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Sesavali

bolo dros msoflio msxvil qalaqebSi mosaxleoba swrafad 

izrdeba, zogierT qalaqSi macxovrebelTa xvedriTi wili qveynis

mosaxleobis saerTo raodenobis 80%-s Seadgens. mosaxleobis 

simWidrovem zogan kvadratul kilometrze 150 aTas kacs miaRwia 

da yovelwliurad izrdeba. magaliTad, TbilisSi Tavmoyrilia 

saqarTvelos mosaxleobis 40%-ze meti.

aseT pirobebSi Tavi iCines megapolisebis ganviTarebis 

problemebma binaTmSeneblobaSi, satransporto qselis 

gafarToebasa da zogadad, inftrastruqturis ganviTarebSi. am 

problemebis gadaWris erT-erT efeqturi saSualebaa miwisqveSa 

sivrcis gamoyeneba. 

Tanamedrove qalaqebi warmoudgenelia miwisqveSa 

infrastruqturis ganviTarebis gareSe, romelic, erTi SexedviT 

TiTqmis SeumCnevelia, magram metad mniSvnelovania, ramdenadac 

naklebad binZurdeba garemo.

me-20 saukunis bolo wlebidan evropis did qalaqebSi 

aqtiurad daiwyes miwisqveSa sivrcis gamoyeneba, CrdiloeT 

amerikaSi, iaponiaSi, ruseTSi es RonisZebebi tardeba 

metropolitenebis MmSeneblobis paralelurad, rodesac qalaqis 

gantvirTvis mizniT gadatvriTuli magistraluri quCebi gadaaqvT 

miwis qveS. mraval SemTxvevaSi sarkinigzo xazebi gadakeTda 

Cqarosnul trasebad, ganaxlda sakomunikacio daniSnulebis 

gvirabebi da a.S.

zemoxsenebulidan SeiZleba davaskvnad, rom msxvil qalaqebSi 

miwisqveSa sivrcis gamoyeneba, maTi farTo SesaZleblobebis gamo,  

metad mniSvnelovania. miwisqveS SeiZleba ganlagdes sxvadasxva 

tipisa da daniSnulebis obieqtebi, amitom aucilebelia 

gaviTvaliswinoT msoflios mowinave qveynebis gamocdileba 

miwisqveSa sivrceebis maRali teqnologiebiT aTvisebis saqmeSi.

Temis aqtualoba  - me-20 saukunis meore naxevarSi, mTels 

msoflioSi Zireuli Zvrebi moxda miwisqveSa sivrcis aTvisebaSi. 
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metad aqtualuri gaxda miwisqveSa sivrcis gamoyeneba sxvadasxva 

daniSnulebis obieqtebis gansaTavseblad. amas mowmobs uamravi 

magaliTi: mTel rig msoflios msxvil qalaqebSi swrafi tempiT 

mimdinareobs miwisqveSa nagebobebis mSenebloba.

Crdilo amerikaSi, iaponiasa da ruseTSi metropolitenebTan 

erTad warmatebiT mimdinareobs Tanamedrove arqiteqturisTvis  

damaxasiaTebeli miwisqveSa mravaldoniani  da mravalfunqiuci 

kompleqsebis mSenebloba. saqalaqo gadatvirTvul avtogzebis, 

rkinigzebis xazebis, Cqarosnuli trasebis aseve komunaluri 

sacxovrebeli da sxva daniSlebis obieqtebis miwisqveSa sivrceSi 

gadatniT.

msxvil qalaqebsa da megapolisebSi miwisqveSa sivrcis 

farTod gamoyenebisaTvis aucilebelia miwisqveSa sivrcis 

aTvisebis meTodologiis damuSaveba maRali teqnologiebis 

gamoyenebiT. misi kanonzomierebisa da strategiis gansazRvra. 

amisaTvis saWiroa am saqmeSi msoflios mowinave qvynebis 

gamocdilebebisa da ukanaskneli miRwevebis Seswavla, rogorc 

ptaqtikaSi, ise mecnierebaSi. miwisqveSa dagegmarebaSi axali 

Taobis nagebobebis mSeneblobis gaTvaliswineba. Tanamedrove 

arqitequrul gadawyvetilebebis farTod gamoyeneba, usafrTxoebisa 

da ekologiuri aspeqtebis gaTvaliswineba raTa minimumamde iqnas 

Semcirebuli adamianebisaTvis miwisqveSa sivrcesaTvis 

damaxasaiTebeli gansakuTrebuli fsiqologiuri mdgomareoba.

amrigad miwisqveSa mSeneblobasTan dakavSirebuli sakiTxebi 

aqtualur sakiTxs warmoadgens. samuSaoTa mizania: mSeneblobis 

maRali teqnologiuri meTodebisa da miwisqveSa sivrcis aTvisebis 

formirebis ZiriTadi pirncipebis damuSaveba.
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samuSaos mecnieruli siaxle:

- damuSavebulia miwisqveSa sivrcis aTvisebis, programis 

formirebis, normatiuli dokumentaciis damuSavebis ZiriTadi 

principebi

- damuSavebulia metropolitenis sadguris mSeneblobis axali 

naxevrad daxurili xerxi, maRali teqnologiis gamoyenebiT da 

mravalsarTuliani miwisqveSa nagebobebis agebis usafrTxo 

teqnologia. 

- damuSavebulia Ria wesiT muSaobis pirebebSi qvabulis 

damreci ferdobebis Rerovani gamagrebis meTodologia da 

miRebuli gvaqvs analitikuri damokidebuleba masze moqmed 

Zalvebis sidideebs Soris.

