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Abstract 

 Today the actual problem represents in the investigation of marginal state 

and remaining life of being in operation building with taking into account 

damages, development of their monitoring, diagnostics and complex restoration 

systems and implementation in construction practices.  

 For solving way of put problems we considered the following: for 

development of monitoring system as typical tool would be aimed a goal. It is 

necessary to develop a monitoring and diagnostic system for the basic version that 

includes as a minimum control over all typical dwelling house. In the basic version 

of monitoring should be provided the basic control parameters that would be 

evaluate more common causes for potential accidents. The basic version will to 

have the opportunity to expand the number of control points as well as by types of 

controled structures and according to control parameters list.  

 The total volume of work makes up to 150 pages, it includes an 

Introduction, four chapters, conclusion and references, that consists from 50 titles.  

 In the Introduction is presented the relevance of topic, scientific novelty 

and practical value of the work. 

 In the first is considered building technical state monitoring and diagnostics 

existing methods.  

 In the second chapter is considered development of buildings marginal state 

and remaining life monitoring and diagnostic methodology with taking into 

account damages. In recent times topical is building’s monitoring and diagnostics, 

in order to provide their security and necessity of life prolongation analysis.  

 In the third chapter is developed the building hazardous deformations 

monitoring and diagnostic systems. 

 In the fourth chapter are stated the results of several cases of research 

practical application. 

The results of dissertation works are implemented in practical engineering 

work at carrying out the building’s monitoring in Tbilisi city. 
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nax. 3.8. s-modelis vertikaluri svlis taqeometruli azomva 

nax. 3.9. s-modelis kvanZebis sivrciTi koordinatebis gansazRvra 

nax. 3.10. s-modelis vertikaluri saketis sivrciTi gadaadgileba 

nax. 3.11. gazomvebis dasaSvebi cdomilebis gansazRvra ГОСТ 24846-81 

nax. 3.12. MONITORING modulis algoriTmis blok-sqema 

sur. 4.1. Senobis fasadi 

sur. 4.2. Senobis horizontaluri gadaadgileba 

sur. 4.3. fuZe-gruntis jdomis Sedegad gaCenili bzari 

sur. 4.4. Senobis kedelze ganviTarebuli bzari 

sur. 4.5. Senobis ZiriTad nawilsa da miSenebas Soris ganviTarebuli 

bzari 

nax. 4.6. sayrdeni geodeziuri qselis sqema 

nax. 4.7. me-18 wertilSi hoprizontaluri gadaadgilbebis mniSvnelobebi 

nax. 4.8. Senobis sem-modelis Sesaxeb informacia 

sur. 4.9. Senobis sem-modelis aqsonometriuli saxe 

nax. 4.10. Senobis sem modelis proeqcirebuli saxe 



12 

nax. 4.11. kb 1-3 Rerovani elementebis ferovani klasifikacia 

nax. 4.12. kb 1-3 konstruqciebSi mRunavi momentebis da grZivi Zalebis 

epiura 

nax. 4.13. Senobis konstruqciebis vertikaluri gadaadgilebebi mudmivi 

da droebiTi saangariSo datvirTvebisgan 

nax. 4.14. Senobis gadaadgileba saangariSo datvirTvebisagan (H-1) da 

sayrdenebis mocemuli jdeniT (H-2) zeda kontrolirebadi 

kvanZebis doneze 

nax. 4.15. Senobis ganivi CarCos deformaciis sqema 

sur. 4.16 

sur. 4.17 

sur. 4.18  

sur. 4.19 

sur. 4.20 

sur. 4.21 

sur. 4.22 

sur. 4.23  

sur. 4.24 

sur. 4.25 

sur. 4.26 

sur. 4.27 

sur. 4.28  

sur. 4.29 
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შესავალი 

 

 Tanamedrove mSenebloba xasiaTdeba maRali tempebiT da 

didi moculobiT, agreTve axali gadawyvetebis aqtiuri 

danergviT mSeneblobis yvela etapze. aRniSnuli tendenciebi 

udaod warmoadgens dadebiT faqts, Tumca, swored Tanamedrove 

mSenebloba xasiaTdeba avariebis gazrdili ricxviT. saqme imaSia, 

rom rTuli maTematikuri modelebis ganviTarebam maRali klasis 

gamoTvliT teqnikasTan erTad Camoayaliba iluzia, TiTqos 

SesaZlebelia nebismieri arastandartuli konstruqciis 

gaangariSeba maRali sizustiT. realoba ki iseTia, rom 

saangariSo modelis agebis ukan dgas konkretuli gardaqmnis 

sadao problemebi, kerZod samSeneblo konstruqciebis masalebis 

maxasiaTeblebis statistikuri gafantva, gansakuTrebiT 

saZirkvlis qveSa gruntebSi. aseve damatebiT unda aRiniSnos, rom 

samSeneblo masalebi, romlebsac Seicavs konstruqcia, floben 

xandazmulobis sxvadasxva siCqares da amis xarjze mcirdeba 

mTlianobaSi konstruqciis xangamZleobis Sefasebis sarwmunoeba. 

 dasmuli problemebis gamoyofa da gadawyveta 

ganpirobebulia, pirvel rigSi, imiT, rom konstruqciebis mzidi 

Zlier datvirTuli elementebis msxvilmasStabiani meqanikuri 

dazianebebi darRvevebi, rogorc wesi iwveven garkveul zarals. 

 Seqmnili situaciidan erT-erT gamosavals warmoadgens 

axali Taobis usafrTxoebis sistemebis Seqmna. usafrTxoebis 

arsebuli sistemebi Seicavs Zlier SezRudul standartul 

nakrebs: saxanZro-damcavi signalizacia da videodakvirvebis 

sistema. inteleqtualuri arqiteqturis saxlebi aRWurvilia, 

damatebiT eqspluataciis monitoringis sxvadasxva elementebiT: 

gaJonvebis gadamcemebiT, sainJinro qselebis kontroliT da sxva. 

Tumca samSeneblo konstruqciebis monitoringis sistemebi 

realuri drois reJimSi dRes qveyanaSi ar arsebobs. 

 amgvarad, dRevandel dRes aqtualur problemas 

warmoadgens Senoba-nagebobebis dazianebuli konstruqciebis 



14 

zRvruli mdgomareobis da narCeni resursis monitoringis, 

diagnostikis da aRdgenis kompelqsuri sistemebis SemuSaveba da 

maTi danergva samSeneblo praqtikaSi. 

 Cveni kvlevebis ZiriTad samecniero amocanebs warmoadgens: 

dazianebebis dagrovebis procesebis kvleva, konstruqciebis 

elementebis reaqcia gare da Siga (maT Soris avariul) 

zemoqmedebebze, zRvruli mdgomareobis Teoriis gamoyenebiT 

konstruqciis elementebis kritikulswina qmedebis procesi. 

Zlier mniSvnelovania sami Zireuli principis SemuSaveba, 

romelTa Semdgomi danergva praqtikaSi saSualebas mogvcems 

aRkveTos msxvilmasStabiani rRvevebi. es principebia xarisxis 

uzrunvelyofa, perioduli an uwyveti diagnostikis da 

operatiuli analizis uzrunvelyofa. 

 Cveni disertaciis mizans warmoadgens eqspluataciaSi 

myofi Senoba-nagebobebis zRvruli mdgomareobis da narCeni 

resursis monitoringis, diagnostikis da aRdgenis kompelqsuri 

sistemis Seqmna. mocemuli sistema warmoadgens usafrTxoebis 

uzrunvelyofis mravalfunqciur instruments sxvadasxva 

daniSnulebis samSeneblo nagebobebisaTvis. flobs ra 

SesaZleblobebis farTo speqtrs, sistema gankuTvnilia 

teqnogenuri an bunebrivi xasiaTis movlenebis SesaCereblad 

mSeneblobaSi SesaZlo avariuli movlenebis ganviTarebis yvela 

stadiaze. 

 mecnieruli siaxle mdgomareobs SemdgeSi: 

 Senoba-nagebobebis monitoringis da diagnostikis 

kompleqsuri meTodologiis damuSaveba; 

 Sesabamisi monitoringis da diagnostikis sistemebis 

damuSaveba; monitoringis sistemis ganxorcielebis blok-

sqema; 

 avariuli movlenis likvidaciis ricxviTi da analizuri 

modelirebis xerxebis damuSaveba; 
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 operatiuli RonisZiebebis realizaciis sxvadasxva 

scenarebis SemTxvevaSi movlenis ganviTarebis 

prognozirebis meTodikis Seqmna. 

 dasmuli problemis gadaWris gzad migvaCnia Semdegi: 

monitoringis sistemis, rogorc tipiuri instrumentis, 

SeqmnisaTvis unda Camoyalibdes mizani. aucilebelia Seiqmnas 

monitoringis da diagnostikis sistema sabazo variantSi, 

romelic iTvaliswinebs, rogorc minimum yvela tipiuri 

sacxovrebeli Senobis kontrols. monitoringis sabazo varianti 

unda uzrunvelyofdes ZiriTadi parametrebis kontrols, 

romlebic Seafaseben potenciuri avariebis ufro metad 

gavrcelebul mizezebs. aucileblobisas sabazo variants unda 

hqondes gafarToebis SesaZlebloba, rogorc kontrolis 

wertilebis raodenobis mixedviT, ise sakontrolo 

konstruqciebis saxeobis mixedviT, agreTve sakontrolo 

parametrebis siis mixedviT. 

 naSromis aprobacia: naSromis Sedegebi moxsenebulia 

saerTaSoriso-samecniero teqnikur konferenciaze `samSeneblo 

meqanikis problemebi~ 2010 weli, xolo mTliani naSromis 

mimoxilviTi da ZiriTadi nawilebi moxsenebulia sadoqtoro 

programiT gaTvaliswinebul or seminarze. 

 publikaciebi: naSromis ZiriTadi Sedegebi gamoqveynebulia 

15 samecniero statiaSi. 

 naSromis struqtura da moculoba: naSromis sruli 

moculoba 150 gverdia, igi moicavs Sesavals, oTx Tavs, daskvnasa 

da literaturas, romelic 77 dasaxelebisgan Sedgeba. 
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1. Senoba-nagebobebis teqnikuri mdgomareobis 

monitoringis da diagnostikis arsebuli meTodebis 

mimoxilva 

 

1.1. problemebi da amocanebi Senoba-nagebobebis 

eqspluataciisas 

 

 dasmuli problemis gamoyofa da gadawyveta 

ganpirobebulia, pirvel rigSi, imiT, rom konstruqciebis mzidi 

ZlierdatvirTuli elementebis  msxvilmasStabiani meqanikuri 

dazianebebi da rRvevebi, rogorc wesi iwveven maqsimalur 

zarals. ama Tu im avariuli situaciis realizaciidan miRebuli 

jamuri zarali mniSvnelovnadaa damokidebuli konstruqciebis, 

mowyobilobebis, dacvis sistemebis da sxvaTa elementebis 

rRvevis an meqanikuri dazianebis xarisxze. magaliTad, aSS-s 

standartebis nacionaluri biuros monacemebis mixedviT aSS-s 

ekonomikaSi jamuri xarjebi, dakavSirebuli konstruqciebis 

gauTvaliswinebeli rRvevebisgan miyenebuli zaralis 

anazRaurebasTan, agreTve rRvevebis aRkveTisken mimarTul 

RonisZiebebTan, Seadgens aTeul da zogjer aseul mln dolars 

weliwadSi. 

 Senoba-nagebobebis avariuli mdgomareobis warmoqmnis 

mniSvnelovani mizezebi mdgomareobs SemdegSi: 

 angariSis da kontrolis Tanamedrove meTodebis, 

Tanamedrove teqnologiebis arasakmarisi danergva, agreTve 

moZvelebuli normebis da standartebis gamoyeneba; 

 usafrTxoebis problemasTan Tanamedrove samecniero 

midgomebis  arasakmarisi SemuSaveba da gamoyeneba; 

 principulad axali udefeqto maRali simtkicis 

konstruqciebis da maRal sicocxlisunarianobis masalebis 

ararseboba. 
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amgvarad, meqanikuri katastrofebis farglebSi Senoba-

nagebobebis usafrTxoebis da xangamZleobis uzrunvelyofis da 

analizis mecnieruli safuZvlebis Seqmna sakmaod perspeqtiulia. 

monitoringis da diagnostikis meTodebi – esaa simtkicis 

Teoriuli mdgomareobis da principebis mecniereruli modelebis 

erToblioba, maT Soris bzarebis, didi plastikuri 

deformaciebis, eqstremaluri datvirTvebis, dinamikuri 

efeqtebis, fizikuri warmoSobis da koroziuli areebidan 

gamowveuli dazianebebis CaTvliT. amas garda, dazianebebis da 

rRvevebis Tavdapirvel da Semdgom stadiebs SeuZliaT gamoiwvion 

avariuli situaciebis ganmeorebiTi gamovlineba, iseTebi, 

rogoricaa radiaciuli da toqsikuri nivTierebebis gamotyorcna, 

afeTqebebi, xanZrebi da a. S. es gamovlinebebi mniSvnelovnad 

arTuleben katastrofuli rRvevebis Semdgomi stadiebis 

meqanikis analizs. amitom Cveni kvlevebi eyrdnoba simtkicesTan 

mosazRvre sagnebis Teoriul daskvnebs da eqsperimentul 

Sedegebs, iseTebs, rogoricaa afeTqebebis Teoria, airebis da 

siTxeebis meqanika da a.S. amgvarad, rRvevis meqanikis 

damakavSirebeli problemebi mniSvnelovan adgils ikaveben Cvens 

kvlevebSi. 

rRvevis  meqanika, rogorc fundamentaluri samecniero 

disciplina teqnikur diagnostikaSi, unda ganvixiloT samecniero 

safuZvlis saxiT, romelic gamoiyeneba momatebuli potenciuri 

saSiSroebis rTul Senoba-nagebobebSi avariuli da 

katastrofuli situaciebis gaCenis wyaroebis da ganviTarebis 

scenarebis analizisaTvis. amasTan dakavSirebiT Cndeba didi 

moculobis kvlevebis Catarebis aucilebloba, romelic 

dakavSirebulia katastrofebis da avariebis gaCenis da 

ganviTarebis sxvadasxva stadiebze simtkicis, resursis da 

saimedoobis kriteriumebis mixedviT obieqtebis zRvruli 

mdgomareobis gaCenis pirobebis SeswavlasTan. avariebis da 

katastrofebis scenarebis analizi unda ganxorcieldes 
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etapobrivad tradiciuli sainJinro midgomebis uwyveti 

ganviTarebis gaTvaliswinebiT: 

  simtkiceze, sixisteze da mdgradobaze (masalebis 

winaaRmdegobis meTodebis gamoyenebiT); 

 simtkiceze da ciklur resursze, xangamZleobaze (mravali 

da mcire cikluri daRlilobis Teoriebis meTodebis 

gamoyenebiT); 

 simtkiceze da droebiT resursze, xanmedegobaze (denadobis 

da xangrZlivi simtkicis Teoriebis meTodebis gamoyenebiT); 

 dinamikur simtkiceze da resursze (deformirebis da 

rRvevis dinamikis meTodebis gamoyenebiT); 

 bzarmedegobaze (rRvevis wrfivi da arawrfivi meqanikis 

meTodebis gamoyenebiT); 

 amasTan monitoringis da diagnostikis farglebSi 

gamoiyeneba: 

 zemoTxsenebuli Teoriebis da disciplinebis analizuri 

meTodebi; 

 ricxviTi meTodebi (sasrul elementTa, sasrul sxvaobaTa 

meTodebi, variaciuli meTodebi); 

 eqsperimentaluri meTodebi (nimuSebis, modelebis da 

naturuli konstruqciebis meqanikuri cdebi); 

 kombinirebuli meTodebi (analizuris, ricxviTis da 

eqsperimentaluris erToblioba). 

maqsimaluri hipoTezuri avariebis aqtiuri SemuSaveba 

saSualebas iZleva moxdes monitoringis da diagnostikis 

farglebSi Senoba-nagebobebis Seswavlis Semdegi pirveli rigis 

amocanebis formulireba: 

_ sistemis elementebze moqmedi gare datvirTvebis sistemis 

dadgena rogorc normalur, ise avariul pirobebSi misi 

eqspluataciis realuri pirobebidan gamomdinare;  
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_ Zlier datvirTuli mzidi elementebis daZabul-

deformirebuli mdgomareobis Seswavla gare da Siga dinamiuri 

datvirTvebis gaTvaliswinebiT; 

_ Senoba-nagebobebis konstruqciebis elementebis, simtkicis, 

dazianebis da SesaZlo rRvevis masStabebis Sefaseba: 

_ aseTi dazianebebis da rRvevebis Sedegebis Sefaseba; 

_ katastrofuli da saSiSi dazianebebisagan gamowveuli 

SesaZlo zaralis Semcirebis an gamoricxvisaTvis 

rekomendaciebis da zomebis SemuSaveba. 

Zlier mniSvnelovania sami Zireuli principis SemuSaveba, 

romelTa Semdgomi danergva praqtikaSi saSualebas mogvcems 

aRkveTos msxvilmasStabiani rRvevebi. es principebia xarisxis 

uzrunvelyofa, perioduli an uwyveti diagnostikis da 

operatiuli analizis uzrunvelyofa. uaresi SemTxvevis daSveba. 

xarisxis uzrunvelyofis principi metyvelebs Senoba-

nagebobebis elementebis saimedoobis maRali xarisxis miRwevis 

aucileblobaze masalebis arCevis, teqnologiuri damuSavebis, 

warmoebis xarisxis garantiis, eqspluataciis da sxvaTa xarjze. 

uaresi SemTxvevis daSvebis principi miuTiTebs SesaZlo 

avariuli situaciis Seswavlis aucileblobaze, hipoTezuri 

avariis ganxilvis CaTvliT, amasTan am principis Sesabamisad 

aucilebelia orientireba moxdes garemoebebis yvelaze 

araxelsayrel ganviTarebaze. 

perioduli an uwyveti diagnostikis da operatiuli analizis 

principi Seicavs Senoba-nagebobebis elementebSi gadaxrebis 

adreul aRmoCenasTan da SesaZlo Semdgomi eqspluataciis 

gadawyvetilebis miRebasTan dakavSirebul amocanebs. 
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1.2. Senoba-nagebobebis degradaciis da 

remontis dagegmvis prognozirebis arsebuli meTodika 

 

 remontis prognozirebis meTodikis amocanebs warmoadgens: 

biujetis angariSi samoqalaqo nagebobebis Senaxvasa da 

remontebze uaxloes weliwadSi; biujetis saorientacio angariSi 

(prognozireba) da optimizacia Senaxvisa da maTi remontebisaTvis 

dasagegm periodSi, maT Soris arsebuli biujeturi SezRudvebis 

CaTvliT, romelic Seicavs nagebobis degradaciis prognozs 

gegmiuri periodis ganmavlobaSi; saremonto zemoqmedebebis 

ararseboba, saremonto zemoqmedebebis Sesruleba 

optimizirebuli garafikis mixedviT, remontebis Sesrulebis 

grafikis gansazRvra, specialuri gamokvlevebis Catareba da 

Sesabamisi saproeqto dokumentaciis gamoSveba [27]. 

 angariSis obieqts warmoadgens satitulo siis sazRvrebSi 

nebismierad SerCeuli nageboba. arCeva formirdeba specialuri 

proceduris mixedviT da ewodeba “dagegmvis obieqti”. 

 dasagegm periods warmoadgens 199 wlamde drois arCeuli 

monakveTi, amasTan aTvlis dasawyisi iqneba remontis dRe, Tumca 

realuri sizustis CaTvliT, dakvirvebis dasagegmi periodis 

xangrZlivobis gansazRvra rekomendebulia 10_15 wliT. 

 dasagegmi periodi Cveulebriv iyofa or etapad da 

maCveneblebis angariSi am etapebis mixedviT warmoebs sxvadasxva 

algoriTmiT. es dayofa dasabuTebulia oTxi, principulad 

gansxvavebuli saxeobis moqmedebebis arsebobiT, samoqalaqo 

sainJinro nagebobebis Senaxvisa da remontebis mixedviT, 

romlebic Seicaven: 

 rutinul samuSaoebs: dasufTaveba, mcire sezonuri remonti; 

 daniSnuli saremonto zemoqmedebebi e.i. samuSaoebi, adre ar 

iyo dagegmili, magram romlebic aucilebelia Catardes 

Semdegi inspeqciis Catarebis momentamde; 
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 dagegmili saremonto zemoqmedebebi, romelTa aucilebloba 

adreve iqna gamovlenili da gaTvaliswinebuli mocemul 

periodSi SesrulebisaTvis; 

 prognozirebuli saremonto zemoqmedebebi, romlebic 

saWiroa Senobebis saWiro doneze SenarCunebisaTvis, maTi 

bunebrivi degradaciis gaTvaliswinebiT mTeli dagegmili 

periodis ganmavlobaSi. 

mocemuli klasifikaciidan Cans, rom dasagegmi periodis 

pirvel weliwadze an Semdegi inspeqciis Catarebis momentamde 

 𝐹1  finansuri moTxovnileba, gansazRvruli I, II, III saxeobebis 

zemoqmedebebiT, romelic gaTvlili unda iyos maRali sizustiT. 

finansuri moTxovnileba meore wlidan periodze ( 2F ), 

gansazRvruli I da IV saxeobis zemoqmedebebiT, SeiZleba mxolod 

vivaraudoT e.i. unda gamoiTvalos miaxloebiT, ramdenad ZalaSia 

samoqalaqo nagebobebis konstruqciebis, standartuli 

elementebis cveTis, remontisaTvis gamoyenebuli masalebis 

sxvadasxvaoba, agreTve gauTvaliswinebeli situaciebis gaCena. 

amitom xangrZlivi gegmuri periodis ganmavlobaSi III saxeobis 

zemoqmedebis zustad gamoangariSeba SeuZlebelia. 

 amgvarad mTeli gegmuri periodis biujeti ganisazRvreba 

rogorc 

21 FFF                            (1.1) 

 angariSis SedegebSi warmoebs obieqtis degradaciis 

prognozireba mTel gegmiur periodze. 

 saremonto zemoqmedebebis dagegmva mTel gegmiur periodze, 

dawyebuli meore wlidan, gamoiTvleba degradaciuli modulis 

mixedviT, gamomdinare mdgomareobis faqtiuri kategoriis 

inspeqciuri formis da elementebis daSvebis kategoriis 

miTiTebidan, agreTve mdgomareobis zRvrulad dasaSvebi 

kategoriis daniSnulebidan. biujetis saorientacio angariSi 

gegmiuri periodis yovel (dawyebuli meore wlidan) weliwadze, 

romelSic gaTvaliswinebulia: dasufTaveba, sezonuri remonti da 
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Senaxva iangariSeba nagebobis farTobis mixedviT axali 

samSeneblo nagebobebis eqspluataciaSi CaSvebis 

gaTvaliswinebiT, agreTve Tanmxlebi xarjebis avariuli 

momsaxureobis Semcvelobaze da transportze. 

