedviT SeiZleba vimsjeloT ganviTarebadi 

deformaciis siCqareze droSi mis sawyis stadiaSi. 

napralis gaSlis sididis gazrdasTan erTad 

SeiZleba vimsjeloT mowyvetili blokis gada-

adgilebis siCqareze, romeliTac igi gamoeyofa 

ZiriTad masivs. 

mewyruli deformaciebi, rogorc wesi, xdeba 

rRvevis sibrtyis gaswvriv samuSao frontis 

marTobulad. Tu mdgradobis darRveva xdeba 

mcire frontze, maSin mniSvneloba eniWeba defor-

mirebuli zonis zomebsa da formas gegmaSi. 

deformaciebis ZiriTadi parametrebi calkeu-

li klasebis mixedviT moyvanilia 1.4. cxrilSi. 

rogorc cxrilidan Cans, deformaciebis ZiriTadi 

parametrebi icvleba metad did diapazonSi da 

praqtikulad raime kanonzomierebis dadgena 

SeuZlebelia.  
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Nnax. 1.2 safexuris deformaciisa da napralis 

geometriuli zomebiFFFF 
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-I 9-10 4-80 24-1500 6-54 1-80 35-37 0-8 

-II 3-600 2-1500 30-1000 7-80 1-32 16-80 0-7,5 

Б-III 12-120 50 120-1500 30-100 3-38 18-40 0-70 

Б-IV 3-111 10-500 25-800 10-100 1-16 8,5-85 0-80* 

В-V 4-60 5-150 60-400 10-90 1-29 12-75 0-55** 

                                 
SeniSvna: * - calkeul SemTxvevebSi sagebi gverdis qanebi 

daqanebulia damuSavebis sawinaaRmdego mimarTulebiT 8 

gardusamde; ** - igive 20 gradusamde. 

 

                

  

20 
 



2. qanebis deformaciaze moqmedi faqtorebi Ria 

damuSavebis dros 

2.1. saerTo cnobebi 

 

karierebis safexurebisa da bortebis mdgrado-

baze, rogorc cnobilia, moqmedebs mravali 

faqtori, romlebic SeiZleba gaerTiandes or jgu-

fSi - bunebrivsa da samTo-teqnikurSi (cxrili 2.1). 

pirveli jgufi mოicavs Semdeg faqtorebs: 

geologiurs (qanebis Semadgenloba, aRnagoba da 

bunebrivi Tvisebebi), hidrogeologiurs (karstebi, 

Sreebis sakontaqto sibrtyeebisa da struqturul 

aSlilobaTa gawylovaneba, qanebis masivSi 

wyalSemcveli horizontebis arseboba, zedapi-

ruli wylebi sakariero velიs farglebSi) da 

klimaturs (qanebis masivis temperaturuli reJimi, 

qarebis reJimi, haeris temperatura, atmosferuli 

naleqebis raodenoba). 

samTo-teqnikur jgufSi gaerTianebulia 

Semdegi faqtorebi: sakariero velis gaxsnis xerxi 

(gamxsneli gvirabebis daxra, gamxsneli gvirabebis 

mdebareoba karieris konturis mimarT, gamxsneli 

gvirabebis eqspluataciis xangrZlivoba), 

damuSavebis sistema da samTo samuSaobis reJimi 

(samTo samuSaoebis intensivoba, samTo samuSaoebis 

warmoebis mimarTuleba gegmasa da siRrmeSi), 

miwisqveSa gvirabebis arseboba (karieris 

mdebareoba miwisqveSa damuSavebis dros qanebis 

daZvris zonaSi, miwisqveSa masiuri afeTqebebis 
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zegavlena), nayarwarmoqmna (nayaris statikuri 

datvirTva, nayaris moTavseba gamomuSavebul 

sivrceSi), qanebis gafxvierebis xerxi (marTvadi 

Camoqceva, masiuri afeTqebis zegavlena), 

kompleqsuri meqanizaciis struqtura (samTo-

satransporto danadgarebis dinamikuri datvir-

Tvebi, safexuris ferdos forma), karieris geomet-

riuli parametrebi (karieris bortis profili, 

karieris bortis daxris kuTxe, karieris siRrme, 

karieris forma gegmaSi).  

yvela am faqtoris erToblioba ganapirobebs 

qanebis masivis mdgradobas Ria wesiT damuSavebis 

dros. savsebiT cxadia, rom maTi zegavlenis 

xarisxi da mxedvelobaSi misaRebi rekomendaciebi 

iqneba sruliad sxvadasxva. 

safexurisa da ferdos mdgradobis Sefasebis 

dros, Cveulebriv, xsnian or amocanas:  

1. gansazRvraven realurad arsebuli ferdos 

mdgradobis maragis koeficients garkveuli para-

metrebis (safexuris simaRlis _ H da ferdos 

daxris kuTxis _ α) dros. Fferdos zedapiris 

gantolebas eqneba saxe: α=ϕ(H).  
2. gansazRvraven raime abstraqtuli ferdos 

parametrebs. amasTan, miiReben maragis koefici-

entis garkveul sidides da parametrebs: αmdg an 

Hmdg. 
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cxrili 2.1 
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kariaris bortis mdgradobis ganmsazRvreli 

faqtorebi 

pirveli amocana daismeva damuSavebis 

romelime etapze (gaxsna, eqspluatacia, Caqroba), 

xolo meore _ axal sabadoze, karieris 

daproeqtebis dros.  

pirvel SemTxvevaSi Cven gagvaCnia informacia 

ferdosa da safexuris faqtobrivi mdgradobis 

Sesaxeb, qanebis struqturasa da simagreze da 

SegviZlia SevafasoT qanebis mdgradobaze moqmedi 

bunebrivi da samTo_teqnikuri faqtorebi konkre-

tul pirobebSi. 

meore SemTxvevaSi arsebiTad gamoiyeneba 

analogiuri xasiaTis masalebi. amitom,  ZiriTadi 

yuradReba unda daeTmos masivis meqanikur-maTema-

tikuri modelis SerCevas, maragis koeficients da 

sakuTriv saangariSo sqemas. 

savsebiT cxadia, rom aRniSnuli amocanebis 

gadawyvetis dros uaRresad didi mniSvneloba 

eniWeba zemoT CamoTvlil mravalricxovani buneb-

rivi da samTo_teqnikuri faqtorebis yovelmxriv 

da swor Sefasebas. 
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2.2. bunebrivi faqtorebis zegavlena qanebis 

mdgradobaze 

2.2.1. geologiuri faqtorebis zegavlena qanebis 

mdgradobaze 

 

qanebis mdgradobis kavSiri maT mineralogiur, 

qimiur da granulometriul SemadgenlobasTan, 

amJamad ZiriTadad fasdeba qanebis simagreze 

aRniSnuli faqtorebis zegavlenis xarisxis 

mixedviT. SeiZleba CaiTvalos, rom Tixovani 

qanebis Tvisebebi kontroldeba maTSi Tixovani 

masalis SemadgenlobiT da fardobiTi Semcve-

lobiT, qanSi araTixovani mineralebis Semadgen-

lobiTa da fardobiTi SemcvelobiT, organuli 

masalis raodenobiTa da tipiT, gacvliTi ionebi-

sa da xsnadi marilebis arsebobiT. 

Tixovani masalis simtkiceze gavlenas axdens 

misi Semadgenloba da Tixovani mineralebis 

fardobiTi Semcveloba. 

montmorilonituri Tixebis SemTxvevaSi wina-

Roba Zvraze icvleba gacvliTi kaTionebis Sema-

dgenlobaze damokidebulebiT, romlebic Tixebis 

Zvraze winaRobis zrdis xarisxis mixedviT 

ganlagebulia Semdegi TanmimdevrobiT: natriumi, 

kalciumi, alumini. amasTan, unda aRiniSnos, rom 

montmorilonituri Tixebi advilad Rebulobs 

wyals, advilad xdeba maTi gajirjveba da mcirde-

ba winaRoba Zvraze. maSin, rodesac kaoliniti 

Sedarebით Znelad Rebulobs wyals da, amasTan 
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dakavSirebiT, misi winaRoba Zvraze sxvadasxva 

tipis kaTionebis SemTxvevaSi metia. 

mineraluri Semadgenloba gansakuTrebiT 

mkveTrad moqmedebs kldovani qanebis simtkiceze. 

yvelaze mtkicea porfiritovani bazaltebi, 

romelSic didi raodenobiT gvxvdeba piroqseni da 

plagioklazebi. Ddidi raodenobiT vulkanuri 

minis Semadgenlobis bazaltebs Zalze dabali 

simtkice aqvs. 

qanebis mineralur Semadgenlobazea damokide-

buli agreTve maTi drekadoba. rogorc aRniSnaven 

mecnierebi, qanebis simagris maxasiaTeblebze maTi 

mineraluri Semadgenlobis gavlena aisaxeba Ziri-

Tadad meqanikurad, susti mineralebis upirates 

rRvevaSi, Tuki igi warmoadgens mineralebis 

ZiriTad Semadgenel nawils; agreTve im SemTxve-

vaSi, Tuki susti mineralebi asrulebs Semavseb-

lis rols ufro mtkice komponentebisaTvis. 

qanebis mdgradobaze mniSvnelovan zegavlenas 

axdens agreTve maTi struqtura, kerZod: qanebSi 

arsebuli napralebi, romlebic, erTi mxriv, zegav-

lenas axdenen maT simtkiceze, meore mxriv, xels 

uwyoben maT deformacias, rogorc anizotropiul, 

ise kvaziizotropiul garemoSi. 

bortis mdgradobis gansazRvris mizniT 

saWiroa ganvasxvaoT Semdegi maxasiaTeblebi:  

_ Siga xaxunis kuTxe ϕ da nimuSSi qanebis 

SeWiduloba; 
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_ Siga xaxunis kuTxe ϕ′ da qanebis SeWiduloba; 

Sesustebis zedapirze; 

_ Siga xaxunis kuTxe ϕ′′ da masivis SeWiduloba, 

rodesac  fenis Camoqcevis zedapiri ar 

emTxveva Sesustebis zedapirs. 

Siga xaxunis kuTxis sidide Sesustebis zeda-

pirze _ ϕ, damokidebulia ZiriTadad danapralia-

nebis zedapiris sisworis xarisxsa da Semavseblis 

Tvisebebze. 

kvlevebis safuZvelze rekomendebulia miviRoT 

Siga xaxunis kuTxis, ϕ′ -is Semdegi mniSvnelobebi:  

_ araswori da xorkliani zedapiris SemTxve-

vaSi 1-30_iT naklebia nimuSSi qanebis Siga 

xaxunis kuTxeze (ϕ); 
_ swori da xorkliani zedapiris SemTxvevaSi 5-

60_iT˚naklebia ϕ-ze;  
_ swori da kldovani zedapiris SemTxvevaSi (ϕ′) 

8-100_iT naklebia ϕ-ze. 
SeWidulobis sidide mTliani napralebis 

SemTxvevaSi Seadgens (0.02-0.05) C.  
Siga xaxunis kuTxe masivSi (ϕ′′), im mimarTule-

biT, romlebic ar emTxveva Sesustebis zedapirebs 

sakmao sizustiT (±2% farglebSi), SeiZleba gauv-

toloT nimuSis Siga xaxunis kuTxes (ϕ). 
masivSi SeWidulobis sidideze (C) zegavlenas 

axdens qanebis danapralianebis xarisxi da qanebis 

prizmis zomebi, romelTa deformaciac xdeba. misi 
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sidide SeiZleba ganvsazRvroT Semdegi empiriuli 

formuliT: 

𝐶𝐶`` = 𝜆𝜆𝜆𝜆 ; 
𝜆𝜆 = 1

1+𝑎𝑎𝑎𝑎𝐻𝐻𝐿𝐿
 , 

 

sadac: λ aris struqturuli Sesustebis 

koeficienti; 

       H - Camoqcevis prizmis simaRle, m; 

              L - qanebis struqturul blokebis zomebi 

anu danapralianebis intensivoba, m; 

a - monoliTSi qanebis danapralianebasa da 

sibrtyeze damokidebulebis koeficienti. 

   λ-s sidide meryeobs farglebSi: 0,02≤λ≤1. 
nimuSis simtkicis maCveneblebze mniSvnelovan 

zegavlenas axdens agreTve qanebis teqstura. 

Llaboratoriul pirobebSi xdeba iseTi nimuSebis 

gamocda, romelTa teqstura sxvadasxva saxiT 

orientirebulia mZvreli Zalebis mimarTulebaze. 

amisaTvis monoliTis nimuSebi unda damzaddes 

iseTnairad, rom dafenebis sibrtye, eqsperimente-

bis sxvadasxva variantSi, mZvreli Zalebis mimarT 

qmnides kuTxeebs (θ): 0, 10, 20, 25, 30, 45, 60, 900. 

amasTan, nimuSis gamocda unda xdebodes 

yovelmxriv daZabul mdgomareobaSi. Sedegebma 

gviCvena, rom ϕ′max da Cʹmax  gvaqvs im SemTxvevaSi 

rodesac 300≤θ≤900, xolo ϕ′min  da Cʹmin _ rodesac 

00≤θ≤100. 
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kldovani qanebis simagreze did zegavlenas 

axdens kristalebis forma da zoma. wvrilmar-

cvlovani qanebi, sxva Tanabar pirobebSi, gacile-

biT mtkicea, vidre msxvilmarcvlovani (krista-

lebs Soris  ufro meti kavSirisa da naklebi 

defeqtebis gamo). Mmkafio sazRvrebiT gamoxatuli 

kristaluri qanebi Tanabari pirobebis 

SemTxvevaSi, naklebad mtkicea, vidrე araswori 

zedapiris mqone kristalebisagan Sedgenili 

qanebi. 

 

1.2.2 hidrigeologiuri faqtorebis zegavlena 

qanebis mdgradobaze 

 

hidrogeologiuri faqtorebi moqmedebs 

rogorc qanebis masivis simagreze, ise maTi 

deformaciis pirobebze. aRniSnuli faqtorebis 

intensivoba didad aris damokidebuli zedapiru-

li da miwisqveSa wylebis xasiaTsa da garemos 

pirobebze. 

hidrogeologiur faqtorebs miekuTvneba zeda-

piruli wylebi sakariero velიs raionSi, 

wyalSemcveli horizontebi qanebis masivSi, Sre-

ebis kontaqtebisa da struqturuli aSlilobebis 

wyalSemcveloba, karstuli movlenebi. 

zedapiruli wylebi axdens qviSa-Tixovani 

qanebiT Sedgenili safexurebisa da ferdos 

Camorecxvas da mniSvnelovnad amcirebs maTi 

mdgradobis pirobebs; ufro metic, mdinareebis 
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Zveli kalapotebic ki, romlebic ganlagebulia 

karierebis teritoriaze da masTan axlos, 

SeiZleba aRmoCndes mewyeruli movlenebis mizezi. 

miwisqveSa wylebis zemoqmedeba gamovlindeba 

masivis Tvisebebis cvlilebaSi (danapralianebuli 

karbonatuli qanebis gamotutvaSi, Tixovani 

qanebis gajirjvebaSi da sxva) da mis daZabul 

mdgomareobaSi (hidrostatikuri da hidrodinami-

kuri Zalebis gamo). Ggarda amisa hidrodinamikuri 

wnevis zegavleniT mosalodnelia ferdos 

filtraciuli rRveva (CamoSvaveba, sufozi da 

sxva).  

am faqtoris mavne zemoqmedebis likvidaciisa-

Tvis SeiZleba gamoyenebul iqnes sabados amoSro-

ba, ferdos gamagreba da drenaJebi. 

sakontaqto zonebisa da struqturuli 

aSlilobis wylis Semcveloba iwvevs ferdos 

deformacias; kontaqtebSi simtkicis maxasia-

Teblebis Semcirebisa da wylis uecari gamo-

xeTqvis gamo, qanebis masivSi karstebis arsebobis 

SemTxvevaSi mosalodnelia ferdos deformacia 

(dajdoma, Camoqceva). amasTan dakavSirebiT 

saWiroa, deformaciis prognozirebis mizniT, 

ganxorcieldes karstuli movlenebis Seswavla da 

agegmva. 
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2.2.3. klimaturi faqtorebis zegavlena karierebis 

mdgradobaze 

 

sabadosaTvis, romelic muSavdeba rTul 

klimatur pirobebSi, Zalze didi mniSvneloba 

eniWeba qanebis deformaciis damokidebulebas 

atmosferuli naleqianobis periodulobasa da 

raodenobaze, temperaturul reJimsa da sxva 

faqtorebze. Tumca, aRniSnuli faqtorebis zemoq-

medebis gaTvaliswineba Teoriul angariSebSi 

praqtikulad SeuZlebelia naleqebis raodenobis 

mkveTri cvlilebis, zemoqmedebis erTdroulobisa 

da sxvaTa TvalsazrisebiT amitom, didi mniS-

vneloba eniWeba faqtiur monacemebs, am faqtobriv 

deformaciebze zemoqmedebis Sesaxeb. 

dadgenilia, rom mewyrebis umetesoba raodeno-

ba xdeba Zlieri wvimebis dros, rodesac adgili 

aqvs zedapiruli wylebis infiltracias, rac 

iwvevs qanebis SeWidulobis Semcirebas minimumamde 

(nulamde). Teoriuli angariSisaTvis didi mniSvne-
loba eniWeba wylebis infiltraciis siCqaris 

dadgenas (qanebis tipisa da struqturisagan damo-
kidebulebiT). 

temperaturuli gavlena qanebis masivis mdgra-
dobaze yvelaze naTlad aisaxeba karieris mraval-

wliani gamyinvarebis zonebSi ganlagebis dros 

amasTan, unda gaviTvaliswinoT, rom masivSi yinu-
lovani napralebis SemTxvevaSi mosalodnelia 

calkeuli safexurebisa da mTeli bortis defor-
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macia. gayinva-galRobis ciklis ganmeorebisas 

adgili aqvs qanebis masivis simtkicis Semcirebas. 

gansakuTrebiT saSiSia yinulovani napralebi, 

romlebic gavrcelebulia safexuris (bortis) 

paralelurad an masTan axlos, da, amasTan, 

daqanebulni arian karieris mxares ufro metad 

(б), vidre Sida xaxunis kuTxea napralis 

zedapirze (ϕ′); e.i., б>ϕ′. savsebiT cxadia, rom am 
SemTxvevaSi napralebis gaswvriv moxdeba qanebis 

masivis daZvra-Camoqceva. mewyruli movlena 

SeiZleba aRmoCndes gansakuTrebiT intensiuri da 

regionaluri, Tuki karieris bortis gaTbobis 

zona zafxulis periodSi CaaRwevs sakuTriv 

yinulian naprals. 

yinulis galRobam napralSi SeiZleba 

gamoiwvios masivis datenianeba, rac Seamcirebs 

mis simtkices da xels Seuwyobs deformaciis 

procesebs. didi masis mqone yinulis SemTxvevaSi 

SeiZleba qanebSi Seiqmnas e.w. Termokarsti, rasac 

mohyveba karieris bortis Cavardna, Caqceva an 

dajdoma.Mmravalwliani gamyinvarebis zonaSi 

myofi karierebis bortebis deformaciasTan 

brZolisTvis rekomendebulia sxvadasxva saxis 

samagrebis gamoyeneba (cementacia, Zeluri samagri, 

rkinabetonis Txeli filebi, Tbo_ da hidro-

izoliaciuri safari da sxva). 
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2.3. samTo_teqnikuri faqtorebis zegavlena qanebis 

mdgradobaze 

2.3.1. karierebis geometriuli parametrebis 

zegavlena ferdos mdgradobaze 

 

karieris bortis mcire simaRlis dros (Hi<H) 

igi inarCunebs mdgradobas ferdos 900-iT daxris 

SemTxvevaSic. amasTan, H-is mniSvneloba aRiniSneba 

H900-iT da ganisazRvreba formuliT: 

         𝐻𝐻90 = 2𝑐𝑐′′

𝛾𝛾
cot⁡(45 − 𝜑𝜑′′

2
);                                         

sadac: Cʺ da ϕʺ aris SeWidulobis Zala da 

Siga xaxunis kuTxe masivSi, γ _ qanebis moculo-

biTi wona.  

ferdos simaRlis zrdasTan erTad misi 

mdgradoba mcirdeba. analogiurad moqmedebs 

bortis (safexuris) mdgradobaze daxris kuTxe 𝛼𝛼. 
amasTan, bortis safexuris simaRlis gazrdasTan 

erTad 𝛼𝛼 kuTxe unda Semcirdes. 
praqtikaSi gvxvdeba sxvadasxva konfiguraciis 

mqone karierebi. karieris bortebi gegmaSi 

SeiZleba iyos sworxazovani Cazneqili da 

amozneqili, agreTve kombinirebuli (sworxazovani 

da mrudxazovani ubnebi). angariSebis did 

umravlesobaSi amocana wydeba, rogorc brtyeli 

ferdos SemTxvevaSi, rac niSnavs, rom ferdos 

gegmaSi aqvs sworxazovani forma da usasrulo 

gavrceleba, rac mniSvnelovnad amcirebs angari-

Sis saimedoobas. Ddadgenilia, rom sxva Tanabar 
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pirobebSi, Tu ferdos aqvs Sezneqili forma 

gegmaSi, gacilebiT mdgradia, vidre analogiuri 

brtyeli ferdos SemTxvevaSi. igive iTqmis kombi-

nirebuli formis ferdos drosac. Aamozneqili 

formis ferdos igive  მdgradoba axasiaTebs, ro-

goric brtyels. 

karieris borti safexurebis raodenobis, maTi 

simaRlis, ferdos daxris kuTxisa da bermis 

siganis mixedviT SeiZleba iyos brtyeli, 

Cazneqili an amozneqili. Ddadgenilia, rom am 

ferdoebze qveda da zeda kideebis damTxvevis 

SemTxvevaSi da daZvris zedapiris gavlisas 

ferdos Zirze, ferdos mdgradobis maragis 

koeficientebi samive formisaTvis erTmaneTs 

emTxveva. amasTan, amozneqili formis ferdo  

moculobis TvalsazrisiT ufro ekonomiuria, 

vidre Cazneqili da brtyeli formis. 