SemoTavazebuli gvaqvs angariSi Semdegi TanmimdevrobiT:

dadgindes samagris muSaobis pirobebi mocemul geologiuri 

pirobebisa da samuSaoTa teqnologiebis mixedviT. datvirTvaTa  

SesaZlo SexamebebisaTvis SeirCes misi saangariSo sqema, empiruli 

formuliT ganisazRvros ankeruli Reroebis saWiro sigrZe. 

armaturis dadgenili bijebisaTvis SeirCes naSxefbetonis garsis 

sisqe.

- damuSavebulia miwisqveSa erTTaRiani nagebobis 

racionaluri moxazulobis dadgenis meTodika samTo-geologiuri 

pirobebis gaTvaliswinebiT.

- mcire CaRrmavebis metropolitenis damuSavebuli 

teqnologiis gamoyeneba mSenebare  obieqtze.

-Rerovani samagris gaangariSebis sainJinro meTodikis 

gamoyeneba saproeqto organizaciebSi.

naSromis struqtura da moculoba:O

Osadisertacio naSromi Sedebga: Sesavlis, ori Tavis, 

daskvebisa da gamoyenebuli literatures nusxisgan. teqstis . . . . 

gverds, maT Soris .. . . naxazs da . . . cxrils.
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naSromis aprobacia

disertaciis masalebi moxsenebuli iqna:

- saqarTvelos saavtomobilo-sagzao institutis 

saerTaSoriso samecniero konferenciaze, q. Tbilisi 2009 wels.

- saqarTvelos teqnikuri universitetis 78-e Ria 

saerTaSoriso konferenciaze, q. Tbilisi 2010 wels.

- saqarTvelos teqnikuri universitetis satransporto da 

manqanaTmSeneblobis fakultetis sadisertacio sabWos or 

seminarze.

disertaciis ZiriTadi Sedegebi da zogadi daskvnebi

pirvel TavSi moyvanilia miwisqveSa sivrcis aTvisebis 

procesis analizi. mocemulia saqarTveloSi miwisqveSa sivrcis 

aTvisebis magaliTebi dawyebuli  me_3 saukunidan Cven w. 

aRr.(noqalaqevi) dRemde. ganxilulia miwisqveSa sivrcis aTvisebis 

istoria da misi ganviTarebis procesebi. gansakuTrebuli 

yuradReba daTmobili aqvs miwisqveSa sivrcis aTvisebis 

kanonzomierebas Tanamedrove etapze.

moyvanilia bolo wlebSi q. TbilisSi miwisqveSa sivrcis 

aTvisebis magaliTebi.

meore TavSi  ganxilulia q. Tbilisis miwisqveSa sivrcis 

aTvisebis mdgomareoba da perspeqtivebi. mocemulia Tbilisis 

miwisqveSa sivrcis aTvisebis programis formirebis ZiriTadi 

principebi. warmodgenilia saqarTvelosaTvis miwisqveSa sivrcis 

aTvisebis normatiuli dokumentaciis damuSavebis ZiriTadi 

sakiTxebi (cxr.1)
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cxrili 1

# miwisqveSa obieqtis dasaxeleba

Qqalaqebis kategoria (mosaxleobis 
mixedviT) aTasi. kaci

500 250-500 100-250 50-100 50

1 Mmetropolitenis ageba + _ _ _ _

2 satransporto gvirabebi + + _ _ _

3 safexmavlo gvirabebi + + + _ _

4 sarkinigzo sadgurebi + _ _ _ _

5 saavtomobilo sadgurebi + _ _ _ _

6
avtofarexebiAavtoparkebi, 

avtosadgomebi,
+ + + + +

7 Mmsubuqi avtom. sadgomebi + + + + +

8 samrecxaoebi + _ _ _ _

9 lombardebi + + + _ _

10 Ggamqiravebeli obieqtebi + + + _ _

11 wvrilmani saxelosnoebi + + + _ _

12 abanoebi + + _ _ _

13 sazog. tualetebi + + + + +

14 Ffosta, telegrafi, telef. + + _ _ _

15 transportis saagentoebi + + _ _ _

16 kinoTeatrebi + + + _ _

17 sakoncerto darbazebi + + _ _ _

18 sagamofeno darbazebi + + _ _ _

19 sportdarbazebi,sacurao auzi + + _ _ _

20 muzeumebi + + + + +

21 biblioTeka, arqivi + + _ _ _

22 restorani, kafe. sasauzme + + + _ _

23 savaWro centrebi, univermagebi + + + _ _

24 bazrebi + + _ _ _

25 daxlebi miw. gasasvlelebSi + + + _ _

26 milsadenebi + + + + +

27 kabelebi + + + + +

28 koleqtorebi + + + + +

29 eleqtro qvesadgurebi + +

30 rezervuarebi, gamwovi sadg + + + + +

31 satransformatoro sadguri + + + _ _

32 centraluri gaTbobis punqti + + + _ _

33 saqvabeebi + + + _ _
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saqarTvelos qalaqebisaTvis miwisqveSa nagebobis agebis 

dasabuTeba ar SeiZleba mxolod mosaxleobis simWidrovis 

mixedviT. Aucilebelia gaviTvaliswinoT bunebrivi faqtorebi, 

upirveles yovlisa  reliefi da geologiuri pirobebi, aseve 

mSeneblobis xasiaTi.

mocemulia miwisqveSa sivrcis aTvisebis zogierTi magaliTebi.

nax. 1 vakisa da saburTalos (doliZis quCa) damakavSirebeli 
avtosatransporto gvirabi 
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nax. 2 vakisa da saburTalos damakavSirebeli 
avtosatransporto gvirabis grZivi profili 

nax. 3. daviT aRmaSeneblis gamz. da Tamar mefis q. gadakveTa ormxrivi gvirabis 
gamoyenebiT TbilisSi (saproeqto winadadeba, inJ. k. mWedliSvili)
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amave TavSi warmodgenilia miwisqveSa sivrcis mSeneblobis 