 SemdgomSi ganixileba xarjebi specialur gamokvlevebze da 

saproeqto samuSaoebze, romelic aucilebelia saremonto 

samuSaoebis mosamzadeblad da saorientacio xarjebi daniSnuli 

saremonto samuSaoebis Sesrulebaze. 

 biujetis angariSi Semdeg weliwadze iTvaliswinebs: 

dasufTavebas, Senaxvas, sezonur remontebs, Tanmxleb xarjebs 

transportis da avariuli momsaxureobis Senaxvaze (zemoT 

aRniSnulis analogiurad), agreTve xarjebs inspeqciis 

samsaxuris mier daniSnuli saremonto zemoqmedebebis 

Sesrulebaze da xarjebs winaswar dagegmil specialur 

gamokvlevebze da saproeqto samuSaoebze, romlebic aucilebelia 

saremonto samuSaoebis Sesrulebis mosamzadeblad, rac 

ganisazRvreba rogorc procenti saremonto zemoqmedebebis 

saorientacio Rirebulebidan. 

 damatebiT CaiTvleba xarjebi winaswar daniSnul da 

dagegmil saremonto zemoqmedebebis Sesrulebaze, romlebic 

gaTvaliswinebulia saremonto dokumentaciis safuZvelze. 

 biujetis angariSis da saremonto zemoqmedebebis dagegmvis 

Sedegebi arCeuli strategiisaTvis warmodgenilia, rogorc 

mTlianobaSi obieqtis dasagegmad ise masSi Semavali yoveli 

nagebobisaTvis. saZiebo monacemebis gamoyenebiT yoveli 

konkretuli nagebobis Sedegebis analizisas SeiZleba 

davazustoT strategia da vawarmooT axali angariSi saremonto 

daniSnulebis koreqtirebuli cxrilebis bazaze. es gaxsnis 

iteraciuli dagegmvis damatebiT SesaZleblobas. 
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standartuli elementebis degradaciis 

aRwera saremonto zemoqmedebebis ararsebobisas 

 

 samoqalaqo sainJinro nagebobebis da kerZod maTi 

elementebis funqcionaluri Tvisebebis darRvevis xangrZlivi 

Seswavlis safuZvelze dadgenilia, rom ganxiluli 

SemTxvevisaTvis cveTis nebismieri raodenobrivi maxasiaTeblis 

cvlileba SeiZleba iyos aRwerili drois monakveTis mixedviT 

gansazRvruli funqciiT  𝑂, 𝑇 . 

  10  TteI 
                       (1.2) 

sadac: I  _ normatiuli fardobiTi cveTa; 

       t  _ drois mimdinare momenti, weli; 

       T  _ muSaobis normatiuli vada, weli; 

       0T  _ defeqtebis gareSe eqspluataciis periodi, weli; 

         _ zRvruli pirobidan gamoangariSebuli normirebis 

koeficienti 

1 TI


                         (1.3) 

anu yoveli standartuli elementisaTvis: 

 0

693.0
TT 

                       (1.4) 

 sinamdvileSi sxvadasxva elementebis zRvrul mdgomareobas 

Seesabameba fardobiTi cveTis sxvadasxva absoluturi 

mniSvnelobebi (Cveulebriv 70_100%-is diapazonSi), romlebic 

dainiSnebian konstruqciuli nagebobebidan. SeiZleba CaiTvalos, 

rom ”muSaobis normatiul vadas” Seesabameba “zRvruli 

mdgomareoba”, gagebuli rogorc 100% normatiuli cveTa ( 1I ). 

 teqnikuri mdgomareobis degradaciis mTeli diapazoni 

daxasiaTebuli normatiuli cveTis ( I ) cvlilebiT, iyofa 5 

kategoriad: sami ZiriTadi da ori Sualeduri, cxrili 1.1.-is 

Sesabamisad. 
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cxrili 1.1. elementebis mdgomareobis kategoriis 

ganzogadebuli maxasiaTeblebi 

kategoria maxasiaTeblebi 

maqsimaluri 

cveTa 

0I , % 

1 2 3 

1 normaluri funqcionireba, 

damakmayofilebe-li gare saxe 

20 

1.5 Sualeduri 1 40 

2 normaluri funqcionirebis darRveva, 

gan-sazRvrul datvirTvebis an/da 

moZraobebis SeuZlebloba, 

aradamakmayofilebeli gare saxe, 

Semdgomi eqspluatacia negatiurad 

moqmedebs mzid elementebze 

60 (dasaSvebi) 

2.5 Sualeduri 2 80 

3 calkeuli elementebis mtyuneba, 

saWiroa datvirTvebis  da/an 

moZraobis SezRudva, cudi gare saxe 

100 (zRvruli) 

 

 yvela elementis faqtiuri mdgomareobis identifikacia 

warmoebs masze ama Tu im “mdgomareobis kategoriis” mikuTvnebis 

gziT. Semdgomi angariSisaTvis miiReba, rom elementis faqtiuri 

cveTa tolia 

𝐼 = 0.5  𝐼𝑝 𝑖 + 𝐼𝑝 𝑖 + 1                      (1.5) 

sadac: 𝑖 _ mdgomareobis kategoriis nomeri; 

       𝐼𝑝 𝑖  _ 𝑖-uri kategoriis maqsimaluri cveTa. 

 magaliTad, Tu elements miekuTvneba mdgomareobis “2” 

kategoria, misi faqtiuri cveTa gaigeba rogorc 50%, Tu 

mdgomareobis “2.5” kategoria _ 70%. 

 elementis mdgomareobis Semdgom prognozirebas awarmoeben 

raodenobrivi cveTis maCveneblebSi. amgvarad, cneba 

“mdgomareobis kategoria” saWiroa mxolod elementis cveTis 
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donis identifikaciisaTvis da am mizniT isazRvreba degradaciis 

prognozis sizuste. 

 iTvleba, rom rac ufro maRalia mdgomareobis kategoriis 

ricxvi, miT ufro SesaZlebelia elementis degradaciis ufro 

zusti prognozirebis miRweva. aq amocana mdgomareobs, imaSi, rom 

kategoriis detaluri dayofa moiTxovs nagebobis ufro 

Sromatevad da xangrZliv gamokvlevas. samoqalaqo inJineruli 

nagebobebis eqspluataciis muSaobis realuri SesaZleblobebis, 

agreTve dagrovili gamocdilebis gaTvaliswinebiT dadgenilia, 

rom 3-5 kategoriiani dayofa iZleva damakmayofilebeli sizustis 

uzrunvelyofis saSualebas. 

 i -uri mdgomareobis sazRvrebSi elementis muSaobis dro 

ganisazRvreba formuliT: 

        


IIIIInT PnPP 
111

1
              (1.6) 

Tu _sas   11  ii  

     01
1

1
TIIn

TP
P

I 


                   (1.7) 

 fardobiTi (procentuli) cveTis mixedviT mdgomareobis 

kategoriis Sefasebisas narCeni resursis mniSvnelobis gamoTvla 

mosaxerxebelia nebismieri mimdinare cveTis sididisaTvis  tI : 

 1
10





tIIn

TT
R


                    (1.8) 

Tu 00 T , maSin 

 1
1




ItIn
TR

                       (1.9) 

maSin, radganac am SemTxvevaSi 
T

693.0  

narCeni maragis fardobiTi sidide Seadgens 

 1443.11 1  IIn
T

RR                 (1.10) 

 

 (1.8)_(1.10) formulebi saSualebas gvaZleven gamoviTvaloT 

elementis narCeni maragi muSaobis mTel periodSi remontebis 

ararsebobis pirobisas. 
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 amasTan unda gaviTvaliswinoT, rom es maCveneblebi emyareba 

“normatiuli angariSis” cnebas, xolo ukanaskneli, gansazRvris 

mixedviT, gamoiyeneba mxolod normaluri eqspluataciis 

pirobebSi, e.i. rodesac nagebobebis yvela elementi inarCunebs 

muSaunarianobas. 

 

1.3. deformaciebis da bzarebis monitoringis arsebuli 

mowyobilobebi da sistemebi 

 

 samSeneblo konstruqciebis xangamZleoba pirdapiraa 

damokidebuli Zalovan zemoqmedebebze da garemos gavlenaze. 

eqspluataciis dros rkinabetonis Zaluri winaRobis 

ganmasxvavebel gansakuTrebulobas warmoadgens misi anizotropia 

da Seuqcevadoba, agreTve arawrfivi araTanabari 

deformaciulobis reJim-memkvidreobiTi specifikacia. realur 

droSi damdgari dominanturi mdgeneli mimarTulia qalaqis 

infrastruqturis nagebobebis renovaciis da rekonstruqciis 

moculobebis zrdisaken. maT ricxvSi Sedis: transportis da 

fexiTmosiaruleTa miwiszeda da miwisqveda Cawyobis kvanZebi; 

sanapiro arxebis sayrdenebis kedlebi, nagebobebi reliefis 

stabilurobis SenarCunebisaTvis; sainJinro nagebobebis 

mravalricxovani speqtri. cxadia, rom samoqalaqo aglomeraciis 

stabiluri da avariis gareSe ganviTareba SeuZlebelia qalaqis 

arsebuli da axlad aSenebuli sainJinro infrastruqturis 

monitoringis sistemis Calagebis gareSe. monitoringis sistemis 

erT-erTi mdgeneli SeiZleba iyos nagebobisa da konstruqciis 

deformaciebis da bzarebis analizi [27,28,29,30]. 

 deformaciis Tanamedrove monitoringi SeiZleba Catardes 

optikur-boWkovani sistemis gamoyenebiT. am sistemis muSaobis  

principi mdgomareobs SemdegSi: sinaTlis sxivi aRwevs optikur 

boWkoSi, romelsac aqvs mkveTri gadaRunva. sinaTlis sxivis 

nawili ikargeba, gadis ra boWkos kedelSi, im dros roca misi 
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meore nawili airekleba ukanve sinaTlis wyaros mxares. es 

gadaRunva miiReba sami boWkos specialuri xerxiT gadaxlarTviT 

ise, rom warmoiqmnas kabeli. kabelis axlos gadaRunva e.w. 

“mikroRunvis mxare”, iWimeba, radgan boWkoebi daZabulia didi 

raodenobis sinaTlis arekvlis Sedegad [36]. 

 drois nebismier momentSi SeiZleba ganisazRvros 

gadamwodis gadaxra Tavdapirveli mdgomareobidan gamosxivebuli 

da areklili sinaTlis konis intensiurobis sxvaobis mixedviT. 

 konstruqciul elementebSi gadanacvlebebis gamzomi 

gadamwodis sizuste Seadgens ±0.02mm-s 2_5sm-mde sigrZis 

gadamwodebisaTvis. 6-8 Tvis amowurvis Semdeg sistemis sizuste 

mcirdeba ±0.1mm-mde, aTvlili Tavdapirveli mniSvnelobidan. 

optikur-boWkovani gadamwodis cdomileba deformaciis 

gazomvisas Seadgens 3%. sistemis konstruqcia saSualebas iZleva 

davareguliroT gamosakvlevi deformaciis mgrZnobiaroba da 

garemo. ganxiluli sistema iZleva saSualebas davakvirdeT 

rogorc erTeul bzarebs, ise rigi bzarebis qcevas gamosakvlevi 

zonis sazRvrebSi. bzarebis adgilmdebareobis gansazRvra xdeba 

or safexurad: jer Suqis milevis meTodis mixedviT sensori 

adgens gadamwodis sigrZis srul cvlilebas erTi bolodan 

meoremde da muSaobs, rogorc gamafrTxilebeli sistema, 

ityobineba, rom raRac mouvida gamosakvlev elements. am dros 

dgindeba faqti, rom adgili hqonda raRac gadaadgilebas, 

gadamwodi droebiT xdeba optikuri amrekli, romelic 

warmoadgens sensoris SigniT deformaciis gadanawilebis 

dasadgen mowyobilobas, rac iZleva sensoris SigniT Sualedur 

kvanZur wertilebSi maqsimaluri deformaciuli aris 

gansazRvris SesaZleblobas, riTac sensori mimagrebulia 

konstruqciaze [36,50,51]. 

 amosavali monacemebi miiReba rogorc uSualod sainJinro 

nagebobaze, ise moSorebuli wertilebisaTvis. 

 bzarebis da deformaciebis monitoringi agreTve SeiZleba 

iyos Catarebuli inspeqciis specialistebis rekomendaciebis 
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mixedviT arCeuli xelsawyoebis gamoyenebiT, romlebic 

asruleben nagebobis gamokvlevas an gamocdilebidan gamomdinare. 

 am miznisaTvis ufro Sesaferis xelsawyoebs Soris 

SeiZleba iyos gamoyenebuli meqanikuri gadamwodebi. maTSi 

berketuli da gorgolaWiani kavSiri adidebs bzarebis gaxsnis 

mniSvnelobas. gadanacvlebebis mniSvnelobebis zrda izomeba 

mgrZnobiare diskuri gadamwodebiT, optikuri doneebiT an sxva 

zusti gamzomi xelsawyoebiT. meqanikuri gadamwodebi SeiZleba 

mimagrebuli iyos gamosakvlev zedapirze an iyos dasaSleli da 

gadanacvlebebis gazomvas awarmoebdes sayrdenebs Soris, 

romlebic mtkicedaa dafiqsirebuli betonis zedpirze. mezobel 

ganzomilebebs Soris deformacia SeiZleba gamoTvlili iyos 

rogorc gadamwodebis maCveneblebs Soris sxvaoba an invarul 

lartyaze gadaTvliT [40,41,44,49]. 

 gadamwodebis sigrZe icvleba 112÷2000m-mde. gadawyvetis 

unari izrdeba gadamwodis sigrZesTan erTad. es gadamwodebi 

iZlevian gazomvis maRal sizustes, magram maTi dayenebisaTvis 

aucilebelia misadgomoba gasazom wertilebTan da gazomvis 

Sedegebi unda damuSavdes yoveli mowyobilobisaTvis 

individualurad. 

 winaRobis eleqtronuli gadamwodebi warmoadgenen 

mavTulis bades an amoWimul spilenZ-nikelis folgas, romelic 

mimagrebulia Txel plastikur furcelze, romelic Tavis mxriv 

miekvreba gamosakvlev zedapirs. deformaciis gansazRvra xdeba 

gadamwodis gaWimviT an kumSviT gamowveuli eleqtronuli 

winaRobebis cvlilebis gazomvis gziT. garemo pirobebTan 

maRali mgrZnobiarobis Sedegad es gadamwodebi ar gamodgebian 

mudmivi monitoringisaTvis. datvirTvis vibraciuli mdgenelis 

gansazRvrisaTvis iyeneben vibrogadamwods, am tipis gadamwodebi 

warmoadgenen mavTuls, gaWimuls or wertils Soris. betonis 

deformaciebs mivyavarT mavTulis gaWimvis cvlilebasTan, 

romelic airekleba rezonansuli sixSiris rxevebze. mavTuli 

aRigzneba misi sigrZis SuaSi ganTavsebuli eleqtromagnitiT. 
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eleqtromagniti aseve SeiZleba iyos gamoyenebuli vibraciis 

aRmosaCenad da sixSirul gasazom xelsawyoebze gadasacemad. 

mocemuli tipis xelsawyoebisaTvis gadamwodis sigrZeebi 

meryeoben 12_200mm-is diapazonSi. arsebul konstruqciebSi 

gadamwodebi unda iyos mWidrod mimagrebuli zedapirze. 

gadamwodis aRwerili tipi gankuTvnilia garkveul manZilze 

myofi elementebis monitoringisaTvis. gadamwodebi SeiZleba 

miemagros xiduri frTis napirebze an sxva sainJinro nagebobebze 

pirapirebis gadaadgilebis monitoringisaTvis [49,51]. 

 betonis da rkinabetonis tenianoba ar SeiZleba iyos 

gansazRvruli mxolod sakontaqto sinjis mqone instrumentis 

gamoyenebiT. 

 arsebobs nagebobebis konstruqciebSi tenianobis gazomvis 

sami meTodi, romlebic iZleva ukeTes Sedegebs: 

 qimiuri _ eyrdnoba im Tvisebebs, rom gansazRvruli qimiuri 

nivTiereba STanTqavs tens gaburRul RiobSi arsebuli 

haeridan, tenis  Semcveloba gamoiTvleba skalis feris 

cvlilebiT; 

 tevaduri _ efuZneba eleqtrul tevadobis cvlilebis 

gazomvebs, romlebic gamowveulia RiobSi arsebuli haeris 

tenSemcvelobiT; 

 namis wertili _ eyrdnoba wriul gacivebul sarkeze 

damuqebebis gaCenis princips eleqtro regulirebadi 

sinaTlis sxivis gamoyenebiT. 

 yvela aRwerili meTodi saWiroebs winaswar momzadebas, 

rac mdgomareobs xvrelis gaburRvaSi, romlebic SeiZleba 

daxuruli iyos zedapiridan, raTa gavaioloT Semdgomi 

gazomvebis Catareba. 

 temperaturis mudmivi monitoringi momsaxureobisas 

gvexmareba konstruqciis qcevis analizSi. wlis ganmavlobaSi 

temperaturuli cvlilebebiT gamowveuli efeqtebi SeiZleba 10-

jer da metadac aWarbebdes, realuri datvirTvebiT gamowveul 
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Zabvebs. amitom temperatura da deformacia unda gaizomos 

erTdroulad. 

 arsebobs temperaturis gasazomi xelsawyoebis ori 

ZiriTadi tipi: 

 Termowyvili. TermowyvilebSi ori masalaa gamoyenebuli, 

sxvadasxva temperaturuli maxasiaTeblebiT, romlebic erTi 

boloTi mierTebulia temperaturis maregistrirebel gasazom 

xelsawyosTan. ori gansxvavebuli masalis SeerTebis wertils 

ewodeba “gasazomi darCilva”, xolo gasazom xelsawyosTan 

mierTebul boloebs _ reperuli wertilebi. temperaturis 

cvlilebiT gasazomi darCilvis eleqtrowyvilis eleqtruli 

signali Seicvleba. signalis es cvlileba registrirebuli 

iqneba reperuli wertiliT. Tu reperul wertilTan 

SenarCunebulia mudmivi temperatura, gasazomi darCilvis 

temperatura SeiZleba ganisazRvros tarirebuli cxrilebiT. 

Termowyvilis daxmarebiT temperaturis gazomvis diapazoni 

irxeva 25020000C. Termowyvilis nakls warmoadgens SedarebiT 

susti gamafrTxilebeli signali [49]. 

 Termorezistori. eleqtrogamtarSi denis gatarebis 

winaRoba dakavSirebulia maT temperaturasTan. Tu am 

Tanafardobis winaswarmetyveleba SesaZlebelia da igi 

stabiluria, maSin SeiZleba vawarmooT temperaturuli gazomvebi. 

am xelsawyoebs aqvT gamosasvleli personalur kompiuterTan 

misaerTeblad [49]. 

 akustikuri emisiis xelsawyoebi SeiZleba gamoviyenoT 

betonis an foladis samoqalaqo nagebobebisaTvis bzarwarmoqmnis 

monitoringis mizniT. winaswardaZabul betonis konstruqciaSi 

SeiZleba davafiqsiroT armaturis konebis rRveva. 

 lazeruli monitoringisas gamoiyeneba dopleruli 

teqnologia nagebobaze an konstruqciul elementze or zRvrul 

mdgomareobas Soris gazomvebis fardobiTi siCqareebisaTvis. 

gasazomi bloki SeiZleba iyos, magaliTad, xiduri svetebi. es 
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meTodi xelmisawvdomia deformaciis gasazomad sagzao 

moZraobisas an regulirebuli datvirTvebisas. 

 Zalovani zemoqmedebebis gansazRvrisaTvis iyeneben 

aqselerometrebs. isini anxorcieleben konstruqciis elementebis 

reaqciis monitorings aramdgrad datvirTvaze, rogoricaa 

normaluri an araordinaluri sagzao moZraoba. aqselerometri 

SeiZleba mierTebuli iyos mudmivi monitoringis nebismier 

sistemasTan. 

 foladis armaturaSi narCeni Zabvebis analizi, nagebobaze 

dartymiTi zemoqmedebebi, wyalsadenis sistemis muSaunarianoba 

agreTve warmoadgens Zlier mniSvnelovan sakiTxs. 

 nagebobis transportirebad konstruqciaze dartymiTi 

zemoqmedebis gamzomi sistemebi iyeneben samRerZul 

aqselerometrs, romelic dakavSirebulia gasazom blokTan da 

damagrebulia xidze. sistemis gamafrTxilebeli signali 

SeiZleba miviRoT da gavakontroloT nagebobidan. eleqtro an 

radio dabrkolebebiT gamowveuli cru signali SesaZlebelia 

dawunebul iqnas. 

 wyalsadenebis sistemis muSaunarianobis monitoringisaTvis 

unda gamoviyenoT atmosferuli tenianobis/temperaturis mzomi 

kombinirebuli gadamwodi, dayenebuli Senobis iseT zonaSi, 

romelSic aris hidroizolaciis normaluri mdgomareoba da 

wyalsadinari sistemis gazrdili tenianoba ar iqneba 

SenarCunebuli xangrZlivi drois ganmavlibaSi. 

 nagebobis satransporto mdgomareobis monitoringis 

safuZvels SeiZleba warmoadgendes videokameris_modemis 

kompleqsi, romelic saSualebas iZleva realuri drois reJimSi 

dafiqsirdes da ganusazRvrel manZilze gadaeces 115 kb-mde 

siCqariT Sav-TeTri an feradi varianti. rogorc wesi, modemma 

SeiZleba erTdroulad imuSaos 4-8 videokameriT, rac savsebiT 

sakmarisia saSualo klasis erT nagebobaze dakvirvebisaTvis. 

 samoqalaqo nagebobebis distanciurad dawvrilebiTi 

daTvalierebis mcdelobebi rogorc wesi moiTxovs 



32 

gadasaadgilebel kamerebs an maT did raodenobas. aseTi 

xelsawyoebis gamoyenebas mivyavarT sistemis mravaljerad 

gaiafebasTan da misi gamoyeneba rekomendebulia mxolod 

gansakuTrebul SemTxvevebSi. 

 samoqalaqo nagebobebis mudmivi monitoringisas informacia 

SeiZleba miviRoT sami gziT: 

 dispeCerul centrTan mudmivi kavSiris gziT specialuri 

kabelis an gamoyofili satelefono xazis, agreTve qalaqis 

an mobiluri qselis saSualebiT, specialuri modemebis 

gamoyenebiT; 

 damontaJebuli gadamwodebidan Cvenebebis araavtomatur 

reJimSi perioduli moxsniT, kompiuteris komutirebul 

gasazom qselTan winaswari mierTebis gziT; 

 specialuri dagrovebiTi mowyobilobebidan informaciis 

perioduli moxsniT. xidur nagebobebze damagrebuli 

gasazomi qselis gadamwodebidan periodulad, avtomatur 

reJimSi, informaciis miRebis ganxorcielebiT, monacemebis 

sakuTar mexsierebaSi dagrovebiT. 

 ganxiluli  sistemis instrumentuli aRWurvis mixedviT 

monitoringis da winadadebebis praqtikaSi gamoyeneba saSualebas 

iZleva viwinaswarmetyveloT sainJinro konstruqciis 

mzidunarianobis Sesustebis procesi da davdoT maTi 

gaZlierebis adekvaturi sainJinro da konstruqciuli 

winadadebebi. 

 optimaluri gadawyvetebi unda mivusadagoT yoveli 

calkeuli SemTxvevisaTvis monitoringis konkretul amocanas, 

gasazomi xelsawyoebis gansakuTrebulobebis CaTvliT. 

 mudmivi monitoringis erT-erT problemas warmoadgens 

miRebuli informaciis mniSvnelovani moculoba, romelic 

yovelTvis araa SesaZlebeli Tavisdroulad damuSavdes. amitom 

gansakuTrebuli yuradReba unda mieqces eqsperimentis dagegmvas, 

amocanebis swor dayenebas monacemebis kompiuteruli damuSavebis 

yvela gamoyenebuli meTodebis aucilebeli SekvriT.   
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1.4 Senobebis da samSeneblo konstruqciebis 

monitoringis sistemebi 

 

samSeneblo konstruqciis usafrTxoebas uzrunvelyofs 

misi simtkice da saimedooba, aseve am maCveneblebis SesaZlo 

Semcirebis prognozirebis SesaZlebloba, xangrZlivi 

eqspluataciis dros. Tavis mxriv, samSeneblo konstruqciebis 

simtkice da saimedooba, rogorc erTi mTliani iqmneba im 

elementebis simtkiciTa da saimedoobiT, romlebisganac Sedgeba 

mocemuli konstruqcia [34,35,47].  