 

2.3.2. karieris velis gadaxsnis, damuSavebis 

sistemebisa da samTo samuSaoebis reJimis gavlena 

ferdos mdgradobaze 

  
sabados gadaxsnis xerxi garkveulwilad 

moqmedebs safexurebisa da bortebis mdgradobaze. 

gamxsneli gvirabebis ganlagebas karieris kontu-

ris mimarT, maTi arsebobis xangrZlivobas da 

daxris kuTxes SeuZlia Seqmnas deformaciis 

xelsayreli pirobebi, masivSi geologiuri proce-

sebisa da qanebis intensiuri gamofitvis ganviTa-
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reba. magaliTad, sinklinuri struqturebis SemT-

xvevaSi gamxsneli gvirabebis sinklinis RerZis 

gaswvriv ganlagebis dros mosalodnelia misi 

intensiuri deformacia, radgan qanebi daqanebula 

tranSeis Zirisaken. amis gamo adgili eqneba maT 

gamobervas gamxsneli gvirabebisaken. garda amisa, 

mosalodnelia karieris bortebis deformacia. 

damuSavebis sistemebma da samTo samuSaoebis 

warmoebis arasworad SerCeulma xerxma SeiZleba 

moaxdinos Semdegi saxis negatiuri zegavlenebi 

karieris safexurisa (ferdos) da mTlianad 

bortis mdgradobaze: 

1. samTo samuSaoebis warmoebis araxelsay-

reli SerCeva gegmisa da vertikaluri 

mimarTulebiT SeiZleba aRmoCndes masivis 

deformaciebis iniciatori (Sreebis kontaq-

tebisa da teqtonikuri rRvevebis moWra, 

ramac SeiZleba gamoiwvios qanebis dacureba 

Sesustebis sibrtyeebze da sxva); 

2. samTo samuSaoebis intensivobis xarisxi 

gansazRvravs samuSao safexurebis mdgra-

dobis parametrebs. samuSaoTa viwro 

frontisa da maTi swrafi gadaadgilebis 

xarjze masivSi ver aswrebs formirebas 

deformaciuli procesebi, rac uzrunvel-

yofs samuSao safexurebis ufro cicabo 

daqanebas; 

3. karieris zRvruli konturis ganrideba zeda 

horizontebze gamomuSavebis dros xels 
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uwyobs am horizontebze qanebis gamofitvas, 

ferdobis gadamrecebas, bermis amovsebas da 

sxva; 

4. gamomuSavebul sivrceSi nayaris ganlageba 

zrdis bortis winaRobas daZvrisadmi da 

aumjobesebs misi mdgradobis pirobebs. 

 

 

2.3.3. kompleqsuri meqanizaciis saSualebaTa 

zegavlena ferdos mdgradobaze 

 

kompleqsuri meqanizaciis saSualebebi kari-

eris mdgradobaze orgvarad moqmedebs: erTi 

mxriv, qanebis eqskavaciis dros, winaswari gafxvi-

erebis gareSe, ferdos konturi damokidebulia 

amosaRebi danadgaris masasa da mis parametrebze; 

meore mxriv, satransporto saSualebebi iwvevs 

qanebis masivze damatebiT statikur da dinamikur 

datvirTvebs. 

amosaRebi danadgarebis mixedviT rekomendebu-

lia safexuris ferdos Semdegi formebi: meqani-

kuri niCbiani eqskavatorebisTvis _ Sezneqili; 

draglains da mravalCamCiani tipis eqskavato-

rebisTvis _ sworxazovani; rotorul eqskavato-

rebisTvis - figuruli. 

dadgenilia, rom eqskavatorebis muSaobis 

dros masivze mosuli dinamikuri datvirTvebi Se-

iZleba ramdenjerme aRematebodes statikur datvi-
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rTvebs, rasac SeiZleba mohyves qanebis deforma-

cia da danadgarebis avaria. 

didi samuSaoebia Catarebuli karierebis 

mdgradobaze manqana-danadgarebis vibraciis zemo-

qmedebis xarisxis dasadgenad. kerZod, dadgenilia, 

rom sixSiris yvelaze saSiSi intervali, romelic 

iwvevs qviSa-Tixovani qanebis `gaTxevadebas~ da 

Semdgom Semkvrivebas, Seadgens 500-2500 rxevas 

wuTSi. Ddadgenilia agreTve, rom rxevis aCqarebis 

gazrdasTan erTad mniSvnelovnad mcirdeba 

qanebis winaRoba Wraze. Ees ukanaskneli mcirdeba 

agreTve rxevis amplitudis gazrdasTan erTad. 

literaturuli monacemebis analizi, gruntze 

mosuli datvirTvis Sesaxeb momuSave manqana- 

danadgarebis mier, iZleva Semdegi daskvnis 

SesaZleblobas: 

1. samTo-satransporto danadgarebis dinamikuri 

datvirTvebi warmoadgens qviSa-Tixovan qanebSi 

safexuris Zirisa da ferdos deformaciis erT 

- erT  mizezs; 

2. danadgarebis vibraciis zemoqmedebis Sedegad 

xdeba garkveul zonaSi ganlagebuli qanebis 

Wraze winaRobis Semcireba. amasTan, am ukanas-

knelis sidide didad aris damokidebuli 

rxevebis amplitudaze, sixSiresa da, saboloo 

jamSi, aCqarebaze; xolo Semcirebuli simtki-

cis zonis zomebi _ qanebis Tvisebebze, kerZod, 

maT mier rxevis energiis SთanTqmis unarze; 
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3. dinamikuri datvirTvis efeqti qanebze gamo-

vlindeba sxvadasxvanairad da damokidebulia 

danadgaris tipze, misi sayrdeni nawilis 

formasa da zomebze, karieris ferdos para-

metrze, safexuris zeda kididan eqskava-

torebis sayrden nawilamde manZilsa da 

qanebis amtanunarianobaze; 

4. analitikuri gziT miRebuli monacemebi dina-

mikuri datvirTvis gansazRvrisas iZleva 

arasarwmuno Sedegebs; amitom upiratesobas 

aniWeben eqsperimentul monacemebs. movitanoT 

skoCinskis saxelobis samTo saqmis institutis 

mier sawarmoo pirobebSi Catarebuli eqsperi-

mentebis Sedegebi: vibraciis parametrebi эщ-

14/75 da экг-4,6 tipis eqskavatorebisaTvis 

ricxobrivad Zalze gansxvavebulia. Yyvelaze 

maRal vibracias adgili aqvs eqskavatoris 

CamCis avsebis momentSi, xolo yvelaze dabal 

vibracias _ CamCis gaclisas. momuSave eqskava-

torebisagan moSorebiT qanebis masivis rxevis 

amplituda da sixSire TandaTan klebulobs. 

eqskavatoris qveS ganlagebuli gruntis 

nawilakebs gaaCnia rxevis umniSvnelo aCqareba. 

draglainis tipis eqskavatorze Catarebuli 

eqsperimentis Sedegad dadgenilia, rom 

eqskavatoris bazis wina nawilis datvirTva 

gruntze iwyebs zrdas aCamCvis operaciis dros da 

aRwevs Tavis maqsimums CamCis Sevsebisa da miwidan 

misi atacvis momentSi. Aavsebuli CamCiT eqska-
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vatoris Semobrunebis procesSi gruntze datvir-

Tva masalis gaclamde iqneba mudmivi. CamCis 

gantvirTvis Semdeg adgili aqvs gruntze mosuli 

datvirTvis Semcirebas statikuri datvirTvis 

donemde. eqskavatoris dinamikuri datvirTvis 

maqsimaluri sidide SeimCneვa aCamCvis momentSi 

wertilSi, romelic ganlagebulia bazis kidis 

SuaSi CamCis mxridan. 

dinamikuri datvirTvis maqsimaluri sidide эщ-

14/75 da экг-4,6 tipis eqskavatorebisaTvis igivea 

rac draglainebisaTvis da Seadgens 5,30-5,76 

kgZ/sm2-s. saorientacio angariSi gviCvenebs, rom 

aRniSnuli eqskavatorebisaTvis minimaluri manZi-

li bazis kididan Zalebis modebis wertilamde 

Seadgens 2,34 m-s. xolo manZili nulovani datvir-

Tvidan bazis kidemde (muxluxamde) а=5,6 m. 
 

2.3.4. qanebis gafxvierebis xerxebis zegavlena 

ferdos mdgradobaze 

 

rogorc cnobilia, karierebze qanebis 

gafxvierebis erTaderTi ZiriTadi xerxia burRva-

afeTqebiTi samuSaoebi. calkeuli Tixovani qanebis 

masivisagan mocilebisas garkveuli gavrceleba 

hpova marTvadi Camoqcevis xerxma. ganvixiloT 

orive maTgani: burRva-afeTqebiTi samuSaoebi. kari-

erebze, sagrZnob gavlenas axdens qanebis 

simagreze da, Sesabamisad, mdgradobaze. calkeuli 

safexurebis an safexurTa jgufis Camoqceva 
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xSirad gamowveulia imiT, rom zRvrul konturTan 

miaxloebisas ar xdeba feTqebadi samuSaoebis 

deformaciis sawinaaRmdego RonisZiebaTa 

gatareba.  

ferdos afeTqebis Semdgom deformacias adgi-

li aqvs ZiriTadad calkeuli blokebis Camoqcevis 

dros, umciresi winaRobis sibrtyeebis gaswvriv 

arsebul da afeTqebis Sedegad gafarToebul 

napralebze. gansakuTrebiT aqtiuria is napralebi, 

romlebic daqanebulni arian sangrevisaken da aq 

daqanebis kuTxe θ meryeobs farglebSi: 𝛼𝛼 > 𝜃𝜃 > 𝜑𝜑𝜑𝜑 
sadac  𝛼𝛼 ferdos daxris kuTxea, grad; 𝜑𝜑𝜑𝜑 _ Sida 
xaxunis kuTxe Sesustebuli sibრtyis gaswvriv, 

grad.  

napralianobis mimarTulebas, WaburRilebis 

daxris kuTxesa da ferdos daqanebas Soris arse-

bobs garkveuli Tanafardoba. kerZod, napralebis 

daqanebisas gamomuSavebuli sivrcisaken 450-ze 

naklebi kuTxiT WaburRilebis daxra ar moqmedebs 

safexuris ferdos daxris kuTxeze Nnapralebis 

560-dan 700-mde daxris dros. daxrili WaburRile-

bis (70-800) gamoyeneba iZleva saSualebas, rom 

miRebul iqnes safexurebi ferdoTi, romelic 

ganlagebuli iqneba napralebis paralelurad. 

vertikalurad ganlagebuli WaburRilebi mizanSe-

wonilia gamoyenebul iqnes cicabo napralebis 

SemTxvevaSi (71-900). am dros safexuris ferdo 

emTxveva napralebis mimarTulebas. Fferdos 

deformaciebze Catarebulma dakvirvebebma aCvena, 
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rom afeTqebis Semdeg masivSi SeiZleba gamoiyos 

ori zona _ danapralianebisa da ryevis (nax. 2.1). 

Nnax. 2.1 rRvevis zonebis ganawileba safexuris masivSi: 

I - danapralianebis zona; II - ryevis zona. 

 

danapralianebis zona iwyeba safexuris 

kididan da xasiaTdeba qanebis intensiuri napra-

lianobiT (Ria napralebis SeqmniT da calkeuli 

blokebis gadaadgilebiT). aRniSnuli zonis 

sazRvari vertikaluri 245 mm-mde diametris Wabur-

Rilebis dros 5-6 m-zea, xolo daxrili 155 mm-mde 

diametris WaburRilebis dros _ 3-4 m-ze 

safexuris zeda kididan. 

danapralianebis zonas esazRvreba meore, e.w. 

ryeviTi zona, sadac ganviTarebas hpovebs mikro 

napralebi da mcirdeba qanebis simagre. Aam zonaSi 

adgili aqvs qanebis SekumSvas masivis siRrmisken. 

misi sigrZe Seadgens 15-17 da 10-12 m-s, Sesabamisad, 

vertikaluri da daxrili WaburRilebis SemTxve-

vaSi. 
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qanebis marTvadi Camoqcevis meTodis arsi 

mdgomareobs imaSi, rom qanebis masivisagan moci-

lebisa da gafxvierebis mizniT gamoyenebul iqnes 

gravitaciuli Zalebi, rac gamoricxavs mkacr 

damokidebulebas safexuris simaRlesa da amosa-

Reb-damtvirTavi danadgarebis parametrebs Soris. 

es uzrunvelyofs SedarebiT mciregabaritiani 

manqana-danadgarebis gamoyenebas SedarebiT maRal 

safexurebze, amcirebs satransporto horizontebs 

da zrdis samTo samuSaoebis koncentraciasa da 

intensifikacias, agreTve mniSvnelovnad zrdis 

Sromis nayofierebas da amcirebs produqciis 

TviTRirebulebas.  

aRniSnuli teqnologiis saxesxvaobebia: 

nawilobrivi Camoqceva, vertikaluri blokebis 

Camoqceva da maRali safexurebis Camoqceva. kari-

eris bortis masivSi Sesustebuli zedapirebis 

arsebobis SemTxvevaSi, romlebic upiratesad 

daqanebulni arian sangrevisaken, masivis damuSa-

veba marTvadi CamoqceviT TavisTavad xels uwyobs 

am SemTxvevaSi mosalodnel mewyrebTan brZolas. 

qvegamomuSavebuli safexuris deformacia 

mimdinareobs sam etapad: 

1. dafaruli, romlis drosac adgili aqvs 

masivis mikrogadaadgilebebs (magaliTad, 

safexuris zeda nawilSi). rodesac deformacia 

miaRwevs maqsimalur zRvars, iwyeba qanebis 

Camoqceva. kvlevebiT dadgenilia, rom qviSna-

risa da TixnarisaTvis zRvruli deformacia, 
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romlis drosac xdeba qanebis Camoqceva, Sea-

dgens 200-250 mm-s. xolo deformaciis siCqare _  

150-170 mm/dRR. deformaciiT mocul zonas aqvs 

17-18 m sigane da 25-30 m safexuris simaRle. 

2. aqtiuri, romelic iwyeba srialis (daZvris) 

zedapiris formirebiT da mTavrdeba safexuris 

CamoqceviT. Aam stadiaze masivi iZvris gacile-

biT swrafad. Mmasivis gadaadgilebis siCqare 

uSualod eqskavatoris sangrevSi ar aRemateba 

3 m/dRR.  

3. milevadi etapi ganpirobebulia imiT, rom qanis 

amoReba xdeba damewyrili masividan eqskavato-

riT. safexuris ferdos saerTo kuTxe qanis 

amoRebasTan erTad uaxlovdeba zRvruls, rac 

iwvevs safexuris wonasworobis darRvevas da 

mis Camoqcevas. safexuris Semdgomi rRveva 

droebiT Cerdeba. Eeqskavatoris mier Camoqce-

uli qanebis garkveuli nawilis aRebis Semdeg 

xdeba axali Camoqceva da a.S. 

meoTxeuli qviSebisa da TixnarebisTvis Tu 

safexuris simaRle ar aRemateba 25-30 m-s, Camoqce-

uli prizmis sigane Seadgens 0,28-0,30HH-s, xolo 

darCenili Camoqceuli qanebis moculoba, romlis 

drosac xdeba axali Camoqceva, Seadgens 0,5-0,6 V-s. 

sadac V aris mewyruli masis pirveladi mocu-

loba.  
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2.3.5. miwisqveSa gvirabebis gavlena ferdos 

mdgradobaze 

 

praqtikaSi cnobilia e.w. kombinirebuli damu-

Savebis (miwisqveSa da Ria wesiT erTdrouli 

damuSaveba) wesi, romelic iyofa sam jgufad: 

 _ Tavdapirvelad damuSaveba mimdinareobas Ria 

wesiT da Semdeg gadadian miwisqveSa damuSa-

vebaze (mag. Ddegtiaris, tyibulisa da sxva 

sabadoebi); 

 _ Tavdapirvelad gamoiyeneba miwisqveSa damuSa-

veba, Semdeg ki gadadian Ria damuSavebaze (mag., 

`ugolni ruCei~ _ norilski-1, `iunaited 

verde~_aSS da sxva); 

 _ erTdroulad mimdinareobs Ria da miwisqveSa 

wesiT damuSaveba (mag., M`medveჟi ruCei~ _ no-
rilski-1, `ertburg~ _ avstria da sxva). 

kombinirebuli damuSavebis dros, rogorc 

wesi, zeda horizontebis damuSaveba xdeba Ria, 

xolo qveda horizontebisa_miswisqveSa wesiT. 

samuSaoebi mimdinareobs sabados sarTulebad 

dayofis Semdeg. 

savsebiT cxadia, rom miwisqveSa gvirabebis 

gavlena karierebze gansakuTrebul yuradRebas 

imsaxurebs. amasTan dakavSirebiT, garkveul 

interess warmoadgens is monacemebi, romlebic 

dagrovda miwisqveSa damuSavebis karierebze zegav-

lenis Sesaxeb. magaliTad, liToniani madneulis 
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sabadoebis miwisqveSa damuSavebis dros e.w. blo-

kuri CamoqceviT, dadgenilia, rom: 

 _ zedapiris maqsimaluri daweva (dajdoma) Se-

adgens budobis 1/3-1/2 sidides; 

 _ zedapirze napralebi warmoiqmneba TandaTa-

nobiT da mისი sigane aRwevs 1-2 m-s.  
 _ Tavdapirvelad Camoiqceva gamomuSavebuli 

budobis Weri msxvil blokebad 30-35 m-is sisqeze 

(daaxloebiT budobis sisqeze), Semdeg Camoqceva 

grZeldeba 100 m  simaRlemde (budobiს sisqis 3-4 
jerad sididemde). Aamis Semdeg xdeba zemdebare 

qanebis CaRunva Camoqcevis zonaSi (I zona) da 

arsebuli qanebis ramdenadme SemWidroeba. amasTan, 

qanebis gafxvierebis koeficienti SeiZleba merye-

obdes 1,05-1,10 farglebSi. CaRunvis zonaSic (II 

zona), cxadia, xdeba qanebis danapralianeba. 

qanebis deformaciis gamartivebuli suraTi 

mocemulia naxazze 2.2 sabados miwisqveSa 

damuSavebis dawyebamde zedapiris konturia `1~, 

qanebis Zvris procesis bolos zedapiri Rebulobs 

`2~ mdgomareobas. Mmasivis struqtura karieris im 

ubnebSi, romlebic moxvdebian miwisqveSa 

damuSavebis gavlenis sferoSi, Tavdapirveli 

struqturisagan gansxvavdeba ramdenadme gaz-

rdili napralianobiT. 
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nax. 2.2. qanebis masivi gamomuSavebuli sivrcis Tavze Zvris 

procesis damTavrebis Semdeg: 1 - miwis zedapiris mdgomare-

oba Zvris procesis dawyebamde; 2 - igive, Zvris procesis 

damTavrebis Semdeg. 