Tanamedrove teqnologiuri sqemebi da didi CaRrmavebis 

TaRebisaTvis racionaluri moxazulobis SerCevis meTodika

bolo wlebSi miwisqveSa sivrcis intensiurad aTvisebam 

ganapiroba gvirabgamyvani teqnikisa da teqnologiis srulyofa, 

Camoyalibda axali Sexedulebebi miwisqveSa samuSaoebis 

warmoebaze, romlebic efuZvnebian geoteqnikuri procesebis 

mecnierul safuZvlebs, aman ganapiroba axali maRali 

teqnologiebis Seqmna, rogoricaa axali avstriuli (NATM) da 

norvegiuli (NTM) xerxebi.

rTul sainJinro-geologiur pirobebSi (Zlier dabzaruli 

kldovani an naxevrad kldovani qanebi, mkvrivi xreSiani grunti) 

satransporto mSeneblobaSi, kerZod gvirabmSeneblobaSi 

gamoiyeneba  ori xerxi, romlebic gvirabmSeneblobis ganviTarebis 

Tanamedrove etapze akmayofileben `maRali teqnologiebis~ 

moTxovnebs: norvegiuli (NTM) da axalavstriuli (NATM) 

saWiroa aRiniSnos, rom Tavdapirvelad NATM-i Seiqmna rogorc 

samuSaoTa warmoebis meTodi sust qanebSi. Tavis klasikur 

naSromSi xerxis erT-erTi damfuZnebeli avstrieli profesori 

rabceviCi aRniSnavs: ` ... damuSavebul iqna gvirabis gayvanis axali 

meTodi ZiriTadi aramdgradi qanebisaTvis, sadac 

gaTvaliswinebulia gamonamuSevris stabilizacia ankerebiT 

armirebuli Txeli naSxefbetonis samagriT, misi rac SeiZleba 

ukuTaRiT swrafad CaketviT. am xerxs ewoda gvirabis gayvanis 

axalavstriuli meTodi~ NATM-is meTodiT satransporto 

nagebobebis mSeneblobisas izrdeba gayvanis siCqare (aranakleb 150 

m/TveSi) da sawarmoo procesis usafrTxoeba, mcirdeba finansuri 

danaxarjebi.      NATM-sagan gansxvavebiT norvegiuli meTodi 

Tavidan damuSavebul iqna mtkice qanebSi, Zlier dabzarul 

gruntSi, gvirabis gayvanisaTvis burRva-afeTqebiTi samuSaoebis 

saSualebiT kombinirebuli samagris gamoyenebiT sxvadasxva sisqis 

naSxefbetonisa da ankerebis saxiT. gasuli saukunis 90-ian wlebSi 

meTodis gamoyenebis sainJinro-geologiuri pirobebis diapazoni 
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gafarTovda da es meTodi gamoiyenes sust aramdgrad gruntSic. 

amisTvis masSi Seitanes mciredi cvlilebebi, magram aman ar 

gaamarTla da norvegiaSi SemdgomSi gamoiyenes fibronaSxefbetoni 

ankerebiTa da armaturis TaRebiT.

norvegiuli xerxis SemTxvevaSi aqcenti keTdeba proeqtis 

geologiuri da geoteqnikuri Tvisebebis aRweraze. didi 

moculobis monacemebis analizisa da statistikuri damuSavebis 

Sedegad (1050 gansxvavebuli kveTis gamonamuSevrebi sxvadasxva 

sainJinro pirobebSi) damuSavda rekomendaciebi (oficialuri 

dokumentis doneze) samagris konstruqciuli gadawyvetilebebis 

dasasabuTeblad.

norvegiis geoteqnikuri institutis monawileobiT 

Sesrulebulia dawvrilebiTi geologiuri kartireba da qanebis 

klasifikacia, ris safuZvelzec SemoTavazebulia Q-testirebis 

meTodi.

meTodis arsi SemdegSi mdgomareobs: masivis gruntis 

xarisxis Sesafaseblad da Sesabamisad samagris SesarCevad 

gamoiyeneba Q empiriuli sistema, dafuZnebuli RQD-ze (Rock Quality 

Determination) (nax. 1).

RQD klasifikaciis Sesabamisad gruntis masivis mdgomareoba 

fasdeba WaburRilis burRvis dros kernis gamosvliT. Tu qani 

mdgradia, naklebia bzarianoba, blokebad dayofa da metia kernis 

gamosavali.

am maCvenebels emateba kidev xuTi parametri: gruntis masivis 

bzarebis xarisxi ( nJ ); bzarebis amomvsebi masala ( rJ ); Seukvreli 

gruntis maCveneblebi da pirobebi; `samagri-gruntis masivis” 

pirobebi kontaqtze ( aJ ); gawylovanebis xarisxi da wylis wneva 

( wJ ); masivis sawyisi daZabuloba (SRF) yvela am parameters gaaCnia

10-dan 17-mde raodenobrivi maCvenebeli.

Q sidide iangariSeba formuliT:

SRFJJJJRQDQ warn ///     (1)
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     nax. 4 gvirabis mSeneblobis norvegiuli Q sistema:
   1 – gamagrebis gareSe; 2 – erTeuli ankerebi; 3 – ankerebis sistema;

4 – naSxefbetoni, ankerebis sistema; 5-7 – liTonis fibrebiT armirebuli 
naSxefbetoni; 8 – liTonis fibrebiT armirebuli naSxefbetonis, liTonis 

kamarebi; 9 – winmswrebi samagri, liTonis fibrebiT armirebuli naSxefbetoni; 
ankerebis sistema; armaturis kamarebi.