Senobis nebismieri komponenti, saWiroebs operatiul 

monitorings misi mdgomareobis Sesaxeb. ZiriTadad es aris 

dinamikurad daZabuli mdgomareobis kontroli, romelic 

iTvaliswinebs moculobiTi da droebiTi meqanikuri Zabvebis 

ganlagebas da sidides. 

magram yvela diagnostikis da kontrolis sakiTxebTan 

erTad, Senoba-nagabobebis sxvadasxva konstruqciebs gaaCniaT 

mTeli rigi niSnebi, romlebic arsebiTad ganasxvaveben maT 

erTmaneTisagan rig komponentebSi. magaliTisTvis ganvixiloT 

fasadi.  

upirveles yovlisa fasadi aris gare montaJis elementi. 

meore yvela fasadisaTvis damaxasiaTabeli, ganmasxvavebeli, 

rogorc wesi aris didi sibrtyuli zomebi, risi saSualebiTac 

maT gaaCniaT didi farTobi an didi vertikaluri ganzomileba. 

fasadis Tviseba iyos Senobis gare kontruqcia da qondes 

mniSvnelovani geometriuli zomebi or ganzomilebaSi, 

warmoadgens ZiriTad maxasiaTebels, romelic gansazRvvravs 

monitoringisa da misi mTlianobis, rogorc samSeneblo 

konstruqciis elementis, kontrolis specifikas. sxva niSnebi 

rogoricaa: teqnologiuri da teqnikuri gadawyvetilebebis 

mravalferovneba, warmoadgenen parametrebs, ganmsazRvrels 

fasadis adgils, fasaduri kontruqciebis rigSi. amitomac isini 

iTvaliswinebian, angariSSi fasadis monitoringis organizebisas, 
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rodesac kontrolis sabazo sistema Seqmnilia da saWiroa misi 

adaptireba konkretuli parametrebisaTvis.   

ueWvelia, rom dReisaTvis saWiroa miRebul iqnas zomebi 

svadasxva konstruqciis elementebis usafrTxoebis normebis  

dasadgenad proeqtirebisas, montaJisa da eqspluatacisas. magram 

ukve funqcierebadi konstruqciebisTvis yvelaze aqtualuri 

problema aris maTi mdgomareobis monitoringi. monitoringi 

konkretul SemTxvevaze damokidebulobiT, SeiZleba iyos, 

diskretuli-dagegmili kontrolis formatSi (erTjeradi 

gamokvleva garkveuli drois periodSi) anu kontroli drois 

resursiT, an “perperuli” gziT. rac iTvaliswinebs fasadis 

konstruqciis mudmiv kontrols, mricxvelebis saSualebiT. 

fasadis monitoringis organizebisaTvis, rogorc diskretuli 

aseve perperuli meTodiT, mSeneblobaSi moizidebian axali 

Taobis meTodebi. 

davubrundeT isev fasadebs. fasadi, rogorc wesi Senobis 

nawilia, romelsac gaaCnia mniSvnelovani simaRle da radganac is 

Senobis gare nawilia, problema erTjeradi gamokvlevis, 

diskretuli monitoringisaTvis, aris simaRlis specialistebis 

mowvevis aucilebloba. amasTan mniSvnelovania im garemoebis 

gaTvaliswineba, rom fasaduri konstruqciis analizi _ 

aramxolod “maRla mcocavisTvis” samuSaoebis Catarebis maRal 

riskTan aris dakavSirebuli, erTmniSvnelovnad isazRvreba, 

rogorc ostatoba, aseve saqme, romelic iTxovs inJiner-mSeneblis 

maRal kvalifikacias. specifikur pirobebSi yofnisas, did  

simaRleze specialisti SezRudulia, gamokvlebis organizebis 

variantebis SerCevaSi. mas am SemTxvevaSi SeuZlia gamoiyenos 

diagnostikis mxolod sami meTodi: vizualuri meTodi, 

aramrRvevi kontrolisaTvis portatuli aparaturis gamoyeneba 

da masalis nimuSis, an konstruqciis lokaluri elementis 

amoWra, Semdgomi laboratoriuli kvlevisTvis. 

radganac fasadis destruqciuli cvlilebebis mizezebi da 

saxeebi, romlebsac potenciurad SeuZliaT migviyvanon avariul 
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mdgomareobamde, winaswar cnobilni ar arian, xolo fasaduri 

konstruqciis mravalferovnebis gamo naklebad prognozirebadi. 

amasTan saWiroa, operatiulad damuSaveba mimdinare informaciis 

da is rac ukve zemoT iTqva, specialist mkvlevars unda gaaCndes 

simaRlis specislistis maRali kvalifikacia da iyos inJiner-

mSenebeli didi samecniero da teqnikuri gamocdilebiT. 

swored aseT sakiTxebSi gamoiyeneba sawarmoo alpinizmi _ 

samuSao zonaSi Semsruleblis moxvedris meTodi simaRleze 

alpinisturi teqnikisa da mowyobilobebiT konkretuli amocanis 

Sesasruleblad, fasadis gamokvlevisas. sawarmoo alpinizmi 

iseTi unikaluri da axalia, rom samuSaoebisa da profesiebis 

reestrSi mxolod 2001 wels gamoCnda. 

amrigad diskretuli monitoringi mTlianad da 

kvalificiurad SeiZleba ganxorcieldes sawaroo alpinizmis 

specialistebis mier. unda aRiniSnos rom optimaluria 

diskretuli monitoringis gamoyeneba im situaciebSi, romlebic 

saWirooben operatiuli gadawyvetilebebis miRebas. eqstremaluri 

sakontrolo gamokvleva xSirad xdeba erTaderTi, fasadis 

mdgomareobis Sefasebis saSualeba. magram unda aRiniSnos, rom 

uwyveti monitoringis swori organizebiT SesaZlebelia Tavidan 

aviciloT msgavsi situaciebis warmoqmna. 

arsebobs monitoringis ori saxe: 

1.  sabazo monitoringi _ ramodenime ZiriTadi kvanZebis 

erTdrouli kontrolis sqemiT, winaswar gansazRvruli 

Semqmnelebisagan, rogorc potenciurad maqsimaluri riskis 

adgili, an im kvanZebis, romlebic iyvnen gansazRvruli, 

rogorc avariuli mdgomareobis Seqmnis SesaZlo wyaroebi, 

sawarmoo alpinizmis specialistebis mier sakontrolo 

gamokvlevis dros. 

2.  mTliani monitoringi _ xelovnuri neiroqselis sqemiT, 

Sedgenili kompleqsuri sensorebis mricxvelebiT. 

mricxveli akontrolebs micemul parametrebs da generirebs 

gangaSis signals parametrebis normaze gadacdomis 
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SemTxvevaSi, romelic ganisazRvreba Senobis usafrTxo 

eqspluataciiT. amasTan mricxvelebis sistema moicavs 

konstruqcias mTlianad ise, rom konstruqciis nebismieri 

ubani imyofeba ramodenime mricxvelis kontrolis zonaSi. 

raTqmaunda sabazo monitoringi aris mTliani monitoringis 

kerZo SemTxveva da Sesabamisad ufro martivi da iafi montaJisa 

da eqspluataciisas. sabazo monitoringi mizanSewonilia 

eqspluataciaSi myofi fasadis kontrolis aucileblobisas, 

romelic agebuli iqna makontrolebeli mricxvelebis gareSe.  

 

1.5. sistemebi da mowyobilobebi 

monitoringisaTvis 

 

xelsawyooebi da mowyobiloba geoteqnikuri 

monitoringisaTvis specializaciiT, kontrolirebadi 

parametrebze damokidebulobiT, SeiZleba daiyos ramodenime 

jgufad [47,49,51]. 

“inklinometri da gadaxrismzomi” – Casadgmeli da 

zedapiruli cifruli indikaciiT. 

 inklinometri moTvalTvale sensoriT (vertikaluri da 

horizontaluri modeli) 

 distanciuri koordinometri (TEL-310) 

 mravalfunqciuri monacemebis registratori (NADIR) 

gadaxrebis gasazomaT (damuSavebis paketiT) 

 gadasatani gadaxrebismzomi (TILLI), gazomvebi warmoebs 

specialurad, stacionalurad damontaJebul, gadaxrad 

WanWikze, rogrc horizontalur aseve vertikalur zedapirze. 

 sasignalo sistema horizontaluri gadaadgilebebis 

kontrolisaTvis fundamentSi, Senoba-nagebobebSi, liftis 

Saxtebis vertikaluri gadaxrebis kontrolisaTvis. 
 

pirapirebisa da bzarebis kontrolis mricxveli (Jointmeters) 

erTeulovani da sam komponentiani. 
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 gadaadgilebis terminaluri mricxveli. 

 integrirebuli sistemebi (GRID) – 4 miniaturuli, 

eleqtruli bzarebis mzomi, kompaqturi registratoriT. 

 mavrTulovani mzomebi- gadaadgilebis aRmosaCenad, 

(gafarToveba an SekumSva) mTis masebSi. ankerebs Soris 

manZili 30m-mde, gaSlis diapazoni 2m-mde. 

datvirTvebis mricxveli _ gruntis datvirTvis mricxvels 

gaaCnia liTonis difragma D=230mm; mkvrivi masebis gazomvisas 

iReben marTkuTxa firfitas 1000X2000mm brtyeli qvesadebi 

saSualebas iZleva gavzomoT elastiurobis koeficienti da qvis 

deformasiis SesaZleblobebi, betonis da aduris wyobis. 

betonis datvirTvebis mricxveli gamoiyeneba gvirabebis 

monitoringisaTvis betonis fenis SigniT. gasazom ujredebs 

gaaCniaT damatebiTi kompensatori, romelic aRadgens dawolas 

(qvesadebsa da betons Soris mWidro kavSiris 

uzrunvelyofisaTvis montaJis Semdeg). 

tenzometruli mricxveli - gamoyeneba meqanikuri 

datvirTvebis gasazomad rogorc liTonis aseve rkinabetonis 

konstruqciebSi. modelebis mravalferovneba saSualebas iZleva 

gadavwyvitoT sxvadasxva saxis amocanebi. 

yvekaze xSirad mricxvel amontaJeben armaturaze betonis 

Sasxmamde rTuli samSenblo konstruqciebis damzadebisas, 

(ximinjebi, rigelebi, an xidebis malebi)  

datvirTvis hidravlikuri mricxveli – saankero mricxveli 

(eleqtro/hidravlikuri an tenzometruli diapazoniT 3000 dan 

10000KN) sayrdenebis monitoringis saSualebas iZleva, 

rkinabetonis svetSi, saankero dgarebSi, liTonis svetebSi, 

datvirTvebi xidis sayrdenebze. 

registratorebi da informaciis Semgroveblebi - martivi 

cifruli mowyobilobebi da universaluri portatuli 

registratorebi. 
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 Minilonger  - gancalkevebuli avtonomiuri monacemebis 

registratori; mexsierebis simZlavre 64000 gazomva, porti 

RS485; 

 monacemebis registratori (ADK-10) mZlavri, universaluri, 

mravalfunqciuri registratori CR10X-is bazaze. es aris 

mikro kompiteri, taimeri, multimetri, skaneri, signalebis 

mricxveli da makontrolebeli. operaciuli sistema 

mravalfunqciuria, igi saSualebas iZleva erTdroulad 

vawarmooT gazomvebi da komunikacia. sabazo moduli 6 

pirveldi komutatoris skanirebis saSualebas iZleva. 

komutatorebi uzrunvelyofen damatebiT 192 Semomaval 

anlogur an diferencirebul (cifrul) arxs. 

 programuli uzrunvelyofa (Multilogger) SemuSavebulia 

realur droSi monitoringisaTvis (ADK-10 regisstratoris 

bazaze) realizebulia SesaZleblobebi: komunikatorebis 

skanireba, arxebis dayeneba, skanirebis periodis daniSvna, 

avariuli signalebis zRvris Seyvana Setyobinebis signalis 

dabrunebiT, informaciis grafikuli gamosaxva, lokaluri 

an daSorebuli SeerTeba COM-porti RS 232, is saSualebiT. 

MD-9 modemis an GSM-is SeerTebiT. 

obieqtebis monitoringi _ gacilebiT rTuli da 

mravalkomponentiani kontrolis sitemis SemuSaveba xdeba 

maRlivi Senobebis, aramdgradi gruntebis, dambebis, cocvadi 

qanobebis da sxva rTuli inJinruli konstruqciebis 

monitoringisaTvis. 

yvela zemoT CamoTvlili aris unikaluri obieqti, rogorc 

Tavisi konstruqciiT, aseve im geologiuri unikalurobiT sadac 

uSualod aris ganxorcielebuli. xazgasmiT unda aRiniSnos, rom 

obieqtis geologiuri safuZveli, geologiuri pirobebi ar aris 

absoliturad stabiluri. droTa ganmavlobaSi isini icvlebian 

zogjer ki Zalian mkveTrad. 

mravali parametris monitoringi, romlebic uzrunvelyofen 

konstruqciis stabilurobas, saSualebas iZleva avamaRloT misi 
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saeqspluatacio saimedooba, gavzardoT misi funqcionirebis dro 

da TiTqmis gamovricxoT ubeduri SemTxvevebi misi ngrevis dros. 
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2. Senoba-nagebobebis zRvruli mdgomareobis da narCeni 

resursis monitoringis da diagnostikis meTodologiis 

damuSaveba dazianebaTa gaTvaliswinebiT 

 

2.1. Sesavali 

 

 bolo dros aqtualuri xdeba Senoba-nagebobebis 

monitoringi da diagnostika, maTi usafrTxoebis uzrunvelyofis 

da resursis gagrZelebis analizis mzard aucileblobasTan 

dakavSirebiT [23,28,29,55,56,57-60]. Senoba-nagebobebis resursis, 

usafrTxoebis, xangamZleobis, simtkicis problemebis 

gadawyvetasTan kompleqsuri midgomis meTodologia Seicavs 

Semdeg ZiriTad debulebebs: 

 mzidi elementebis konstruqciuli masalebis mdgomareobis 

analizi, gaCenili eqspluataciuri dazianebebis da sawyisi 

teqnologiuri memkvidreobis CaTvliT; 

 mzid elementebSi makro da mikro defeqtebis zomebis, 

dislokaciis, parametrebis da xasiaTis gansazRvra; 

 mzidi elementebis daZabul-deformirebuli mdgomareobis 

saangariSo da eqsperimentaluri analizi; 

 masalis bunebrivi da daCqarebuli xandazmulobis 

(daberebis) meqanizmis gamokvleva; 

 konstruqciis mzidi elementebis zRvruli mdgomareobis 

analizi; 

 konstruqciis elementebis da masalebis 

sicocxlisunarianobis Sefaseba dazianebis sxvadasxva stadiaze; 

 simtkicis, xangamZleobis, usafrTxoebis da narCeni 

resursis saangariSo-eqsperimentaluri gansazRvra; 

 Senoba-nagebobebis zRvruli mdgomareobis, simtkicis, 

usafrTxoebis da xangamZleobis ZiriTadi principebis 

Camoyalibeba katastrofebis meqanikis poziciidan. 
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 didi xnis ganmavlobaSi fundamentaluri da gamoyenebiTi 

kvlevebi orientirebuli iyo progresis umniSvnelovanesi 

maxasiaTeblebis miRwevaze (efeqturobis, erTeuli simZlavris, 

siCqaris amaRleba, axali masalebis da teqnologiebis aTviseba) 

avariebis da katastrofebis gaCenis riskis gaTvaliswinebis 

gareSe. amis gamo bevri ganviTarebuli mrewvelobis qveyana 

aRmoCnda mZime socialuri, ekonomikuri da materialuri 

SedegebisaTvis moumzadebuli, rac gamoiwvia Zlieri avariebis da 

katastrofebis mzardma ricxvma. amasTan rTuli da 

sapasuxismgeblo  Senoba-nagebobebi, romlebic warmoadgenen 

ueWvel saSiSroebas xalxisa da garemosaTvis, umravles 

SemTxvevaSi iqmneboda proeqtirebis  tradiciuli wesebis, 

gaangariSebis da gamocdis umartivesi sainJinro meTodebis 

gamoyenebiT.  

 aman gamoiwvia, ukanasknel aTwleulSi, Senoba-nagebobebis 

usafrTxoebis uzrunvelyofis axali principebis da 

koncefciebis formireba, agreTve samecniero kvlevebis axali 

mimarTulebis _ monitoringis da diagnostikis kompleqsuri 

sistemebis formireba. momavalSi, rogorc Cans, es samecniero 

mimarTuleba Seicavs ara mxolod Senoba-nagebobebis 

katastrofuli rRvevis dafiqsirebas, aramed, agreTve maTi 

gamomwvevi mizezebis dadgenas da ufro metic, wina avariuli 

mdgomareobis gansazRvras. 

 

2.2. Senoba-nagebobebis zRvruli mdgomareobis Seswavla 

dazianebebis gaTvaliswinebiT 

 

monitoringi da diagnostika dakavebulia ara imdenad 

sxvadasxva saxeobebis zemoqmedebebis SeswavliT, ramdenadac 

gansazRvruli zemoqmedebebidan saangariSo moqmed datvirTvebze 

gadasvlis aparatis SeqmniT. es gadasvla SeiZleba 

ganxorcieldes Sesabamisi saangariSo modelebis (funqcionaluri 
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an imitaciuri) Seqmnis bazaze srulmasStabiani an modeluri 

eqsperimentebis Catarebisas. saeqspluatacio datvirTvis 

pirobebis monacemebi warmoadgens amomaval wertils ZiriTadi 

saangariSo parametrebis daniSvnisas, romlebic Sedis 

monitoringis da diagnostikis sabaziso gantolebebSi da 

saWiroa inicirebuli da ganviTarebuli avariebis da 

katastrofebis Semdgomi modelirebisaTvis. 

saerTo SemTxvevebSi Senoba-nagebobebis eqspluataciisas 

maTze moqmedebs sami ZiriTadi tipis datvirTva: meqanikuri Pm 

(wnevisagan, wonisagan, inerciis Zalebisagan da sxva); Tburi Pт 

(temperaturis araTanabari gadanawilebisagan da (an) masalebis 

araerTgvarovani Tbofizikuri Tvisebebisagan) da 

eleqtromagnituri 𝑃𝑒𝑚  (eleqtromagnituri velis 

zemoqmedebisagan). jamuri saeqspluatacio datvirTvebi qmnian 

Sesabamis Zabvebs   da deformaciebs ε. saeqspluatacio 

datvirTvis parametrebis (datvirTvis ciklebis ricxvis N , 

drois  , temperaturis Т, saeqspluatacio Zalvebis P, 

daZabulobis   da deformaciis ε)  gaTvaliswinebiT ageben 

droebiT damokidebulebebs P, Т,  , ε. yvela i -reJimis analizidan 

dgindeba ufro metad araxelsayreli Sexameba P , T : maxmax TP   _ 

momatebuli da maRali temperaturebisas; minmax TP   _ dabali da 

kriogenuli temperaturebisas. aseTi Sexamebis ricxvi 

ganisazRvreba saangariSo detalebis an elementebis ricxvis da 

geometriuli formis, maTSi saSiSi zonebis da kveTebis ricxvis 

gaTvaliswinebiT. daZabulobis maxasiaTeblebis swored es 

araxelsayreli Tanwyoba miiReba gadamwyvetad konstruqciebis 

simtkicis, usafrTxoebis da xangamZleobis Semdgomi saangariSo-

eqsperimentaluri SefasebisaTvis. amas garda, datvirTvis 

mixedviT adgenen damatebiT saangariSo parametrebs: 

_ Zalvis rxevis sidide (nazrdi)  P da Zalvebis amplituda 

2

P
Pa
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_ temperaturis nazrdi T ; 

_  vibraciuli (ori an mravalsixSiriani) datvirTvis Zalvebis 

nazrdi P . 

amasTan gansazRvras eqvemdebareba daZabuloba   

(deformaciebi ε) temperaturebi T, warmoqmnili defeqtebis 

(bzarebis) zomebi, forma da adgili e , romlebic icvleba droSi 

 . es parametrebi damokidebulia saeqspluatacio datvirTvis 

pirobebze (wnevaze, meqanikur da eleqtromagnitur Zalvebze, 

siCqareze, aCqarebaze), konstruqciuli elementebis geometriul 

formebze da zomebze, konstruqciuli masalebis Tvisebebze. 

radgan praqtikulad yvela avariuli situaciis gaCena da 

ganviTareba iwyeba mzidi elementebis dazianebiT (rRveva, 

deformireba, simkvrivis kargva, mdgradobis kargva), maSin 

diagnostikis procesSi aucilebel gansazRvras eqvemdebareba 

sabaziso parametrebis maqsimaluri ( max , 𝜀𝑚𝑎𝑥 , maxT ) da 

amplituduri  𝜎𝑎 , 𝜀𝑎 , 𝑇𝑎  mniSvnelobebi. maTi mixedviT dgindeba 

Sesabamisi ciklebis asimetriis koeficientebi. 

jamuri avariuli datvirTvebi qmnian Sesabamis daZabulobebs 

da deformaciebs , ,e  romlebic sabolood gansazRvraven drois 

  datvirTvis ciklis N ricxvis mixedviT eqspluataciuri 

dazianebebis dagrovebas 𝑎: 

   , , , ,m em T T
a p p p N                                 

(2.1) 

Tu ganxiluli reJimebis saerTo ricxvi k-s tolia, maSin wrfivi 

jamuri dazianebis safuZvelze jamur dazianebas vadgenT Semdegi 

formulis gamoyenebiT 

           1
k

i

a ai                             (2.2) 

 aRniSnuli damokidebulebebi warmoadgens amosaval 

wertils Senoba-nagebobebis simtkicis maragis, saimedoobis da 

sainJinro usafrTxoebis analizisaTvis. sidideebs p, T da  -s, 

rogorc wesi iZleva saeqspluatacio reJimebi da SeiZleba 
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daregistrirdes konstruqciebis konkretul-gazomviT sistemebad. 

saerTo da adgilobrivi daZabul-deformirebuli mdgomareobis 

parametrebi   da ε SeiZleba miRebuli iqnas p, T da   

sidideebis mixedviT angariSiT an naturuli specialuri 

gazomviT, aramrRvevi kontrolis meTodebiT. 

rogorc zemoT iyo aRniSnuli, Senoba-nagebobebis da 

konstruqciis mzidi elementebis reaqcia jamur datvirTvebze, 

fizikuri velebis da koroziuli areebis zemoqmedebaze 

warmoadgens ara mxolod daZabulobis da deformaciebis velebis 

gaCenas, aramed dazianebebis velis gaCenas. amasTan daZabulobis 

koncentraciis zonebSi adgilobriv daZabulobas da 

deformaciebs aqvT momatebuli mniSvnelobebi, xolo TviT 

masalebis dazianebebis procesebi mimdinareobs ufro 

intensiurad da iwvevs rRvevas. amasTan datvirTvis da aris 

pirobebze damokidebulebiT realizdeba dazianebis da rRvevebis 

dagrovebis sxvadasxva meqanizmebi. am meqanizmebs Soris ufro 

saSiSia isini, romlebic iwveven katastroful (zvavismagvar) 

rRvevebs, magaliTad koroziuli daskdomis dinamikuri da 

xangrZlivi statikuri datvirTvis, statikuri mcirexniani 

datvirTvisas bzarebis aramdgradi ganviTarebis, kontaqturi 

urTierTqmedebis pirobebSi. masalaSi dazianebebis gaCenis da 

dagrovebis gansakuTrebuli meqanizmebis fizikuri analizi da 

gamovlena TamaSobs Zlier mniSvnelovan rols konstruqciis 

zRvruli mdgomareobis miRwevis fizikuri kriteriumebis 

formirebisas.  

amgvarad, deformirebuli myari tanis meqanikis ganmsazRvreli 

Tanafardobebis da dazianebebis kinetikis, ZiriTadi 

damazianebeli faqtorebis da daZabul-deformirebuli 

mdgomareobis codna iZleva dazianebul mdgomareobebSi Senoba-

nagebobebis zRvruli mdgomareobis ierarqiis SemuSavebaze 

gadasvlis saSualebas. amasTan elementebis zRvruli 

mdgomareoba xasiaTdeba deformaciulobisa da sixistis, 

erTjeradi moklevadiani, dinamikuri da xangrZlivi statikuri 
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rRvevis, rRvevis wrfivi da arawrfivi meqanikis kriteriumebiT 

(gansazRvravs mzidunarianobas). 

rRvevis meqanikis poziciidan Cveulebriv ganixilaven 

zRvruli mdgomareobis Semdeg tipebs: 

_ rRveva (blanti da myife); 

_ elementis mTel kveTze plastikuri deformireba; 

_ mdgradobis dakargva; 

_ dauSvebeli formis gaCena; 

_ cikluri datvirTvisas mikrobzarebis gaCena; 

usafrTxoebis Tvalsazrisidan zRvruli mdgomareobis 

pirvel saxeobas (rRveva) aqvs principuli mniSvneloba, radgan 

iwvevs maqsimalur SesaZlo zarals. zRvruli mdgomareobis 

pirvel saxeobisaTvis (rRveva) saangariSo saxiT SeiZleba iyos 

ganxiluli Semdegi SemTxvevebi: sruli rRveva, bzarebis 

gansazRvruli zomis miRweva, bzarebis arastabiluri 

mdgomareobis gaCena erTjeradi statikuri an dinamikuri 

datvirTvisas, cikluri an xangrZlivi statikuri datvirTvisas 

bzaris mier ganviTarebis mocemuli siCqaris miRweva, erTjeradi 

statikuri an dinamikuri datvirTvebisas moZravi bzaris 

gaCerebis stadia. zRvruli mdgomareobis dadgoma miiRweva 

datvirTvis saeqspluatacio (maT Soris avariuli) reJimebis 

zemoqmedebis Sedegad sawyisi teqnologiuri an saeqspluatacio 

defeqtebis ganviTarebiT. 