 

miaxloebiT SeiZleba miviRoT, rom Tu damuSa-

vebuli fenis (budobis) sisqe aRwevs 20 m-s, maSin 

Camoqcevis zonis simaRle miaRwevs ≈10 m-s, xolo 

CaRunvis zonis simaRle 90 _ m-s. mkveTri sazRvari 

aRniSnul zonebs Soris ar arsebobs. 

karieris bortis mdgradobis angariSis dros 

miaxloebiT SeiZleba miviRoT, rom qanebis simtki-

cis maCveneblebi zeda zonaSi axlosaa analogiur 

monacemebTan xeluxlebel masivSi. Mmosalodneli 

Secdomebis kompensacia, qanebis simtkicis Semci-

rebis gamo, SesaZlebelia mdgradobis koeficien-

tis gazrdis xarjze. qveda zonaSi moxvedrili 

qanebis mdgradoba ganisazRvreba Sida winaRobis 

kuTxiT masivSi (ϕʺ) da SedarebiT naklebad _ 

SeWidulobiT (Cʺ). es maCveneblebi SeiZleba 
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miRebul iqnes nayarisaTvis damaxasiaTebeli 

maCveneblebis analogiurad. 

amrigad, karieris bortis mdgrad konturs 

kombinirebuli (miwisqveSa-Ria) damuSavebis dros 

eqneba Cazneqili forma, damreci _ qveda nawilSi 

da ufro cicabo _ zeda nawilSi. 

  

3. safexuris (nayaris) mdgradobis angariSi 

3.1. sawyisi monacemebi angariSisaTvis 

 

geologiuri aRnagoba (wyoba). sakariero velis 

farglebSi gamoiyofa erTgvarovani ubnebi da 

yoveli maTganisaTvis aigeba ganivi Wrili, 

romlebzec daitaneba Sreebis mdgomareoba, 

daZvris potencialurad saSiSi sibrtyeebi da 

sakuTriv karieris konturi. gansakuTrebuli 

yuradReba unda daeTmos susti kontaqtebis 

gamoyofas, msxvil teqtonikur rRvevebs da sust 

Sreebs.  

qanebis fizikur-meqanikuri Tvisebebi. Qქanebis 
simagris (simtkicis) ZiriTadi saangariSo maCvene-

blebia. zRvruli winaRobis mrudebi daZvraze da 

xangrZlivi simtkicis mrudebi (mudmivi bortebisa-

Tvis), romlebic xasiaTdebian SeWidulobiTa da 

Sida xaxunis kuTxiT, ganisazRvreba laborato-

riuli an naturaluri gamocdis Sedegad, bortis 

qanebis liTologiur saxesxvaobaTa mixedviT. 

mdgradi ferdis parametrebis gansazRvris 

dros saWiroa vicodeT Zvris (srialis) sibrtyis 
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gaswvriv gaSualedebuli monacemebi fizikur 

Tvisebebze (nax. 3.1). kerZod, Qqanebis simkvrive 

                          

𝛾𝛾საშ = 𝛾𝛾1𝑚𝑚1+𝛾𝛾2𝑚𝑚2+⋯+𝛾𝛾𝑖𝑖𝑚𝑚𝑖𝑖
𝑚𝑚1+𝑚𝑚2+⋯+𝑚𝑚𝑖𝑖

   ,                 (3.1) 

 

სadac 𝛾𝛾1, 𝛾𝛾2 ⋯𝛾𝛾𝑖𝑖  qanis calkeul saxesxvaobaTa 

simkvriveebia; 𝑚𝑚1,𝑚𝑚2 ⋯𝑚𝑚𝑖𝑖  – qanebis sisqe Camoqcevis 
prizmis farglebSi. 

 

 

 
Nnax. 3.1. qanis Tvisebebis saSualod Sewonili 

mniSvnelobebis gansazRvra mdgradobis gamosaTvlelad 
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Siga xaxunis kuTxe 

 

𝑡𝑡𝑡𝑡𝑡𝑡საშ = 𝑡𝑡𝑡𝑡𝑡𝑡1𝜎𝜎1𝑙𝑙1+𝑡𝑡𝑡𝑡𝑡𝑡2𝜎𝜎2𝑙𝑙2+⋯+𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝜎𝜎𝑖𝑖 𝑙𝑙𝑖𝑖
𝜎𝜎1𝑙𝑙1+𝜎𝜎2𝑙𝑙2+⋯+𝜎𝜎𝑖𝑖𝑙𝑙𝑖𝑖

        (3.2) 

 

sadac 𝑝𝑝1 , 𝑝𝑝2,⋯ 𝑝𝑝𝑖𝑖 qanebis saxesxvaobaTa Siga 

xaxunis kuTxeebia; 𝜎𝜎1 , 𝜎𝜎2 ⋯𝜎𝜎𝑖𝑖 _ normaluri Zabvebi   

kumSvaze; 𝑙𝑙1 , 𝑙𝑙2 ⋯ 𝑙𝑙𝑖𝑖 _ srialis sibtyeSi qanebis 

saxesxvaobaTa sigrZeebi. 

 

   

ქanebis SeWiduloba  

 

𝐾𝐾საშ = 𝑘𝑘1𝑙𝑙1+𝑘𝑘2𝑙𝑙2+⋯+𝑘𝑘𝑖𝑖𝑙𝑙𝑖𝑖
𝑙𝑙1+𝑙𝑙2+⋯+𝑙𝑙𝑖𝑖

 ,             (3.3) 

 

sadac 𝑘𝑘1, 𝑘𝑘2,⋯𝑘𝑘𝑖𝑖 calkeuli qanეbis SeWidulobaa. 

Zvris sibrtyis gaswvriv qanebze mosuli norma-

luri daZabuloba SeiZleba ganvsazRvroT formu-

liT: 

    𝜎𝜎𝑖𝑖 = 𝛾𝛾საშ ∑ℎ𝑖𝑖′ 𝑐𝑐𝑐𝑐𝑐𝑐2𝜑𝜑𝑖𝑖 ,   (3.4 ) 

 

sadac ℎ𝑖𝑖′ aris Sris sisqe elementaruli 

blokis farglebSi, romelic eyrdnoba Zvris 

sibrtyis   i - uri Sris farglebSi;  𝜑𝜑𝑖𝑖 _ Zvris 
sibrtyes daxris kuTxe saZiebo (i) Sris 

farglebSi.                  
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TiToeuli Sris SeWiduloba ganisazRvreba 

formuliT: 

 

         𝐾𝐾𝑖𝑖 = 𝑘𝑘𝑖𝑖−𝑘𝑘𝑖𝑖
′

1+𝑎𝑎 𝑙𝑙𝑙𝑙𝑚𝑚𝑖𝑖𝜔𝜔
                   (3.5)   

       

sadac 𝑘𝑘𝑖𝑖 aris qanis SeWiduloba nimuSSi, pa; 𝑘𝑘𝑖𝑖′   
_ qanis  i-uri Sris bzarebs Soris SeWiduloba, 

pa; 𝜔𝜔 _ bzarianobis saSualo intesivoba (bzarebis 

saSualo raodenoba, romelic modis 1 m-ze, i-uri 
Sris farglebSi, 1/m; 𝛼𝛼 _ koeficienti,  romelic 

damokidebulia Ria bzarianobis xarisxsa da nimu-

SSi SeWidulobaze. 

qanebis masivis SeWiduloba danapralianebuli 

qanebis SemTxvevaSi mniSvnelovnad gansxvavdeba 

nimuSebis gamocdis dros miRebuli monacemebisa-

gan, amitom, masivis SeWidulobis Zala SeiZleba 

gansazRvrul iqnes gamosaxulebiT: 
 
                                  𝐾𝐾𝑖𝑖მას = 𝐾𝐾𝑖𝑖ნიმ ∙ 𝜆𝜆 ,                        (3.6) 
 

sadac 𝜆𝜆 aris  struqturuli  Sesustebis ko-
eficienti da miiReba masivis danapralianebis   

xarisxis mixedviT 𝜆𝜆=0,3-0,8-is farglebSi; 𝐾𝐾𝑖𝑖ნიმ _ 
nimuSis SeWidulobis Zalaa da miiReba qanebis 

liTologiuri Semadgenlobis mixedviT (cxrili 

3.1). 
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cxrili 3.1 

N 
qanebis saxesxvaoba 

 

SeWiduloba 
monoliTSi; 

106 pa 

koeficienti; 
𝛼𝛼 

1 
 
 
2 
 
 
3 
 
 
4 
 
 
 
5 
 

qviSa-Tixovani sustad 
Semkvrivebuli qanebi 
 
qviSa- Tixovani 
Semkvrivebuli qanebi 
 
magari, daSrevebuli 
qviSa - Tixovani 
qanebi 
 
magari, masiuri qanebi 
normaluri 
napralianobiT 
 
magari, amonTxeuli 
qanebi iribi 
napralianobiT 

0.39-0.83 
 
 

4.9-7.85 
 
 

9.81-14.71 
 
 

29.42 da meti 
 
 
 

19.61 da meti 

0.5 
 
 
2 
 
 
3 
 
 
7 
 
 
 
10 

 

hidrogeologiuri faqtorebi. ganiv Wrilebze 

unda davitanoT miwisqveSa wylebis doneebi, gani-

sazRvros wylis modenis koeficienti (filtra-

ciis koeficienti), modenili wylis nakadi da 

sxva. gansakuTrebuli yuradReba unda daeTmos 

karieris ZirSi dawnevis horizontis arsebobas. 

sakontaqto Sreebis an struqturuli rRve-

vebis wyalSemcveloba, maTSi gajirjvebisadmi 

midrekili qanebis arsebobis dros, gaTva-

liswinebuli unda iqnes kontaqtebSi Siga xaxunis 

kuTxis saangariSo maCveneblebis Semcirebis gziT. 
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klimaturi faqtorebi. angariSSi pirdapir 

gvixdeba atmosferuli naleqebis raodenobis 

gaTvaliswineba. karieris ferdos mdgradobis 

gazrdis mizniT, Cveulebriv, cdiloben naleqebiT 

gamowveuli zedapiruli wylebi daiWiron da 

gadadenon sxva mimarTulebiT, konturs gareT. 

gamyinvarebis reJimi ki gaTvaliswinebulia 

sakuTriv gayinuli qanebis fizikur-meqanikuri 

TvisebebiT. 

samTo-teqnikuri faqtorebi. angariSSi aucile-

belia gaTvaliswinebul iqnes gamoyenebuli manqa-

na-danadgarebis masa da dinamikuri datvirTvebi, 

agreTve burRva-afeTqebiTi samuSaoebis zegavlena 

qanebis mdgradobaze. 

seismuri faqtorebi. angariSSi gaTvaliswinebu-

lia am movlenisaTvis damaxasiaTebeli seismuri 

aCqareba. 

 

3.2. maragis koeficienti karieris mdgradobis 
gansazRvrisas 

 

karieris ferdos mdgradobis xarisxi, Cve-

ulebriv, fasdeba Semkavebeli da mZvreli Zalebis 

fardobiT, romelsac uwodeben mdgradobis koefi-

cients: 

              𝜂𝜂 = 𝑡𝑡𝑡𝑡𝑡𝑡 ∑ 𝑁𝑁𝑖𝑖+𝐾𝐾𝐾𝐾𝑛𝑛
𝑖𝑖=1
∑ 𝑇𝑇𝑖𝑖𝑛𝑛
𝑖𝑖=1

 ,           (3.7)
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sadac 𝑡𝑡𝑡𝑡𝑡𝑡 Siga xaxunis kuTxea; 𝑁𝑁𝑖𝑖 _ normaluri 

Zala i-ur farTobze; 𝑇𝑇𝑖𝑖 _ mxebi Zala i-ur farTo-
bze; 𝐾𝐾 _ SeWiduloba;  𝐿𝐿 _ Zvris sibrtyis sigrZe. 

amJamad mecnierulad dasabuTebuli meTodebi  

saangariSo koeficientis dasadgenad faqtobrivad 

ar arsebobs. amitom, maragis gaTvaliswinebis 

mizniT, es garemoeba asaxulia qanebis simtkicis 

(simagris) maxasiaTeblebSi maTze arsebuli mona-

cemebis gazrdis xarjze; kerZod, miCneulia, rom 

mosalodnelma cdomilebam, sawyisi monacemebis 

mcdari SerCevis gamo, SeiZleba miaRwios: qanebis 

simtkicis mixedviT _ 7-8%-s, drois faqtoris 

mixedviT 20-30%-s, danapralianeba mcdari inter-

pretaciiT _ 35-40%-s, manqana-danadgarebisa da 

burRva-afeTqebiTi samuSaoebis dinamikuri datvir-

Tvebis mixedviT 15-20%-s da sxva. bunebrivia 

aRniSnuli faqtorebisaTvis damaxasiaTebeli 

koeficientebis Sesabamisi sididiT  gazrdis 

Sedegad TavisTavad SeiZleba CavTvaloT, rom 

angariSi mdgradobaze Catarebulia saTanado 

maragiT. 

 

3.3. karieris mdgradobis gaTvlis sainJinro 

meTodebi 

3.3.1.  saerTo cnobebi 

rogorc cnobilia, fxvier-bmul (fxvier-Sekru-

li) garemos zRvruli wonasworobis ZiriTad 

pirobas warmoadgens: 
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- mZvreli da Semkvreli momentebis toloba 

srialis rkalis centris mimarT: 

                 

                          ∑𝑀𝑀მძ = ∑𝑀𝑀შემ ;                                   (3.8) 
 
- mZvreli da Semkavebeli Zalebis horizonta-

luri mdgenelebis proeqciis toloba:                 

                                         

    ∑𝑃𝑃𝑥𝑥 = 0;                                              (3.9) 
 

- mZvreli da Semkavebeli Zalebis vertikalu-

ri mdgenelebis toloba: 

          ∑𝑃𝑃𝑦𝑦 = 0.               (3.10) 

 

magram aRniSnuli pirobebi sainJinro gaTvleb-

Si nawilobriv ver sruldeba. amitom, sainJinro 

gaTvlebis dros  gamoiyeneba rigi kerZo daskvne-

bisa zRvruli, daZabuli mdgomareobis Teoriidan. 

garda amisa, iTvaliswineben masivis struqturis 

Taviseburebebs, wyalSemcvelobas da sxva 

faqtorebs. 

 

3.3.2. ferdos mdgradobis Sefaseba srialis 

brtyeli zedapiris dros 

 

Tu safexuri Sedgeba erTgvarovani qanebisagan, 

ferdos saorientacio angariSisTvis prof a. m. 

cimbareviCi srialis sibrtyes Tvlis brtyel 

sibrtyed, romelic daxrilia horizontisadmi θ 
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kuTxiT (nax 3.2). zRvruli wonasworobis momenti-

saTvis  ABC prizmis wonis P-s.  

tangencialuri mdgeneli T toli iqneba AC si-
brtyis gaswvriv arsebuli SeWidulobisa da 

xaxunis Zalebis jamis: 

 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐾𝐾𝐾𝐾𝐾𝐾������ + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃,        (3.11) 
sadac P aris ABC prizmis masa; 𝑝𝑝 _ Siga xaxunis 

kuTxe, grad.; ABC prizmis masa 
                                                                       

               𝑃𝑃 = 𝛾𝛾 𝐴𝐴𝐴𝐴����∙𝐴𝐴𝐴𝐴����

2
∙ 𝑠𝑠𝑠𝑠𝑠𝑠(𝛼𝛼 − 𝜃𝜃).         (3.12) 

 
  
nax. 3.2 daferdebis gamoTvlis sqema srialis brtyeli 

zedapiris dros 
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𝐴𝐴𝐴𝐴 = 𝐻𝐻
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

. CavsvaT 𝐴𝐴𝐴𝐴����-s mniSvneloba (3.11) formu-

lidan 3.12 formulaSi da amovxsnaT utoloba 
𝑘𝑘
𝛾𝛾
-s 

(SeWidulobis koeficientis) mimarT. 

     

 

𝐴𝐴𝐴𝐴���� =
𝑃𝑃(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

𝐾𝐾
 

𝑃𝑃 = 𝛾𝛾
𝐻𝐻 ∙ 𝑃𝑃(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) ∙ 𝑠𝑠𝑠𝑠𝑠𝑠(𝛼𝛼 − 𝜃𝜃)

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∙ 𝐾𝐾 ∙ 2
 

𝐾𝐾
𝑌𝑌

=
𝐻𝐻�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �𝑠𝑠𝑠𝑠𝑠𝑠 (𝑦𝑦−𝜃𝜃)

2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
= 𝐻𝐻(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 )𝑠𝑠𝑠𝑠𝑠𝑠 (𝛼𝛼−𝜃𝜃)

2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
=

𝐻𝐻 𝑠𝑠𝑠𝑠𝑠𝑠 (𝜃𝜃−𝑝𝑝)∙𝑠𝑠𝑠𝑠𝑠𝑠 (𝛼𝛼−𝜃𝜃)
2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

                                  (3.13) 

  

aRvniSnoT 𝛼𝛼 − 𝜃𝜃 = 𝛼𝛼1_iT, saidanac 𝜃𝜃 = 𝛼𝛼 − 𝛼𝛼1,  

maSin 

     
 𝑘𝑘
𝑦𝑦

= 𝐻𝐻 𝑠𝑠𝑠𝑠𝑠𝑠𝛼𝛼1∙𝑠𝑠𝑠𝑠𝑠𝑠 (𝛼𝛼−𝛼𝛼1−𝑝𝑝)
2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

.            (3.14) 

 

𝐴𝐴𝐴𝐴���� sibrtyis gaswvriv SeWidulobis Zala maqsi-

maluria, e.i 
𝑘𝑘
𝑦𝑦

= 𝑚𝑚𝑚𝑚𝑚𝑚 maqsimumis pirobidan gamomdi-

nare, 𝛼𝛼1 = 𝛼𝛼−𝑝𝑝
2
. CavsvaT 𝛼𝛼1-is mniSvneloba (3.14) 

formulaSi, gardaqmnis Semdeg miviRebT: 

                                                                               

𝐻𝐻 = 2𝑘𝑘∙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝛾𝛾∙𝑠𝑠𝑠𝑠𝑛𝑛2𝛼𝛼−𝑝𝑝

2
 .            (3.15) 
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SerCevis gziT ferdos mocemuli simaRlisa-

Tvis SeiZleba miviRoT 𝛼𝛼-kuTxis mniSvneloba 

maSin, rodesac mdgradobis maragis koeficienti 

𝑟𝑟=1. mdgradobიs gazrdიs miznიT saWirოa K-სa და  
𝑝𝑝-s sawyიs monacemebშi gaviTvaliswinოT mdgrado-

bიs maragიs koeficienტი. თu miviReბთ, როm 𝛼𝛼=900, 
maSin: 

 

                𝐻𝐻90 = 2𝑘𝑘∙𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑦𝑦∙𝑠𝑠𝑠𝑠𝑠𝑠 2�45−𝑝𝑝2�
 .              (3.16) 

 

3.3.3. ferdos mdgradobis Sefaseba srialis (Zvris) 

mrgval-cilindruli an narnara mrudxazovani 

zedapiris dros 

 

mrgval-cilindrovani an narnara mrudxazovani 

Zvris zedapirebi, Cveulebriv, Seiqmneba erTgvaro-

van qanebSi (nax. 3.3, a), horizontaluri ganlagebis 

dros, rodesac qanebis simtkicis maxasiaTeblebi 

Tanatolia (nax. 3.3, b) da qanebis ukudaqanebis 

dros masivisaken (nax. 3.3, g). 

  

 
 

nax. 3.3. mrgval-cilindruli an narnara mrudxazovani Zvris 

zedapirebis Seqmna 
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am dros moZravi masa ganixileba rogorc, 

xisti soli, romelic gadaadgildeba ferdos 

paraleluri RerZis irgvliv. brtyeli amocanis 

gadawyvetis dros Zvris sibrtye gadaiqceva wre-

wiris rkalad, xolo brunvis RerZi _ O wertilad 

(nax 3.4). 

 

 
 

nax. 3.4. ferdos mdgradobis Sefaseba srialis mrgval- 

cilindruli zedapiris dros 
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ZalTa brunvis momenti 𝑀𝑀მძ cdilobs gadasa-

adgilebeli qanebis masivi moabrunos O wertilis 

irgvliv. savsebiT cxadia, rom 

 

         𝑀𝑀მძ = 𝑃𝑃 ∙ 𝐴𝐴,           (3.17) 

sadac P aris moZravi masa (e.w. „xisti solis“ 

wona); A _ horizontaluri manZili xisti solis 

simZimis Zalis centrsa da brunvis O centrs 

Soris. 

moZravi masis gaTvlis mizniT mosalodneli 

Zvris prizmas yofen Tanabari siganis blokebad. 