Q -s mniSvneloba SeiZleba iyos 0.0001-dan Zlier dasustebuli, 

sawyisi Zabvebis velis maRali gradientis mqone gruntebisaTvis, 

1000-mde magari kldovani masivebisaTvis bzarebis gareSe. 

samagris konstruirebisaTvis gadawyvetilebis misaRebad 

malis sidide, an gamonamuSevris simaRle koreqtirdeba ESR

maCvenebelze gayofiT (nax.4.). es sidide miiReba miwisqveSa 

nagebobis saeqspluatacio usafrTxoebis donis Sesabamisad. ase, 

magaliTad, miwisqveSa atomuri eleqtrosadgurebisaTvis, 

sarkinigzo sadgurebisaTvis, magistraluri gazsadenebisaTvis igi 

miRebulia 0.5-0.8 sididis toli, avtosagzao da sarkinigzo 

gvirabebisaTvis magistralur trasebze rekomendebulia _ 0.9-10, 

xolo meorexarisxovan trasebze da damxmare gamonamuSevrebisaTvis 

– 1.2-1.3.

axalavstriuli meTodis SemTxvevaSi gruntis masivis 

mdgradobis sakiTxi, gamonamuSevris gaxsnis sqemebi, droebiTi 
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samagris konstruqcia da mudmivi samagris agebis adgilis 

CamorCena damokidebulia monitoringze gvirabis gayvanisas. meTodi, 

srulad axdens ra samTo wnevis marTvis principebis realizebas, 

saSualebas iZleva, Semcirdes samagrze gadacemuli datvirTvebis 

sidide. aq unda aRiniSnos, rom gvirabgayvani samuSaoebis 

Sesruleba moiTxovs aramarto warmoebis maRal kulturas, 

Tanamedrove gvirabgamyvani aRWurvilobis gamoyenebas da gazomvis 

saimedo saSualebebs, aramed teqnikuri personalisagan 

geomeqanikur procesebze, sistemis ~samagri – gruntis masivis~ 

elementebis urTierTqmedebis meqnizmis Sesaxeb garkveul 

codnasac.

norvegiuli meTodis SemTxvvevaSi samTo masivis xarisxis 

Sesafaseblad da droebiTi samagris tipis SesarCevad iyeneben 

empiriul Q sistemas. samagris konstruqciuli parametrebi 

praqtikulad determinirebulia am ganzogadebuli kriteriumiT, 

romelic Tvisobrivad warmodgenilia gamonamuSevris Semcveli 

samTo masivis Tvisebebis damaxasiaTebeli mravalricxovani 

fizikur-meqanikuri maCveneblebiT (monitoringi sruldeba mxolod 

gansakuTrebul SemTxvevebSi). aqedan gamomdinareobs, rom NATM

warmoadgens ara gvirabis agebs xerxs, aramed gvirabis gayvanis 

konkretul sainJinro-geologiur pirobebSi mxolod samagris 

parametrebis ganmsazRvreli meTodikebis erTobliobas. rac ufro 

xelsayrelia es pirobebi, miT meti efeqtianobiT SeiZleba 

meTodikis rekomendaciebis realizeba.

N(NTM) gamoyenebisas gansakuTrebuli yuradReba unda mieqces 

gruntebis fizikur-meqanikuri Tvisebebis sruli pasportis 

Sedgenas.

samTo satransporto gvirabebis mSeneblobaSi axalavstriuli 

meTodi (NATM) gamoiyeneba 1964 wlidan, metromSeneblobaSi _ 1968-

dan.

gvirabis agebis axalavstriuli xerxis ZiriTadi arsi 

mdgomareobs SemdegSi: miwisqveSa gamonamuSevars Tavidan amagreben 

deformirebadi Caketili konturis mqone pirveladi samagriT, 
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romelic mWidrod ekvris qans da samagri da samTo masivi 

ganixileba, rogorc erTiani pirveladi (droebiTi) gamonamuSevris 

mzidi sistema (nax.5) xolo mas Semdeg, rac samTo wneva da

gamonamuSevris konturis deformaciebi stabilizdeba, gvirabis 

mTel perimetrze amohyavT meoradi samagri, romelic aZlierebs 

pirvelad samagrs.

nax. 5 erTaRiani gamonamuSevris mSeneblobis etapebi: 
I_ gruntis damuSaveba NATM-is teqnologiiT; 

II_ pirveladi naSxefbetonis samagri.

Cveulebriv pirveladi samagri warmoadgens naSxefbetonis 

safars, romelic armirebulia liTonis badiT da Camagrebulia 

qanSi mokle konstruqciuli ankerebiT an eyrdnoba liTonis 

TaRebs, romelTa daniSnulebaa samagris samTo masivTan muSaobaSi 

CarTva da masivis mzidunarianobis maqsimaluri SenarCuneba, masivis 

gantvirTva. e. i. iqmneba damyoli garsi (samagri), romelsac 

dangrevis gareSe deformirebis da konturze warmoqmnili 

Zabvebisadmi mdgradobis unari Seswevs. aseTi garsi amagrebs 

gamonamuSevris konturs, masTan erTad deformirdeba da 

gamoricxavs qanis CamoSlas.
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nax. 6   gamonamuSevris swrafi dabetoneba. a_ naSxefbetonis 
danadgari; b_ qargilis saerTo xedi

naSxefbetonis gamonamuSevris gamagrebas gaaCnia mTeli rigi 

uaryofiTi Tvisebebi, rogoricaa: atmosferos damtverianeba 

samuSaoTa warmoebis adgilas, betonis narevis asxletva da sxva. 

am naklovanebebis gamosworebis mizniT Cvens mier 

SemoTavazebulia specialuri qargilis sd (swrafi dabetoneba) 

gamoyeneba. qargili moZraobs gamonamuSevris ganivi kveTis 

wrexazze (nax 6). betonis Cawyoba xdeba xorkliani gamonamuSevris 

zedapirsa da qargils Soris sivrceSi, ris Sedegad gamonamuSevris 

konturze warmoiSveba gluvi zedapiris mqone Txeli samagri 

optimaluri sididiT (masivSi Camongrevis TaRis formirebamde). 

gamonamuSevris gayvanisas saWiroa monitoringis ganxorcieleba 

sistema ,,samagri_masivi” daZabul mdgomareobaze. 

cnobilia naSxefbetonis datana ori teqnologiiT ,,mSrali” 

da ,,sveli”. pirvelis gamoyenebis sawyisi miekuTvneba me-20 saukunis 

50-ian wlebs, meoresi ki 70-ian wlebs. msoflioSi bolo wlebSi 
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sul ufro farTod gamoiyeneba ,,sveli dabetoneba”. XX saukunis 

90-iani wlebis bolos naSxefbetonis 70 % daitaneboda ,,sveli” 

xerxiT.