Senoba-nagebobebis elementebis zRvruli mdgomareobis 

ganmsazRvreli kriteriumebis kompleqsi, SeiZleba warmovadginoT 

funqcionaluri damokidebulebis saxiT 𝜙𝑁,𝑇,𝜏  𝜎, 𝜀 ,𝑁, 𝑇, 𝜏 = 𝜙𝑐 , 

romlis marcxena nawili xasiaTdeba konstruqciebis 

mdgomareobis parametrebis (Zalovani, deformaciuli da sxva) 

erTobliobiT, romlebic asaxaven konstruqciebis reaqcias gare 

(maT Soris avariuli) zemoqmedebebze, xolo marjvena _ 

analogiuri kompleqsia, magram masSi Sedis masalebis 

(konstruqciebis elementebis) kriteriuli maxasiaTeblebi. , ,N T   
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mniSvnelobas kriteriul damokidebulebebSi gansazRvraven 

angariSiT, xolo masalis kriteriul maxasiaTeblebs c  

gansazRvraven konstruqciebis naturuli elementebis, modelebis 

an nimuSebis eqsperimentidan. 

Senoba-nagebobebis mdgomareobis dasaSvebi parametrebis 

sazRvrebis dadgenisaTvis kritikuli maxasiaTeblebi mcirdeba 

ramodenimejer anu angariSSi SehyavT usafrTxoebis (maragis) 

koeficientebi. kritikuli maxasiaTeblebis mixedviT maragis 

koeficientebi iniSneba, rogorc wesi konstruqciebis SesaZlo 

zRvruli mdgomareobidan, misi (an misi prototipebis) 

eqspluataciis praqtikidan da tradiciidan gamomdinare. 

zRvruli mdgomareobis zogierTi SemTxvevisaTvis maragis 

koeficientebi SeiZleba miRebuli da gamoTvlil iqnas 

mecnierulad dasabuTebuli koeficientebis safuZvelze 

gamoTvlis gziT. 

deformirebis da rRvevis meqanikis fundamentalur sakiTxs 

warmoadgens  mdgomareobis gaTanabrebis Sesaxeb  kiTxvebi, 

romlebic axasiaTeben kavSirs daZabulobis σ da deformaciebis ε 

denad mniSvnelobebs Soris. es kavSiri saerTo SemTxvevebSi aris 

sakmaod rTuli da damokidebulia konstruqciis masalis tipze, 

datvirTvis pirobebze (temperatura, deformirebis siCqare, 

garemomcveli aris fiziko-meqanikuri zemoqmedebebi). daZabuli 

mdgomareobis Tvisebebze, deformirebis procesSi masalaSi 

SesaZlo struqturul cvlilebebze da mikro da makro 

dazianebebis ganviTarebis xarisxze. konstruqciebSi masalebis 

zRvrul mdgomareobaze da meqanikur qcevaze gavlenis momxdeni 

ufro mniSvnelovani faqtorebis ricxvs miekuTvnebian: 

temperatura, deformirebis siCqare, atanis dro, cikluroba, 

daZabuli mdgomareobis saxeoba, kveTis absolituri zomebi, 

agreTve sxva fizikuri zemoqmedebebi. es faqtorebi gavlenas 

axdenen deformirebis da rRvevis mrudebis formaze, agreTve 

mdgomareobis gaTanabrebis ZiriTad parametrebze. dabali an 

kriogenuli temperaturebis raionSi civadmtvrevadi 
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masalebisaTvis zRvruli mdgomareobis dadgena SeiZleba 

Sefasdes eqspluataciur temperaturasa iT  da simyifis kritikul 

temperaturas kiT  Soris temperaturuli intervalis mixedviT: 

ki i kiT T T                             (2.3) 

deformirebul damokidebulebaSi simtkiceze da resursze 

kompleqsuri angariSis Catarebisas iyeneben saeqspluatacio 

datvirTvebis gasaSualebuli maxasiaTeblebis, defomirebisa da 

rRvevis mimarT konstruqciuli masalebis winaaRmdegobis 

gasaSualebuli an garantirebuli maxasiaTeblebis mTel sawyis 

informacias, romlebic ganisazRvreba fizikuri 

(defeqtoskopiuri) meTodiT kontrolis normebis mixedviT. Tu 

proeqtirebis an eqspluataciis stadiaze angariSSi SeyavT 

datvirTvis (gadanawilebis funqciebi da maTi parametrebi), mzidi 

elementebis defeqturobis da masalebis meqanikuri Tvisebebis 

statikuri maxasiaTeblebi, maSin SesaZlebeli xdeba 

ganisazRvros konstruqciebis saimedoobis SesaZlo 

maxasiaTeblebi [24,28,29,51,74]. 

avariebis da katastrofebis gaCenis da ganviTarebis 

sxvadasxva stadiaze simtkicis maragis da saimedoobis 

kriteriumebis mixedviT obieqtebis zRvruli mdgomareobis 

warmoqmnis pirobebis SeswavlasTan dakavSirebuli didi 

moculobis kvlevis Catarebis aucileblobasTan dakavSirebiT 

aseTi Tavisi arsiT arawrfivi obieqtebis winaswarmetyvelebisa 

da SeswavlisaTvis yvelaze efeqtur samecniero midgomas 

warmoadgens maTematikuri modelireba an ricxviTi eqsperimenti. 

ricxviTi eqsperimentis warmatebuli CatarebisaTvis saWiroa 

monacemebis specialuri bazebis da bankebis SemuSaveba, romelic 

Tavis TavSi aerTianebs garemomcveli da deformirebuli aris 

fiziko-meqanikur Tvisebebs, deformirebisa da rRvevis mimarT 

konstruqciuli masalebis winaaRmdegobis maxasiaTeblebs, 

agreTve mdgomareobis gaTanabrebis da maTi evoluciis 

gaTanabrebis parametrebs, maT Soris dazianebebis kontinualuri 
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meqanikis modelebisaTvis, datvirTvis SesaZlo SedegebiT 

gamosakvlevi obieqtebis kvanZebis da detalebis tipebis 

aRwerisaTvis da sxva. 

rTuli konstruqciebis xangamZleobis da usafrTxoebis 

ricxobrivi SefasebisaTvis arsebiTi mniSvneloba aqvs 

konstruqciis angariSis meTodebs. dReisaTvis SemuSavebulia da 

praqtikaSi farTod gamoiyeneba konstruqciis elementebis 

muSaunarianobis Sefasebis sxvadasxva modelebi da meTodebi 

SemTxveviTi datvirTvebis realizaciis, masalebis Tvisebebis 

gadanawilebis mocemuli kanonis da sxvaTa pirobebSi. aseTi 

modelebis agebis safuZvelSi Cveulebriv Cadebulia SesaZlo 

zemoqmedebebis xasiaTis, masalebis Tvisebebis gadanawilebis 

gansakuTrebulobebis da geometriuli elementebis empiriuli 

cnobebi. es modelebi da Sesabamisi saangariSo meTodebi iZlevian 

riskis dasaSvebi parametrebis gadanawilebaze, normirebaze da 

dasabuTebaze gadasvlis saSualebas, konstruqciebis elementebis 

datvirTulobis da defeqturobis doneebze gadasvlis 

saSualebas. aucilebelia aRiniSnos, rom konstruqciis 

elementebis muSaunarianobis SesaZlo Sefasebebis safuZvelze 

miRebuli Rirebuli Sedegebi mcirdeba empiriuli daSvebebis 

dasabuTebis Semcirebis mixedviT, romlebic Cadebulia 

saangariSo meTodikis safuZvelSi, amitom mcired SesaZlebeli 

movlenebis Sefasebisas Cndeba obieqturi sirTuleebi, romlebic 

dakavSirebulia albaTobiTi analizis Sedegebis utyuarobasa da 

dasabuTebulobasTan. 

usafrTxoebis problemebis gadawyveta mWidro kavSirSia 

kompleqsur gamokvlevebTan, daZabul-deformirebuli da 

zRvruli mdgomareobebis ricxviTi eqsperimentuli meTodebis 

gamoyenebasTan, agreTve gamokvlevebis unifikaciasa da 

standartizaciasTan. kritikuli meqanikuri maxasiaTeblebis 

eqsperimentaluri gansazRvrisaTvis, romelic Sedis 

monitoringis da diagnostikis sabaziso blokSi, zogadad 

SeiZleba Caiweros Semdegi saxiT [23,60]: 
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 𝑆, 𝑅𝜏 ,𝑁 ,𝑃𝑅 , 𝑅𝜎 =

= 𝐹 𝑓𝑠 𝑃𝑠 , 𝑇, 𝑁, 𝜏, ϕ 𝑓𝜎 𝜎𝐵 ,𝜎𝑇 , 𝜎𝐵𝜏 ,𝜎−1, 𝐸, 𝜆, 𝐻𝐵 , 𝜂, 𝜓, 𝐾𝐼𝑐 𝑓ℓ ℓ,𝐾𝑡 , 𝐹  
  (2.4) 

sadac S _ usafrTxoebis maxasiaTeblebia; ,NR  _ maragis 

maxasiaTeblebi; RP  _ saimedoobis maxasiaTeblebi; R  _ simtkicis 

maxasiaTeblebi (rRvevisadmi winaaRmdegoba); 𝑓𝑠 _ saeqspluatacio 

datvirTvis funqcionali: T _ temperatura drois mocemul 

momentSi; N _ datvirTvis ciklebis ricxvi;   _ eqspluataciis 

dro;   _ fizikuri zemoqmedebebis velebis parametrebi 

(radiacia, muSa raioni, magnituri veli); f  _ konstruqciuli 

masalebis fiziko-meqanikuri Tvisebebis funqcionali, В  _ 

simtkicis zRvari, T  _ denadobis zRvari; В  _ xangrZlivi 

simtkicis zRvari; 1  _ amtanianobis zRvari; E _ drekadobis 

moduli;   _ Tbogamtarobis koeficienti; ВH  _ simyare 

(mikrosimyare);   _ plastikur areSi gamkvrivebis maCvenebeli;   

_ masalis zRvruli plastiuroba; IcK  _ bzarmedegobis 

maxasiaTebeli; IcK  _ bzarmedegobis maxasiaTebeli; f  _ 

konstruqciis mzidi elementebis konstruqciuli formebis 

funqcionali;   _ defeqtis zoma; tK  _ daZabulobis 

koncentraciis Teoriuli koeficienti; F _ gansaxilvel zonaSi 

ganivkveTis maxasiaTeblebi. 

amgvarad, usafrTxoebis analizi gvTavazobs 

konstruqciebis mTlianobis Sefasebis mravaldonian sistemas da 

Sesabamisad ganisazRvreba amocanis dayenebiT, datvirTvis 

pirobebiT da sakvlevi obieqtis saSiSroebis xarisxiT. 

avariuli situaciebisaTvis Senoba-nagebobebis simtkicis 

usafrTxoebis da xangamZleobis angariSi warmoebs rRvevis 

meqanikis sabazo formulebis safuZvelze, avariuli situaciis 

mimdinareobis momentisaTvis maqsimaluri datvirTvis gamoyenebiT 

formulaSi (2.4) Semavali masalis Tvisebis maxasiaTeblebi 
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gamoiyeneba drois mocemuli momentisaTvis  , mocemuli 

temperaturisaTvis T  da deformaciulobis siCqarisaTvis. amas 

garda, angariSSi Sedis (eqspluataciis normalur pirobebTan 

SedarebiT) maragis koeficientebi. 

magaliTad, formulis (2.4) Sesabamisad mzidi elementebis 

simtkicis tradiciuli normatiuli angariSisas simtkicis 

ZiriTad pirobas warmoadgens Semdegi piroba: 

 𝑅𝜎 = 𝐹 𝑓𝑠 𝑃𝑠 𝑓𝜎 𝜎𝐵𝜎𝑇𝜎𝐵𝜏 𝑓ℓ 𝐹                 (2.5) 

romelic SeiZleba warmovadginoT ufro tradiciuli saxiT 

𝜎𝑛
ს =  𝜌𝑚𝑎𝑥

ს 𝐹  ≤  𝜎 𝑛 =  
𝜎𝐵

𝑛𝐵
,
𝜎𝜏

𝑛𝑇
,
𝜎𝐵𝜏

𝑛𝐵𝜏
                 (2.6) 

sadac 𝜎𝑛
ს _ nominaluri Zabvebia maqsimaluri datvirTvebisagan 

𝑃𝑚𝑎𝑥
ს  eqspluataciis normalur pirobebSi;  

n
 - nominaluri 

dasaSvebi Zabvebi;    В В, , 1,5 3Tn n n    _ maragis koeficientebi 

simtkicis maxasiaTeblebis mixedviT (denadobis zRvaris ,T  

xangrZlivi simtkicis an cocvadobis zRvaris В , simtkicis 

zRvaris В  mixedviT). Senoba-nagebobebis angariSisaTvis 

avariuli situaciis gaCenisa da ganviTarebisas SeiZleba 

gamoyenebuli iyos formulebi (2.5), (2.6) maqsimaluri 

datvirTvebis 𝑃𝑚𝑎𝑥
ს  cvlilebiT avariuli situaciebis dros. 

mocemuli momentisaTvis  maqsimalur datvirTvebze 
Э

max .  

amasTan meqankuri maxasiaTeblebi В В, ,T     analizebuli 

avariuli situaciebisaTvis airCeva, agreTve drois mocemul 

momentSi  , mocemuli temperaturisas T  da deformirebis 

siCqarisas. xolo maragis koeficientebi (eqspluataciis 

normalur pirobebSi analogiurTan SedarebiT) miiReba mcire da 

toli:    5.21.1,, BBT nnn  . 

mzidi elementebis xangrZlivi datvirTvisaTvis simtkicis 

angariSi warmoebs (maragis angariSi droebiTi da cikluri) 

Semdegi formuliT [23]: 
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 𝑅𝜏 ,𝑁 ,𝑅𝜎  = 𝐹 𝑓𝑠 𝑃𝑠 , 𝑇, 𝑁, 𝜏, 𝜙 , 𝑓𝜎 𝜎𝐵 ,𝜎𝑇 , 𝜎𝐵𝜏 , 𝐸, 𝜆, 𝑛, 𝜓 𝑓ℓ 𝐾𝑡 , 𝐹        (2.7) 

bzarismagvari defeqtebis arsebobisas myife rRvevis mimarT 

winaaRmdegoba SeiZleba warmovadginoT, simtkicis pirobebis 

analogiurad (2.5) da (2.6) Semdegi sabaziso formulis saxiT: 

 𝑃𝑅 , 𝑅𝜎 = 𝐹 𝑓𝑠 𝑃𝑠 , 𝑇, 𝜙 , 𝑓𝜎 𝐾𝐼𝑐 𝑓ℓ ℓ                  (2.8) 

an 

𝐾𝐼
ს = 𝑓 𝑃𝑚𝑎𝑥

ს , 𝑇𝑚𝑖𝑛 , ℓ ≤  𝐾𝐼 =
𝐾𝐼𝑐

𝑛𝑘
                  (2.9) 

sadac:  IK  _ daZabulobis intensiurobis koeficientis dasaSvebi 

mniSvneloba eqspluataciis minimaluri temperaturis 

gaTvaliswinebiT min ;T  kn  _ Zabvis intensiurobis kritikuli 

koeficientis IcK  mixedviT, romelic gansazRvrulia 

temperaturisas min.T  eqspluataciis normaluri pirobebis sidide 

kn  aiReba ВT kn n n   intervalSi an iangariSeba miRebuli 

modelis CarCoebSi. 

temperaturis mdgomareobaze (myife an blanti) 

temperaturis gavlenis da IcK -s minT -ze damokidebulebis 

gaTvaliswinebiT konstruqciuli masalebisaTvis, gaTanabrebis 

angariSs (2.9) aucilebelia daematos simtkicis kritikuli 

temperaturebis mixedviT angariSi: 

𝑇𝑚𝑖𝑛
ს = 𝑓 ℓ,𝐹 ≥  𝑇 = 𝑇𝑘 +  ∆𝑇𝑘                     (2.10) 

sadac:  T  _ eqspluataciis dasaSvebi minimaluri temperatura; 

kT  _ simyifis kritikuli temperatura, romelic Seesabameba IcK -s 

mkveTr Semcirebas;  kT  _ simyifis kritikuli temperaturebis 

maragi. konstruqciuli foladisagan damzadebuli mzidi 

elementebisaTvis maragis sidide  kT  iniSneba 20 300C 

intervalSi. 

formulis (2.4) Tanaxmad defeqtebiT dazianebuli 

konstruqciebis xangamZleobis maxasiaTeblebis saxiT SeiZleba 

gamoviyenoT saimedoobis da simtkicis maragi: 



52 

 𝑅𝜏 ,𝑁 , 𝑃𝑅 , 𝑅𝜎 =

= 𝐹 𝑓𝑠 𝑃𝑠 , 𝑇, 𝑁, 𝜏, 𝜙 𝑓𝜎 𝜎𝐵 , 𝜎𝑇 , 𝜎𝐵𝜏 ,𝜎−1, 𝐸, 𝜆, 𝐻𝐵 , 𝜂, 𝜓, 𝐾𝐼𝑐 𝑓ℓ ℓ,𝐾𝑡 , 𝐹  
   (2.11) 

bzarebis ganviTarebis stadiaze teqnikuri sistemebis maragi 

,NR  dgindeba bzarmedegobis kriteriumebis Tanaxmad (2.9) 

formulis mixedviT, rRvevis diagramebis safuZvelze, romlebic 

akavSirebs bzaris zrdis siCqareebs drois mixedviT   

xangrZlivi statikuri datvirTvisas an ciklebis ricxvis 

mixedviT N  cikluri datvirTvebisas:  

 amasTan resurs gansazRvraven rRvevis diagramis 

gaTanabrebis integrirebiT bzaris denadi zomis mixedviT 

 𝑅𝜏 ,𝑁 =  𝑑ℓ𝜏 ,𝑁
ℓ𝑐

ℓ𝑜
≤  𝜏, 𝑁 =  

𝜏𝑐

𝑛𝜏
,
𝑁𝑐

𝑛𝑁
                   (2.12) 

sadac c - defeqtis kritikuli zoma, romelic dgindeba (2.9)-(2.10) 

mixedviT; 0  _ eqspluataciis mocemul stadiaze sawyisi defeqti; 

[ , N ] – eqspluataciuri datvirTvis ciklebis dasaSvebi ricxvi an 

dasaSvebi dro; , ,Nn n - maragi resursis mixedviT. 

xangamZleobis angariSi, damatebiT, SeiZleba agreTve 

miviyvanoT defeqtis dasaSvebi zomebis angariSTan    

bzarmedegobis kriteriumebis mixedviT 

𝑙𝑚𝑎𝑥
ს = 𝑓 𝐾𝐼𝑐 ,𝐹, 𝜙, 𝑃𝑚𝑎𝑥

ს  ≤  𝑙 =
𝑙𝑐

𝑛𝑙
              (2.13) 

sadac 𝑙𝑚𝑎𝑥
ს  _ eqspluataciis defeqtis maqsimaluri zoma; c  _ 

defeqtis kritikuli zoma; ln  _ maragi defeqtis zomis mixedviT. 

ln  dgindeba 
2

в Tn n n   sazRvrebSi. ufro sapasuxismgeblo da 

potenciurad saSiSi konstruqciebisaTvis dakmayofilebuli unda 

iyos moTxovnebi yvela maragis mixedviT -  k , kn T  da n . 

avariuli situaciebisaTvis zRvruli da usafrTxo 

(dasaSvebi) mdgomareobebis TvalszrisiT xangamZleobis angariSs 

awarmoeben bzarmedegobis kriteriumebis mixedviT (2.8)-(2.13) 

Sesabamisad (nax. 2.1).  