TiToeuli blokis farTi (𝑆𝑆𝑖𝑖 = ℎ𝑖𝑖𝑏𝑏), gamravlebuli 

qanebis simkvriveze, iZleva blokis masas, 𝑃𝑃𝑖𝑖 -s. 
Zvris prizmis sigane brtyeli amocanis 

gadawyvetis dros miiReba 1 m-is tolad: 

 

      𝑃𝑃𝑖𝑖 = 𝑆𝑆𝑖𝑖 ∙ 𝑦𝑦 ∙ 1 = ℎ𝑖𝑖 ∙ 𝑏𝑏 ∙ 𝑦𝑦 ,    (3.18) 

 

sadac ℎ𝑖𝑖 aris i-uri blokis simaRle, m. b _ 
blokis sigrZe, m. 

elementaruli blokis masis modebis centrsa 

da brunvis centrs Soris manZili aRvniSnoT 𝑎𝑎𝑖𝑖-
iT; maSin blokis mier Seqmnili momenti iqneba 

 

𝑀𝑀მძ𝑖𝑖 = 𝑃𝑃𝑖𝑖 ∙ 𝑎𝑎𝑖𝑖 .   (3.19) 

 

naxazidan cxadia, rom 𝑎𝑎𝑖𝑖 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝜑𝜑𝑖𝑖 ; aqedan: 
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  𝑀𝑀მძ = ∑ 𝑀𝑀მძ𝑖𝑖
𝑛𝑛
𝑖𝑖=1 = ∑ 𝑃𝑃𝑖𝑖 ∙ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝜑𝜑𝑖𝑖𝑛𝑛

𝑖𝑖=1 .       (3.20)

     

cxadia, rom 𝑃𝑃𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑𝑖𝑖 = 𝑇𝑇𝑖𝑖 warmoadgens elementa-

ruli blokis masis mxeb mdgenels, amitom 

 

𝑀𝑀მძ = 𝑅𝑅 ∙ ∑ 𝑇𝑇𝑖𝑖𝑛𝑛
𝑖𝑖=1 .  (3.21) 

 

masis Camoqcevas xels uSlis Zvris sibrtyis 

gaswvriv arsebuli xaxunis Zala (𝑁𝑁𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡) da SeWi-
dulobis Zala (𝐾𝐾𝑙𝑙𝑖𝑖 ). amrigad, elementaruli blo-

kis farglebSi masivis Semakavebeli Zala tolia: 

                  

 𝐹𝐹შემ.𝑖𝑖 = 𝑁𝑁𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡 + 𝐾𝐾𝑙𝑙𝑖𝑖              (3.22) 
radgan  𝑁𝑁𝑖𝑖=𝑃𝑃𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝜑𝜑𝑖𝑖 , miviRebT, rom 
 

      𝐹𝐹შემ.𝑖𝑖 = 𝑃𝑃𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝜑𝜑𝑖𝑖 + 𝐾𝐾𝑙𝑙𝑖𝑖 ; 
 

xolo im Zalebis brunvis momenti, romlebic 

axdenen masivis Sekavebas: 

 

𝑀𝑀შემ.ძ = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅∑ 𝑃𝑃𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝜑𝜑𝑖𝑖 + 𝑅𝑅𝑅𝑅∑ 𝑙𝑙𝑖𝑖𝑛𝑛
𝑖𝑖=1

𝑛𝑛
𝑖𝑖=1 ,   (3.23) 

sadac R aris Zvris yvelaze saSiSi sibrtyis 

radiusi, m. 

zRvruli wonasworobis SemTxvevaSi, cxadia, 

mZvreli da Semakavebeli Zalebis momenti erTmane-

Tis tolia: 

 𝑀𝑀მძ = 𝑀𝑀შემ.𝑖𝑖             (3.24) 
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anu   
                                                

     
𝑡𝑡𝑡𝑡𝑡𝑡 ∑ 𝑃𝑃𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝜑𝜑𝑖𝑖+𝑅𝑅𝑅𝑅 ∑ 𝑙𝑙𝑖𝑖𝑛𝑛

𝑖𝑖=1
𝑛𝑛
𝑖𝑖=1  
∑ 𝑃𝑃𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑𝑖𝑖𝑛𝑛
𝑖𝑖=1

= 1 = 𝜂𝜂       (3.25) 

 

rac warmoadgens (3.8) gamosaxulebis amsaxvels, 

masivis zRvruli wonasworobis dros, aRniSnuli 

Zvris sibrtyeze. amasTan erTad statistikis ori 

sxva gamosaxuleba, (3.9 da 3.10) ar sruldeba. 

Tu masivi imyofeba zRvrulamdel mdgomareo-

baSi, maSin Semakavebeli Zalebi Warbobs mZvrel 

Zalebs, rac niSnavs, rom mdgradobis maragis koe-
ficienti 𝜂𝜂 > 1; am SemTxvevaSi ar sruldeba stati-
stikis samive (3.8, 3.9 da 3.10) piroba. 

zemoT vgulisxmobdiT, rom erTgvarovani 

samTo masis daZvra xdeba mrgval-cilindruli ze-
dapiris gaswvriv. faqtobrivad es zedapiri ufro 

rTulia. Camocureba, Cveulebriv, xdeba ara mTeli 

ferdosi, aramed misi nawilis, romelic Sesuste-
bulia. Camoqcevis sibrtye Sedgeba Zvris aqtiuri 

sibrtyisada gverdebis mrudxazovani sibrtyeebisa-
gan (nax 3.5). 

angariSebSi Zvris yvelaze saSiS zedapirad 

Tvlian rkals, romelic Semoixazeba O centridan 
R radiusiT (nax 3.6). sasargebloa vicodeT, rom 

nebismieri datvirTva srialis mrudis ubanze sa-
dac 𝛼𝛼 > 𝑝𝑝 iwvevs ferdos  mdgradobis   Semcirebas   
(ubani BCF); rodesac 𝛼𝛼 = 𝑝𝑝, uzrunvelyofilia 

neitraluri mdgomareoba (wertili B), xolo 
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rodesac 𝛼𝛼 > 𝑝𝑝, ferdos mdgradoba izrdeba. amri-
gad,   yvelaze   araxelsayrelma   Zvris   (srialis)  

                    

 
 

nax. 3.5. srialis zedapiris forma mewyris dros 

 
sibrtyem BCF ubanze unda waitacos qanebis yve-
laze didi, xolo BA ubanze _ yvelaze mcire mo-
culobebi. SeWidulobis Zalis (k) SemcirebasTan 

erTad simrudis radiusi izrdeba, xolo rodesac 

k=0, miiswrafvis usasrulobisaken. amave dros, 

Zvris zedapiri miiswrafvis sibrtyisaken, romelic 

daqanebulia Siga xaxunis kuTxis toli sididiT. 

amasTan, ferdo cdilobs miiRos vertikaluri 

mdgomareoba    safexuris    nebismieri    simaRlisas. 
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nax. 3.6. saangariSo sqema srialis mrgval-cilindruli 

zedapiris dros 

 

yvelaze saSiSi Zvris sibrtyeebis dasadgenad 

sargebloben sxvadasxva avtoris ramodenime 

meTodiT. amasTan, SemuSavebulia Zvris 

cilindruli zedapiris agebis gamartivebuli 

xerxi, romelic iZleva sakmaod karg Sedegs. misi 

arsi mdgomareobs SemdegSi (nax. 3.7): ganisazRvreba 

H90-is mniSvneloba da safexuris zeda kididan (A) 

gaiyvaneba vertikali AAʹ. Aʹ  wertilidan 𝜃𝜃 = 𝜑𝜑
2

+
450 kuTxiT gaatareben swor xazs, xolo 

safexuris qveda kididan C wertilidan 𝛽𝛽 = 𝛼𝛼+𝑝𝑝
2
 

kuTxiT gaatareben swor xazs (CE) AʹE-s 
gadakveTamde. swored E wertilidan gaatareben 

mrud BBʹE-s AAʹE mrudis simetriulad. 
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nax. 3.7. srialis mrgval-cilindruli zedapiris agebis 

gamartivebuli sqema 

 

ferdos ZirSi ageben kuTxes 𝜀𝜀 = 450 − 𝑝𝑝
2
 da C da E 

wertilebSi gaatareben  CF da BʹE monakveTebis 

perpendikularebs erTmaneTis gadakveTamde O 
wertilSi, saidanac R radiusiT Semoixazeba 

rkali CE; BBʹ EC warmoadgens swored Zvris 

zedapirs; 
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3.3.4. karieris bortis (qimis) parametrebis 

gansazRvra horizontaluri an mcired daqanebuli 

daSrevebuli qanebis dros 

 

dasawyisSi gansazRvraven, 𝑘𝑘საშ, 𝑝𝑝საშ, 𝛾𝛾საშ, paramet-
rebis saSualo Sewonil mniSvnelobebs. maragis 

koeficientis saangariSo mniSvnelobebis mxedve-
lobaSi miRebiT gansazRvraven saangariSo maxasi-
aTeblebs: 

 

𝐻𝐻90; 𝑘𝑘საან = 𝑘𝑘საან
𝜂𝜂საშ

 ; 𝑡𝑡𝑡𝑡𝑡𝑡საან = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 საშ
𝜂𝜂საან

; 𝛾𝛾საან = 𝛾𝛾საშ .        (3.26) 

       

SesaZlebelia gaangariSebis ori varianti. erT 

SemTxvevaSi cnobilia karieris siRrme (H), saWi-
roa ganisazRvros karieris borti, meore SemTxve-
vaSi cnobilia ferdos daxris kuTxe, unda ganisa-
zRvros misi mdgradi simaRle. 

dasawyisSi ganisazRvreba ferdos dayvanili 

simaRle 𝐻𝐻დ = 𝐻𝐻𝐻𝐻𝑖𝑖 ;HSemdeg Rebuloben gadawyveti-

lebas bortis profilis Sesaxeb. amis Semdeg erT-

erTi cnobili meTodiT gansazRvraven yvelaze 

saSiSi Zvris zedapiris mdgomareobas, romlis 

drosac 𝜂𝜂ფ → 𝑚𝑚𝑚𝑚𝑚𝑚. saWiroa ganisazRvros ferdos 

profili, romlis drosac 𝜂𝜂ფ=1. Tu angariSis 

Sedegad miviRebT, rom 𝜂𝜂ფ <1, maSin saWiroa ferdo 

ufro damreci gavxadoT da xelaxla avagoT Zvris 

zedapiri, agreTve, ganvsazRvroT mdgradobis mara-
gis koeficienti. Tu 𝜂𝜂ფ >1, maSin gadawyvetilebas 
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Rebuloben grafikulad (nax. 3.8). ordinatTa 

RerZze gadazomaven 𝜂𝜂ფ=1, xolo abscisTa RerZze _ 

kuTxes (𝛼𝛼). avagebT ra or wertils (1 da 2), Seva-
erTebT maT swori xaziT da gavigebT absicisTa 

RerZze saZiebo wertils (3), rac, faqtobrivad, 

gvaZlevs 𝛼𝛼-s saZiebo mniSvnelobas. 

 

 

 
nax. 3.8. daxris kuTxis gansazRvra 
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3.3.5. ferdos mdgradobis angariSi Sesustebuli 

zedapirebis arsebobisas 

 

masivis Sreobrivi aRnagobis dros Sreebs 

Soris kontaqtebi SeiZleba aRmoCndes Sesustebu-
li. zedapiris Camosayalibeblad, Tu kontaqtebze 

Siga xaxunis kuTxe (p) da SeWiduloba (Kʹ) mniSvne-
lovnad naklebia vidre qanebis SreebSi. 

Tu Sreebi horizontaluri an mcired daqanebu-
lia, maSin Zvris zedapiri SeiZleba CaiTvalos, 

rogorc cilindruli konfiguraciis da angariSi 

vawarmooT Semdegnairad (nax. 3.9): 
 

 
 

nax. 3.9.  Sreebis horizontaluri, daxrili da karieris 

mxares damreci daqanebis sqemebi 
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- Sreebis  horizontalur ganlagebis SemTxve-
vaSi (nax. 3.9, a) P da K saSualo Sewonili mniSvne-
lobebiT mdgradobis maragis koeficientis gaTva-
liswinebiT; 

- Sreebis damreci, masivisaken daqanebis SemT-
xvevaSi (nax. 3.9, b), rodesac ferdisa da Sreebis 

daqanebas Soris kuTxe 𝛼𝛼 < 900 < 𝜑𝜑 (𝜑𝜑 Zvris kuTxea 
kontaqtebSi): 

 

              𝜑𝜑ʹ = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 �𝑡𝑡𝑡𝑡𝑡𝑡ʹსაან + 𝑘𝑘საან
ʹ

𝜎𝜎საშ
�,               ( 3.27)  

 

sadac 𝑝𝑝ʹსაან daSrevebis sibrtyeSi Siga xaxunis 

kuTxis saangariSo mniSvnelobaa: 

 

                   𝑝𝑝ʹსაან = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ʹ

𝜂𝜂საან
 ;              (3.28) 

 
 

𝑘𝑘საან
ʹ  _ SeWidulobis saangariSo mniSvniloba 

daSrevebis zedapirze; 

𝜎𝜎საშ _ normaluri daZabulobis saSualo sidide 

ganxilul kontaqtSi:  

  

           𝜎𝜎საშ = 1
2
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎2β,             (3.29) 

 

sadac: β kontaqtebis daxris kuTxe horizontTan; 
ℎ _ Zvris zedapirze yvelaze daZabuli wertilis 

ganlagebis siRrme; 
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- Sreebis damreci daqanebis dros karieris 

mxares (nax. 3.9, g), rodesac 𝛼𝛼 > 𝛽𝛽, xolo 𝛽𝛽 < 15 <
200, angariSi Sreebis konturebze warmoebs da  

parametrebis mixedviT; 

- Tu 𝛽𝛽 > 15 − 200 da 𝛽𝛽 > 𝑝𝑝, maSin, xSirad 

ferdos aTavseben kontaqtis sibrtyeebis gaswvriv. 

e. i., 𝛼𝛼 = 𝛽𝛽 (nax. 3.9 d). mdgradi ferdos simaRle: 

 

       𝐻𝐻 = 𝐻𝐻90 �
1

1−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 საან
ʹ �,              (3.30)

     

sadac 𝜑𝜑საან
ʹ , Sreebis kontaqtebSi Zvris kuTxe, 

ganisazRvreba 3.27 formuliT;  

- mdgradi ferdos simaRle, rodesac 𝛼𝛼 > 𝛽𝛽  
(nax. 3.9, e) da xdeba daSrevebis sibrtyis 

gadakveTa ferdoTi, ganisazRvreba formuliT: 

 

              𝐻𝐻 = 2𝑘𝑘საან
ʹ ∙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∙𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 საან

ʹ

𝛾𝛾∙𝑠𝑠𝑖𝑖𝑖𝑖(𝛼𝛼−𝛽𝛽)𝑠𝑠𝑠𝑠𝑠𝑠�𝛽𝛽−𝑝𝑝 ʹ�
 ,    (3.31) 

 

sadac 𝛾𝛾 qanebis xvedriTi wonaa. 
ramdenime Sesustebuli sibrtyis arsebobis 

dros yvelaze metad daZabuli zedapiri emTxveva 

Sesustebul sibrtyeebs da ganikveTSi aqvs texili 

xazis forma. 
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3.3.6. drois faqtoris gavlena ferdos 

mdgradobaze 

 

es faqtori metad mniSvnelovania, radgan 

ferdos mdgradobaze intensiurad moqmedebs 

atmosferuli faqtorebi (temperatura, naleqebi, 

qari), mudmivi afeTqebebi, satransporto saSuale-

bebiT gamowveuli dinamikuri datvirTvebi da sxva. 

amasTan, qanebi, rogorc drekad-plastikuri masivi, 

ganicdis deformaciebs, romelic viTardeba dro-

Si. da, bolos, drois faqtori iwvevs karieris 

siRrmis gazrdas da es, Tavis mxriv, zrdis ara-

samuSao ferdos simaRles droSi, rac, cxadia, 

gaTvaliswinebuli unda iqnes daproeqtebis dros 

(nax. 3.10). 

 

 
nax. 3.10. karieris droSi ganviTarebis sqema 
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aRniSnuli karieris zeda nawili unda inarCu-

nebdes mdgradobas karieris arsebobis mTeli 

drois (T) ganmavlobaSi, sul qveda nawili ki _ 

mxolod safexuris arsebobis periodSi (1-dan ram-

denime wlamde); mopirdapire kide ki unda arsebob-

des karieris vadis naxevris ganmavlobaSi, radgan 

misi  formireba daiwyeba maSin, rodesac karieri 

CaRrmavdeba F wertilamde (naxevar siRrmeze). 

savsebiT cxadia, rom karieris bortis mdgradobis 

koeficienti unda izrdebodes siRrmis zrdasTan 

erTad. es ki imas niSnavs, rom siRrmis gazrdasTan 

erTad Seicvleba rogorc SeWidulobis koefi-

cienti, ise Siga xaxunis kuTxe raRac minimumidan 

maqsimumamde. Tu mxedvelobaSi miviRebT mis 

saSualo mniSvnelobas, maSin erT SemTxvevaSi 

mivdivarT garkveul riskze, xolo meore 

SemTxvevaSi mdgradobas vangariSobT garkveuli 

maragiT. aRniSnuli koeficientebis minimaluri 

sididis miRebis dros, faqtobrivad uzrunvel-

vyofT maqsimalur mdgradobas, magram vagebT sxva 

sferoSi, kerZod, mniSvnelovnad vzrdiT gadaxsnis 

koeficients da, maSasadame vamcirebT ekonomikur 

efeqts. koeficientebis maqsimaluri sididis dros 

mivdivarT did riskze, ris gamoc mosalodnelia 

maRali efeqti, Tumca realurad aman SeiZleba ar 

gaamarTlos. 
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3.3.7. damatebiTi datvirTvebis gansazRvra 

 

ferdos mdgradobaze zemoT xsenebuli faqto-

rebis garda zegavlenas axdens rigi sxva Zalebi, 

romlebic aucileblad unda gaviTvaliswinoT 

gamoTvlebis dros. saerTo SemTxvevaSi, damate-

biTi datvirTvebis angariSi wonasworobis Ziri-

Tad utolobaSi SeiZleba warmodgenili iqnes 

Semdegi saxiT: 

               

                     𝜂𝜂ფ = 𝑡𝑡𝑡𝑡𝑡𝑡 ∑ (𝑝𝑝𝑖𝑖+𝐹𝐹𝑖𝑖)𝑐𝑐𝑐𝑐𝑐𝑐𝜑𝜑𝑖𝑖+∑ 𝑘𝑘𝑙𝑙𝑖𝑖𝑛𝑛
𝑖𝑖=1

𝑛𝑛
𝑖𝑖=1
∑ (𝑃𝑃𝑖𝑖+𝐹𝐹𝑖𝑖)𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑𝑖𝑖𝑛𝑛
𝑖𝑖

 .         (3.32) 

         

umetes SemTxvevaSi damatebiTi datvirTvebi 

amcirebs wonis normalur mdgenelebs da zrdis 

mxeb mdgenelebs, riTac auaresebs mdgradobis 

pirobebs. rogorc wesi, damatebiTi datvirTvebis 

sidide ar aris didi da mniSvnelovania aqvs 

mxolod calkeuli safexurebis mdgradobisaTvis 

da ara mTeli bortisaTvis. danadgarebis masis 

mxedvelobaSi miRebisas unda gvaxsovdes, rom 

masivze mosuli datvirTvebi danadgarebis muSa-

obis dros SeiZleba 10-12-jer aRematebodes 

gruntze mosul sapasporto xvedriT datvirTvas. 

afeTqebis Sedegad mosuli datvirTvebi, xan-

mokle droiT moqmedebis miuxedavad, gacilebiT 

intensiurad moqmedebs, vidre danadgarebiT gamow-

veuli datvirTvebi. amasTan, masivze afeTqebis 

zegavlenis zusti suraTis ucodinarobis gamo 
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iZulebulni arian afeTqebiTi datvirTvebis 

gansazRvra moaxdinon didi maragiT.  
gawylovanebuli ferdos mdgradobis angariSis 

dros iTvaliswineben hidrostatikuri wnevis 

Zalebs. analizi gviCvenebs, rom yvelaze araxel-

sayreli pirobebi mdgradobis TvalsazrisiT 

iqmneba ferdoze, romlis simaRlis 1/3 dat-

borilia (𝜂𝜂ფ mcirdeba 10-25%-iT). ferdos mTliani 

datborvis SemTxvevaSi 𝜂𝜂ფ izrdeba 25-40%-iT, daut-

borav ferdosTan SedarebiT. 