,,sveli” xerxis dadebiTi mxareebia: Semadgeneli 

komponentebis zusti dozireba, rac betonis saangariSo 

maxasiaTeblebis maRali mniSvnelobebis miRebis saSualebas iZleva, 

naklebad damokidebulia SemsrulebelTa kvalifikaciaze, mTeli 

rigi parametrebis adgilze regulirebis saSualebas iZleva. 

,,sveli” teqnologiia ZiriTadi uaryofiTi mxarea Zvirad Rirebuli 

danadgarebis aucilebloba.

bolo dros naSxefbetonis SemadgenlobaSi gamoiyeneba 

fibrebi, romelic armaturis funqcias asrulebs. amiT izrdeba 

winaRoba gaWimvaze.

didi CaRrmavebis TaRis ZiriTad samSeneblo masalas betoni 

da rkinabetoni warmoadgens. rogorc cnobilia betoni cudad 

muSaobs gaWimvaze. betonisa da rkinabetonis eqspluataciis 

praqtika gviCvenebs, rom betonis gaWimul zonaSi rogorc wesi 

warmoiSveba bzarebi. gvirabis samagris muSaobis pirobebidan 

gamomdinare ki bzarebis gaCena mis konstruqciaSi dauSvebelia. 

amitom didi niSvneloba eniWeba sakiTxs samagrisaTvis muSaobis 

saukeTeso pirobebis uzrunvelsayofad misi racionaluri 

moxazulobis povnas.

saerTdod miRebulia, rom TaRis RerZs moxazuloba CaiTvalos 

racionalurad Tu is emTxveva mudmivi tvirTiT gamowveul wnevis 

mruds.

TaRis dedamiwidan didi CaRrmavebis SemTxvevaSi iTvleba, rom 

vertikaluri da horizontaluri datvirTvebi aris erTmaneTis 

toli intensivobis, Tanabrad ganawilebuli datvirTva, romelic 

uaxlovdeba radianulad mimarTulebis Tanabrad ganawilebul 

datvriTvas. am SemTxvevaSi TaRis racionaluri moxazuloba 

emTxveva wriuls, an masTan miaxloebul rkalis formas. (ix.nax. #1)

am SemTxvevaSi rkalis elementarul ds farTobze moqmedi Zalis 

tolqmedi gamoiTvleba       =qds
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nax 7  TaRis datvirTvis sqema

magram gvirabmSeneblobis praqtikidan cnobilia rom samTo 

vertikaluri wneva yovelTvis metia horizontalurze, ris gamoc 

TaRis RerZis racionaluri moxazuloba ar emTxveva wriul rkals. 

gadaxra moxazulobidan miT metia, rac metia maT Soris

gansxvaveba.

nax  8  TaRis elementze Zalebis moqmedebis sqema

gamoviyvanoT samsaxsirani TaRis wnevis mrudi, TaRis 

racionaluri moxazulobis amsaxavi formula. warmovidginoT, rom 

samsaxsiran TaRze q1 intensivobiT moqmedebs Tanabrad 
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ganawinebuli vertikaluri datvirTva da q2 intensivobis Tanabrad 

ganawilebuli horizontaluri datvirTva. Tu TaRis kveTi emTxveva 

wnevis mruds, maSin kveTis calmxares moqmedi Zalebis tolqmedi 

iqneba mrudis mxebi. Tu TaRis RerZs eqneba parabolis forma 

TaRis kveTebi imuSavebs mxolod kumSvaze. TaRidan gamovyoT mcire 

elementi ds da SevadginoT wonasworobis gantoleba masze moqmed 

Zalebze. davagegmiloT Zalebi x da y RerZebze CavTvaloT rom 

TaRis sisqe usasrulod mcirea.  

_ + (N + dN) + q2dy = 0;         (2)

- (N + dN) + q1dy = 0;        (3)

sadac N aris Zalebis tolqmedi mimarTuli kveTis RerZis 

mxebad.

sadac  aris mxebis daxra x RerZTan 

q1_ vertikaluri datvirTvis intensivoba

q2_ horizontaluri  datvirTvis intensivoba

radganac 

= +       (4)

= +         (5)

am gantolebebidan miviRebT

_ N + dNcos + q2dy = 0           (6)

_ N   - dNsin + q1dx = 0            (7)   anu   d(Ncos) + q2dy = 0    (8)

_ d(Nsin) + q1dx = 0         (9)

da am gantolebis integrirebiT miviRebT

    Ncos  = -q2y + C1       (10)

_ Nsin = -q1x + C2         (11)

roca 

X = 0,  y =  0,  sin = 0,    = 0, gvaqvs klitis kveTi C2 = 0

kliteSi   N1 = N0    da   C2 = 0

miviReT 

Ncos  = -q2y + N0    (12)
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Nsin = q1x         (13)  

imis gaTvaliswinebiT rom 

= tg =     (14)

SeiZleba vipovoT

      (15)