53 

 

nax. 2.1. zRvruli da usafrTxo mdgomareobebis sqema bzaris magvari 

defeqtebiT dazianebuli maRali riskis obieqtebze avariebis da 

katastrofebis eqspertizisas 

 

 amasTan avariuli situaciis ganviTarebis mocemuli 

momentisaTvis unda gaviTvaliswinoT datvirTvebis Sesabamisi 

eqstremaluri doneebi, temperaturebis minimaluri da 

maqsimaluri doneebi, defeqtebis maqsimaluri zomebi da 

meqanikuri Tvisebebis minimaluri maxasiaTeblebi. radganac 

avariuli situaciebisas, rogorc wesi maqsimaluri adgilobrivi 

da xSirad minimaluri eqstremaluri Zabvebi aWarbeben denadobis 

zRvars, amitom rRvevis wrfivi meqanikis gaTanabreba xdeba 

gamouyenebeli. amasTan dakavSirebiT konstruqciebis 

xangamZleobis analizisaTvis avariuli sistemebis gaCenisa da 

ganviTarebis pirobebSi gamoyenebuli unda iyos rRvevis 

arawrfivi meqanikis gaTanabrebebi saangariSo parametrebis 

sruli gamoyenebiT (2.11). rRvevis meqanikis wrfivi sabaziso 

maxasiaTeblebi icvleba rRvevis meqanikis arawrfivi 

maxasiaTeblebiT, magaliTad, gaxsna bzaris wverze, J - 

integrali, plastikur areSi deformaciis intensiurobis 

koeficienti, bzarmedegobis koeficienti da a.S. 
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amgvarad, sabaziso formulebis (2.4)-(2.14) gaTvaliswinebiT 

usafrTxoeba monitoringis da diagnostikis poziciidan, unda 

ganixilebodes, rogorc mzidi elementebis kombinirebuli unari 

winaaRmdegoba gauwios eqstremalurad maRali Siga da gare 

zemoqmedebebis ufro SesaZlo da araxelsayrel faqtorebs 

masalis rRvevis da deformaciis Semcirebuli maxasiaTeblebisas. 

amasTan formulis (2.4) Sesabamisad miiReba Semdegi formula 

 𝑆 ∈ 𝑓 𝑇𝜏 ,𝑁 , 𝑃𝑅 , 𝑅𝜎 ∈ 𝑓 𝑛𝑇 , 𝑛𝐵 , 𝑛𝐵𝜏 , 𝑛𝑁 , 𝑛𝑖 , 𝑛𝐾 , 𝑁𝑙           (2.14) 

 

2.3. dazianebuli Senoba-nagebobebis usafrTxoeba, 

xangamZleoba da maragi (resursi) 

 

mecnierebis da teqnologiebis Tanamedrove miRwevebi 

ueWvelad iZleva saSualebas mniSvnelovnad amaRldes 

proeqtirebis stadiaze daniSnuli resursi tradiciuli wesebis 

mixedviT, angariSis da gamocdis umartivesi meTodikis 

safuZvelze. amasTan kompleqsSi gadawyvetili unda iyos Semdegi 

ZiriTadi problemebi: 

_ rogorc calkeuli obieqtebis, ise obieqtebis sistemebis 

sawyisi, gamoyenebuli da narCeni resursis ricxobrivi analizi; 

_ saproeqto, faqtiuri da narCeni resursis dasabuTeba; 

_ mzidi elementebis konstruqciuli  masalebis mdgomareobis 

Sefaseba gaCenili saeqspluatacio dazianebebis da sawyisi 

teqnologiuri memkvidreobiTobis gaTvaliswinebiT; 

_ mzid elementebSi makro da mikrodefeqtebis xasiaTis, 

parametrebis, dislokaciis da zomebis gansazRvra; 

_ mzidi elementebis deformirebuli mdgomareobis 

normatiuli da eqsperimentaluri angariSi; 

_ bunebrivi da daCqarebuli xandazmulobis (daberebis) 

meqanizmebis kvleva; 

_ dazianebis sxvadasxva stadiebze konstruqciis elementebis 

da masalebis xangamZleobis Sefaseba; 
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_ resursis kompleqsuri diagnostika; 

_ narCeni resursis winaswari da dazustebuli saangariSo-

eqsperimentaluri gansazRvra. 

 zemoTaRniSnuli problemebis gadawyvetas SeiZleba hqondes, 

rogorc sauwyebo-obieqturi, ise unificirebuli xasiaTi. amasTan 

principulad mniSvnelovania, rom narCeni resursi ganisazRvros 

ufro maRali samecniero-meToduri doniT, vidre saproeqto da 

sawyisi. 

 axlad daproeqtebuli konstruqciebisaTvis simtkicis 

angariSs awarmoeben datvirTvis eqspluataciuri reJimebis yvela 

speqtris mixedviT, gaSvebis wina da perioduli cdebis CaTvliT, 

muSa parametrebis regulireba da avariuli dacvis sistemebis 

amuSaveba. 

 simtkicis resursis da bzarmedegobis dasabuTebisaTvis 

saWiroa mzidi elementebis daZabul-deformirebuli 

mdgomareobis angariSis kompleqsi, romelic Seicavs nominaluri 

da maqsimaluri Zabvebis gansazRvras, am Zabvebis amplitudebs, 

eqspluataciis maqsimalur da minimalur temperaturebs, 

eqspluataciis drois da ciklebis raodenobas. rTuli 

mravalelemantiani kvanZebisaTvis am angariSs umateben optikurad 

aqtiuri (fotodrekadi) da dabalmoduliani masalebis gamocdis 

modelebs, agreTve Sesabamisi konstruqciuli masalebisagan  

miRebul monacemebs. cdebs atareben datvirTvis saeqspluatacio 

reJimis imitaciisas, xolo nominalur da lokalur Zabvebs, 

deformaciebs, temperaturebs zomaven tenzorezistorebis, 

optikurad aqtiuri da myife tenzomgrZnobiare safarebis, muaris 

meTodis, holografiis, TermoCvenebis daxmarebiT. 

teqnikuri diagnostikis, datvirTvis indikatorebis da 

dazianebis gadamwodebis eqsperimentaluri saSualebebis 

gamoyeneba saSualebas iZleva aRvadginoT konstruqciis 

elementebis datvirTuloba da masalebis dazianebis kinetika 

eqspluataciis procesSi. gamoyenebuli meTodebis safuZvels 

unda Seadgendes meqanikuri, fizikuri da qimiuri movlenebi, 
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romlebic Tan axlavs dazianebis dagrovebis process. dazianebis 

gadamwodebis mgrZnobiare elementebSi (magaliTad, 

tenzorezistorebSi) Seuqcevadi dazianebis dagrovebis 

dafiqsirebisas, SeiZleba Seiqmnas dazianebebis dajamebis modeli 

da vimsjeloT konstruqciebis elementebis dazianebis xarisxze. 

konstruqciis masalaze damazianebeli faqtorebis rTuli 

kompleqsis zemoqmedebisas mizanSewonilia damuSavdes masalis 

eqspluataciuri kontrolis kompleqsuri sistema. 

simtkicis resursis da bzarmedegobis kriteriuli 

maxasiaTeblebis damtkicebisaTvis atareben atestaciuri 

gamocdebis kompleqss standartul an specialur laboratoriul 

nimuSze. im SemTxvevaSi, roca iqmneba axali da unikaluri 

konstruqciebi atareben modelebis gamocdas, miyavT ra isini 

dauSvebeli deformaciebis ganviTarebis, myife an blanti 

rRvevis, bzarebis gaCenis da ganviTarebis mdgomareobamde. 

amasTan farTod gamoiyeneba defeqtoskopiis meTodebi da 

saSualebebi – ultrabgeriTi, rentgenuli, optikuri, akustikuri 

da akustoemisiuri, eleqtromagnituri, Tboviziuri, 

holografiuli. 

aseTi cdebis Sedegebidan gamomdinare wyveten or 

mniSvnelovan praqtikul amocanas: 

_ miRebuli saangariSo sqemebis, zRvruli mdgomareobebis da 

simtkicis maragebis dasabuTeba; 

_ axal, Cveulebriv Semcirebul simtkicis maragze gadasvla. 

am ukanasknel SemTxvevaSi simtkicis zRvrulad mcire 

maragi dasabuTebulia srulmasStabiani kvlevebiT miaxloebiT 

saStato pirobebSi – konstruqciul-teqnologiuri gadawyvetebis 

safuZvelze saeqspluatacio zemoqmedebebis warmodgenili 

speqtris mixedviT. Tumca, aseTi cdebis Catarebisas adgilobrivi 

Zabvis da deformaciis mixedviT maragi rekomendirebulia iyos 

1.15-1.25-ze ara naklebi, xolo resursis mixedviT – ara nakleb 3-5. 

 konstruqciebis eqspluataciis stadiaze mzidi 

elementebis (meqanikuri Tvisebebi da defeqturoba) mdgomareobis 
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cvlilebis da saeqspluatacio dazianebebis dagrovebis CaTvliT 

aucilebelia moxdes nimuSebis, calkeuli kvanZebis an mTlianad 

nakeTobebis gamocda, gansazRvraven narCen simtkices, resurss da 

bzarmedegobas. usafrTxo eqspluataciis resursis 

gaxangrZliveba SeiZleba yvela maragis – nominaluri Zabvebis, 

adgilobrivi Zabvebis da deformaciebis, bzarmedegobis, ciklebis 

drois da ricxvis mixedviT. 

Senoba-nagebobebis resursSi igulisxmeba misi muSaoba 

eqspluataciis dawyebidan zRvruli mdgomareobis dadgomamde. 

zRvruli mdgomareobis aRqma daiSveba sxvadasxvagvarad misi 

Sefasebis arCeul kriteriumze damokidebulebiT. 

makrodefeqtebis (bzaris tipis) ar arsebobisas zRvruli 

mdgomareoba ganisazRvreba adgilobrivi Zabvebis an 

deformaciebis kritikuli sidideebiT eqspluataciuri 

datvirTvis blokisTvis moyvanili Zabvebis ciklebis sqemis 

mixedviT Zabvebis koncentraciis da Zabvebis maxasiaTeblebis 

wertilebis da sidideebis gamovlenis zonebis gaTvaliswinebiT. 

statikuri, xangrZlivi da cikluri simtkicis kriteriumebis 

safuZvelze angariSSi formulis (2.14) Tanaxmad, adgilobrivi 

Zabvebis da deformaciebis mixedviT maragis koeficientebis 

Seyvana saSualebas iZleva dadgindes usafrTxoebis 

TvalsazrisiT dasaSvebi jamuri dazianeba ((2.11) da (2.15) tipis 

formulebi). k – saTvis drois, ciklebis ricxvis da 

temperaturis mixedviT datvirTvis reJimebi: 

     1
K

i
iaa                         (2.15)  

da Sefasdes usafrTxo eqsoluataciis maragi, maT Soris 

avariuli reJimebisas. saWiroa aRiniSnos, rom mniSvnelovan 

gavlenas dazianebis dagrovebaze, uSualod ki resursze axdenen 

rogorc konstruqciuli faqtorebi, maT Soris Zabvis 

koncentratorebi, ise masalis meqanikuri TvisebebiT в т, , , ,k kS m    

gansazRvruli teqnologiuri faqtorebi. amitom, eqspluataciuri 

da avariuli datvirTvebis, agreTve bzarebis SesaZlo Casaxvis da 
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ganviTarebis procesSi masalebis fiziko-meqanikur dazianebebTan 

dakavSirebiT Cndeba rTuli Senoba-nagebobebis mzidi elementebis 

daZabul-deformirebuli mdgomareobis dazustebis amocanebi. 

rogorc wesi, avariebs da katastrofebs Tan axlavs 

momatebuli koncentraciis zonebSi bzarebis gaCena da 

ganviTareba. am SemTxvevaSi cxadi xdeba koncentraciis areSi 

kvlevebis mizanSewoniloba da perspeqtiuloba. amgvarad, rogorc 

eqspluataciis stadiaze, ise principulad axali maRali riskis 

konstruqciebis daproeqtetbis dros simtkicis, xangamZleobis, 

usafrTxoebis da resursis problemebi, principulad axali 

konstruqciuli masalebis Seqmna Semcirebuli defeqturobiT da 

maRali xangamZleobiT mWidrodaa dakavSirebuli bzarebis 

(bzarmedegobis) kinetikis gamokvlevis amocanebis dayenebasa da 

gadawyvetasTan. 

zemoTqmulTan dakavSirebiT konstruqciebis bzarmedegobis 

prognozirbisa da dasabuTebisas ZiriTad miznebs da amocanebs 

warmoadgens: konstruqciebis simtkicis, xangamZleobis da 

usafrTxoebis kompleqsuri kriteriumebis, analizis meTodebis 

da normirebis damuSaveba, bzaris ganviTarebis mimarT 

konstruqciuli masalebis winaRmdegobis maxasiaTeblebis 

safuZvelze. 

amocanebis gadawyvetisaTvis gamoiyeneba bzarebis, simtkicis 

Teoriis, daRlilobis da saimedoobis meqanikis da fizikis 

Tanamedrove Teoriuli garemoebebi, principebi da 

meTodologiuri midgomebi, Semdegi prioritetuli 

mimarTulebebis mixedviT [59]: 

_ fenomenaluri modelebis damuSaveba, romelic 

dakavSirebulia bzarebis ganviTarebis lokalur da aralokalur 

kriteriumebze eqsperimentaluri fiziko-meqanikuri 

zemoqmedebebis da koroziuli areebis pirobebSi; 

_ bzarismagvari defeqtebis arsebobisas konstruqciebis 

katastrofuli rRvevebis da kritikuli, gardamavali zRvars 

gare da dasaSvebi mdgomareobebis kriteriumebis ageba; 
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_ bzarebis meqanikis arawrfivi amocanebis gadawyvetis 

efeqturi analogiuri da ricxviTi meTodebis Seqmna, 

dazianebuli konstruqciebis usafrTxoebis, xangamZleobis da 

resursis problemebis gadasawyvetad mikro da makro bzarebis 

ganviTarebis statikuri modelirebis meTodebis ganviTareba; 

_ bzarebis (masalebis da konstruqciebis bzarmedegobis) 

kinetikis eqsperimentaluri gamokvleva rRvevis sxvadasxva 

meqanizmebis realizaciisas rTuli daZabuli mdgomareobis 

pirobebSi; 

_ mikrostruqturulad da fizikurad mokle bzarebis 

gavrcelebis fenomenaluri Teoriis ageba mravalRerZuli 

cikluri datvirTvis pirobebSi, rac rRvevis procesis marTvaze 

gadasvlis saSualebas iZleva; 

_ konstruqciebis usafrTxoebis, xangamZleobis da resursis 

kriteriumebis mixedviT masalebis bzarmedegobisadmi moTxovnebis 

dasabuTeba, principulad axali konstruqciuli masalebis Seqmna 

gazrdili xangamZleobiT; 

_ principulad axali eqsperimentaluri meTodebis da 

saSualebebis, rRvevis lokalizaciis da bzarebis gavrcelebis 

SeCerebis saSualebebis damuSaveba Zlier dazianebul 

mdgomareobaSi konstruqciis usafrTxo eqspluataciis resursis 

da xangamZleobis uzrunvelyofis mizniT. 

resursis gansazRvrasTan dakavSirebiT did mniSvnelobas 

iZens zRvruli mdgomareobis ganmarteba arCeul kriteriumze 

damokidebulebiT. magaliTad Senoba daproeqtda usafrTxo 

resursis principis mixedviT, romlis Sesabamisadac 

konstruqciaSi praqtikulad ar daiSveboda saproeqto 

(daniSnuli) resursis periodis manZilze bzarebis warmoqmna. 

amitom bzarebiT dazianebuli konstruqciebis resursis 

gaxangrZliveba saproeqtos sazRvrebs gareT SeiZleba 

uzrunvelyofili iyos usafrTxo zomebamde bzaris 

ganviTarebisas maTi xangamZleobis xarjze (nax. 2.2). dazianebis 

dagrovebis da bzarebis ganviTarebis pirobebSi resursis 
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gaxangrZlivebis SesaZlebloba SeiZleba dasabuTebuli iqnas 

imiT, rom dReisaTvis Seqmnilia winapirobebi, bzarebis meqanikis 

Teoriuli safuZvlebis da sainJinro meTodebis praqtikuli 

gamoyenebisaTvis, agreTve teqnikuri diagnostikis saSualebebi, 

romlebic saSualebas iZlevian sakmarisad zustad ganisazRvros 

bzarismagvari defeqtebi dazianebul konstruqciebSi. cxadia, 

amasTan erTad gatarebuli unda iqnas konstruqciis 

xangamZleobis dawvrilebiTi analizi konstruqciis masalebis 

usafrTxo eqspluataciis moTxovnebis dacvisas misi fiziko-

meqanikuri dazianebis gaTvaliswinebiT, agreTve 

reglamentirebuli defeqtoskopiuri kontrolis mixedviT 

rekomendaciebis damuSaveba. 

 

nax. 2.2. bzarebis ganviTarebasTan dakavSirebuli dazianebuli 

teqnikuri sistemebis resursi 
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3. Senoba-nagebobebis saSiSi deformaciebis 

monitoringis da diagnostikis sistemebis damuSaveba 

 

3.1. Sesavali 

 

 dReisaTvis samSeneblo nagebobebis  monitoringis sistemis 

Seqmna ar moiTxovs mtkicebulebebs da dasabuTebebs. ufro metic 

msoflios wamyvan qveynebSi mimdinareobs samSeneblo nagebobebis 

teqnikuri monitoringis sxvadasxva sistemebis SemuSavebis 

aqtiuri procesi. 

 ZiriTadi sakiTxi, romelic SeiZleba ganisazRvros, rogorc 

ufro metad mniSvnelovani am sferoSi – monitoringis arsebuli 

sistemebi ratom ar gaxda konstuqciebSi destruqciuli 

cvlilebebis saimedod da efeqturad maZiebeli instrumenti? 

sakiTxi arcTu martivia da pasuxi masze unda moviZioT mizezebis 

mTel rig kompleqsSi. CamovTvaloT monitoringis sistemebis 

SemuSavebaze gavlenis mqone ZiriTadi aspeqtebi. 

 teqnikuri – fiziko-teqnikuri mizezebis gansazRvra, 

romlebzec bazirdeba gamzomi sistema; 

 teqnologiuri – eqspluataciis da montaJis sistemebis 

warmoebis meTodebis da xerxebis SemuSaveba; 

 ekonomikuri – sistemis RirebulebiTi parametrebis 

optimizacia. 

 CamoTvlili aspeqtebis garda mniSvnelovania agreTve  

monitoringis adgilis socialuri da fsiqologiuri gansazRvra. 

radgan monitoringi sabolood exeba yovel moqalaqes, 

aucilebelia kanonmdeblobis baza, romelic gansazRvravs da 

aregulirebs mis mizans da funqcias. amasTan monitoringis 

statusis ganmsazRvreli iuridiuli meqanizmi unda 

Seesabamebodes danergvis mofiqrebul politikas, romelic 

iTvaliswinebs fsiqologiuri aRqmis yvela aspeqts: teqnikurs, 

teqnologiurs da ekonomikurs. 
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3.2. monitoringis sistemis ganxorcielebis blok-sqema 

 

 cxadia, rom monitoringis tipiuri sistemis ar arsebobis 

mizezi mdgomareobs im faqtSi, rom mravali SemuSavebuli 

sistema Semoifargleba kontrolis erTi an ramdenime parametris 

ganxilviT. amasTan konkretuli parametrebis kontroli 

xorcieldeba sxvadasxva tipis gadamwodebiT. ramdenadac 

nebismier gamzom sistemas aucileblad aqvs ori ZiriTadi 

Semadgeneli fizikuri sidideebis gardamqmneli da damuSavebis 

eleqtronuli bloki. maSin yovel maTganSi erTgvarovnebis ar 

arseboba mravaljer zrdis monitoringis sistemis 

sxvadasxvatipobriobas da rogorc Sedegi, amcirebs tipiuri 

sistemis Seqmnis SesaZleblobas. 

 sxvadasxva tipis sistemebis simravlidan miRebuli 

informacia iTxovs damuSavebis rTuli sistemis Seqmnas. meore 

mxriv, sistemis avtomatizaciis specialistebi anviTareben ufro 

da ufro rTul teqnologiebs, fizikuri kontrolis 

procedurebis optimizaciis sakiTxebisgan damoukideblad. 

amasTan konkretuli sistemebi iqmnebian sxvadasxva amocanebis, 

konstruqciebis da sakontrolo-gamzomi pirobebis qveS. Sedegad 

Cndeba moqmedebis sxvadasxva principis mqone damoukidebeli 

sistemebis masa, axali amocanisas Cndeba axali sistema da a.S. 

tipiuri sistema aseT pirobebSi ver Seiqmneba. dasavleTis 

teqnologiebiT gataceba an moralurad moZvelebuli 

gadawyvetilebebis gamoyeneba Cveni specifikiT gansazRvruli 

Tanamedrove aqtiuri mSeneblobis dros, ar aaxloebs miznis 

miRwevas. 

 monitoringis sistemis, rogorc tipiuri instrumentis 

SeqmnisaTvis unda Camoyalibdes mizani. aucilebelia Seiqmnas 

monitoringis sistema sabazo variantSi, romelic iTvaliswinebs, 

rogorc minimum yvela tipiuri sacxovrebeli Senobis kontrols. 

monitoringis sabazo varianti unda uzrunvelyofdes ZiriTadi 

parametrebis kontrols, romlebic pasuxismgeblebi arian 
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potenciuri avariebis ufro metad gavrcelebul mizezebze. 

aucileblobisas sabazo variants unda qondes gafarToebis 

SesaZlebloba, rogorc kontrolis wertilebis raodenobis 

mixedviT, ise sakontrolo konstruqciebis saxeobis mixedviT, 

agreTve sakontrolo parametrebis siis mixedviT. monitoringis 

tipiuri sistema unda Seicavdes: 

 sabazo fizikur principze agebul gamzom bloks; 

 signalebis damuSavebis eleqtrul bloks, romelic 

advilad adaptirdeba gafarToebuli sabazo sistemebis 

dros. 

 samSeneblo monitoringis optimaluri sistemebis 

SemuSavebis miznis miRwevisaTvis nax. 3.1-ze, warmodgenilia 

sakontrolo-gamzomi sistemis blok-sqema. movaxdinoT am sistemis 

ZiriTadi parametrebis formulireba. 

 monitoringis sistemaSi gamoyenebuli sabazo gadamwodi 

warmoadgens deformaciis (amplitudur boWkovan-optikuri an sxva 

tipis) gadamwods. gadamwods aqvs Sesrulebis ramdenime varianti, 

romelic iZleva rkinabetonis konstruqciaSi misi Casmis an 

samSeneblo elementebis zedapirze damagrebis SesaZleblobas. 

gadamwodis damagreba destruqciis potenciuri wyaros (didi 

datvirTvebi, momentebi) maqsimalurad SesaZlo wertilebSi 

reglamentirdeba proeqtis stadiaze. 

 kontroli SeiZleba mimdinareobdes rogorc montaJis 

ganmavlobaSi, ise Senobis eqspluataciis periodSi. signalebis 

damuSavebis eleqtronuli bloki iRebs mudmiv informacias 

konstruqciis mdgomareobis Sesaxeb kontrolis Siga da gare 

wertilebidan. saproeqto monacemebTan am informaciis Sedareba 

mudmiv reJimSi iZleva konstruqciis `janmrTelobis~ Sesaxeb 

daskvnebis gakeTebis saSualebas. 
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etapebi 

monitoringi, 

diagnostika da 

rekomendaciebi 

operaciebi 

funqciuri 

bloki 
k
o
n
t
r
o
l
i
 

 

 

standartebis da 

normebis bloki 

sapreoqto dokumentaciebis gacnoba 

samuSaoebis da masalebis Sesabamisobis 

Semowmeba standartebnTan da 

normebTan 

masalis nimuSis laboratoriuli 

Semowmeba standarTebTan da normebTan 

Sesabamisobaze 

gamzomi sistemebis saSualebiT 

obieqtis fiziko-meqanikur 

parametrebze dakvirveba 

sakontrolo parametrebis dadgenil 

sazRvrebs gareT gasvlis  SemTxvevaSi 

safrTxis signalis formireba 

obieqtis gasazomi fiziko-qimiuri 

parametrebis registacia 

a
n
a
l
i
z
i
 

avariuli situaciis mizezebis 

dazustebisaTvis damatebiTi gamzomi 

sistemebvis CarTva 

avariuli movlenis diagnostika 

(movlenis mizezebis, adgilis 

lokalizaciis da saxeobebis 

klasifikaciis gansazRvra) 

normatiuli da gamzomi blokebis 

sistemebisgan miRebuli yvela 

monacemis statistikuri da analizuri 

damuSaveba 

p
r
o
g
n
o
z
i
 

r
e
k
o
m
e
n
d
a
c
i
e
b
i
 

avariuli movlenis likvidaciis 

xerxebis ricxviTi da analizuri 

modelireba 

avariuli movlenis aRkveTisaken 

mimarTuli operatiuli RonisZiebebis 

ganxorcielebis rekomendaciebi 

operatiuli RonisZiebebis 

realizaciis sxvadasxva scenarebis 

SemTxvevaSi movlenis ganviTarebis 

prognozi 

 