 

3.3.8. karieris bortis simrudis zegavlena ferdos 

mdgradobaze 

 

mrudxazovani bortis SemTxvevaSi elementaru-
li prizmebis gverdebze moqmedebs daZabulobebi: 

mkumSavi _ Cazneqili bortis da gamWimavi _ 

amozneqili bortis  SemTxvevaSi  (nax.  3.11).  pirvel   

 
nax. 3.11. mrudxazovani bortis SemTxvevaSi elementaruli 

prizmebis gverdebze moqmedi daZabulobebi 
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variantSi adgili aqvs masivis Sekavebas, xolo 

meoreSi mis Sesustebas. rac ufro mcirea 

simrudis radiusi (R), miT ufro didia CaWidebis 
gavlena masivis mdgradobaze. amasTan, wonas-

worobis mdgradobis cvlileba didad aris 

damokidebuli bortis simaRlesa da daxris 

kuTxeze. dadgenilia, rom aRniSnuli faqtori 

gansakuTrebiT sagrZnoblad moqmedebs maSin, 

rodesac simrudis radiusi aRemateba karieris 

siRrmes da naklebia mis  gaorkecebul  sidi-deze 
(𝑅𝑅 ≤ 2𝐻𝐻, 𝑅𝑅 = 𝐻𝐻 ).      
         

 

3.3.9.   karieris bortis konstruireba 

 

saboloo gadawyvetilebis misaRebad saWiroa 

gaTvaliswinebul iqnes ori ZiriTadi faqtori:  

bortis (ferdos) daxris kuTxis mniSvneloba da 

gadaxsnis miRebuli xerxi. 

karieris borti Sedgeba safexurebis ferde-

bisa da baqnebisagan. arasamuSao bortze ganlage-

bulia damcavi da satransporto bermebi, daxrili 

gadasasvlelebi, Cixuri an maryuJuli Sesasvle-

lebi (nax. 3.12). 

karieris arasamuSao bortis ferdos daxris 

kuTxe gradusebSi tolia: 

 

𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐵𝐵𝐵𝐵
𝐴𝐴𝐴𝐴

= ∑ ℎ𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝛼𝛼𝑖𝑖 + ∑ 𝑎𝑎𝑖𝑖 + ∑ 𝑏𝑏𝑖𝑖 + ∑ 𝐶𝐶𝑖𝑖
𝑛𝑛3
𝑖𝑖

𝑛𝑛2
𝑖𝑖

𝑛𝑛1
𝑖𝑖

𝑛𝑛
𝑖𝑖  ,  (3.33) 
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nax. 3.12. karieris arasamuSao gverdis sqema 
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sadac n safexurebis raodenobaa; ℎ𝑖𝑖 – safexurebis 
simaRle, m; 𝛼𝛼𝑖𝑖 _ arasamuSao safexuris ferdos 

daxris kuTxe; 𝑛𝑛𝑖𝑖 _ damcavi bermebis raodenoba 

bortis mocemul kveTSi; 𝑏𝑏𝑖𝑖 – satransporto 

bermis sigane; 𝑛𝑛2 _ gadasasvlelebis ricxvi aRni-

Snul WrilSi; 𝐶𝐶𝑖𝑖 _ gadasasvlelebis sigane; 𝑛𝑛3 – 

satransporto bermebis raodenoba; 𝑎𝑎𝑖𝑖 _ damcavi 

bermebis sigane. 

am formulis yvela elementi damokidebulia 

saproeqto gadawyvetasa da sakariero velis gada-

xsnis xerxze. umravles SemTxvevaSi karieris 

bortis Caqrobis kuTxe bermis ganlagebis pirobis 

mixedviT Seadgens 30-400-s, rac gacilebiT 

naklebia, vidre mdgradobis pirobidan aRebuli 

kuTxe. konkretul pirobebSi saWiroa yvela im 

faqtoris gaTvaliswineba da garkveuli Sedegis 

miReba, rac uzrunvelyofs safexuris mdgradobas. 

  

 

3.3.10. nayaris mdgradobis angariSi 

 

kldovani, naxevradkldovani da qviSiani qane-

bisagan formirebuli nayaris mdgradoba ganisa-

zRvreba p masis mqone qanebis blokis wonasworo-

bis pirobidan. ferdoze, romlis daqanebis kuTxe 

tolia 𝛼𝛼-si, xaxunis Zala 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 unda gawonas-
wordes masis mxebi mdgeneliT 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃. aqedan 

gamomdinare ferdos wonasworobis piroba Seuka-
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vSirebeli qanebisaTvis (k=0) SeiZleba daiweros 

aseTnairad: 𝛼𝛼 ≤ 𝑝𝑝. 
dadgenilia, rom myari qanebis nayari mdgradi 

fuZis SemTxvevaSi inarCunebs mdgradobas nayaris 

nebismieri simaRlis dros ferdos (34-360) daxris 

SemTxvevaSi. 

susti qanebisagan Sedgenili nayaris an sust-

qanebiani fuZis SemTxvevaSi nayaris mdgradoba 

gansazRvruli unda iqnes saTanado angariSis 

safuZvelZe. 

sust (Tixovani) qanebSi, mdgrad fuZeze, 

ferdos qveda qimTan gadaikveTeba rigi Zvris 

zedapirebi. zeda nawilSi es zedapiri daxrilia 

450 + 𝑝𝑝0
2
 kuTxiT  da warmoadgens mdore mrudxa-

zovan zedapirs. susti qanebis nayarSi moTavse-

bisas kargaven bunebrivi SeWidulobis Zalas. 

datkepnis Sedegad isini kvlav iZenen garkveul 

SeWidulobas, rac damokidebulia sakuTvriv 

qanebis Tvisebebsa da nayaris simaRleze (norma-

luri daZabulobis sidideze). angariSs awarmoeben 

nayarisaTvis amozneqili formis miniWebis 

safuZvelze (nax. 3.13). 

amozneqili mrudis daxris kuTxe nayaris qveda 

nawilSi (1/3H) miiReba bunebrivi daferdebis 

kuTxis tolad da Semdeg, nayaris zeda nawilSi, 

xdeba misi gadaxra. H=5,14𝜏𝜏მაქს/𝛾𝛾 simaRleze nayari 

Rebulobs horizontaluri moednis saxes. amis 

Semdeg xdeba miRebuli profilis Semowmeba cno-
bili meTodebiT. 
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nax. 3.13. mdgradi fuZis mqone Tixovani qanis nayaris 

sqema amozneqili formis ferdos SemTxvevaSi 
       

Tu nayari ganlagebulia daxril Sreobriv 

fuZeze, maSin Zvris sibrtye SeiZleba iyos, 

rogorc mdore mrudxazovani, ise mrgval-cilin-

druli (nax. 3.14). Zvris sibrtye nayaris fuZesTan 
gadis susti qanebis kontaqtis gaswvriv (maxasia-

Teblebi 𝐾𝐾 da 𝑝𝑝). mdgradi nayaris simaRle gaimoT-

vleba (rodesac 𝛼𝛼 = 𝑝𝑝 da 𝛼𝛼 < 𝑝𝑝) Zvris ramdenime 

sibrtyis mixedviT, ZalTa mravalkuTxedis 

meTodiT. aqtiuri daZabulobasa da sayrden 

prizmas Soris sazRvari gadis 900_ 𝑝𝑝 kuTxiT. 

blokebs Soris reaqcia mimarTulia 𝑃𝑃საან kuTxiT 

normalis mimarT, sadac 𝑃𝑃საან =  𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎/𝜂𝜂საან Tu  naya-
ris  fuZeSi  ganlagebulia horizontaluri susti 
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nax. 3.14. nayaris mdgradobis gamosaTvleli sqema Sreobrivi 

fuZis SemTxvevaSi: 1 - susti kontaqti (𝒑𝒑, 𝒌𝒌); 2 - aqtiuri 
wnevisa da sayrdeni prizmis sazRvari. 

 

Sre, maSin mosalodnelia iatakqveSa (fuZisqveSa) 

mewyeri (nax. 3.15). nayaris qanebSi srialis 

potencialur zedapirs aqvs mrgval-cilindruli 

forma. susti qanebis SreSi xdeba srialis 

sibrtyis 𝜃𝜃 kuTxiT gadatexva, igi Rebulobs 

ukudaqanebas fuZis datvirTuli nawilis gareT 

da gamodis fuZeSi kuTxiT 𝜀𝜀 = 450 − 𝑝𝑝ფ/2, sadac, 𝑝𝑝ფ 
fuZis qanebis Siga xaxunis kuTxea. 

mravaliarusiani nayari daxril Sreobriv 

fuZeze inarCunebs mdgradobas ferdos 𝛼𝛼 = 18­250-

iani daxris dros. qveda iarusis simaRle ar unda 

aRematebodes 25 m-s, xolo datenianebuli 

Tixovani qanebis SemTxvevaSi _ 15 m-s. 
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nax. 3.15. nayari, romelsac fuZeSi aqvs horizontalurad 

ganlagebuli susti Sre 

                  

susti Tixnari qanebis SemTxvevaSi nayari 

mdgrad fuZeze unda ganlagdes ferdos mimarT 18-

250-iani daxriT. yoveli iarusis simaRle, date-

nianebis xarisxis mixedviT, qviSa-Tixovani qanebis 

SemTxvevaSi, SeiZleba meryeobdes 10-30 m-is 

farglebSი. 
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4. karieris gverdebisa (qimebis) da nayaris 

mdgradobis uzrunvelyofis xerxebi 

4.1. karieris ferdos mdgradobis uzrunvelyofa 

samTo samuSaoebis warmoebis dros 
 

sawarmoo procesebidan ferdos mdgradobaze 

yvelaze metad, Ria damuSavebis dros, bunebrivia, 

moqmedebs burRva-afeTqebiTi samuSaoebi. afeTqebis 

Sedegad xdeba uSualod feTqebadi nivTierebis 

muxtis mosazRvre qanebis damsxvreva (nax. 4.1, zona 
D). intensiuri napralwarmoqmnis zonaSi (3) iqmneba  

axali an ixsneba  daxuruli da  praqtikulad  uxi- 
 

 

  
                     

nax. 4.1. afeTqebis zegavlena qanebis masivze 
 

lavi bzarebi. adgili aqvs qanebis blokebis urTi-
erTgadaadgilebas. zogjer karieris zeda baqanze, 
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iqmneba napralebi (ix. wyvetili xazi). zonaSi 

qanebis blokebi ZiriTadad Sekavebulia xaxunis 

Zalebisa da sakuTriv blokebis uswormasworo 

zedapiris gamo. T zonaSi adgili aqvs uxilavi 

napralebis gaxsnas. am zonis sigane aRwevs 40-50 m-

s. radgan afeTqebis dros qanebi gadaadgildeba 

gamomuSavebuli sivrcisaken da zeviT, gansakuTre-
biT saSiSi mdgomareoba iqmneba maSin, rodesac 

qanebi daqanebulni arian masivisaken 32-360-ze meti 

kuTxiT. am dros SeiZleba moxdes afeTqebis gamo 

moWrili blokebis moulodneli Camoqceva-Camocu-
reba. ufro Rrma zonaSi (y) adgili aqvs qanebis 

drekad deformaciebs. am zonis zomebi damoki-
debulia muxtis sididesa da qanebis Tvisebebze. 

safexuris zRvruli wonasworobis pirobebSi 

mosalodnelia qanebis rRveva muxtidan sakmaod 

did manZilze. 

safexuris mdgradobaze afeTqebis mavne zegav-

lenis Tavidan acilebis mizniT saWiroa: SeizRu-
dos erTdroulad asafeTqebuli muxtis sidide; 

daxrili WaburRilebiT konturuli afeTqebis 

gamoyeneba; dayovnebuli afeTqebis diagonaluri 

sqemebis danergva; safexuris ferdos CaWra napra-
lebis karierisaken daqanebis dros da sxva. 

afeTqebis dros ferdos gaswvriv adgili aqvs 

qanebis rxevas. rxevis dros masivis dasaSvebi 

siCqare, romlis drosac ar unda velodoT safe-
xuris daSlas, meryeobs did farglebSi da Ziri-
Tadad damokidebulia qanebis Tvisebebsa da afeT-
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qebis jeradobaze. erTjeradi afeTqebis dros 

dasaSvebi siCqare wyalSemcveli qviSebis SemTxve-
vaSi aris 12 sm/wm, naklebad SekavSirebuli da 

araxelsayrelad orientirebuli napralebis dros 

_ 48 sm/wm, xolo magar qanebSi _ 96 sm/wm. 

mravaljeradi afeTqebebis dros es sidide unda 

Semcirdes 2-jer mainc unda Semcirdes. 

erTdroulad asafeTqebeli muxtis sidide ar 

unda aRematebodes mniSvnelobas: 

           

𝑄𝑄მაქს. =
𝑉𝑉მაქს𝑦𝑦3

𝐾𝐾2  , 

 

sadac V qanebis rxevis dasaSvebi siCqarea, sm/wm;  
𝑦𝑦 _ manZili afeTqebis adgilamde, m; K – qanebis 
zegavlenis koeficienti. K-s sidide wyalSemcvel 

qviSebSi SeiZleba aviRoT 450-600, naklebad 

Semkvrivebuli qanebisa da napralebis araxelsa-

yreli ganlagebis dros _ 300-450, xolo mkvrivi 

qanebis dros 200-300, Sesabamisad erTjeradi da 

mravaljeradi afeTqebisas. 

mcired dayovnebuli afeTqebis dros, momdevno 

seriis zemoqmedeba winasTan gamoricxulia. dayov-

nebis intervalis dro 

               𝑇𝑇დაყ ≥ 2�𝑆𝑆𝑆𝑆
𝑞𝑞
                                                     

sadac S aris safexuris zedapiris farTi, rome-
lic modis erT WaburRilze, 𝑦𝑦 _ qanebis simkvrive, 
t/m3; q _ feTqebadi nivTierebis xvedriTi xarji, 

kg/m3. konturuli aafeTqeba (nax. 4.2) gamoiyeneba 
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safexuris saboloo mdgomareobaSi dayenebis 

dros (mag., karieris sazRvarTan), rodesac afeTqe-

bas minimaluri zegavlenis moxdena SeuZlia fer-

dos  mdgradobaze.  es  efeqti  miRweuli iqneba 

   

 
nax. 4.2. konturuli afeTqebis sqema 

 

bolo rigSi muxtis sididis SemcirebiT. ferdos 

saproeqto konturis gaswvriv 0,8-2 m-is 

intervalSi iburReba daxrili WaburRilebi, 

umjobesia, Semcirebuli diametris da ferdos 

saproeqto daxris kuTxiT. WaburRilebi daiteneba 

Sesustebuli muxtiT. WaburRilsa da muxtis 

kedels Soris unda iyos TavisuTali RreCo. 

konturuli afeTqebisaTvis muxti mzaddeba feT-

qebadi nivTierebis vaznebis girliandis saxiT, 

sadetonacio zonaris meSveobiT. safexuris 

saboloo mdgomareobis dayenebis dros qanebis 

CaWra unda ganxorcieldes maSin, rodesac 
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napralebi karierisaken  daqanebulia 400 iani 

dameti kuTxiT. CaWra xorcieldeba napralebis pa-

ralelurad an sxvadasxva simaRleze gaburRuli 

vertikaluri WaburRilebis afeTqebis Sedegad. 

sabolao konturTan qanebis asafeTqeblad Wabur-

Rilebis gadametebuli burRva ar aris saWiro. 

bortis mdgradi profili, Cveulebriv, 

ganisazRvreba gamoTvlebiT, maragis aucilebeli 

koeficientis gaTvaliswinebiT. amasTan, profilSi 

unda Caiweros teqnologiurad aucilebeli 

safexurebi da bermebi. yoveli safexuris ferdos 

simaRle ar unda aRematebodes zRvrul sidides. 

karieris bortis zRvruli kuTxis sidide magari 

qanebis SemTxvevaSi Seadgens 50-600 da 40-450-s 

Sesabamisad, zomieri da intensiuri danapraliane-

bis dros; fiqlebis SemTxvevaSi _ 38-450, 30-400 da 

25-300-s Sesabamisad; karieris mxares daqanebuli 

Sesustebuli sibrtyeebis ararsebobis, samagierod, 

Sesustebuli sibrtyeebis arsebobisa da fenebis 

muldisebri daqanebis dros, susti qanebis 

SemTxvevaSi _ 25-300 da 20-250-s, rodesac karieris 

ZirTan gvxvdeba Sesustebuli sibrtyeebi. 

bermis sigane SeiZleba gamovTvaloT Semdegi 

gamosaxulebiT:   

B= Bt+(a+b)t 
sadac Bt aris bermis sigane teqnologiuri daniS-

nulebisaTvis (mag., satransporto zolis sigane 

usafrTxo zolis siganis CaTvliT), m; a, b _ 
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CamonaSalis ganviTarebis intesivoba, m/wm; t _ 

bermis arsebobis vada, weli. 

ferdos mdgradobis TvalsazrisiT uaRresad 

didi mniSvneloba aqvs sakariero velis damuSa-

vebis Tanmimdevrobas. am dros, pirvel rigSi, 

gaTvaliswinebuli unda iqnes Sesustebis SesaZlo 

zonebi (sakuTriv, Sesustebis sibrtyeebi, teqtoni-

kuri aSlilobani da sxva). gare gamxsneli gvira-

bebi unda ganlagdes mdgrad qanebSi, raTa 

uzrunvelyofil iqnes saimedo Senaxva karieris 

arsebobis periodSi. 

Sida stacionaruli gadasasvlelebi (Casasvle-

lebi) gadaxsnis dros sasurvelia, ganlagebuli 

iyos saxuravi gverdis qanebSi, radgan am dros 

qanebi amJRavnebs maqsimalur mdgradobas karieri-

sagan masivisaken daqanebis gamo.    

karierebze umjobesia pirvel rigSi damuSav-

des SedarebiT mdgradi, Semdeg ki _ ufro susti 

qanebisagan warmodgenili ubnebi. 

muldasebr ganlagebuli fenebis damuSaveba 

umjobesia ganxorcieldes orive mxridan Semxved-

ri sangrevebiT (nax. 4.3). karierebis aseTi ganla-

geba uzrunvelyofs ara marto qanebis maqsimalur 

mdgradobas, aramed gadaxsnis minimalur koefi-

cients eqspluataciis sawyis etapze da Semdeg mis 

TandaTanobiT gazrdas. 

SerCeuli unda iqnes sabados gamomuSavebis 

iseTi wesi, rom mudmivma bortma ar gadakveTos 
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Sreebi, romlebic daqanebuli iqneba karierisken 

kontaqtis Siga xaxunis kuTxeze meti kuTxiT. 

nax. 4.3. muldisebr ganlagebuli qanebis damuSavebis 

Tanmimdevroba 

 

karieris aramdgradi ubnebis damuSaveba unda 

ganxorcieldes iseTi intesivobiT, rom damuSave-

bisaTvis gankuTvnil droSi ar ganviTardes qane-

bis deformaciis aqtiuri faza. 

karieris zRvrul konturTan miaxloebis dros 

umjobesia damuSaveba ganxorcieldes ganivi 

spirajoebiT. amasTan, damuSavebis es wesi uzrun-

velyofs ferdos saimedo da iol CaWras. 

metad mniSvnelovania samTo samuSaoebis 

warmoebis Tavisebureba mewyrul ubnebze. unda 

aRiniSnos, rom umravles SemTxvevebSi mewyer 

saSiS ubnebze deformaciebis Tavidan acileba ar 

xerxdeba arsebuli meTodebiT. aseT ubnebSi 

qanebis amoReba da datvirTva unda ganxorci-

eldes sakmaod mobiluri danadgarebiTa da 

meqanizmebiT. samuSao baqnebma unda uzrunvelyos 

danadgarebis avariuli evakuacia. rac SeiZleba 

sakmarisi siganisa da qanebis nayarisagan ganTavi-
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suflebis pirobebi. mewyersaSiS ubnebze unda 

mimdinareobdes mewyeris ganviTarebis Tavadan 

acilebis mizniT. es ki SesaZlebelia, pirvel 

rigSi, mewyris gamomwvevi mizezebis aRmofxvriT. 

amisaTvis saWiroa, pirvel rigSi, aRmoifxvras 

ferdos gawylovanebis mizezebi da daigegmos 

mewyeri, zedapiruli wylebis Casadineblad. 

mewyris formireba mzaddeba draglainis meSve-

obiT, romelic ganlagebulia safexuris zeda 

baqanze. mewyruli masis gantvirTva xdeba aseve 

draglainis meSveobiT aqtiuri wnevis prizmis 

wverodan (nax. 4.4). amasTan, gansakuTrebuli yura-

dReba unda mieqces mewyris fuZis mdgradobas da 

  

 
 

nax. 4.4. mewyruli masis gantvirTva: 

a - safexuris mewyruli nawilis sigane;  x - manZili 

safexuris zeda warbidan draglainis muxluxomde. 
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saSiSi deformaciebis SemTxvevaSi draglaini 

gamoyvanil iqnes usafrTxo zonaSi. mewyris 

Semdgomi ganviTarebis Tavidan acilebis mizniT, 

SesaZlebelia prizmis zeda nawilidan mocile-

buli qanis aRebis gamo Seqmnil sicarieleSi 

kldovani qanebis Cayra, rac xels Seuwyobs 

agreTve zedapiruli wylebis gafiltvras. 