(_q2y + N0)dy =   q1xdx  (16)

integrirebiT miviRebT

+ y = +    (17)

X = 0,  y =  0,  C3 = 0

+ y =       (18)

gamoiTvleba pirobidan, roca  x =       y = f

+ y =    (19)

= +          (20)

Tu SemovitanT aRniSvnas  = m-s miviRebT gantolebas

- y2 +  (m +f)y = mx2      ( 21)

am gantolebaSi Tu SeviTanT y-is mniSvnelobebs, gamoviTvliT 

Sesabamis x-is mniSvnelobebs

f-s TaRis awelobis siari

m = ,  TaRis mali

TaRis racionaluri moxazuloba TanxvedraSi unda iyos 

gabaritTan.

programuli uzrunvelyofiT TaRis mravali wertilisaTvis 

kordinatebis mixedviTvpoulobT konkretul SemTxvevisaTvis 

samagris reRZis racionaluri moxazulobas.
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warmodgenili mcire CaRrmavebis metropolitenis maRali 

teqnologiebiT mSeneblobis koncefcia (nax 9), saSualebas iZleva  

erTdroulad gamoviyenoT mSeneblobis orive xerxi erTdroulad, 

Ria da daxuruli. da aseT xerxs vuwodoT `naxevrad daxuruli.”

am SemTxvevaSi gadasarbeni gvirabebi da saliandago gvirabebi 

sadguris farglebSi aigeba daxuruli xerxiT, xolo sadguris 

nageboba ki am gvirabebs Soris Ria qvabulSi, rasac minimumamde 

dayavs Ria xerxiT agebis uaryofiTi Tvisebebi.

am SemTxvevaSi sadguris ageba mimdinareobs Semdegi 

TanmimdevrobiT: (nax 9) gaiyvaneba sadguris saliandago gvirabebi,

romelTac samagris erTi xazis rgolSi amontaJeben  klitis 

elementebs, SemdgomSi sadguris gadaxurvis Weramde muSavdeba 

qvabuli am gvirabebs Soris.

am niSnulidan iburReba WaburRilebi da betondeba ximinj-

kolonebi, naburR-nateni ximinjebis mowyobis Semdeg sadguris 

qvabulis piras amuSaveben or tranSeas sagzao gvirabis samagramde 

da iwyeben monoliTuri rkina betonis gadaxurvas. am tranSeebis 

sigane sakmarisi unda iyves, raTa SesaZlebeli gaxdes filis 

konsoluri nawilis dabetoneba da SemdgomSi misi sagzao gvirabis 

samagrTan misi gamonoliTebisaTvis samuSaoTa warmoeba.

mas Semdeg, rac gadaxurvis filis betoni miaRwevs saproeqto 

simtkices, awyoben hidroizoliacias, gruntis ukuCayras, aRadgenen 

sagzao fenils da SesaZlebeli xdaba saqalaqo transportis 

moZraoba sadguris mSeneblobis teritoriaze.
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nax. 9  sadguris konstruqcia naburR-nateni ximinj _kolonebiT.

1 - monoliTuri rkinabetonis gadaxurva; 2 - Rerovani samagri; 

3 -naburR-nateni ximinji;

nax. 10  naburRnateni ximinjkoloniani sadguiris agebis Tanmimdevroba
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1 – sadguris sagzao gvirabi; 2 – klitis elementebi; 3 –

niSnuli, romelic Seefardeba sadguris gadaxurvis Zirs; 4 –

ximinj kolonebi;                      5 – monoliTuri gadaxurva; 6 

– droebiTi Sevsebis elementebi.

Raris filis da baqnis mowyobas awarmoeben 6 metri siganis 

rgolebiT, Ria ganivi saknidan, ganlagebuli sasadguro komleqsis 

torsSi, sadac ganlagebulia danadgarebi, romlebic 

uzrunvelyofen gvirabgamyvani da samontaJo samuSaoebis 

msvlelobas.  

Cveulebriv sainJinro-geologiur pirobebSi qvabulis xerxiT 

mSeneblobisas upiratesoba eniWeba qvabulis kedlebis gamagrebas 

ximinjebiT, gambrjenebis dayenebiT an ankerebiT. amgvar samagrebs 

gaaCniaT mTeli rigi naklovanebebi: liTonis didi xarji, 

Sromatevedoba, rTuli manqana-meqanizmebis gamoyeneba, gambrjenebiT 

qvabulis gadaxergva, xmauri gamowveuli ximinjebis Casobisas, 

vibracia da sxva.

  zemoT aRniSnulma ganapiroba axali teqnologiuri da 

konstruqciuli gadawyvetileba – samagris axali tipis –

Rerovanis Seqmna da misi gaangariSebis meTodebis damuSaveba.

am samagris gaangariSeba mdgomareobs am armirebuli gruntis 

fenis, rogorc erTiani konstruqciis Sida da gare mdgomareobis 

mdgradobis gansazRvraSi. am samagris Sida mdgradobas 

ganapirobebs gamWimavi Zabvebis gruntSi Caankerebul armaturis 

Reroebze srulad gadacema.

  qvabulis daankerebuli ferdis mdgradoba SeiZleba ase Caiweros:                              

                                                          (23)

  sadac aris gamWimavi Zalvebis jamuri sidide, romelsac iRebs 

Tavis Tavze armaturis yvela Rero. aris yvela Sida Zalvebis 

jamuri sidide, romelic moqmedebs armirebul masivze. =1.5 aris 

maragis koeficienti. armaturis Reroze mosuli Zala, Tu 

mxedveobaSi miviRebT mis erTobliv muSaobas gruntTan da 

gamovricxavT gruntTan SesaZlo srialis xaxuns, SeiZleba 

ganisazRvros formuliT: 
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                N              (24)

  sadac – aris armaturis Reros perimetri, mxebi Zabva, 

romelic aRiZvreba Reros garSemo, siRrmeSi. Zalvebis 

nazardi gamowveuli armaturis daxrilobiT.