 

 

 

gamzomi bloki 

 

 

 

 

 

 

 

 

sistematizaciis 

bloki 

nax. 3.1. samSeneblo monitoringis organizaciis 
sqema 
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 amasTan analizi warmoebs nagebobis mdgomareobis ricxviTi 

modelirebis gziT realurad gazomili monacemebiT, romlebic 

SeaqvT angariSSi. miRebuli Sedegi saSualebas iZleva gavigoT, 

rogor deformirda Senoba mTlianobaSi. mniSvnelovania 

aRvniSnoT, rom informacia miiReba mxolod lokaluri 

deformaciis mixedviT, xolo daskvnebi SeiZleba gamovitanoT 

mTlianobaSi Senobis cvlilebis mixedviT. sistemaSi damatebiT 

aris temperaturis boWkovan-optikuri gadamwodi, romlis 

mgrZnobiare elementis miniaturoba saSualebas iZleva igi 

Camagrdes yvelaze Znelad misaRwev adgilebSi, maT Soris isev da 

isev rkinabetonis konstriuqciebis SigniT. 

 miRebuli sistema warmoadgens unifikaciis magaliTs 

montaJis da damzadebis teqnologiebis, sabazo fizikuri 

principis mixedviT, amasTan boWkovani optikis bazaze fizikuri 

sidideebis gardaqmnis meqanizmebis sxvadasxvagvaroba saSualebas 

iZleva moculi iqnes parametrebis mTeli speqtri, romelTa 

kontroli aucilebelia mSeneblobaSi. sapasuxismgeblo 

obieqtebisaTvis an damatebiTi kontrolis aucilebelobis 

SemTxvevebSi gadamwodebis raodenoba izrdeba, sistema ivseba 

sxva gadamwodebiT (rogorc boWkovan-optikuri, ise tradiciuli). 

sistemaSi gamoyenebul signalebis gadacemis da damuSavebis 

eleqtrul bloks aqvs unificirebuli struqtura. signalebis 

gadacema SeiZleba ganxorcieldes rogorc boWkovan-optikuri 

kavSiris arxebiT, ise arsebuli eleqtruli qseliT (rac ar 

moiTxovs kavSiris arxebis aRWurivis damatebiT samuSaoebs), 

agreTve ukabelo formatiT. 

 boWkovan-optikuri gadamwodebi warmoadgenen maqsimalurad 

usafrTxo gadamwodebis magaliTs, romlebic iZlevian 

feTqebadusafrTxoebis da xanZarusafrTxoebis uzrunvelyofis 

garantias feTqebadi airis an aalebadi nivTierebis pirobebSic 

ki, gamomdinare iqidan, rom isini ar Seicaven eleqtrul jaWvs da 

signalebs. amas garda, boWkovan-optikuri gadamwodebi ar eqcevian 

eleqtromagnituri velis gavlenis qveS da Tavad ar axdenen maT 
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inducirebas. samSeneblo monitoringis boWkovan-optikuri 

sistemebis danergvas socialur-fsiqologiuri aRqmis 

TvalsazrisiT yvela es Tviseba ara nakleb mniSvnelovania, vidre 

realizaciis teqnikuri aspeqtebi. 

  monitoringis sistemebSi Cvens mier gamoyenebuli 

sensorebis gamzomi kvanZebis ganTavsebis saerTo principebi 

ganisazRvreba Semdegi pirobebiT: 

  konkretuli gadamwodebis kontrolis qveS myofi zonebi 

unda faravdnen kontrolirebadi nagebobebis maqsimalurad 

SesaZlo moculobas an farTs; 

 gadamwodebis mowyobis raodenoba da adgili unda iyos 

sakmarisi imisaTvis, raTa gasazomi parametrebis aproqsimirebisas 

iyos kontrolirebadi parametris ganawilebis velebis aRdgenili 

suraTis miRebis SesaZlebloba; 

 gadamwodebis ganTavseba optimizirebuli unda iqnes 

imgvarad, rom erTi tipis gadamwodebis monacemebi SevadaroT 

sxva tipis gadamwodebis monacemebs sxvadasxva parametrebis 

korelaciis donis Sesaxeb Semdgomi daskvnebis gamotaniT; 

 gadamwodebis raodenoba unda iyos minimizirebuli 

monitoringis sistemis Seqmnis xarjebis TvalsazrisiT; 

 gadamwodebis qselis konfiguracia unda uzrunvelyofdes 

gasazomi kvanZis zonaSi Senobis an nagebobis parametris 

lokaluri kontrolis miRma nagebobis globaluri 

maxasiaTeblebis Sefasebis SesaZleblobas, kerZod, Senobebis an 

nagebobebis miwiszeda da miwisqveSa nawilebis urTierTqmedebis 

korelacias. 

 zemoTCamoTvlili pirobebidan gamomdinare sazRvraven 

gasazomi kvanZebis ganTavsebas Semdeg doneebze: 

 gruntis safuZvlis done, saZirkvlis filis Ziri _ I done; 

 saZirkvlis filis armirebis zonis qveda done _ II done; 

 saZirkvlis filis armirebis zonis zeda done _ III done; 

 pirveli sarTulis `minus~ done (Tu arsebobs) _ IV done; 



67 

 pirveli sarTulis done _ V done; 

 vertikalis mixedviT Senobis centrSi myofi sarTulis 

done _ VI done. 

 I-VI donis qselis organizacia saSualebas iZleva miviRoT 

informaciis raodenoba, rac mTlianad daaxasiaTebs Senobis 

mdgomareobas nagebobis Semadgenel yvela ZiriTad nawilSi 

vertikalis mixedviT: miwisqveSa nawili (I-III done), miwisqveSa da 

miwiszeda nawilebis Sepirapirebis zona (IV-V done); miwiszeda 

nawili (VI done). am amocanis gadawyvetaSi ZiriTad princips 

warmoadgens Semdegi pirobebis dacva (nax. 3.2): I doneze 

gansazRvruli gamzomi kvanZi ikavebs proeqciis adgils II, III, IV, 

V da VI doneebze Sesabamis gamzom kvanZSi. amgvarad yovel 

doneze ganTavsebul yvela gasazom kvanZs aqvs erTi da igive 

koordinatebi (𝓍-𝓎) sibrtyeSi. am saxiT organizebuli 

gadamwodebis vertikaluri `buCqi~ iZleva sxvadasxva doneze, 

magram erT vertikalze ganlageba gasazomi parametrebis 

monacemebis registrirebis saSualebas. amitom arsebobs 

parametrebis korelaciis  gaanalizebis SesaZlebloba 

konkretuli doneebis ganTavsebis simaRlis cvlilebis mixedviT. 

 

3.3 Senobebis da nagebobebis sivrciTi deformaciis 

monitoringi 

 

 axali mSeneblobis gavlenis zonaSi an bunebriv-

teqnogenuri zemoqmedebiT gamowveuli safuZvlis gruntis 

araTanabari jdomis gavlenis qveS myofi Senobebis sivrciT 

deformaciaze geodeziuri dakvirvebis tradiciuli teqnologia 

iTvaliswinebs perioduli samuSaoebis Catarebas vertikaluri 

(jdoma) da horizontaluri (Zvra) gadaadgilebebis cal-calke 

gansazRvrisaTvis, da agreTve gadaxrebis gazomvas. 

 nagebobis da maTi elementebis gadaadgilebebi SeiZleba 

ganisazRvros sxvadasxva meTodebiT [11], romelic mocemulia 
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sqemaze (nax. 3.2). meTodis SerCeva damokidebulia deformaciis 

xasiaTze gazomvis sizustis klasis moTxovnebze, agreTve 

geodeziuri samuSaoebis Catarebis pirobebze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.2. Senobebis da nagebobebis fuZeebis deformaciis geodeziuri 

gazomvis meTodebi 

 

 vertikaluri gadaadgilebebi. samoqalaqo da 

sazogadoebrivi daniSnulebis nagebobebis umetesobisaTvis maTi 

konstruqciebis teqnikuri mdgomareobis monitoringis farglebSi 

fuZeebis araTanabari deformaciisas gazomvis ZiriTad meTodad 

iyeneben geometriul nivelirebas, rac iTvaliswinebs nagebobebis 

fuZis doneze dadgenili gazomvebis ciklebis mixedviT jdomis 

maniSnebis vertikalur gadaadgilebebze dakvirvebas, es meTodi 

dReisaTvis farTod gavrcelebulia Tavisi Rirsebebis wyalobiT, 

rogoricaa gazomvebis sizuste da simartive, samuSaoebis 

Senobis da nagebobebis fuZeebis 
deformaciis gazomvis meTodebi 

sax. standarti 24846-81 

horizontaluri 
gadaadgilebebi 

gadaxrebi (Zvra) vertikaluri 
gadaadgilebebi 

saketi dakvirvebebis 
meTodi 

proecirebis meTodi 
geometriuli 
nivelireba 

calkeuli 
mimarTulebebis meTodi 

koordinirebis 
meTodi 

hidrostatikuri 
nivelireba 

triangulaciis 
meTodi 

kuTxeebis da 
mimarTulebebis gazomva 

mikronivelireba 

poligonometriis 
meTodi 

meqanikuri xerxebi 
daxrismzomebis daxmarebiT trigonometriuli 

nivelireba 

fotogrammetria 

pirdapiri da uku 
Sveulebis daxmarebiT fotogrammetria 

fotogrammetria 
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Sesrulebis SesaZlebloba nebismieri gare pirobebis miuxedavad, 

xelmisawvdomoba, xelsawyoebis kompaqturoba. 

 maniSnebs Soris pirdapiri xilvadobis ar arsebobis 

pirobebSi, gazomvis SezRuduli sivrcis SemTxvevaSi 

mizanSewonilia hidrostatikuri nivelirebis gamoyeneba, 

romelsac aqvs gazomvis didi sizuste da agreTve saSualebas 

iZleva gamoyenebuli iqnas avtomatizebuli stacionaluri 

sistemebi informaciis distanciuri CaweriT. arsebobs 

videogamzomi hidrostatikuri gazomvis sistemebi sxvadasxva 

simaRlis horizontebis gasazomad. erTmaneTis siaxloves 

ganlagebuli wertilebis jdomaze (0.01 mm) dakvirvebis maRal 

saimedoobas uzrunvelyofs mikronivelireba. simaRlis mkveTri 

cvlilebebis pirobebSi, Znelad misadgom adgilebSi 

ganTavsebuli gadasaRebi wertilebis arsebobisas, agreTve 

winaaRmdegobebisas nivelirebis warmoebisas iyeneben 

trigonometriul nivelirebas. 

 horizontaluri gadaadgilebebi. horizontaluri 

gadaadgilebebis gamovlena warmoebs obieqtis Sesabamisi 

wertilebis gegmuri koordinatebis sxvadasxvaobis mixedviT 

dakvirvebis sxvadasxva ciklebisas. saketi gazomvebi gamoiyeneba 

sworxazovani nagebobebis an maTi calkeuli nawilebis Zvris 

mimarTulebis Sesaxeb informaciis arsebobisas. saketi gazomvebis 

tradiciul xerxebs miekuTvneba mcire kuTxeebis meTodi (saketis 

momijnave wertilebs Soris polaruli daSorebebis da mcire 

kuTxis gazomva), moZravi markis meTodi (moZravi markis meSveobiT 

saketi gadaadgilebebis gansazRvra). calkeuli mimarTulebebis 

meTodi gamoiyeneba saketi Camagrebis SesaZleblobis arsebobisas, 

amasTan izomeba nagebobebze da sayrden punqtebze damagrebuli 

markebis mimarTulebebs Soris kuTxeebi. 

 gadaxrebi (Zvrebi). gadaxrebis da Runvis Sesaxeb monacemebs 

iReben nagebobis saZirkvlis da korpusis mdebareobaze 

dakvirvebis Sedegebis mixedviT. gadaxris gansazRvrisaTvis 

gamoiyeneba konstruqciis zeda wertilis proeqtirebis meTodi 
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stabilur fuZeze Teodolitis an  vertikaluri proecirebis 

xelsawyoebis daxmarebiT. kuTxeebis da mimarTulebebis gazomvis 

meTodi gamoiyeneba maRali nagebobebisaTvis daxuruli fuZiT da 

mdgomareobis markaze mimarTulebis kuTxis ori punqtidan 

gazomvaze obieqtis zeda donidan da sayrdeni mimarTulebidan. 

 koordinatebis meTodi Tavis TavSi aerTianebs sayrdeni 

geodeziuri qselis, triangulaciis meTodis an poligonometriis 

Seqmnas, romlis wertilebidan ganisazRvrebian nagebobebze 

damagrebuli deformaciuli markebis koordinatebi. 

triangulaciis meTodi iTvaliswinebs triangulaciuri qselis 

Seqmnas, sadac izomebian bazisebi da kuTxeebi maniSnebis 

koordinatebis Semdgomi gamoTvliT, upiratesad gamoiyeneba 

saketebis bolo sayrdeni niSnebis mdgradi mdgomareobis 

uzrunveyofis SeuZleblobisas. mSeneblobis Seviwroebuli 

(SezRudul) pirobebSi gamoiyeneba poligonometriis meTodi, 

romlisTvisac saWiroa maRali sizustis mqone kuTxuri da 

wrfivi gazomvebi. 

 nagebobebis elementebis gadaadgilbebis calkeuli 

gazomvis Sedegebis mixedviT gamoiTvleba deformaciuli 

procesis ZiriTadi maxasiaTeblebi (cxrili 3.1), xdeba obieqtis 

deformaciis Semdgomi procesis prognozireba da mowmdeba 

saproeqto angariSebis marTebuloba. 

 nagebobebis deformaciis zemoT CamoTvlili meTodebidan 

umravlesoba dReisaTvis kargavs aqtualobas Sromatevadobidan 

gamomdinare, agreTve geodeziuri xelsawyoebis bazis 

Tanamedrove srulyofis da ganviTarebis siswrafidan 

gamomdinare. 
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cxrili 3.1. 

deformaciis procesis maxasiaTeblebi 

dasaxeleba aRniSvna 
gamosaTvleli 

formula 
SeniSvna 

absolituri jdoma 𝑠 𝑠 = 𝐻𝑖
𝑚𝑖𝑚 − 𝐻𝑖

𝑠𝑎𝑤  𝐻 _ 𝑖 wertilis simaRle 

saSualo jdoma 𝑆  
𝑆 =  𝑠 𝑛 

𝑛

𝑙

 
𝑛 _ jdomebis gazomvis 

wertilebis ricxvi 

jdomebis sxvadasxvaoba ∆𝑠 Δ𝑠𝑖 ,𝑗 = 𝑠𝑖 − 𝑠𝑗 𝑖, 𝑗 _ jdomebis gazomvis 

wertilebi 

jdomebis fardobiTi 

sxvadasxvaoba 

∆𝑠 𝐿  ∆𝑠𝑖 ,𝑗 𝐿𝑖 .𝑗  𝐿𝑖 ,𝑗 _ manZili wertilebs 

Soris 

gadaxra 

(horizontaluri 

gadaadgileba) 

𝐷 ∆𝑥, ∆𝑦  Δ𝑥 = 𝑥𝑖
𝑚𝑖𝑚 − 𝑥𝑖

𝑠𝑎𝑤  

Δ𝑦 = 𝑦𝑖
𝑚𝑖𝑚 − 𝑦𝑖

𝑠𝑎𝑤  

𝐷 =  Δx2Δy2 

𝑥, 𝑦 _ 𝑖 wertilis 

horizontaluri 

koordinatebi 

gadaxra vertikalidan 𝑢 𝑢𝑥 = 𝑥𝑖
𝑧𝑒𝑑𝑎 − 𝑥𝑗

𝑞𝑣𝑒𝑑𝑎  

𝑢𝑦 = 𝑦𝑖
𝑧𝑒𝑑𝑎 − 𝑦𝑗

𝑞𝑣𝑒𝑑𝑎  

𝑖, 𝑗 _ erTi vertikaluri 

sibrtyis zeda da qveda 

donis wertilebi 

daxra ∆𝑢 Δ𝑢 = 𝑢𝑖
𝑚𝑖𝑚 −𝑢𝑖

𝑠𝑎𝑤  _ 

gadaxra (Zvra) 𝑖 𝑖 =
𝑢


  _ wertilebs Soris 

gadaxra 

fardobiTi CaRunva 

(amoRunva) 

𝑓 𝐿  𝑓𝑗−1𝑖+1

𝐿𝑗−1𝑖+1

=
 2𝑠𝑖 − 𝑠𝑖−1 − 𝑠𝑖+1 

2𝐿𝑗−1𝑖+1

 
𝑓 _ CaRunvis isari, 𝐿 

sigrZis ubanze 𝑖 − 1, 𝑖 da 

𝑖 + 1 wertilebs Soris 

grexvis fardobiTi 

kuTxe 

𝜐 𝜈 =  𝛽1 + 𝛽2 𝐿  

𝛽1 ≅ 𝑡𝑔𝛽1 = − 𝑠1 − 𝑠2 𝐵  

𝛽2 ≅ 𝑡𝑔𝛽2 = − 𝑠3 − 𝑠4 𝐵  

𝑠𝑛 _ 1-4 wertilebis jdoma 

nagebobis torsebis mixedviT 

𝐿, 𝐵 _ wertilebs Soris 

daSoreba 

deformaciis saSualo 

siCqare 

𝜈 𝜈 =  𝑠𝑖
𝑘 − 𝑠𝑖

𝑛 𝑡  𝑡 _ 𝑛 da 𝑘 gazomvis ciklebs 

Soris drois periodi 

 

 fuZis deformacia, rogorc misgan gamowveuli nagebobebis 

deformaciebi, umravles SemTxvevaSi atareben sivrciT xasiaTs. 

miuxedavad amisa xSirad geodeziuri monitoringis mixedviT 

samuSaoebis warmoebisas, rac ra Tqma unda aisaxeba nagebobebis 

konstruciis teqnikur mdgomareobaze deformaciis gavlenis da 

maTi Semdgomi ganviTarebis prognozirebis Sesaxeb teqnikuri 
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daskvnis xarisxze. es iwvevs Secdomebs Sesabamisi RonisZiebebis 

Catarebis rekomendaciebis Sedgenisas, rac afrTxilebs 

kritikuli deformaciebisas negatiur Sedegebs. 

 fuZis deformaciis rTuli xasiaTisas aucilebeli xdeba 

saxasiaTo wertilebis masivis sivrciTi gadaadgilebebis 

geodeziuri gazomvis ganxorcieleba ramodenime doneze simaRlis 

mixedviT da obieqtis perimetrze. warmodgenili amocanis 

realizacia xdeba Sromatevadi, Tuki gamoviyenebT mxolod 

gazomvis tradiciul meTodebs. 

 dReisaTvis gadawyvetis ufro efeqtur  xerxs warmoadgens 

obieqtis mdgomareobis sivrciTi azomva Tanamedrove 

eleqtronuli geodeziuri xelsawyoebiT – taxeometriT, romelic 

Tavis TavSi aerTianebs koduri Teodolitis, 

lazerulmanZilmzomis da minikompiuteris funqciebs. aseTi 

xelsawyoebi farTodaa gavrcelebuli Tanamedrove samSeneblo 

warmoebaSi da warmodgenilia sxvadasxva firmebis mier, 

rogoricaa: SOKKIA (iaponia), Trimble Navigation (aSS), Leica 

Geosystems (Sveicaria), Topcon Positioning Systems (iaponia), Nikon 

(iaponia), Pentax (iaponia) da a.S. sur. 3.3-ze mocemulia 

taxeometris saerTo xedi. 

 

sur. 3.3. taxeometris saerTo xedi 
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 nagebobis taxeometriuli azomva (sivrciTi azomva) (nax. 3.4) 

iTvaliswinebs monitoringis gansazRvrul etapze daniSnuli 

wertilebis masivebis sivrciT gansazRvras. es saSualebas iZleva 

gazomvis sxvadasxva ciklSi Sesabamisi wertilebis sivrciTi 

koordinatebis (𝑥𝑖 𝑦𝑖 𝑧𝑖) mniSvnelobebis sxvadasxvaobis mixedviT 

erTdroulad gamoiTvalos rogorc vertikaluri, ise 

horizontaluri gadaadgilebebi, gadaxra (Zvra) da sxva 

deformaciuli maxasiaTeblebi (ix. cxrili 3.1). 

 wertilebis masivis sistematizaciis mizniT, romlis 

gadaadgilebebic Tavisi arsiT monitoringis sagans warmoadgens 

SemovitanoT gansazRvreba nagebobis deformaciis kontrolis 

sivrciTi-sakoordinato modeli (sivrciTi modeli). 

 

nax. 3.4. monitoringis obieqtis sivrciTi azomva 

 

 nagebobebis zomebi da misi konstruqciuli sqemis 

damokidebulebiT sivrciTi modeli SeiZleba formirebuli iqnas 

mxolod obieqtis gare konturis mixedviT, anu Sedgeba gare 

kontrolirebadi wertilebisgan (kvanZebisgan), romlebic 

fasadzea dafiqsirebuli obieqtis didi gabaritebis an misi 

rTuli konstruqciuli sqemis SemTxvevaSi gazomvis sizustis da 

deformaciis damatebiTi kontrolis SesaZleblobebis 

amaRlebisaTvis sivrciTi modeli unda Seicavdes sakontrolo 

kvanZebs obieqtebis SigniT (nax. 3.5). mocemuli kvanZebis jdoma 

ganisazRvreba Senobis SigniT geometriuli nivelirebis gziT, 

amasTan cifruli nivelireba mniSvnelovnad zrdis samuSaos 
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tempebs. nagebobis fuZis doneze ganTavsebuli gare 

kontrolirebadi kvanZebi, SeiZleba dublirebuli iqnen 

standartuli jdomis markebis daxmarebiT, romlebic 

ganTavsebulia obieqtebis rogorc SigniT, ise gareT. 

 

nax. 3.5. nagebobis deformaciis kontrolis sivrciTi modelis gare da 

Siga kontrolirebadi kvanZebi 

 

 monitoringis obieqtebis sivrciTi modelebis formireba 

dakavSirebulia ramodenime ZiriTadi sakiTxis gadaWrasTan: 

_ sivrciTi modelis kontrolirebadi kvanZebis arCevis 

kriteriumebis gansazRvra; 

_ gegmur-maRlivi geodeziuri safuZvlis formirebasTan 

moTxovnebis gansazRvra; 

_ monitoringis obieqetTan SezRuduli daSvebis problemis 

gadaWra; 

_ sivrciTi modelis SeqmnisaTvis gazomvis sizustesTan 

moTxovnebis gansazvra; 

_ gazomvis Sedegebis maTematikuri damuSaveba. 

 sivrciTi modeli warmoadgens urTierTdakavSirebuli 

wertilebis (kvanZebis) struqturirebul masivs. romelic asaxavs 

monitoringis obieqtis ZiriTad geometriul gansakuTrebulobebs, 

misi konstruqciuli sqemis gansakuTrebulobebis 

gaTvaliswinebiT. sivrciTi modelebis formireba xorcieldeba 

ramodenime etapad. aucilebeli informaciis Sekreba warmoebs 
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monitoringis momzadebul etapze nagebobis konstruqciis 

teqnikuri mdgomareobis kompleqsuri sainJinro gamokvlevis 

mimdinareobisas. 