 

 

4.2.   ferdos xelovnuri gamagreba 

 

Ria wesiT damuSavebis teqnologiaSi cnobilia 

ferdos gamagrebis meqanikuri da fizikur-

meqanikuri meTodebi. 

meqanikuri gamagrebisa yvelaze martivsa da 

saimedo wess warmoadgens ximinjebiT gamagreba. es 

wesi gansakuTrebiT saimedoa ubnebze, sadac 

gvxvdeba daSrevebuli qanebi, teqtonikuri 

napralebi da rRvevebi. nax. 4.5, 4.6-naxazebze 

ilustrirebulia ximinjebiT gamagrebis saxeebi. 

ximinjis efeqtianoba miRweulia misi mniSvnelo-

vani CaRrmavebiT Sesustebuli anu deformaciis 

sibrtyis qveviT. ximebi SeiZleba iyos rkinabeto-

nis, ankeruli betonis an mis gareSe, garsovani 

xime moqnili armaturiT da sxva. naxazze 1 aris 

WaburRili Sevsebuli betoniT, 2 _ xisti xime, 3 _ 

moqnili armatura. Zalzed danapralianebuli 

qanebis  gamagrebis SemTxvevaSi mizanSewonilia 
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        nax.4.5                      nax. 4.6 

 

ganxorcieldes qanebis cementacia ximes irgvliv, 

rac mniSvnelovnad zrdis Camagrebis efeqts. 

manZili ximeebs Soris Tanabaria da meryeobs 

ramdenime metris farglebSi. ximeebis saangariSo 

raodenoba   

 

𝑁𝑁 = 𝑀𝑀𝑀𝑀:𝑀𝑀ღ , 

 
sadac 𝑀𝑀Mqanebis SesaZlo Camoqcevis prizmis 

mRunavi momentia;  𝑙𝑙 _ ferdos ubnis sigrZe; 𝑀𝑀ღ _                      
ximes gadamtani Runvis momenti. 

ximes CaWedvis siRrme Sesustebuli zedapiri-
dan Seadgens 1.5-2.0, 2-3 da 3-4 m-s, Sesabamisad, 

kldovan, naxevradkldovan da fxvier qanebSi. 

Zalzed danapralianebul qanebSi, WaburRileb-

Si aTavseben armaturas, yrian maTSi RorRs da 

Semdeg axdenen mis da masivis cementacias. 
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Ria damuSavebis dros farTod iyeneben e.w. 

Zelebs da moqnil gvarlisebr Wims, romelebic 

uzrunvelyofen daSrevebuli qanebis Sekvras. 

amasTan, gasamagrebeli ferdos zedapiridan mcire 

manZilze ganlagebuli unda iyos monoliTuri 

qanebi, romlebSic saimedod Camagrdeba, rogorc 

Zelebi, ise Wimebi, Sesabamisad, 5-6 da 30 m-ze. 

aseTi qanebis ararsebobis SemTxvevaSi unda 

ganxorcieldes qanebis cementacia Camagrebis 

zonaSi. Wime daWimuli   iqneba   Q ZaliT,   romlis   
normaluri mdgeneli N iwvevs xaxuns Sesustebis 

  

 
nax. 4.7 

 

(srialis) sibrtyeze T ZaliT. swored es Zala 

uzrunvelyofs qanebis daZvras da, Sesabamisad, 

maT Sekavebas. 

qanebis Sekaveba safexuris zedapirze SeiZleba 

ganxorcieldes agreTve liTonis badis dagebiT 

da misi gamagrebiT StangebiT an gvarliseburi 

WimebiT. gansakuTrebiT rTul pirobebSi SeiZleba 
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ganxorcieldes badeebis dafarva torkret beto-

nis meSveobiT. 

mewyrebis Tavidan acilebis mizniT gamo-

iyeneben agreTve e.w. qanebis kontrforsebs (gver-

diT samagrs). Cveulebriv, iReben kldovan qanebs, 

romlebic ganlagebulia ferdos gaswvriv, axdenen 

safexurze gverdiT datvirTvas da uzru-

nvelyofen mis mdgradobas, rac iZleva mewyruli 

movlenebis Tavidan acilebis saSualebas. qanebis 

raodenoba SeiZleba winaswar gamoiTvalos formu-

liT:       

                                                       

𝑝𝑝კ = 𝐹𝐹: 𝑡𝑡𝑡𝑡𝑝𝑝კ, 

 

sadac F aris mewyris gamomwvevi qanebis datvirTva;  

𝑝𝑝კ _ qanebis xaxunis koeficienti. 
 

       
nax. 4.8 
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qanebis CamoSvavebis Tavidan acilebis mizniT 

zogjer awyoben e.w. kontrbankets (nax. 4.9.). misi 

parametrebi damokidebulia wyalSemcveli qanebis 

filtraciis koeficientze kq, wylis xvedriT 

xarjze q da ferdos qvedebulze. 

  

 
nax. 4.9 

 

ω kldovani qanebis mitvirTvis simaRle h meti 
unda iyos wylis gamodinebis doneze hg (0,5-1 m-iT). 

kldovani qanebi gverdiTi samagris mowyobis 

procesSi unda ganlagdes maSinve, safexuris 

formirebisTanave, radgan dayovnebam aq SeiZleba 

gamoiwvios mewyeri an qanebis CamoSvaveba. 

SeiZleba aigos agreTve gverdiTi rkinabetonis 

sayrdenebi an damcavi kedeli (nax. 4.10, a da b), 

magram aseTi konstruqciis sayrdenebi praqtiku-
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lad ar gamoiyeneba, mcire mzidunarianobisa da 

didi SromiTi da masalebis danaxarjebis gamo. 

 

 
nax. 4.10 

 

calkeul SemTxvevebSi iZulebulni arian 

Seqmnan gansakuTrebuli simaRlis nayari. am 

SemTxvevaSi SeiZleba uzrunvelyofil iqnes naya-

ris simdgrade e.w. damWeri bermebis agebis gziT 

(nax. 4.11), romelic warmoadgens daankerebul Spun-

tur kedels, rac, bunebrivia, xels Seuwyobs da 

uzrunvelyofs nayaris simaRlis gazrdas. 

cxadia, SeiZleba SemuSavebul iqnes ferdos 

damagrebis sxva originaluri xerxebic. am 

problemas, sazogadod, didi praqtikuli mniSvne-

loba aqvs da mas gansakuTrebul yuradRebas unda 

uTmobdes karierze momuSave personali. 

ferdos meqanikuri gamagrebis xerxebis garda 

cnobilia xerxebi, romlebic uzrunvelyofen 

fxvieri an susti masivis gamagrebas fizikur-

meqanikuri meTodebiT. 

94 
 



 
 

nax. 4.11 
 

qanebis ganmtkiceba aucilebelia Sesustebul 

ubnebSi masivis simtkicis gasazrdelad. es 

SeiZleba miRweul iqnes napralebSi iseTi 

nivTierebis SeyvaniT, romlebic Sekvris Semdeg 

mniSvnelovnad zrdian masivis winaRobas Zvraze. 

Semkvrelis Seyvana danapralianebul masivSi 

SeiZleba moxdes wnevis qveS. Semkvrelad SeiZleba 

gamoyenebul iqnes cementis xsnari, polimeruli 

fisebi da silikatebi. 

cementis xsnari, Cveulebriv, Seiyvaneba masivSi 

WaburRilebis meSveobiT; mas unda hqondes 

Semkvrivebis periodi, romelic uzrunvelyofs mis 

SeRwevas saproeqto siRrmemde. swrafad 

Semkvrivebadi cementi Seiyvaneba Zalze 
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danapralianebul qanebSi, xolo wvrili 

napralebis SemTxvevaSi cementis xsnaris Sekvra 

unda moxdes SedarebiT gvian. Sekvris periodi 

SeiZleba vareguliroT, Tu xsnars davumatebT 

sodas, qlorian kalcits da sxva nivTierebebs, 

romlebic amcireben Semkvrivebis periods. 

cnobilia agreTve napraliani qanebis Semkvri-

vebis eleqtroqimiuri da eleqtrofizikuri xerxe-

bi. pirvel SemTxvevaSi qanebSi xdeba natrium-

silikatisa da qloriani kalcis Seyvana, mezobel 

WaburRilebSi sxvadasxva sididis eleqtruli 

Zabvebis Seqmnis xarjze. 

eleqtrofizikuri meTodis dros mezobel 

WaburRilebSi Seiyvaneba mudmivi deni, anodisa da 

kaTodis moTavsebis Sedegad. es iwvevs masivSi 

arsebuli wylis gadaadgilebas da mis gamoSro-

bas, rac TavisTavad gamoiwvevs masivis ganmtkice-

bas. am xerxiT qanebis gamagrebis dros manZili 

WaburRilebs Soris ar unda aRematebodes 1-1,5 m-s, 

ris gamoc Zalze didia gaweuli SromiTi da 

fuladi danaxarjebi. 

Ria damuSavebis dros zogjer saWiroa uzrune-

lyofil iqnes ferdos izolacia, gansakuTrebiT, 

Rrma karierebze misi xangrZlivi arsebobis dros. 

saizolacio safarad, Cveulebriv, gamoiyeneba 

polimeruli masalebi, betoni, biTumi da sxva. 

polimerebma didi siZviris gamo ver hpova 

gamoyeneba. dabolos, ferdos gamagrebis mizniT 

zogjer gamoiyeneben e.w. biologiur meTodebs, 
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magaliTad, mcenareul safars. yvelaze advilad 

xerxdeba es Tixis da qviSis, agreTve Tixnarisa 

da qviSnaris SemTxvevaSi. 

   

 

4.3. nayaris mdgradobis uzrunvelyofis meTodebi 

 

nayaris mdgradobis uzrunvelyofis mizniT 

pirvel rigSi saWiroa ganxorcieldes safexuris 

Ziris (fuZis) momzadeba. 

Tu nayaris fuZeSi ganlagebulia susti qanebis 

Txeli fena (torfis, plastikuri Tixebis da 

sxva), xolo qveviT _ magari da mdgradi qanebi, 

maSin umjobesia qanebis nayarSi ganlagebis win 

ganxorcieldes rbili qanebis aReba. 

sagrZnobi sisqis (3-5 m) rbili qanebis SemTxve-

vaSi saWiroa ganxorcieldes qanebis nayarSi 

ganlagebis regulireba farTisa da simaRlis 

mixedviT iseTnairad, rom, magaliTad, torfis 

Semkvriveba da masSi foruli wneva iyos minima-

luri, romlis drosac xdeba torfis konsolida-

cia, xolo nayariT gamowveuli datvirTva ar 

iwvevs fuZis intensiur deformacias. aseT Sem-

TxvevaSi nayaris sawyisi simaRle ar unda aRema-

tebodes 3-5 m-s. nayaris simaRlis Semdgomi gazrda 

ar unda iwvevdes deformaciebis zrdas. torfis 

konsolidaciis dro, nayaris sawyisi simaRle da, 

ZiriTadad, iarusis simaRle ganisazRvreba 

eqsperimentulad yovel konkretul SemTxvevaSi. 

97 
 



amasTan, nayaris sawyis simaRleSi umjobesia ganva-

lagoT mfiltravi (mJonavi) masala. 

Tu susti qanebi Sedgeba plastikuri Tixebi-

sagan, maSin saWiroa ganxorcieldes gadmoyris 

rigis varireba. 

Tu fuZeSi ganlagebulia wyalSemcveli qanebi, 

maSin nayaris qveda nawili dateniandeba da masSi 

ganviTardeba deformaciebi. aseT SemTxvevaSi 

gruntis wylebis donis dasawevad umjobesia 

gayvanil iqnes, mowinave sadrenaJo tranSea 

nayaris perimetrze, romelic Sevsebuli iqneba 

mfiltravi masaliT da eqneba 20-iani daxra wylis 

dasawretad. sanayere samuSaoebis frontis ganvi-

TarebasTan erTad gaiyvaneba axali sadrenaJo 

arxebi 20-iani daxriT da Seivseba mfiltravi 

masaliT. 

borcvisebr reliefze nayaris ganlagebis 

dros uzrunvelyofil unda iqnes wylis dawreta 

Caweuli ubnebidan sadrenaJo Txrilebis meSveo-

biT.  

Tu fuZeSi ganlagebulia wyalgamZle qanebi, 

mis qveS ki _ wyalSemcveli horizonti (gansakuT-

rebiT, wneviT), fuZis momzadeba unda moicavdes 

aRniSnuli horizontis drenaJsac, e.w. wylis dam-

wevi Webis meSveobiT, romlebic gaiburReba san-

grevis gadaadgilebasTan erTad. 

Sida nayaris sageb gverdze ganlagebis, 

agreTve sagebSi wyalgamZle qanebis Cawolis dros 

saWiroa wyalSemcveli horizontis gaxsna. Tu es 
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garemoeba iwvevs did wyalmodenas, umjobesia, 

saerTod ar moxdes misi gaxsna, e.i., darCes xelux-

lebeli da Semdeg ganxorcieldes fuZis 

datvirTva Siga nayarebiT. 

nayaris gawylovanebis erT-erT wyaros 

warmoadgens atmosferuli naleqebi. nayaris 

zedapiridan wylis arinebisa (gadagdebis) da misi 

infiltratis Tavidan acilebis mizniT saWiroa 

ganxorcieldes nayaris moSandakeba-mosworeba 

wyalSemkrebi Rarebisaken 2-30-iani daxriT. wyal-

Semkrebi Rarebi saWiroa gayvanil iqnes nayaris 

zedapirze yoveli 400-500 m-is manZilze 20-iani 

daxriT, rac uzrunvelyofs atmosferuli wylebis 

mocilebas nayaris konturis gareT. 

Tanamedrove karierebze ganuwyvetliv izrdeba 

gadaxsnis koeficienti. es ki moiTxovs sul ufro 

meti farTobis konservirebas nayaris gansaTavseb-

lad. aRniSnulis Tavidan asacileblad cdiloben 

SeZlebisdagvarad gazardon nayaris simaRle da 

gamoiyenon ufro mZlavri teqnika nayaris formi-

rebisaTvis. aseT pirobebSi nayaris simdgrade 

mniSvnelovnad aris damokidebuli nayarSi qanebis 

moTavsebis teqnologiaze, pirvel rigSi, sanayare 

spirajos Sevsebis siCqareze, qanebis gadayris 

rigze (wesze), TviT spirajos zomebze da sxva. 

amasTan, aRniSnuli parametrebi SeiZleba Zalian 

advilad Seicvalos, rac saSualebas iZleva 

dadgindes nayarSeqmnis optimaluri teqnologia 

da parametrebi. 
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nayaris simdgradis saukeTeso pirobebis 

Seqmnis principia qanebis ganTavsebis iseTi 

Tanamimdevrobis SerCeva, romelic uzrunvelyofs 

nayaris qanebis winaRobis gazrdas zevidan qveviT. 

sanayare meurneobaSi msxvili manqana-danad-

garebis gamoyenebis dros, qviSa-Tixovani qanebis 

amoReba iwvevs nayaris formirebis specifikur  

Taviseburebas. Tixnari qanebi didi simaRlidan 

Camoyris dros Zalze wvrilmandeba, maTi 

struqtura iSleba da iqmneba nayaris fuZeze 

Tixis Semcvel plastad, romlis gaswvriv SeiZle-

ba ganviTardes mewyeri.  qviSnari da Tixnari 

qanebis nayarSi ganTavsebis dros pirveli maTgani 

imsxvreva ufro advilad, vidre meore, es ki 

iwvevs Tixnaris Semcveli natexebis ganlagebas 

nayaris qveda nawilSi, rac asustebs nayaris 

fuZes. nayaris simdgrade SeiZleba gaizardos 

qanebis seleqciuri amoRebisa da ganTavsebis 

dros. unda vizrunoT, rom nayaris qveda nawilSi 

ganlagebuli iyos mdgradi qanebi, xolo zeviT _ 

ufro susti. mniSvnelovania agreTve gaizardos 

nayaris spirajos sigane. Tu nayaris simaRlis 

zrdis siCqare da normaluri Zabvebis zrdis 

siCqare aWarbebs wylis forebidan ukudenis 

siCqares, nayaris simdgrade uaresdeba da 

SeiZleba ganviTardes fuZis qveda da fuZis zeda 

tipis mewyeri. nayarSi qanebis moTavsebis siCqaris 

Semcirebis dros xdeba forebSi arsebuli wnevis 

gabneva da uzrunvelyofilia nayaris simdgrade. 
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es SeiZleba miRweul iqnes gadamxsneli 

kompleqsis mwarmoeblurobis SemcirebiT, sanayare 

spirajoebis farTobis gazrdiT nayaris sawyisi 

simaRlis Semcirebis xarjze 4-6 m-mde. amasTan, 

sawyis etapze mizanSewonilia ganlagdes nayarSi 

advilad safiltravi masala. 

 

5. sakariero velebis daSroba 

5.1. ZiriTadi cnobebi 

 

miwisqveSa wylebi qanebze meqanikuri, qimiuri 

da eleqtroqimiuri zemoqmedebis wyaroa. es 

zemoqmedeba gansakuTrebiT mkafiod gamoxatulia 

Tixis Semcveli qanebis SemTxvevaSi, romdesac 

nawilakebs Soris iqmneba gansakuTrebuli, e.w. 

wyal-koloiduri tipis kavSiri. 

wyali qanebSi SeiZleba iyos bmul (Sekrul) da 

Tavisufal mdgomareobaSi.  bmuli wyali gansaku-

TrebiT gavrcelebulia Tixnar gruntebSi da 

uSualod moqmedebs qanebis struqturaze. qanebis 

tenianoba, gansazRvruli bmuli wylis maqsi-

maluri raodenobiT, iwodeba maqsimalur mole-

kulur tenSemcvelobad. TixnarSi igi SeiZleba 

Seadgendes ramdenime aTeul procents, maSin, ro-

desac qviSnar gruntebSi, Cveulebriv, is Seadgens 

mxolod ramdenime procents. 

Tavisufali wyali avsebs qanis forebs, romle-

bic araa dakavebuli bmuli wyliT da iyofa or 

jgufad: gravitaciul da kapilarul wylebad. 
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pirveli maTgani gadaadgildeba wonis ZaliT da 

qmnis hidrostatikur wnevas, romlis sidide 

nebismier siRrmeze ganisazRvreba piezometriuli 

simaRliT.  

nax. 5.1-ze mocemulia wyalSemcveli qanebis 

ganlagebis ori SemTxveva. erT SemTxvevaSi 

wyalSemcveli qviSebis Tavze ganlagebulia 

nakleb SeRwevadi qviSebi. wylis done 

WaburRilebSi rCeba qviSnarSi arsebuli wylis 

doneze, ris gamoc (1) fens am SemTxvevaSi 

uwodeben udawnevo fens (5.1, a). meore SemTxvevaSi 
wyalSemcveli qviSebis Tavze ganlagebulia 

wyalgamZle Tixebi. wylis done WaburRilebSi 

aiwevs wyalSemcvel fenis zeviT da dadgeba e.w. 

piezometruli zedapiris doneze (nax. 5.1, b), fens 
ki am SemTxvevaSi uwodeben dawneviT fens. cxadia, 

WaburRilebSi wylis done iqneba gacilebiT 

maRla dawneviT fenze, e.w. piezometriuli 

zedapiris doneze. 

bmuli da Tavisufali wylis maqsimaluri ra-

odenoba, romelic SeiZleba moTavsdes qanebSi da 

romelic gamoisaxeba fenis wonis %-iT, cnobilia 

qanis tentevadobis saxelwodebiT. moculobis 

TvalsazrisiT igi uaxlovdeba qanebis formirebis 

maCvenebels. 
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nax. 5.1. fenebis ganlagebis sqema: a - udawnevo; b - dawneviTi. 