  Zabvebi Soris ankerul ReroebSi, ganisazRvreba im pirobidan, 

rom vertikaluri Zalvebi Tanabrad nawildeba gruntis masivSi. 

                (25)

  sadac - aris armirebuli gruntis masis moculobiTi wona. 

gansaxivei sertilis CaRrmavebis sidie. aris qvabulis ferdze 

mosuli datvirTva armirebul zonaSi. - armaturis daxris kuTxe. 

- aris foladis gruntis xaxunis koeficienti.

  amrigad jamuri Zala mosuli yvela Reroze iqneba:

            (26)

  armirebul masivze moqmedi gare jamuri Zala warmodgenili 

gamtolebaSi (1) marjvena mxares SegvidZlia gamovsaxoT gruntis 

dawolis da droebiTi datvirTvis tolqmedis saxiT:

       (27)

  sadac - gruntis horizontaluri dawolaa, droebiTi 

datvirTvis gaTvaliswinebiT. 

P1
P2



n



P2 Htg(45°- /2)

P2+Htg(45°- /2)

E



h1

L

H

nax. 11 Rerovani samagris saangariSo sqema
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  me-5 gantolebaSi gamosaxuleba da mixedviT integrirebis 

Sedegad miviRebT:

                                            (28)

  sadac - qanis moculobiTi wonaa armirebuli masivis gareT; 

- gverdiTi gverdiTi wnevis koeficientia. 

gantoleba (23) amoxsnis Sedegad, imis gaTvaliswinebiT, rom 

Reroebi qvabulis ferdobze ganlagebulia bijiT vertikaluri 

mimarTulebiT da horizontaluri mimarTulebiT da imis 

daSvebiT, rom datvirTvebi Reroebze nawildeba Tanabrad, 

sabolood miviRebT Reroebis sigrZis gamosaTvlel formulas.

                    (29)

  - maragis koeficienti;

  - qanis moculobiTi wneva arSirebuli zonis gareT:

  - qvabulis simaRle;

  - droebiTi datvirTva;

  - gverdiTi wnebis koeficienti; - qanis Siga 

xaxunis kuTxe.

  - Reros radiusi;

  - liTonis qanTan xaxunis kuTxe;

  - Reroebis daxris kuTxe;

  - qanis moculobiTi wona armirebuli zonis farglebSi;

  - gansaxilveli wertilis siRrme;

  - droebiTi datvirTva.

  Cven mier daarmirebuli Reros sigrZis ganmsazRvreli formula 

saSualebas iZleva gruntis parametrebis - , da , agreTve 

droebiTi datvirTvebis  da daSvebiT da masSi danarCeni 

parametrebis, rogoricaa biji vertikaluri da horizontaluri 

mimarTulebiT da Reros daxris kuTxe, SeiZleba miviRoT misi 

optimaluri sigrZe.
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  damuSavebuli meTodikis mixedviT Catarebulia qvabulis 

ferdobis mdgradobis saangariSo Teoriuli analizi Tbilisis 

metropolitenis pirobebisTvis.

damuSavebulia meTodika da gamoyvenilia analizuri 

damokidebulebebi Rerovani samagris gasaangariSeblad.

  SemoTavazebulia gaangariSebis Semdegi Tanmimdevroba: Rerovani 

samagris muSaobis pirobebis dadgena, damokidebuli geologiur 

pirobebze da samuSaoTa warmoebis teqnologiaze; datvirTvebis 

SesaZlo Sexamebidan gamomdinare saangariSo sqemis dazusteba; 

damaarmirebeli Reroebis sigrZis dadgena; naSxefbetonis fenis 

SerCeva gamomdinare Reroebis bijis sidididan. 

  SemuSavebulia didi CaRrmavebis gvirabis samagris racionaluri 

moxazulobis dadgenis meTodi. gamoyvanilia analizuri 

damokidebuleba.

mravalsarTuliani miwisqveSa satransporto kompleqsebis da 

sxva daniSnulebis nagebobebis mSenebloba xdeba ZiriTadad 

qalaqis centralur raionebSi, sadac mdebareobs kapitaluri isto-

riuli Senobebi, aris saqveiTo da satransporto saSualebaTa 

intensiuri moZraoba, agreTve didia sainJinro komunikaciebisa da 

qselebis raodenoba.

aseTi obieqtebis agebis dros, rogorc wesi, gamoiyeneba 

qvabulis, an CasaSvebi Webis xerxebi miwis zedapiris mTliani an 

nawilobrivi gaxsniT, rac iwvevs miwis zedapirze arsebuli 

pirobebis seriozul cvlilebas.

qvemoTYmoyvanili teqnologia iTvaliswinebs samuSaoebis 

warmarTvas daxuruli wesiT, rac SesaZleblobas iZleva 

minimumamde daviyvanoT qalaqSi garemos cvlileba. samSeneblo 

samontaJo procesebi warimarTeba Semdegi  teqnologiuri   

TanmimdevrobiT (nax. 11.). 

upirveles yovlisa momavali nagebobis torsSi gahyavT ori 

marTkuTxa Wauri, romelTa kedlebi SpuntiT an ximinjebiT 

magrdeba. maTi CaSvebis siRrme ganisazRvreba nagebobis Ziris 

niSnuliT. gruntis mocileba da iaraRis miwodeba xdeba badiiT. 
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Waurebidan nagebobis perimetrze gahyavT marTkuTxa an trapeciuli 

kveTis wolxvreli,  romelsac amagreben xis an liTonis 

konstruqciiT naSxefbetonTan erTad.