 I etapi _ sawyis etapze, saproeqto dokumentaciis arsebobis 

SemTxvevaSi nagebobis ZiriTadi gansakuTrebulobebis gamovlena 

SeiZleba moxdes monitoringis obieqtis naxvis gareSec. amasTan 

arqiteqturuli naxazebis mixedviT (gegmebi, fasadebi Wrilebi) 

fiqsirdeba obieqtis iseTi maxasiaTeblebi, rogoricaa: 

_ gabaritebi (zomebi) 

_ konfiguracia gegmaSi 

_ sarTulianoba 

_ ZiriTadi RerZebis ganlageba 

 konstruqciuli naxazebis monacemebis detaluri gacnobisas 

ZiriTadi yuradReba eTmoba: 

_ mzidi konstruqciebis ganlagebis sqemebs; 

_ nagebobis sivrciT sixistes; 

_ saZirkvlebis tips. 

 deformaciuli maniSnebis ganTavsebis proeqtis Sedgenisas 

nagebobis saxasiaTo wertilebSi damatebiT aucilebelia 

moSenebis moednis sainJinro-geologiuri da hidrogeologiuri 

pirobebis monacemebi, romelTa Sesabamisad SemdgomSi 

ganisazRvreba: 

_ jdomis dasaSvebi absolituri sidideebi; 

_ jdomebis saproeqto winaswar dasaSvebi araerTgvarovneba. 

 daniSnulebis, gabaritebis, konstruqciuli sqemis da sxva 

gansxvavebuli obieqtebisaTvis saerTo SemTxvevebSi sivrciTi 

modelebis kontrolirebadi kvanZebi ganlagdeba: 

_ karkasis kvanZebSi; 

_ mzidi grZivi da ganivi kedlebis gadakveTis adgilebSi; 

_ deformaciuli nakerebis ganTavsebis zonaSi; 

_ nagebobis calkeuli nawilebis Sepirapirebis adgilebSi da 

sxva. 
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 amgvarad, gare kontrolirebadi kvanZebi unda ganlagdnen 

aucilebeli rigobriobiT gare kedlebis perimetrze da 

kuTxeebis mixedviT, nagebobis RerZis bijis da sarTulebis 

gadaxurvis donis Sesabamisad (saZirkveli – pirveli sarTuli, 

Semdeg arCeuli gadaxurvebi), unda imyofebodnen simaRlis 

mkveTri cvlilebebis adgilebSi, burulis mikvris adgilebSi da 

a.S. 

 kontrolirebadi kvanZebis raodenoba sakmarisi unda iyos 

monitoringis obieqtis sivrciTi deformaciis gansazRvrisaTvis 

da jdomis procesis araerTgvarovnebis gamovlenisaTvis. amasTan 

aucilebelia gaviTvaliswinoT didi raodenobis wertilebis 

gazomvis sirTule da ekonomiuri mizanSewoniloba, geodeziuri 

gazomvis sizustis Semcireba, rac pirdapiraa damokidebuli 

azomvis sadgurebis raodenobaze (CaRunvis mdebareobaze). aseve 

aucilebelia aRniSnuli iqnas, rom maqsimalurad sarwmuno 

monacemebis misaRebad gazomvebis erTi ciklis Sesrulebis dros 

unda iZleodes obieqtis stabiluri mdgomarebis garantias. 

mocemuli etapis dasasruls iniSneba sivrciTi modelebis 

kontrolirebadi kvanZebis winaswari ganTavsebis adgilebi. 

 II etapi _ sivrciTi modelebis kvanZebis winaswari arCevis 

Semdeg warmoebs maTi raodenobis da adgilze ganlagebis 

koreqcia monitoringis obieqtis vizualuri Seswavlis 

mimdinareobisas Semdegis gaTvaliswinebiT: 

_ garSemo arsebuli ganaSenianebis pirobebis; 

_ nagebobebis eqspluataciis gansakuTrebulobebis. 

 axlomdebare teritoriis mWidro ganaSenianebis pirobebSi 

saWiroa: 

_ monitoringis obieqtis sivrciTi modelebis kvanZebis 

daniSnul mdebareobasTan misawvdomobis xarisxis 

gansazRvra; 

_ kontrolirebadi wertilebis raodenobis Semcirebis 

SesaZleblobis gansazRvra maTi azomvis SeuZleblobisas. 
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 vizualuri gacnobis mniSvnelovan aspeqts SeiZleba 

mivakuTvnoT nagebobebis gare mopirkeTebis konstruqciebis 

dawvrilebiTi Seswavla jdomis da defromaciis maniSnis tipis 

arCevis mizniT. 

 s-modelebis Siga kvanZebis adgilmdebareoba da raodenoba 

SeiZleba icvlebodes Senobis SigniT ganTavsebuli mzidi 

konstruqciebis zedapirebTan miRwevis pirobebze 

damokidebulebiT. 

 III etapi. nagebobebze kontrolirebadi kvanZebis 

mdebareobis fiqsacia xorcieldeba deformaciuli maniSnebis 

daxmarebiT. amasTan SesaZleblobis mixedviT, aucilebelia 

davicvaT saketebis vertikalurobis da maniSnebis dayenebis 

donis horizontalurobis moTxovnebi. Semdeg fasadebis detalur 

sqemebze fiqsirdeba gare deformaciis maniSnebis saboloo 

adgilmdebareobebi. sarTulebis gegmebze daitaneba Siga jdomis 

markebis adgilebi mzidi konstruqciebis mdgomareobis maRlivi 

kontrolisaTvis. yovel markas eniWeba nomeri, misi mdebareobis 

Sesabamisad, romlis qveSac SemdgomSi fiqsirdeba yvela 

dakvirveba, romelic exeba mocemul markas. 

 

moTxovnebi sayrdeni geodeziuri qselis  

agebis mimarT 

 

 monitoringis obieqtebis sivrciTi modelebis agebis 

mniSvenlovan etaps warmoadgens sayrdeni geodeziuri qselis 

(sgq) ageba, romelic warmoadgens wertilebis adgilmdebareobaze 

arCeul da Camagrebul sistemas, romelic emsaxureba geodeziuri 

azomvis sayrden punqtebs. sgq-s wertilebis saerTo moTxovnebi 

SeiZleba warmovadginoT Semdegi saxiT [11]: 

_ deformaciuli procesebis gavlenis zonis miRma 

ganTavsebuli an  mocemuli zonis sazRvrebs gareT 

sakontrolo orientaciuli wertilebis arseboba; 
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_ sxvadasxva saxeobis vibraciuli procesebis gavlenis da 

wertilebis rRvevis SesaZleblobis arseboba; 

_ wertilis mdgomareobis stabilurobis mudmivi kontroli. 

 gegmur-maRlivi qselis obieqtebis gare kontrolirebadi 

kvanZebis taqeometruli azomvisaTvis iqneba poligonometriis 

meTodiT, romelic ufro xSirad gamoiyeneba qalaqis pirobebSi 

da Seicavs sgq wertilebze ganTavsebuli sadgurebs, im 

raodenobiT rac sakmarisia obieqtis yvela markirebuli 

wertilis mdgomareobis fiqsaciisaTvis. amasTan dasaSvebia 

`dakiduli~ sadgurebis arsebobac. sivrciTi modelis 

kontrolirebadi kvanZebis gadaadgilebis sididis 

gansazRvrisaTvis deformaciuli zonis sazRvrebs gareT Caiwyoba 

3-4 sayrdeni niSani. maT stabilurobaze msjeloben sawyis da 

mimdinare ciklSi maTi koordinatebis da simaRleebis Tanxvedris 

mixedviT. 

 sgq-s forma ganisazRvreba ganaSenianebis teritoriis, 

monitoringis obieqtebis formis da farTobis da masTan miRwevis 

mixedviT [26]. amaze damokidebulebiT qseli proeqtirdeba 

calkeuli svlis sistemis saxiT sakvanZo wertilebiT. nagebobis 

azomva xorcieldeba koordinatebis pirobiT (adgilobriv) 

sistemaSi. aseTi sistemis RerZebis ufro xelsayreli ganTavseba 

miiRweva nagebobis grZiv da ganiv RerZebTan maTi mimarTulebis 

Tanxvedrisas, rac saSualebas iZleva Sualeduri gamoTvlebis 

gareSe ganisazRvros mocemuli RerZebis axlos sivrciTi 

modelebis kvanZebis gadaadgileba. 

 Siga kontrolirebadi kvanZebis jdomis vertikaluri 

Semadgenlobis gansazRvris mizniT Seqmnili maRlivi qseli 

formirdeba geometriuli nivelirebis meTodiT da Seicavs 

sayrden reperebs, romelTa maRlivi mdebareoba rCeba 

praqtikulad ucvleli. reperis tipi dgindeba moednis gruntul 

pirobebze damokidebulebiT: 
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_ siRrmiTi reperebi, romelTa safuZvlebi Caiwyoba kldovan, 

naxevradkldovan an sxva ZiriTad praqtikulad arakumSvad 

gruntebSi; 

_ gruntuli reperebi, romelTa safuZvlebi Caiwyoba 

sezonuri gayinvis an gruntis  gadaadgilebis siRmis qveS; 

_ kedlis reperebi, romlebic magrdeba mimdebare Senobebis 

da nagebobebis mzid konstruqciebze, romelTa saZirkvelis 

jdoma praqtikulad stabilizebulia. 

 maRlivi sgq iwyoba erTeuli bijis saxiT an sayrden 

reperebs Soris bijebis  sistemis saxiT, romlebic Caiwyoba ara 

ugvianes 2 TviT adre, vidre daiwyeba nagebobis deformaciaze 

dakvirveba. maRlivi nivelirebis sayrdeni reperebis mimarT 

moTxovnebi: 

_ deformaciuli procesebis gavlenis zonis miRma ganlageba 

jdomadi gruntis fenis sammag manZilze, an qvabulis 

mimagrebis meTodze damokidebulebiT monitoringis 

obieqtis mimdebare teritoriaze mSeneblobis 

ganxorcielebisas; 

_ ara nakleb sami sakontrolo reperis arseboba; 

_ dakvirevebis yoveli ciklisaTvis sayrdeni reperebis 

stabilurobis kontrolis SesaZlebloba. 

 Siga jdomadi maniSnebis nivelireba unda warmoebdes 

simaRlis erTian sistemaSi gare deformaciis maniSnebTan erTad 

informaciis Semdgomi damuSavebis gamartivebisaTvis. sgq-s 

punqtebis zusti ganlageba da konstruqcia SemuSavdeba uSualod 

im organizaciis mier, romelic  awarmoebs gazovebs, Sesabamis 

saeqspluatacio da komunaluri organizaciebis mier 

damtkicebuli gegmis mixedviT da SeTanxmebiT. 
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deformaciuli da jdomadi  maniSnebis damzadebis da 

dayenebis teqnologia 

 

 saerTo SemTxvevebSi deformaciuli da jdeniTi maniSnebi _ 

esaa geodeziuri niSnebi, romelbic mWidrodaa damagrebuli 

nagebobis konstruqciebze, rogoricaa kedlebi, kolonebi, koWebi, 

gadaxurvebi, saZirkvlebi da a.S, romlebic Tavis sivrciT 

mdebareobas icvlian fuZis araTanabari jdomis da deformaciis 

Semdgomi gadanawilebis Sedegad mTeli nagebobis moculbaSi. 

 gare deformaciuli maniSnebi. samSeneblo konstruqciebis 

elementebis gadaadgilebebis sivrciTi Semadgenlis gazomvisas 

winaswar arCeul wertilebze (sivrciTi modelis kvanZebi) 

eleqtronuli taqeometris gamoyenebiT ayeneben Suqdambrunebel 

deformaciul markebs TviTwebvadi amreklebis saxiT, romlebic 

saimedod ewebeba nebismier Tanabar zedapirs. amreklebi 

warmoadgens brtyel TviTwebvad firs (nax. 3.6,a), romlis gare 

zedapirze datanilia katafoturi fena mikroprizmebis an 0.05-dan 

0.3 mm-mde diametris SuSis burTulebis saxiT. firebi mzaddeba 

sxvadasxva zomis, upiratesia marTkuTxa formebi, aqvT mimarTvis 

fiqsirebuli wertili. 

 TviTwebvadi mareklebis gamoyeneba iZleva Sromis 

danaxarjis ekonomiis saSualebas, kedlebSi Riobebis gaburRvis 

da dubelebis dayenebis aucileblobis ararsebobis Sedegad. 

amreklebs SeuZliaT aitanon sezonuri klimaturi zemoqmedebebi. 

 jdomis maniSnebi geometriuli nivelirebisaTvis. SedarebiT 

mkacri moTxovnebi waeyeneba jdomis maniSnebs, romlebic 

magrdeba Siga kontrolirebadi kvanZebis ganlagebis adgilebSi, 

rac gamoiyeneba niveliris lartyis dasamagreblad an 

Camosakidad. mocemul SemTxvevaSi maTi konstruqciebi unda 

uzrunvelyofdnen lartyis mdgomareobis fiqsirebis sizustes, 

mdgradobas, xangrZliv Senaxvas, agreTve unda uzrunvelyofdnen 

nivelirebis samuSaoebis warmoebis metad xelsayrel pirobebs. 
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 dayenebis adgilebis Seasbamisad jdenis maniSnebi iyofa 

kedlis  (konstruqciis vertikalur sazRvrebze) da maniSni-

konstruqciebi (nagebobis calkeuli detalebi, gamoiyeneba 

maniSnebad). kedlis gare jdomis maniSnebi ZiriTadad yendeba 

mokirwyvlis donidan 0.4÷0.8 m-is daSorebiT. maniSnebi Senobis 

SigniT Caiwyoba azomvisaTvis mosaxerxebel simaRleze nagebobis 

konstruqciebTan daSvebis SesaZleblobis gaTvaliswinebiT. 

 tradiciulad jdomis maniSnebi mowyobis da Camagrebis 

xerxze damokidebulebiT sruldeba: 

_ gare da Siga aguris (blokis) kedlebSi da svetebSi, 

rkinabetonis da betonis konstruqciebis tanSi Casawyobi; 

_ zedapirulebi, romlebic magrdeba foladis Casawyob 

zolebze, an foladis kolonebze; 

_ daxuruli (meqanikuri dazianebis adgilebSi); 

_ faruli, Skaluri da a.S. 

 SemuSavebuli meTodikis realizaciisas Siga 

kontrolirebadi kvanZebis nivelirebisaTvis gamoiyeneboda 

zedapiruli jdomis maniSnebi, romlebic yendeboda gadaxurvis 

mzid koWebze da meqanikuri zemoqmedebisgan dacul saTavsis Siga 

mopirkeTebis konstruqciebze (dakiduli Weri). sarwmuno 

Sedegebis miRebis mizniT gare jdomis markebi im 

obieqtebisaTvis, romlebsac aqvT ventilirebadi fasadebi da 

gare Tboizolacia, rac damaxasiaTebelia dReisaTvis agebuli 

sxvadasxva daniSnulebis umetesi SenobebisaTvis, ewyoboda mzidi 

konstruqciebis tanSi Casawyobi ankerebis saxiT. am ankerebSi 

gazomvis momentSi Caixraxneba liTonis Zeli, rac warmoadgens 

lartyis Camagrebis sayrdens (nax. 3.6,b). monitoringis mTeli 

periodis manZilze maniSnebis SenarCunebis uzrunvelsayofad 

isini sruldeboda mosaxsneli. 
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nax. 3.6. deformaciis da jdomis maniSnebi a) brtyeli TviTwebvadi 

deformaciis maniSnebi b) kedlis jdomis maniSnis mowyobiloba 

 

samganzomilebiani lazeruli gadaxris mzomi sivrciTi 

koordinatebis gazomvisaTvis  

 

 iq, sadac taxeometri ver muSaobs gamoiyeneba Cvens mier 

damuSavebuli samganzomilebiani lazeruli gadaxris mzomi, 

romlis funqcionaluri sqema da saerTo xedi mocemulia sur.  

3.7-ze. 

 

sur. 3.7. samganzomilebiani lazeruli mzomi 
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 sivrciTi azomvis teqnologiis gamoyeneba SezRuduli 

daSvebis pirobebSi samganzomilebiani lazeruli gadaxris 

mzomis gamoyenebiT tradiciul teqnologiebTan SedarebiT, 

romlebic dafuZnebuli iyo standartuli brtyeli markebis 

gamoyenebaze saSualebas iZlevian: 

_ gazomvebis Sromatevadobis Semcireba azomvis sadguris 

ararsebobis xarjze, romlebic Tavsdeba garTulebuli 

miRwevadobis adgilebSi (mimdebare nagebobebis saxuravebi, 

savali nawilebi, teritoriis nawilebi da a.S.); 

_ nagebobis saxasiaTo wertilebis sivrciTi gadaadgilebis 

ufro sruli suraTis miRebis uzrunveyofa gare sivrciTi 

modelis kvanZebis raodenobis zrdis xarjze, romlebic 

ganlagebulia zeda kontrolirebad horizontalur 

doneebSi. 

 

kontrolirebadi kvanZebis deformaciis monitoringi 

 

 amocanis gadawyvetisaTvis gamoyeneba gadaadgilebebis 

gansazRvris koordinatTa meTodi. monitoringis obieqtis 

sivrciTi modelis deformaciebis dros garkveul SualedSi 

gansazRvraven deformaciuli maniSnebis horizontaluri da 

vertikaluri gadaadgileba sidideebiT, romlebic dayenebulia 

nagebobis kontrolirebad kvanZebSi, romlebic gamoiTvleba, 

rogorc Sesabamisi maniSnebis koordinatebsa da simaRleebs 

Soris sxvaoba monitoringis sxvadasxva etapze. amasTan sawyis 

(aTvlis saTave) mdgomareobad miiReba gazomvebis I ciklis 

Sedegebi. 

 gare kontrolirebadi kvanZebi. sivrciTi modelis gare 

kontrolirebadi kvanZebis gegmuri da maRlivi gansazRvra 

sruldeba maTi sivrciTi koordinatebis gazomvis gziT 

koordinatebis adgilobriv sistemaSi polaruli meTodiT 

winaswar Seqmnili sqemiT, risTvisac gamoiyeneba 

samganzomilebiani lazeruli mzomi. 
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 mWidro saqalaqo dasaxleba ganapirobebs didi raodenobis 

Sualeduri sadgurebis gamoyenebis aucileblobas sivrciTi 

azomvis warmoebisas da poligonometrul svlebSi mokle 

mxareebis Cawyobas, rac amcirebs orientirebis sizustes Semdgom 

sadgurze. am movlenis aRsakveTad rekomendebulia stacionaluri 

aragadasatani damatebiTi saorientacio wertilebis gamoyeneba, 

romlebic poligonometriuli svlis sadguridan moSorebulia 

manZiliT, rac amcirebs centrirebis da reduqciis gavlenas. 

 mocemul naSromSi damuSavebulia sivrciTi azomvis 

teqnologiis realizeba SezRuduli daSvebis pirobebSi 

samganzomilebiani lazeruli gadaxris mzimis daxmarebiT 

saSualebas iZleva amaRldes sivrciTi azomvis efeqturoba sgq 

sadgurebis raodenobis Semcirebis da maT Soris manZilis 

gazrdis xarjze, rac Tavis mxriv gavlenas axdens gazomvebisas 

orientirebis sizustis gazrdaze. 

 poligonometriuli svlis sadgurebis koordinatebi 𝑆1, 𝑆2, 

𝑆3... 𝑆𝑞−1, 𝑆𝑞 , ganisazRvreba koordinatTa arCeul sistemaSi 

adgilze wrfeebis sigrZis 𝐿1, 𝐿2, ..., 𝐿𝑞−1 gazomvis gziT, 

romlebic TanmimdevrobiT aerTeben am sadgurebs da qmnian 

poligonometriul svlas, agreTve maT Soris horizontalur 

kuTxeebs 𝛽1, 𝛽2, ..., 𝛽𝑎 [26]. poligonometriuli svla Caiwyoba 

sayrdeni (sawyisi) sadguridan 𝑆1 = 𝑆𝐻 cnobili koordinatebiT 𝑥𝐻 , 

𝑦𝐻 da mocemuli direqciuli kuTxeebiT 𝛼𝐻 gadamkveT wertilze 

𝑆𝐶𝐻 . maSin 𝑘 + 1 svlis sadgurisaTvis 

𝛼𝑘 = 𝛼𝐻 +  𝛽𝑘
𝑘
𝑘=1 − 𝑘1800;

𝑥𝑘+1 = 𝑥𝐻 +  𝐿𝑘
𝑘
𝑘=1 𝑐𝑜𝑠𝛼𝑘 ;

𝑦𝑘+1 = 𝑦𝐻 +  𝐿𝑘
𝑘
𝑘=1 𝑠𝑖𝑛𝛼𝑘 ,

                    (3.1) 

sadac: 𝛼𝑘 _ 𝑘 mxaris direqciuli kuTxe; 

𝑥𝑘+1, 𝑦𝑘+1 _ poligonometruli svlis 𝑘 + 1 punqtis 

koordinatebia 

𝐿𝑘 _ svlis punqtebs Soris wrfis sigrZe; 

𝛽𝑘 _ svlis mxareebs Soris kuTxeebi. 
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 poligonometriuli svlis (bijis) CawyobasTan 

erTdroulad warmoebs deformaciis markebis azomva sivrciTi 

modelis vertikaluri saketis mixedviT maTi ganTavsebis 

Sesabamisad. gazomvebis sizustis amaRlebis mizniT saketebis 

azomva SesaZleblobis mixedviT dublirdeba svlis (bijis) 

mezobeli sadgurebidan (nax. 3.8). 

 

nax. 3.8. sivrciTi modelis vertikaluri svlis taqeometruli azomva 

 

 deformaciis markebis sivrciTi koordinatebi, romelbic 

mowyobilia kontrolirebad kvanZebSi, ganisazRvreba 

deformaciis maniSnebze daxris kuTxis da manZilebis gazomvis 

Sedegebis mixedviT xelsawyoSi svlis sadguris koordinatebis 

mniSvnelobebis da instrumentis simaRlis safuZvelze (nax. 3.9). 

𝑥𝑖 = 𝑋𝑘 + 𝑁𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝛼;
𝑦𝑖 = 𝑌𝑘 + 𝑁𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝛼;
𝑧𝑖 = 𝑍𝑘 + 𝑁𝑐𝑜𝑠𝜃 + 𝐼 ,

                        (3.2) 

sadac: 𝑋𝑘 , 𝑌𝑘 , 𝑍𝑘 _ 𝑘 poligonometriuli svlis koordinatebia; 

𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖 _ 𝑖 deformaciis maniSnis koordinatebi; 

𝑁 _ daxrilobis manZili; 

𝜃 _ zenitis kuTxe; 

𝛼 _ direqciuli kuTxe; 
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𝐼 _ instrumentis simaRle. 

 

nax. 3.9. sivrciTi modelis kvanZebis sivrciTi koordinatebis 

gansazRvra 

 

 poligonometriuli svla iketeba sawyis sadgurze 𝑆𝑞 = 𝑆𝐻 an 

𝑆𝑞 = 𝑆3 sadgurze 𝑥3, 𝑦3 cnobili koordinatebiT da 𝛼3 

direqciuli kuTxeebiT 𝑆𝐶3 gadamkveT wertilze. 

 eleqtronuli taqeometrebis gamoyeneba saSualebas iZleva 

vawarmooT horizontaluri, vertikaluri kuTxeebis da 

daxrilobiTi manZilebis erTdrouli gazomva. programuli 

uzrunvelyofa avtomaturad iTvlis vizirebuli samizneebis 

sivrciT koordinatebs gasazom manZilebSi da gasazom kuTxeze 

xelsawyos vertikaluri RerZis gadaxraSi Sesworebebis 

gaTvaliswinebiT. 

 araTanabari deformaciis sidide da mimarTuleba 

ganisazRvreba deformaciuli maniSnebis kordinatebis 

sxvadasxvaobis mixedviT drois SualedSi nuls da 𝑗-iur ciklebs 

Soris. 