1-feni; 2-wyalSemcveli qviSnari; 3-wyalgamZle Tixa; 4-

niSnuli, romelzec gamoCndeba wyali WaburRilSi; a, b-

gruntis wylis done; aʹ, bʹ-wylis done WaburRilSi. 

 

gruntis wylebis donis qveviT qanebi imyofeba 

sruli tentevadobis mdgomareobaSi da hidro-

statikuri wneva aq Warbobs atmosferuls. am 

donis zeviT gravitaciuli wyali ar arsebobs, 

xolo Tavisufali wyali imyofeba kapilarul 

mdgomareobaSi. wyali forebSi iseTnairad moZra-

obs, rogorc kapilarebSi, romlebic dakavSirebu-

lni arian wylis rezervuarTan. qanebis tenianoba 

maRalia da tolia sruli tenianobisa. ufro 

zeviT, aeraciis zonaSi, qanebSi Cndeba me-3 faza 

(haeri) da kapilaruli wyali ikavebs mxolod 

forebis ganapira ubnebs. tenianoba aq gacilebiT 

naklebia srul tenianobasTan SedarebiT. 

kapilaruli wyali adis gruntis wylebis 

doneze da masSi hidrostatikuri wneva naklebia 

atmosferulze, rac xels uwyobs qanebis 

bmulobis gazrdas (SemWidroebas). zedapirze 
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wylis dagrovebis Sedegad es ukanaskneli gadadis 

gravitaciul mdgomareobaSi. 

sazogadod, unda aRvniSnoT, rom qviSa Ziri-

Tadad Seicavs gravitaciul wyals, xolo Tixa 

TiTqmis ar Seicavs gravitaciul wylebs. amasTan, 

qanSi arsebuli wylis saxeoba gansazRvravs dre-

nirebis mizanSewonilobasa da SesaZleblobas. 

sadrenaJo gvirabebSi SeiZleba Tavisufali 

wylis mxolod erTi nawilis Cadineba; TixnarSi 

ki Tavisufali wylis didi nawili imyofeba e.w. 

„mobilizebul“ mdgomareobaSi da SeiZleba nawi-

lobriv iqnes gandevnili qanidan damatebiTi 

datvirTvis wyalobiT. 

wylis mocileba gamodevnili qanidan depre-

siuli an piezometriuli zedapiris dawevis 

xarjze axasiaTebs mis moculobiT Tvisebebs. amas-

Tan, wyali SeiZleba Tavisuflad daiwritos an  

ganidevnos damatebiTi datvirTvis Sedegad (e.w. 

drekadi moculoba). 

Semotanilia cneba e.w. fenis gravitaciuli 

wyalgacemis koeficientisa _ η, romelic 

ricxobrivad tolia gamoTavisuflebuli wylis 

moculobis fardobisa qanis moculobasTan (ix. 

cxrili 5.1). 

wyalgacemis drekadi koeficientis SemoRebis 

saWiroeba ganpirobebulia imiT, rom 

hidrostatikuri wnevis Semcirebis Sedegad 

(miwisqveSa wylebis zedapiris donis dawevis 

dros) qani damatebiT Semkvrivdeba, xolo wyali, 
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piriqiT, farTovdeba, ris gamoc wonasworoba 

forebsa da wylis moculobebs Soris irRveva da 

zedmeti wyali gamoiwnexeba (qani mainc rCeba 

wyalgajerebuli). wylis raodenoba, miRebuli 

fenis erTeuli farTidan masSi dawnevis 1 m-ze 

SemcirebiT, cnobilia fenis drekadi wyalgacemis 

koeficientis saxelwodebiT (𝜇𝜇1). drekadi mocu-

loba gvxvdeba rogorc udawnevo, ise dawneviT 

fenebSi. 

 
 cxrili 5.1 

 

 qanebi 

wyalgacemis             
koeficienti 

gravitaciuli 

drenaJi 
(fenis 

sisqis 1 m-
ze 𝜇𝜇1) 

1 
msxvilmarcvlovani 

qviSebi 
0,30-0,35 1∙10-4 

2 
saSualo 

marcvlovani qviSebi 
0.25-0.30 1∙10-4 

3 
wvrilmarcvlovani 

qviSebi 
0.15-0.20 1∙10-4 

4 qviSnari 0.10-0.15 1∙10-3 

5 Tixnari 0.01-0.05 1∙10-3 

6 karstiani kirqvebi 0.01-0.03 1∙10-4  1∙10-3 

7 
Zlier gamofituli 

amonTxeuli da 
metamorfuli 

0.01 1∙10-5 

8 
mkvrivi amonTxeuli 

da metamorfuli 
<0.005 1∙10-5 1∙10-6 
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5.2. miwisqveSa wylebis moZraobis ZiriTadi 

Tavisebureba 

 

miwisqveSa wylebis filtraciis (moZraobis) mi-

zezs wyalgajerebuli qanebis forebsa da napra-

lebSi warmoadgens simZimis Zala da hidro-

statikuri wneva. Sesabamisad, miwisqveSa wylebis 

nakadis energiis maCvenebelia maTi wneva, romelic 

gamoisaxeba m-Si da tolia:               

   H 

𝐻𝐻 = 𝑍𝑍 + ℎკ = 𝑍𝑍 + ℎ
𝑦𝑦0    

,                 (5.1) 

 
sadac 𝑍𝑍 aris wertilis ordinata, romelSic 

ganisazRvreba P wneva. e.i., Z gansazRvravs energias, 
romelic ganpirobebulia simZimis ZaliT; ℎკ _ 

piezometruli simaRle, ℎკ = ℎ: 𝑦𝑦0; 𝑦𝑦0 _ wylis xved-

riTi wona. 

  

                                  
nax. 5.2. 
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nakadis energia ixarjeba winaRobis Zalis, f 
gadasalaxavad. rogorc kvlevebi gviCvenebs, wylis 

moZraoba forebsa da napralebSi laminarulia. 

energiis danakargi 𝑙𝑙  m manZilze Seadgens wnevis 

danakargis ∆H da tolia winaRobis Zalis mier 

Sesrulebuli muSaobis _ 𝑓𝑓𝑓𝑓-isa, rac 

proporciulia Vl sididis, sadac V filtraciis 

siCqarea da tolia wylis xarjis filtraciuli 

fenis erTeuli ganikveTisa. 

daxis kanonis safuZvelze:     

 

                  𝑉𝑉 = 𝐾𝐾𝐾𝐾V                    (5.2) 
 

sadac 𝐾𝐾 aris filtraciis koeficienti, m/dR; 

𝑙𝑙 = ∆𝐻𝐻/𝑙𝑙 _ wnevis uganzomilebo gradienti, rome-

lic tolia wnevis danakargis (∆𝐻𝐻) fardobisa 

filtraciis manZilze (𝑙𝑙). 
rogorc davrwmundiT, filtraciis koefi-

cienti axasiaTebs wylis moZraobis winaRobis 

Zalas. misi saorientacio mniSvneloba qanebisa-

Tvis Semdegia: 

sufTa kenWebi, RorRi msxvili qviSiT, 

karstuli kirqvebi _ 100-1000 m/dR da meti; 

kenWebi da RorRi silis SemavsebliT, msxvil-

marcvlovani sila, itensiurad danapralianebuli 

karbonatebi _ 20-100 m/dR; 

wvrilmarcvlovani da saSualomarcvlovani 

qviSebi, kenWebi Tixnari da qviSnari SemavsebliT, 

danapralianebuli karbonatuli qanebi, danaprali-
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anebuli amonTxeuli da metamorfuli qanebi _ 5-20 

m/dR; 

wvrilmarcvlovani qviSebi, qviSaqvebi Tixian 

cementiT, mcired danapralianebuli amonTxeuli 

da metamorfuli qanebi _ 0.5-5 m/dR; 

qviSnari _ 0.1-1.0 m/dR; 

Tixnari  _ 0.01-0.1 m/dR; 

qviSiani Tixebi _ 0.01-0.001 m/dR; 

rbili plastikuri Tixebi _ <0.001. 
qanebi, romelTa K<1, iTvleba sustad SeRwevad 

qanebad da Znelad atareben wyals. danaprali-

anebul magar qanebs SeiZleba hqondeT dabali K 
magram gaaCndes drenirebis kargi unari. 

fenis wyalgamtarianobis unaris daxasiaTebis 

mizniT xSirad xmaroben agreTve e.w. wyalgamta-

rianobis koeficients T = Km m2/dR, sadac m fenis 
sisqea. 

miwisqveSa wylebis sadrenaJo gvirabebiT 

moZraobis suraTi SeiZleba warmovidginoT 

Semdegnairad: wyalSemcveli horizontis gaxsna 

sadrenaJo nagebobebiT (gvirabebiT, WaburRilebiT, 

WiT, TxriliT) fenSi Seqmnis dabali wnevis ares, 

rac iwvevs wylis nakadis moZraobas sadrenaJo 

gvirabisken. pirvelad gvirabSi wyali moedineba 

uaxloesi ubnebidan, gravitaciuli an drekadi 

moculobebidan. amasTan, TandaTan mcirdeba wnevis 

done, romelic TandaTan Sordeba sadrenaJo gvi-

rabs da Seiqmneba e.w. depresiuli (piezometriuli) 

Rrmuli sadrenaJo gvirabis gavlenis zonaSi. am 
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gavlenis ganviTarebis siCqare damokidebulia e.w. 

donis gamtarianobis anu piezogamtarianobis ko-

eficientze: a=T/μ, da izomeba m2/dR-Si. 
sadrenaJo gvirabis gavlenis zona proporci-

ulia √𝑎𝑎𝑎𝑎-si, sadac t aris dro procesis 

dawyebidan (cxrili 5.1). Tu gavlenis zona 

miaRwevs wyalSemcveli horizontis kvebis rome-

lime wyaros (mag. mdinares an wyalsacavs), maSin 

iwyeba damatebiTi wylis modena aRniSnuli 

keridan. wylis nakadi TandaTan izrdeba da dgeba 

momenti, rodesac jamuri damatebiTi nakadi da 

sadrenaJo gvirabebidan gamavali nakadi 

gautoldeba erTmaneTs. amis Semdeg wnevis sidide 

fenSi aRar ecema da myardeba mudmivi filtraciis 

reJimi. 

cnobilia miwisqveSa wylebis nakadis 

sadrenaJo gvirabebisaken moZraobis gaTvlis 

meTodebi, romlebic aRwerilia specialur 

literaturaSi. 

 

5.3. sakariero velebis drenaJis saerTo 

sakiTxebi 

 

karierebis drenaJi gaTvaliswinebulia muSa-

obis normaluri pirobebis Sesaqmnelad, wiaRise-

ulis sinotivis Sesamcireblad, ferdos, bortebi-

sa da nayaris simdgradis gasazrdelad da sxva. 

drenaJisadmi wayenebuli moTxovnebi didadaa 

damokidebuli sabados damuSavebis xerxebsa da 
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sqemebze. ase, magaliTad, Siga nayaris uqonlobis 

SemTxvevaSi mizanSewonilia gamoyenebuli iqnes 

e.w. Ria drenaJi da karieridan gayvanili 

sxvadasxva sadrenaJo mowyobiloba. Sida nayaris 

gamoyeneba mniSvnelovnad zRudavs drenaJis gamo-

yenebis SesaZleblobas, gansakuTrebiT, mravalCam-

Cian eqskavatorebis satransporto-sanayaro xide-

bisa da konsoluri nayarSemqmneli danadgarebis 

gamoyenebis dros. wyalSemcveli qviSebis meqani-

kuri niCbebiT damuSavebis dros saWiro iqneba 

ufro intensiuri drenaJis uzrunvelyofa, vidre 

mravalCamCiani eqskavatoriT muSaobis dros. 

hidromeqanizaciis saSualebaTa gamoyenebisas Ria 

damuSavebis dros miwisqveSa wylebi xelsayreli 

faqtoria. drenaJis daniSnuleba am SemTxvevaSi 

Semoifargleba moTxovniT _ ferdos iseTi 

mdgradobis uzrunvelyofa, romelic xels ar 

SeuSlis zeviT ganlagebuli safexurebis mdgra-

dobas. 

karierebis drenaJis sakiTxebis gadawyvetis 

dros gansakuTrebuli yuradReba unda gavamaxvi-

loT sabados hidrogeologiur Taviseburebebze. 

rTul hidrogeologiur pirobebSi unda ganxorci-

eldes saimedo urTierTkavSiri samTo da sadre-

naJo samuSaoebs Soris. gansakuTrebuli 

yuradReba unda daeTmos sabados gadaxsnis 

sqemebisa da damuSavebis sistemebis, agreTve 

danadgarebis SerCevis sakiTxs, sabados 

gamomuSavebis Tanmimdevrobas drosa da sivrceSi. 
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variantebis teqnikur-ekonomikuri Sefaseba 

aucileblad unda moicavdes agreve drenaJis 

variantebsac. 

ase, magaliTad, gadaxsnis sawyisi ubnis 

SerCevis dros aucilebelad unda ganxorcieldes 

dasamuSavebeli velis hidrogeologiuri da 

sainJinro-geologiuri gamokvleva. cnobilia 

magaliTebi, gamxsneli tranSeebis ganlagebisa da 

mowyobis, romlis drosac rTuli hidroge-

ologiuri pirobebis kerZod, didi wyalmodenis an 

intensiuri filtraciuli mewyerwarmoqmnis gamo 

gaZnelebulia karieris Semdgomi eqspluatacia; 

calkeul SemTxvevebSi ki pirvelad gadasaxsneli 

da dasamuSavebeli ubnis xelsayreli SerCevis 

pirobebSi SeiZleba ganxorcieldes sabados 

efeqturi daSroba (amoSroba). 

bortebis mdgradobis gazrdis TvalsazrisiT 

drenaJis ZiriTadi daniSnulebaa hidrostatikuri 

da hidrodinamikuri Zalebis Semcirebis 

uzrunvelyofa. drenaJi iqneba sakmaod efeqturi, 

Tuki is iwvevs wnevis SesamCnev Semcirebas 

SesaZlo damewyrebis prizmis farglebSi. 

qveSa-Tixovani qanebisagan Sedgenili aramuSa 

safexurebis mdgradobis uzrunvelsayofad didi 

mniSvneloba eniWeba wylis Sidasakariero dinebis 

organizacias. safexurebis moednebze wylis 

dagrovebis Tavidan acileba amcirebs hidrodina-

mikur da hidrostatikur Zalebs, zRudavs ferdos 

gajirjvnisa gadarecxvis saSiSroebas da qanebis 
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deformaciebs; amasTan erTad, mizanSewonilia 

ferdos mfiltrav (mJonav) nawilze moewyos mit-

virTva msxvilmarcvlovani masalisagan (sadrenaJo 

prizma).  

gansakuTrebuli moTxovnebi waeyeneba marili-

ani qanebis safexurebs. am dros saWiroa miwis-

qveSa wylebis sruli daWera da atmosferuli 

wylebis efeqturi arineba (gadagdeba) safexurebis 

moednebidan. 

nayaris mdgradobis uzrunvelsayofad fuZeSi 

wylis done (ferdos siaxloves) unda iyos 

nayaris fuZidan 0,5-1 m-iT qveviT (wylis 

kapilaruli aRmasvlis done). unda gatardes 

RonisZiebebi agreTve atmosferuli wylebis 

anirebis mizniT, rac gansakuTrebiT mniSvnelo-

vania wvrilmarcvlovani qanebisaTvis. Tixovani 

qanebis maRal nayarSi, romelSic SeiZleba 

Seiqmnas gadametebuli forovani wneva, sasurvelia 

periodulad ganTavsdes qviSebi, rac xels Seuw-

yobs wnevis Semcirebas. 

hidronayarze saWiroa ganxorcieldes ferdos 

drenaJis RonisZiebebi, rac Tavidan agvacilebs 

filtraciul deformaciebs. 

dabolos, unda aRiniSnis, rom mraval saba-

doze mizanSewonilia ganxilul iqnes Ria dre-

naJis SesaZlebloba TviT, karieris meSveobiT misi 

daSrobis sakiTxis gadasawyvetad. 
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5.4. karierebis daSrobis teqnikuri saSualebebi 

 

karierebis daSrobis mizniT amJamad ufro 

metad gamoiyeneba siRrmivi tumboebiT aRWurvili 

WaburRilebi, miwisqveSa gvirabebi _ sadrenaJo 

Strekebi filtrebiTa da WebiT, sadrenaJo 

zumfebi, tranSeebi, Txrilebi da Ria drenaJis 

sxva saSualebebi. 

WaburRilebiT daSrobis xerxis upiratesobe-

bia: ara saWiro didi moculobis kapitaluri 

danaxarjebi; wyaldamSrobi nagebobebi teqnikurad 

martivia, WaburRilebis eqspluataciaSi Sesvla 

advilia da mcire dros moiTxovs. 

am meTodis naklia misi mcire efeqturoba 

SedarebiT sustad wyalSeRwevadi qanebis dros 

(K<3-5 m/dR), agreTve mravali tumbos erTdroulad 

muSaobis saWiroeba, rac moiTxovs didi raode-

nobis personals da aZnelebs maT centralizebul 

marTvas; es ki, TavisTavad, zrdis eqspluataciis 

xarjebs, 

amasTan, am xerxs gaaCnia mniSvnelovani 

rezervi tumboebis konstruqciebis gaumjobesebasa 

da maTi avtomaturi regulirebis SesaZleblobeb-

Tan dakavSirebiT. 

miwisqveSa gvirabebis sistemebiT karierebis 

daSrobis sqema naCvenebia nax. 5.3.-ze aq I, II da III 

wyalSemcveli fenebia. sadrenaJo Streki 5 

SeiZleba ganlagebul iqnes wyalSemcveli fenebis 

qveviT (I, II) an zeviT (III). Strekidan SeiZleba 
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gayvanil iqnes aRmavali (2) an daRmavali (3); 

TviTamosaRvreli WaburRilebi an Webi (iatakSi 4); 

WaburRilebi Strekis mimarTulebiT SeiZleba 

gayvanil iqnes agreTve zedapiridan (ix. punqtiri 

WrilSi). 

 

 
nax. 5.3.  

 

drenaJis miwisqveSa sistemis upiratesobebia: 

wyalqcevis centralizebuli SesaZlebloba nebi-

smier qanSi, drenaJis uzrunvelyofa, eqsplu-

ataciis SedarebiT dabali danaxarjebi. Tumca am 

xerxs gaaCnia mniSvnelovani naklic: didi kapita-

luri danaxarjebi, sadrenaJo Strekebis gayvana 

rTul samTo-geologiur pirobebSi, eqspluataciis 
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procesSi mosalodneli  wylis moulodneli ga-

moxeTqva da sxva. 

zogjer praqtikaSi, xelsayrel pirobebSi, 

karieris ZirSi an bortispira zonebSi gaiburReba 

e.w. TviTamosaRvreli WaburRilebi, romlebic 

uzrunvelyofen wylis gadaSvebas zeda horizo-

ntidan qveda horizontze. 

yvela zemoT ganxiluli xerxi gankuTvnilia 

e.w. siRrmivi drenaJisTvis. maT garda cnobilia 

Ria drenaJis xerxebi, romlis drosac wyals 

Rebuloben karieris ferdoTi an ZiriT, 

magaliTad, zumfebis an tranSeebis meSveobiT, 

horizontaluri TviTdinebadi WaburRilebiT, 

wyalgaumtari fardiT (TixiT an cementaciis 

gziT) da sxva. 

saerTod, unda aRiniSnis, rom Ria damuSavebis 

dros wylis misaRebad xSirad iyeneben 

TviTgamonamuSevrs (karieris gamkveT tranSeis), 

raime gansakuTrebuli garTulebis gareSe. 