wolxvrelidan, mciregabaritiani burRebis gamoyenebiT, 

urTierTmxebi an gadamkveTi 400-600 mm diametris naburRnateni 

ximinjebisagan igeba miwisqveSa nagebobebis kedlebi. amis Semdeg 

ageben gadaxurvas, romelic warmoadgens ekrans 200-500 mm 

diametris foladis, rkinabetonis an asbocementis milebisagan. am 

milebis gatareba xdeba horizontaluri burRvis danadgarebiT. 

milebi SeiZleba gatardes hidravlikuri domkratebiTac nawil-

nawil, 1,5-2 m monakveTebiT, maTi Semdgomi SeerTebiT kuTxvili 

quroebiT an artaxebiT. sust qanebSi milebs unda hqondeT Camketi 

mowyobilobebi maTze miduRebuli Svelerebis an kuTxovanebis 

saxiT.

milebis gatarebis Semdeg milebidan iReben grunts, xolo 

samuSao procesis dasrulebisas maT avseben betoniT. am ekranis 

boloebidan amohyavT rkinabetonis kedeli, romelic eyrdnoba adre 

agebul naburRnaten ximinjebs.

ase Seqmnili kedlebisa da gadaxurvis dacvis qveS 

xorcieldeba gruntis birTvis amoReba sqemiT `zevidan qveviT~ 

miwisqveSa nagebobebis erTi an ori iarusis farglebSi 

mciregabaritiani sagvirabo eqskavatorebiT. bolos xdeba pirveli 

iarusis dabetoneba da cikli Tavidan meordeba, sanam ar 

dabetondeba bolo iarusi.

ganxiluli teqnologia SeiZleba iyos Zalze efeqtiuri 

erTmalian nagebobebSi 10-12 m siRrmeze. ormaliani nagebobebis 

mSeneblobisas unda gaviTvaliswinoT damatebiTi wolxvrelis 

gayvana Sualeduri svetebisa da grZivebis asagebad (nax. 12 .b).
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nax. 12 mravalsarTuliani miwisqveSa nagebobebis agebis
teqnologiuri Tanmimdevroba.

I-IV – samuSaoTa etapebi; 1 – wolxvreli; 2 – ekrani milebisagan;
3 – kedeli naburRi ximinjebisagan; 4 Waurebi; 5 – monoliTuri rkinabetonis 
kedeli; 6 – sarTulSua gadaxurvebi; 7 – saZirkvlis fila; 8 – sveti; 9 –

grZivebi

am teqnologiis realizaciisaTvis aucilebelia, rom 

obieqtis CaRrmaveba iyos aranaklebi 1,5-2 m, rac uzrunvelyofs 

sakmaris safars, milebidagan Semdgari ekranis zemoT da 

SesaZleblobas iZleva Tavidan aviciloT miwisqveSa sainJinro 

komunikaciebis gadatana. zemoT aRniSnuli xerxiT aseve 

SesaZlebelia metropolitenis sadgurebis da vestibiulebis, 

avtosadgomebis, mravalfunqciuri daniSnul kompleqsebis 

mSenebloba.
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daskvnebi

1. SemuSavebulia dasaxlebuli punqtebis urbanuli

parametrebis mixedviT miwisqveSa sivrceSi ganTavsebuli

obieqtebis CamonaTvali, mis safuZvelze SemuSavebulia

saqarTvelos qalaqebisaTvis miwisqveSa nagebobaTa ganviTarebis

meTodologiuri rekomendaciebi romlebic emyareba gavlenis

faqtorebis diferenciacias, maTi genezisis mixedviT da kerZod

bunebrivi anTropogenuri, ekonomiuri da mimdinare politikuri

xasiaTis gaTvaliswinebiT.

2. SerCeuli iqna msoflios mowinave qveynebis  dRevandel

praqtikaSi da uaxloes perspeqtivaSi gamoyenebuli maRali

teqnologiuri xerxebi da saSualebebi, miwisqveSa nagebobebis

daniSnulebis, ganlagebis siRrmisa da miwiszeda sivrcis

urbanizaciis xarisxis mixedviT.

miwisqveSa mSeneblobis sazRvargareTuli gamocdilebis analizis

Sedegad SeiZleba davaskvnaT, rom bevr qveyanaSi farToT inergeba

samTo xerxiT satransporto gvirabebis mSeneblobis Tanamedrove

maRali teqnologiebi. mZlavri mobiluri aRWurviloba, ankerebTan

an gisosovan TaRebTan Sexamebuli naSxefbetonis konturuli

samagri da samuSaoTa mkveTrad Camoyalibebuli organizacia

uzrunvelyofen 80-100 kvadratuli metris farTobis ganivkveTis

gvirabebis gayvanis maRal tempebs rbil naxevradkldovan qanebSi

(aranakleb 120 m/ TveSi. 

3. damuSavebuli iqna mcire CaRrmavebis metropolitenis

mSenebloba naxevrad daxuruli xerxiT da mravalsarTuliani

miwisqveSa nagebobis usafrTxo teqnologia.

4. gamoyvanilia analizuri damokidebulebebi Rerovani 

samagris gasaangariSeblad. SemoTavazebulia gaangariSebis 

Semdegi Tanamimdevroba:  Rerovani samagris muSaobis pirobebis 

dadgena damokidebuli geologiur pirobebze da samuSaoTa 

warmorbis teqnologiaze; datvirTvebis SesaZlo Sexamebidan 

gamomdinare saangariSo sqemis dazusteba; armirebuli Reroebis 
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sigrZis dadgena; naSxef betonis garsis sisqis SerCeva, 

gamomdinare Reroebis bijis sidididan.

5. SemuSavebulia didi CaRrmavebis gvirabis samagrebis 

racionaluri moxazulobis dadgenis meTodi. gamoyvanilia 

analizuri damokidebuleba mis dasadgenad.  
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