 

5.5. samTo-mompovebel raionebSi miwisqveSa 

wylebis dacvisa da racionaluri gamoyenebis 

sakiTxebi 

 

Ria samuSaoebi, Cveulebriv, mimdinareobs iseT 

raionebSi, sadac miwisqveSa wylebis dacvasa da 

racionalur gamoyenebas didi mniSvneloba eniWeba. 

amasTan dakavSirebiT, daproeqtebis dros 
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uaRresad mniSvnelovania sabados drenaJisa da 

karierebis wyalqcevis sakiTxebis gadawyveta. 

upirveles yovlisa, sabadosa da karieris 

drenaJs SeiZleba mohyves problemebi mimdebare 

raionis wyalmomaragebaSi, wylis maragis 

Semcirebis gamo. calkeul SemTxvevebSi, Ria damu-

Savebis dros, SeiZleba aRmocendes msxvili 

hidroteqnikuri nagebobebi (wyalsacavebi, gubure-

bi, kudebis sacavebi da sxva), rac garkveul zegav-

lenas axdens wyalmomaragebaze, rogorc poziti-

urs, ise negatiurs. sadrenaJo wylebi SeiZleba 

Seicavdes mavne minarevebs da maTma Cadinebam 

mdinareebsa da waylsatevebSi SeiZleba 

mniSvnelovani problemebi gaaCinos. yvela es 

garemoeba gaTvaliswinebuli unda iyos Ria 

damuSavebis daproeqtebis procesSi. 

 

5.6. sabadoebis klasifikacia maTi daSrobis 

pirobebis mixedviT 

 

sabados daSrobis proeqtirebis dros didi 

mniSvneloba eniWeba maT klasifikacias daSrobis 

pirobebis mixedviT. aseTi klasifikacia profesor 

fisenkos mixedviT mocemulia 5.2 cxrilSi. 

warmodgenili  klasifikaciis gaTvaliswinebiT 

Ria wesiT damuSavebis dros gamoyofen sabadoTa 

sam tips: A tipis sabadoebze Warbobs Semdegi 

samTo-geologiuri pirobebi _ Tixovani, susti 

Tixovani da arabmuli qanebi, upiratesad maTi 
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horizontaluri ganlagebis SemTxvevaSi; B tipis 

sabadoebSi Warbobs saSualo simkvrivis danaleqi, 

metamorfuli qanebis wyalSemcveli kompleqsebi 

da mkvrivi Tixovani qanebis kompleqsebi, maTi 

daxrili ganlagebis dros; C tipis sabadoebSi 

Warbobs magari, sakmaod wyalmedegi, danapraliane-

buli qanebi. 

sabados drenirebis sakiTxebis gadaWris dros 

saWiroa, pirvel rigSi gaTvaliswinebul iqnas 

sadrenaJo kompleqsebis wyalSemcveloba A tipis 

sabadoebisaTvis susti gawylovanebis SemTxvevaSi. 

rogorc cxrilidan Cans, pirvel rigSi 

gaTvaliswinebulia qanebis Tvisebebi, Semdeg ki 

maTi wyalSemcveloba - wyalgamtaroba. 

saSualod gawylovanebul sabadoebze siRrmivi 

drenaJi aucilebelia mxolod wyalSemcveli 

horizontebis gadaxsnis pirvel periodSi, 2-4 

wlis ganmavlobaSi, xolo gawylovanebul sabado-

ebze siRrmivi drenaJi saWiroa sabados eqsplu-

ataciis mTeli periodis ganmavlobaSi. 
       cxrili 5.2 

qanebis 
jgufi 

maTi saerTo 
daxasiaTeba ZiriTadi saxeebi 

ZiriTadi 
maCveneblebi 

drenirebisa da 
simdgradis 
mixedviT 

(gawylovanebul 
ferdoze) 

kldovani 
da 

naxevrad- 
kldovani 

mkvrivi da 
naxevrad- 
mkvrivi 

napralovani 

magmuri da 
metamorfuli 

(qviSebi,kirqvebi, 
fiqlebi da sxva) 

qanebi 

yvelaze meti 
wyalSemcveloba 
gaaCnia karstul 

ubnebSi, teqtonikuri 
rRvevebisa da 

gamofitvis zonebSi; 
gaadvilebulia 
WaburRilebiT 
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drenaJi; 
danapralianebis 

SemTxvevaSi ar xdeba 
maTi dasveleba da 
wyliT gajereba. 

 
 
 
 
 

Tixovani 

mkvrivi 

mTlianad 
dezintegrirebuli  

magmuri da 
metamorfuli 

qanebi, 
alevrolitebi, 
argilitebi, 

mkvrivi 
napralovani 

Tixebi, Tixovani 
qviSaqvebi, 

danaleqi qanebi 

napralovneba da 
gawylovaneba 

Tanabaria, drenireba 
damakmayofilebeli, 

sveldeba 
safexurebis 

filtraciis ubnebSi, 
agreTve safexurebis 

moedanze wylis 
dagrovebis dros. 

rbili 

cximovani an 
sustqviSovani 
plastikuri  

Tixebi, 
argilitebi 

wyalgamZle; ferdos 
zedapirze da 

wyalSemcveli qanebis 
kontaqtze 

gajirjveba, Zlier 
kumSvadi. 

susti 
Tixovani 
qviSaqvebi 

susti 
SeWidulobis 

qviSovani Tixebi, 
qviSnari, Tixiani 
qviSaqvebi, susti 
alevrolitebi. 

sagrZnoblad xdeba 
drenireba mxolod 

Ria samTo da 
sadrenaJo 

gvirabebiT; agreTve 
qveda fenebSi wylis 
donis dawevis dros, 
SeWidulobis ara-

mqone da 
danapralianebuli 
mfiltravi qanebis 
dros; ferdoSi 

sveldeba, 
gaijirjveba da 

Semdeg CamoiSleba. 

arabmuli SeWiduloba 
ar gaaCnia 

xreSi, qviSebi, 
RorRi, kldovani 

da 
naxevradkldovani 
danapralianebuli 

qanebi 

kargad xdeba 
drenireba 

WaburRilebiT 
(mtvriani qviSebis 

garda) da 
tranSeebiT. ar 
sveldeba da ar 

gaijirjveba. qviSebi 
CamoSvavdeba 10-160-iT 
daxril ferdoze. 

Tanamedrove 
lami 

Semkvrivebuli 
wylis 
auzebis 

Tanamedrove 
lamian -Tixovani 
qanebi tbebsa da 

drenireba xdeba 
mxolod TxrilebiTa 

da tranSeebiT; 
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Tanamedrove 
danaleqi 

WaobebSi, 
wyalgajerebul 

niadagebSi, 
torfovani 
naleqebi 

ferdoze Zalze 
aramdgradi da Zalze 

kumSvadi. 

 

 

B tipis sabadoebze drenaJze gaweuli xarjebi 

didad aris damokidebuli ara sakuTriv wylis 

modenis sidideze, aramed konkretulad bortis 

pira zonaSi wylis wnevis mniSvnelovnad Semci-

rebis moTxovnilebaTa dakmayofilebis aucileb-

lobaze. 

da bolos, C tipis sabadoebze drenaJis 

meTodebi da saSualebebi upirvelesad dgindeba 

maTi teqnikur-ekonomikuri Sefasebis Sedegad, 

saerTo wyalmodenis mixedviT. 

 

 

5.7. sakariero velebis daSrobis sqemebi 

 

wyalSemcveli wyalgaumtari qanebis horizon-

taluri ganlagebis dros gravitaciuli wylis 

sruli drenaJi SeuZlebelia. amisaTvis proeq-

tirebis dros pirvel rigSi unda dadgindes 

ZiriTad wyalSemcvel horizontebze ferdos zeda-

pirze wylis modenis dasaSvebi zRvruli sidide 

da miwisqveSa nakadis gadaketvis koeficienti. 

ganvixiloT sakariero velebis daSrobis sqe-

mebi calkeuli sabadoebisaTvis: 

A tipis sabadoebis drenaJi 
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fenebis horizontaluri ganlagebis dros 

karieris aramuSa bortis  drenaJis amocanaa kari-

eris bortebSi miwisqveSa wylebis dinebisa da 

gamodinebis zonebis SualedebSi filtraciuli 

deformaciebis aRkveTis uzrunvelyofa. aramuSa 

safexurebis mdgradobis uzrunvelyofis universa-

luri xerxia drenaJi horizontaluri bortis 

gaswvriv  (nax. 5.4, a,b,g), romelic Sedgeba xreS-

RorRiani prizmisa da adgilobrivi Sidasakariero 

wyalSemkrebisaken daqanebiT gayvanili wylis 

mimRebi Txrilisagan. TxrilSi damontaJebulia sa-

drenaJo milsadenebi. dabali temperaturis mqone 

raionebSi xdeba drenaJis Cafloba qviSis SreSi 

(nax. 5.4, g). 

wyaluxvi horizontebisaTvis xSirad upirate-

sobas aniWeben bortis pira drenaJis SeTavsebas 

horizontalur sadrenaJo WaburRilebTan. 

     

 
 

nax. 5.4. 

 

 unda aRiniSnos is garemoeba, rom arasamuSao 

bortze drenaJi ufro advilia, vidre muSa 
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bortze. amis gamo sasurvelia wylis modenis 

ZiriTadi nakadis mxares SeZlebisdagvarad mo-

ewyos aramuSa borti. gansakuTrebiT gaadvilebu-

lia aramuSa bortze drenaJis mowyoba, rodesac 

am ukanasknelis niSnuli daemTxveva wyalSemcveli 

horizontis Ziris niSnuls. 

muSa bermaze drenaJis mowyobam unda uzrun-

velyos ara marto ferdos mdgradoba, aramed 

samTo-satransporto danadgarebis muSaobis saime-

do pirobebi meqanikuri niCbebiT da mravalCamCiani 

eqskavatorebiT muSaobis dros. wylis maqsimalu-

ri modena ferdos yovel 100 m-ze ar unda 

aRematebodes 20m3/dR-s, mtvris msgavsi silebis 

SemTxvevaSi _ 40-200 m3/dR-s, saSualo marcvlovani 

da msxvilmarcvlovani qviSebis SemTxvevaSi _ 150-

400 m3/dR-s; draglainebisa da rotoruli 

eqskavatorebis gamoyenebis SemTxvevaSi wylis 

modenis dasaSvebi sidide gacilebiT didia da 

damokidebulia manqanebis zomebze. 

Tu wyalSemcveli horizontis iataki CaWrilia 

safexuriT, maSin wylis modenis zemoT motanili 

kritikuli sidide unda Semcirdes 1,5-2-jer. 

piriqiT, Tu gasafiltr qanebSi miwisqveSa wylebi 

miiReba ara uSualod sangrevSi, aramed sadrenaJo 

tranSeebSi (Txrilebi), maSin wylis modenis 

kritikuli mniSvneloba SeiZleba gaizardos 2-3-

jer. 

muSa bermaze sadrenaJo tranSeebis mowyobis 

principuli sqema meqanikuri niCbiT an meqanikuri 
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niCbiT da draglainiT muSaobis dros, Sesabami-

sad, mocemulia nax. 5.5, a da b-ze. sangrevis 

gadaadgilebasTan erTad xdeba axali tranSeis 

gayvana; maT Soris manZili ganisazRvreba 

spirajos siganis Sesabamisad, rac damokidebulia 

eqskavatoris aCamCvis radiusze. 

nax. 5.5 

aRniSnuli sqema gansakuTrebiT mizanSewoni-

lia sustad SeRwevadi qanebis damuSavebis dros 

(𝐾𝐾 < 0,5 ÷ 1Km/dR). aseT qanebSi, Tu Ria drenaJi ar 
iZleva Sedegs, meqanikuri niCbebiT an rotoruli 

eqskavatorebiT muSaobis dros saWiroa ganxilu-

li iqnes hidromonitorebiT an draglainebiT 

muSaobis SesaZlebloba. hidromonitorebiT muSa-

obis dros wyalmodenis kritikuli sidide kari-

eris bortis yovel 100 m-ze ar unda aRematebodes: 

wvrilmarcvlovani qviSebis SemTxvevaSi 200-400 

m3/dR-s; saSualomarcvlovan qviSebSi 1000/dR-s da 

msxvilmarcvlovan qviSebSi _ 2000 m3/dR-s. 
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savsebiT cxadia, rom mkacr klimatur 

pirobebSi (t0<-25-300-ze) Ria drenaJis perspeqtivebi 

Zalzed SezRudulia. 

proeqtirebis dros arcTu iSviaTad Ria 

drenaJi ar gamoiyeneba karierebze, romlebzec 

axdenen qviSa-Tixovani wyalSemcveli 

horizontebis gadaxsnas. aseTi midgoma 

aramarTebulad unda CaiTvalos. moTxovna _ ar 

dauSvan miwisqveSa wylebis gamodena ferdoze, 

did danaxarjebTan da, praqtikulad, misi dakma-

yofileba SeuZlebelia. 

Tu wylis modenis saprognozo sidide aRe-

mateba kritikuls, maSin mis Sesamcireblad saWi-

roa ganxorcieldes siRrmiTi drenaJi (WaburRi-

lebis an miwisqveSa gvirabebis sistemiT). 

ganvixiloT horizontalurad ganlagebuli fe-

nis drenaJis SesaZlo sqemebi. Tu fenis Tavze 

ganlagebulia wyalgamZle (wyalgaumtari) qanebi 

an Tu fenas aqvs ufro meti wyalSeRwevadoba, 

vidre mis Tavze ganlagebul qanebs, maSin 

sasargeblo wiaRiseuli SeiZleba mniSvnelovnad 

iqnes drenirebuli (nax. 5.6, a). Tu wiaRiseulis 

fenis wyalgamtaroba naklebia mis Tavze ganlage-

buli qanebis wyalgamtarobaze, maSin wyaldaS-

robis saSualebebSi unda gamoviyenoT mxolod 

wyalSemcveli kontaqturi Sreebis drenaJi (nax. 

5.6, b). 
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nax. 5.6. 

 

piruku produqtiuli wyebis (fenis) qveviT 

wyalgaumtari qanebis ganlagebisas misi drenaJi-

saTvis mizanSewonilia gamoviyenoT kontaqturi 

sadrenaJo sistemebi, romlebic ewyoba muSa 

bortze gadasaxsneli qanebis gauwyloebis mizniT, 

Tumca am dros sangrevis sruli gauwyloeba ar 

moxdeba. 

dasasrul, unda aRiniSnos, rom Ria damu-

Savebis dros sakmaod Sedegiani SeiZleba iyos 

karierebis mSeneblobis momentSi gadamxsneli 

tranSeis gayvanis dros ganxorcielebuli 

drenaJi. SeiZleba ganvixiloT ori SemTxveva: 

drenaJi eqskavatorebiT sabados gaxsnis dros da 

drenaJi sabados hidromeqanizaciis saSualebiT 

gadaxsnis dros. 

eqskavatorebiT sabados gadaxsnis dros, Tu 

gamxsnel tranSeebSi wylis saangariSo xvedriTi 

monadeni aWarbebs kritikuls 1,5-2 wlis ganmav-

lobaSi, umjobesia Catardes winaswari gauw-

yloeba wylis donis dasawevi WaburRilebis kon-
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turuli sistemis meSveobiT. ferdodan modenili 

wylis amosaqaCad ki SeiZleba gamoyenebul iqnes 

Ria amotumbvis saSualebebi, Tu wylis xvedriTi 

modena ar aRemateba kritikuls. 

wyalSemcveli horizontis gadaxsnis Semdeg 

SeiZleba ganxorcieldes TandaTanobiTi gadasvla 

eqspluataciisaTvis gaTvaliswinebul sadrenaJo 

sistemebze. 

gawylovanebuli sizrqeebis eqskavatorebiT 

gadaxsna winaswari gauwyloebis gareSe SeiZleba 

ganxorcieldes mowinave sadrenaJo tranSeebis 

karieris ZirSi draglainebiT gayvanis gziT. 

hidromeqanizaciis saSualebaTa gamoyenebis 

SemTxvevaSi drenaJis mizania SezRudos bortebisa 

da ferdos deformacia dasaSveb sididemde. es 

xerxi gansakuTrebiT mizanSewonilia gauwylovane-

buli fxvieri qanebis gaxsnis dros. 

im karierebze, romlebzec warmoebs sqeli 

gawylovanebuli sizrqeebis gadaxsna, mizanSewoni-

lia ganxorcieldes wylis wnevis winaswari 

dacema im donemde, romelic gamoricxavs mis mou-

lodnel gamoxeTqvas. sustad SeRwevad qanebSi 

(K<1-2 m/dR) es xerxic gamousadegeria, nebismieri 
sizrqis qanebisaTvis. 

calkeul raionebSi karierebis daSrobasTan 

erTad Zalze did mniSvnelobas iZens raionis 

wyalmomaragebis problema sasmeli an teqnikuri 

wyliT; amitom sadrenaJo sistemebis SerCevis 

dros aucilebelad unda iqnes gaTvaliswinebuli 
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es garemoebac. kerZod, sasmeli wyliT momarage-

bisaTvis upiratesoba SeiZleba mieniWos daxurul 

sistemebs, xolo teqnikuri wyliT uzrunvelyofa 

SeiZleba ganxorcieldes Ria sistemebiT. amasTan, 

nebismier SemTxvevaSi gansakuTrebuli yuradReba 

unda mieqces wylis mineralogiur Semadgenlobas. 

aRniSnuli sabadoebis drenaJis Tavisebureba 

mdgomareobs imaSi, rom qanebis siRrmisaken daxri-

li Cawolis gamo SesaZlebeli xdeba ganxorci-

eldes miwisqveSa wylebis sruli dineba da 

Sedegad sadrenaJo gvirabebisaken Tavidan iqneba 

acilebuli wylis gamodena karieris muSa 

ferdoze (nax. 5.7). 

meore mxriv, dawneviTi wylebis gamo sageb 

gverdSi mosalodnelia didi siRrmiTi mewyrebi. 

aramuSa bortebsa da Sida nayarSi wnevis dasaS-

vebi sidide ganisazRvreba specialuri angariSiT 

sagebi gverdis qanebis mdgradobis uzrunvel-

yofis pirobidan gamomdinare. 

 
nax. 5.7 

 

126 
 



zemoT xsenebulidan gamomdinare, saxuravi gver-

dis qanebsa da wiaRiseulSi, Cveulebriv, efeqtu-

ria winswrebiTi drenaJi wylis donis damwevi 

WaburRilebis xazovani sistemiT. manZili Wabur-

Rilebsa da rigebs Soris unda Seadgendes samu-

Sao frontis wliuri gadaadgilebis 5-7-jerad 

sidides. sinklinuri Cawolis dros WaburRilebi 

SeiZleba ganlagdes sinklinis RerZis gaswvriv 

(Tu sinklinis sigane ar aRemateba 1-2 km-s). 

mcire daqanebis (3-50) dros, agreTve fenebis 

aRmavlobiT damuSavebisas ufro mizanSewonilia 

wiaRiseulSi sadrenaJo Strekebis gayvana, saida-

nac saWiroebis SemTxvevaSi SeiZleba gayvanili 

iqnas sadrenaJo WaburRilebi. aRmavlobiT damuSa-

vebis dros SeiZleba agreTve ganxorcieldes qane-

bis Ria drenaJi. 

sagebi gverdis wyalSemcveli qanebis drenaJi 

ki yovelTvis mizanSewonilia ganxorcieldes 

winaswar, karieris mSeneblobis sawyis etapze. 

cxadia, rom aRniSnuli WaburRilebiT unda mox-

des agreTve WerSi ganlagebuli qanebis drenaJi. 

daxrili da cicabo fenebis daRmavali wesiT 

damuSavebis dros SeiZleba  gamoyenebul iqnes 

donis damwevi da TviTamosaRvreli daxrili 

sadrenaJo WaburRilebi, romlebic gaiyvaneba 

safexuris moednidan an karieris Ziridan. didi 

raodenobis wyalSemcveli horizontebis SemTxve-

vaSi SeiZleba karieris ZirSi fenebis jvaredinad 

gayvanil iqnes miwisqveSa sadrenaJo gvirabebi 

127 
 



(kverSlagebi). aRniSnuli gvirabebidan SeiZleba 

gayvanil iqnes agreTve fenis ganvrcobiT sadrena-

Jo Strekebi, xolo am ukanasknelidan _ sadrenaJo 

aRmavali WaburRilebi. 

magari da saSualo simagris danapralianebuli 

qanebis drenaJis Taviseburebaa maTi susti defor-

maciebi ferdoSi wylis zegavleniT. amasTan dakav-

SirebiT, ar unda iyos saSiSi wylis Tavisuflad 

gamomdinareba Ria gvirabebSi. meore Taviseburebaa 

danapralianebis farTo diapazoni, ris gamoc 

Zalian  icvleba maTi wyalSemcveloba da wylis 

gacemis unari. amitom, aseTi tipis sabadoebis 

damuSavebis dros SeiZleba Segvxvdes absolutu-

rad mSrali an didi wyalSemcvelobis mniSvnelo-

vani ubnebi (teqtonikuri aSlilobiT, karstuli 

Rrmulebi da sxva). aseT pirobebSi upiratesoba 

unda mieniWos Ria drenaJebs.                                             
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