∆𝑋𝑖
𝑗

= 𝑥𝑖
0 − 𝑥𝑖

𝑗
;

∆𝑌𝑖
𝑗

= 𝑦𝑖
0 − 𝑦𝑖

𝑗
;

∆𝑍𝑖
𝑗

= 𝑧𝑖
0 − 𝑧𝑖

𝑗
,

                         (3.3) 

 monitoringis 𝑗 ciklSi sivrciTi modelis 𝑖 koordinatebad 

kvanZSi gegmiuri gadaadgilebebis mimarTuleba da sidide: 
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∆𝑋𝑌𝑖
𝑗

=   ∆𝑋𝑖
𝑗
 

2
+  ∆𝑌𝑖

𝑗
 

2
;

𝜑𝑖
𝑗

= 𝑎𝑟𝑐𝑡𝑔
∆𝑋𝑖

𝑗

∆𝑌
𝑖
𝑗 ,

                    (3.4) 

sadac: 𝜑 _ horizontaluri gadaadgilebis kuTxe 

𝑖 _ kontrolirebadi kvanZis sivrciTi gadaadgileba 

∆𝑋𝑌𝑍𝑖
𝑗

=   ∆𝑋𝑌𝑖
𝑗
 

2
+  ∆𝑍𝑖

𝑗
 

2
;

𝛾𝑖⟶       −1
𝑗

= 𝑎𝑟𝑐𝑡𝑔
∆𝑋𝑌𝑖

𝑗

𝑧
𝑖
𝑗
−𝑧

𝑖−1
𝑗 ,

                   (3.5) 

sadac: 𝛾 _ vertikaluri gadaadgilebis kuTxea 

 saketis gadaadgilebis mimarTuleba da sidide gamoiTvleba 

analogiuri mimoxilviT zeda da qveda wertilebis koordinatebs 

Soris sxvaobiT (nax. 3.10). 

 

nax. 3.10. sivrciTi modelis vertikaluri saketis sivrciTi 

gadaadgileba 

 

 Siga kontrolirebadi kvanZebi. Siga kontrolirebad 

sivrciTi modelis kvanZebs Soris wanacvleba ganisazRvreba 

mimdevrobiTi geometriuli nivelirebis svlis Cawyobis gziT, 

sayrdeni reperidan dawyebuli, romelsac aqvs cnobili niSnuli, 

niSnulis mimdevrobiTi gadacemiT Senobis saWiro sarTulze 

(doneze) da SemdgomSi yvela markirebuli wertilis azomviT. 

amgvarad jdomis markis 𝑖 niSnuli yovel ciklSi: 

𝐻𝑖
𝑗

= 𝐻𝑝𝑒𝑛 +  𝑗𝑛
𝑛=1 ,                       (3.6) 

sadac: 𝐻𝑝𝑒𝑛  _ sayrdeni reperis niSnuli; 
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𝑛 _ jdomis markebis raodenoba; 

𝑗 _ monitoringis 𝑖 ciklSi nivelirebis qselis wertilebs 

Soris wanacvleba 

 𝑖 Siga jdomis markis vertikaluri jdoma Seadgens 

∆𝑧𝑖
𝑗

= 𝐻𝑖
𝑗−1

− 𝐻𝑖
𝑗
;

∆𝑍𝑖
𝑗

= 𝐻𝑖
0 − 𝐻𝑖

𝑗
,
                       (3.7) 

sadac: ∆𝑧𝑖
𝑗 _ gazomvis ciklebs Soris drois manZilze markis 

jdoma; 

∆𝑍𝑖
𝑗
 _ gazomvis nulovani ciklidan markis sruli jdoma. 

 

sivrciTi azomvis warmoebisas gazomvis sizustis 

mimarT moTxovnebi 

 

 monitoringis obieqtis sivrciTi mdebareobis geodeziuri 

gazomva, rogorc gazomvis yvela sxva saxeoba, mudmivi sidideebis 

ganmeorebiT gansazRvrisas iZleva ramdenadme gansxvavebul 

Sedegebs, rac ganpirobebulia mravali faqtoriT, romelTa 

Soris mTavars warmoadgens gazomvis ZiriTadi maxasiaTeblebi [6]: 

_ gazomvis sizuste (gansakuTrebulad zusti, maRali 

sizustis, teqnikuri); 

_ gazomvis sarwmunooba, damokidebulia gazomvis 

saSualebebis arCeul parametrebze da Casatarebeli gazomvebis 

moTxovnebTan gazomvis saSualebebis arCeul parametrebze da 

Casatarebeli gazomvebis moTxovnebTan gazomvis saSualebebis 

metrologiuri maxasiaTeblebis Sesabamisobaze; 

_ gazomvis cdomilebebi: 

 uxeSi Secdomebi _ gamowveulia gasazomi sistemebis 

gaumarTaobiT, registris SecdomebiT, gare pirobebis 

mkveTri gauaresebiT da a.S. gamovlindebian maTematikuri 

statistikis meTodebiT, rac moiTxovs ganmeorebiTi 

gazomvebis Catarebas an kontroldeba aqsiometruli 

maCveneblebis SesrulebiT  ∆𝑍 = 0,  ∆𝑋 = 0,  ∆𝑌 = 0; 
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 sistematuri _ gamowveulia xelsawyos, gazomvis meTodebis 

Teoriis SemuSavebis arasrulyofilebiT, gasazomi 

aparaturis arazusti graduirebiT, gazomvis pirobebis 

cvlilebebiT, gamoswordeba eqsperimentis Sedegad 

aRmoCenili Sesworebebis SetaniT; 

 SemTxveviTi _ arakontrolirebadi faqtorebis gavleniT 

(anaTvlebis uzustoba, temperaturis semTxveviTi cvlileba, 

vibracia da a.S.), fasdeba maTematikuri statistikis 

meTodebiT mravaljeradi gazomvebis monacemebis mixedviT. 

 sivrciTi modelis deformaciis gazomvebis sizuste 

ganpirobebulia samuSaoebis warmoebis teqnikuri davalebiT 

normatiuli dokumentebiT an, aucileblobis SemTxvevaSi, mas 

specialurad iTvlian. saWiro sizuste gansazRvravs gazomvis 

sizustis klasis arCevas da xasiaTdeba saSualo kvadratuli 

cdomilebiT (skc). 

 sivrciTi modelis kontrolirebadi kvanZebis sivrciTi 

mdgomareobis azomvis Catarebis sizuste ganisazRvreba 

cdomilebis gaCenis sxvadasxva wyaroebiT: 

_ sawyisi monacemebis cdomileba (𝑚𝑠) 

_ centrirebis cdomileba (𝑚𝑐 ) 

_ vizirebis cdomileba (𝑚𝜈 ) 

_ gare pirobebis gavlenis cdomileba (𝑚𝑎 ) 

_ instrumentaluri cdomileba (𝑚𝑑 ) 

 saerTo SemTxvevaSi sivrciTi modelis kvanZebis 

koordinatebis gazomvis sruli skc (saSualo kvadratuli 

cdomileba): 

𝑚𝑖
2 = 𝑚𝑠

2 + 𝑚𝑐
2 + 𝑚𝜈

2 + 𝑚𝑎
2 + 𝑚𝑑

2 + ⋯ + 𝑚𝑛
2 =  𝑚2𝑛

𝑛=1 ,     (3.8) 

 umravles SemTxvevaSi monitoringis obieqtis 

gadaadgilebebis gazomvebis aucilebeli sizuste da misi 

Sesabamisi sizustis klasebi ganisazRvrebian normatiuli 

moTxovnebis safuZvelze [11], amasTan vertikaluri 

gadaadgilebebis gazomvebi iyofa sizustis sam klasze, 
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horizontaluri ki oTxze. gadaadgilebebis gazomvis sizustis 

gansazRvris moxerxebulobisaTvis ГОСТ 24846-81-is cxrili 1 da 

cxrili 2-is monacemebi [11] warmodgenilia sqematuri saxiT nax. 

3.11-ze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.11. gazomvebis dasaSvebi cdomilebis gansazRvra ГОСТ 24846-81 

 

 gadaadgilebebis gazomvis sarwmunooba fasdeba gazomvis 

skc meTodis fardobiT prognozirebuli gadaadgilebebis 

sididesTan, movlenis dadgomis savaraudoobis gamoTvlis gziT. 

 

sivrciTi azomvis Catarebisas gazomvis sizustis 

angariSi 

 

 gazomvis sizustis angariSi gansazRvravs samuSaoebis 

warmoebis proeqts: gazomvis meTodikas, dasaSveb gadaxrebs, 

gazomvis pirobebs. sizustis dabali moTxovnebi ar gamoavlenen 

deformaciuli procesis arsebobas. momatebuli moTxovnebi, 

gadaadgilebis gazomvis dasaSvebi 
cdomileba 

50-100 mm-mde 

100-250 mm 

250-500 mm 

500 mm-ze 
meti 

qviSovani grunti 

Tixovani grunti 

qviSovani grunti 

Tixovani grunti 

qviSovani grunti 

Tixovani grunti 

qviSovani grunti 

Tixovani grunti 

1 mm 

2 mm 

5 mm 

10 mm 

15 mm 

I 

II 

III 

IV 

gazomvis sizustis klasi 

Senobis an nagebobis eqspluataciis 
periodisaTvis proeqtiT gansazRvruli 

vertikaluri da horizontaluri 
gadaadgilebebis saangariSo sidide 

unikaluri Senoba-nagebobebi, 
romlebic imyofebian eqspluataciis 

xangrZliv periodSi, agebulia 
kldovan an naxevradkldovan 

gruntebze 

Senobebi da nagebobebi agebuli 
qviSis, Tixis an sxva kumSvad 

gruntebze 

Senobebi da nagebobebi, agebuli 
nayar, jdomad, zatorful da sxva 

Zlier kumSvad gruntebze 

miwis nagebobebisaTvis 

vertikaluri gadaadgileba horizontaluri gadaadgileba 
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Tavis mxriv, iwvevs diagnostikuri samuSoebis Sesrulebis 

vadebis da maTi Rirebulebis zrdas. 

 diagnostikur-gasazomi samuSaoebis sizustis angariSis 

procesis warmodgenili saerTo saxis Tanaxmad, sivrciTi azomvis 

sizustis angariSisas ansxvaveben pirdapir da uku amocanebs. 

 

  pirdapiri amocana uku amocana 

mizani: suzustis Sefaseba sizustis angariSi 

mocemulia: 𝐵𝑘 ; 𝜂𝑘 ∆𝐴𝑖 , 𝜉𝑖 

ganisazRvros: 𝜉𝑖 𝐵𝑘 ; 𝜂𝑘 

piroba: 𝜉𝑖 ≤ ∆𝐴𝑖 _ piroba Sesrulebulia 

𝜉𝑖 ≥ ∆𝐴𝑖 _ piroba ar Sesrulebula 

aq 𝐴𝑖 _ s-modelis 𝑖 kvanZis gadaadgilebis mniSvneloba 

gamoiTvleba rogorc Sesabamisi koordinatebis sxvaoba 

gazomvis sxvadasxva ciklSi. 

∆𝐴𝑖 _ gadaadgilbebis gazomvis dasaSvebi (normatiuli) skc, 

სკც
∆𝑋 𝑌 

 _ horizontaluri; სკც
∆𝑍
 _ vertikaluri; 

𝐵𝑘 _ svlis 𝑘 sadgurze standartuli gazomvebi; 

𝛼, 𝛽, 𝐿 _ Sesabamisad poligonometriul svlaSi direqciuli 

kuTxe, mxaris sigrZe da wrfis sigrZe; 

𝑁, 𝜃, 𝜆 _ Sesabamisad markebis azomvisas daxrili manZili, 

zenitis kuTxe, polaruli kuTxe; 

 _ gadaWarbeba nivelirul svlaSi; 

𝜂𝑘 _ gazomvis saSualo kvadratuli cdomileba 

𝑚𝛼 , 𝑚𝛽 , 𝑚𝐿

𝑚𝑁 , 𝑚𝜃 , 𝑚𝜆

𝑚

  

𝜉𝑖 𝑖 deformaciis markis 𝑖 koordinatis skc gansazRvra 

𝑚𝑥 𝑦 , 𝑚𝑧  

 zemoT moyvanili sidideebi dakavSirebulia Semdeg saerTo 

tolobebTan: 

𝐴𝑖 = 𝜑𝑖 𝐵1,… , 𝐵𝑞 , 𝑖 → 𝑛;

𝜉𝑖 = 𝜓𝑖 𝐵1, … , 𝐵𝑞 ,𝜂1 , … , 𝜂𝑞 ,
                   (3.9) 
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sadac: 𝑛 _ deformaciis markebis raodenobaa; 𝑞 _ sgq punqtebis 

raodenoba. 

 pirdapiri amocanis gadawyvetis Sedegad fasdeba gazomvebis 

faqtiuri sizuste sakontrolo sgq-s da gamzomi xelsawyoebis 

gamoyenebisas. gazomvebis mocemuli sizustis uzrunvelyofis 

aucileblobisas wydeba uku amocana [26]. 

 SemuSavebuli meTodikis realizaciisas konkretuli tipis 

gasazomi aparaturis arsebobis pirobebSi wydeba pirdapiri 

amocana. mocemul SemTxvevaSi sizustis kontroli da Sefaseba 

gazomvebis Sedegebis mixedviT warmoebs poligonometriuli 

svlis sawyis 𝑆𝑞 = 𝑆𝐻 an 𝑆𝑞 = 𝑆3 wertilze Caketvisas cnobili 𝑥3, 

𝑦3 koordinatebiT da 𝛼3 direqciuli kuTxiT 𝑆𝑐3 Semxvedr 

wertilze. qselis sadguris koordinatebis gansazRvris 

Secdomebi izrdeba sawyisi wertilidan dacilebis 

proporciulad imasTan dakavSirebiT, rom mxris da kuTxis 

gazomva Seicavs cdomilebebs Sesabamisad 𝑑𝐿1, 𝑑𝐿2,..., 𝑑𝐿𝑛 da 𝑑𝛽1, 

𝑑𝛽2,..., 𝑑𝛽𝑛+1 svlis kuTxuri da wrfivi acdenebi: 

𝑓𝛼 = 𝛼𝑞 − 𝛼𝐻

𝑓𝑥 = 𝑥𝑞 − 𝑥𝐻

𝑓𝑦 = 𝑦𝑞 − 𝑦𝐻

    
ან
ან
ან

    

𝑓𝛼 = 𝛼𝑞 − 𝛼3;

𝑓𝑥 = 𝑥𝑞 − 𝑥3;

𝑓𝑦 = 𝑦𝑞 − 𝑦3,
                   (3.10) 

 sruli wrfivi acdena 

𝑓𝑝 =  𝑓𝑥2 + 𝑓𝑦2,                           (3.11) 

 svlis perimetrSi fardobiTi acdena: 

𝑓𝑝

 𝐿
≤

1

𝑁
,                             (3.12) 

sadac: 𝑁 _ svlis dasaSvebi fardobiTi cdomilebis mniSvneli. 

 sgq-s poligonometriis meTodiT agebisas wrfivi da 

kuTxuri gazomvebis sizuste SeiZleba agreTve gamoTvlili iqnas 

grZivi da ganivi gadaadgilebebis koordinatebis Semadgeneli 

Secdomebis mixedviT. 

 ganivi Zvra: 

𝑚𝑢 =
𝑚𝛽

𝜌
𝐿 

𝑞+3

12
,                         (3.13) 

 grZivi Zvra: 
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𝑚𝑡 = 𝑚𝐷 𝑞,                           (3.14) 

 poligonometriuli svlis or sawyis wertilze 

dayrdnobisas svlis SuaSi iqneba: 

𝑚𝑡
𝑚𝑒𝑑 =

𝑚𝐷 𝑞

2
,                         (3.15) 

 skc calkeuli svlis miaxloebiTi Sefasebisas daaxloebiT 

erTidaigive mxareebiT, romlebic eyrdnobian 2 sawyis punqts 

gaRunuli svlisTvis iqneba: 

𝑀2 = 𝑚𝐷
2 𝑞 +

𝑚𝛽
2

𝜌2  𝐷𝐷,𝑘
2  ,                     (3.16) 

sadac: 𝐷𝐷,𝑘
2  _ daSoreba svlis yoveli wertilidan mis centramde. 

 svlis zRvruli fardobiTi acdena: 

2𝑀

 𝐿 
≤

1

𝑁
,                             (3.17) 

sadac: 𝐿 _ svlis sigrZe. 

 daxuruli niveliruli 𝑓 svlis acdena ganisazRvreba 

sadguris 𝑛 ricxvisas daxuruli svlis Sesabamisad 𝑖 jdeniTi 

maniSnis 𝐻 simaRleebs Soris sxvaobiT: 

𝑓 = 𝐻𝑖
𝐾 − 𝐻𝑖

𝐻 ≤

 
 
 

 
 ±0.15 𝑛

±0.5 𝑛

±1.5 𝑛

±5.0 𝑛

    

−
−
−
−

   

სიზუსტის  𝐼 კლასი
სიზუსტის 𝐼𝐼 კლასი
სიზუსტის 𝐼𝐼𝐼 კლასი
სიზუსტის 𝐼𝑉 კლასი

  [11]       (3.18) 

 gadaWarbebis saSualo kvadratuli cdomileba 𝑚 sadgurze 

orjeradi gazomvebis Sedegebis mixedviT: 

𝑚 ≤
1

2
 

 𝑑2 

𝑛
,                        (3.19) 

sadac: 𝑑 _ sadgurze orjeradi gazomvebis sxvaoba; 

𝑛 _ nivelirul qselSi sxvaobis saerTo ricxvi 

daxuruli svlebisaTvis sizustis Sefaseba xorcieldeba 

sadgurze gadaWarbebis 𝑚 skc-s mixedviT: 

𝑚 ≤  
 𝑓2 

𝐾∙𝑛
,                            (3.20) 

sadac: 𝑓 _ daxuruli svlis acdena, mm 

𝐾 _ svlis ricxvi; 

𝑛 _ svlaSi niveliruli sadguris ricxvi. 
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 skc calkeuli svlebisaTvis simaRlis gansazRvra 

gamoiTvleboda Semdegi formulis mixedviT: 

𝑚 = 𝑚 𝑛,                          (3.21) 

sadac: 𝑛 _ svlaSi SedarebiT moSorebul markamde niveliruli 

sadgurebis ricxvi 

 deformaciuli markebis gadaadgilebis gazomvebis skc 

cdomilebis Teoriis Tanaxmad [6]: 

𝑚∆𝑋 ∆𝑌 = ±𝑚𝑥 𝑦  2 ≤ 𝑚∆𝑋 ∆𝑌 
ნორმ ;

𝑚∆𝑍 = ±𝑚𝑧   2 ≤ 𝑚∆𝑧
ნორმ,

                 (3.22) 

 uku amocanis gadawyvetis SemTxvevaSi saproeqto sgq-s 

agebis sizustis Sefaseba mdgomareobs sakvanZo punqtebis 

koordinatebis mosalodneli cdomilebis svlis fardobiTi 

Secdomebis gansazRvraSi da maT SedarebaSi dasaSveb 

mniSvnelobebTan. qselSi gazomvebis sizustis winaswari 

angariSis safuZvelSi devs Semdeg damokidebulebebi: 

𝑚𝐹 = 𝜇 
1

𝑃𝐹
;                         (3.23) 

1

𝑃𝐹
= 𝑓1𝑓1𝑄11 + 2𝑓1𝑓2𝑄12 + ⋯ + 2𝑓1𝑓𝑡𝑄1𝑡 + 𝑓2𝑓2𝑄22 +

+ ⋯ + 2𝑓2𝑓𝑡𝑄2𝑡 + ⋯ + 𝑓𝑡𝑓𝑡𝑄𝑡𝑡 ,
         (3.24) 

 matriculi saxiT 

1

𝑃𝐹
= 𝐹 1𝑡

𝑇 𝑁𝑡𝑡
−1𝐹𝑡1;                       (3.25) 

1

𝑃𝑥𝑡

= 𝑄𝑡𝑡 ,                          (3.26) 

sadac: 𝑚𝐹 _ qselis Sefasebuli elementis skc funqciebi; 

𝜇 _ gazomvis wonis skc erTeulebi; 

1 𝑃𝐹 = 𝑄𝐹 _ qselis Sefasebuli elementis funqciis uku 

wona. 

 uku wonebi damokidebulia qselis zomebze, konstruqciaze 

da masSi elementis mdgomareobaze: 

𝑚𝐹 = 𝜇 
1

𝑃𝐹
≅ 𝑓 𝑚𝛽 , 𝑚𝐷 ,𝑘, 𝑞, 𝑔 ;                 (3.27) 
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sadac: 𝑚𝛽 , 𝑚𝐷 _ kuTxuri da wrfivi gazomvebis skc;  

𝑘 _ Sefasebuli elementebis nomeri qselSi; 𝑞 _ sgq-s punqtebis 

raodenoba; 𝑔 _ qselis konstruqciis maCvenebeli. 

sizustis angariSi SeiZleba warmoebuli iqnas ori xerxiT: 

1. 𝑄𝐹 gamoTvlili sididis da sizustis gansazRvruli 

normatiuli klasis Sesabamisad μ cnobili mniSvnelobis 

mixedviT ganisazRvreba qselis Sesafasebeli elementis 𝑚𝐹 

Secdoma da Seedareba normatiuls. 

2. 𝑄𝐹 gamoTvlili sididis da 𝑚𝐹 daniSnuli mniSvnelobis 

mixedviT ganisazRvreba μ da airCeva gazomvebis meTodika. 

kontrolirebadi kvanZebis koordinatebis gazomvis aucilebeli 

sizustis winaswari angariSi SeiZleba agreTve vawarmooT 

Semdegi formulis mixedviT: 

𝜇 ≤ 𝑚∆𝑋 𝑌  2𝑄𝑥 𝑦  ;

𝜇 ≤ 𝑚∆𝑧  2𝑄𝑧 ,
                      (3.28) 

 

sivrciTi azomvisas gazomvebis Sedegebis maTematikuri 

damuSaveba 

 

 normatiuli dokumentebiT saWiroa gazomvebis Sedegebis 

maTematikuri damuSavebis Sesruleba gaTanabrebis gamoTvlebis 

gziT. Tumca rogorc gamocdileba gviCvenebs monitoringisas 

ganmeorebiTi gazomvebis SedegebSi Seyvanili Sesworeba 

yovelTvis ar zrdis deformaciis saerTo suraTis sarwmunoobas. 

 naSromSi gazomvebis sizustis kontroli, sivrciTi 

azomvisas, arsebuli eleqtronuli taqeometrebis da nivelirebis 

daxmarebiT uzrunvelyofili iyo geodeziuri gazomvebis 

gaTanabrebis procesSi, rac saSualebas iZleva SevamciroT 

gazomvebis msvlelobis periodSi SemTxvevTi cdomilebebis 

gavlena. misi arsi mdgomareobs sivrciTi modelis kvanZebis 

koordinatebis savarudo mniSvnelobebis miRebaSi Warbi 

gazomvebis arsebobisas Sedegebis sizustis Semdgomi SefasebiT 
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da acdenebis aRmofxvriT, rac ganpirobebulia gazomvebis 

Secdomebis arsebobiT. es miiRweva gazomil sidideebSi (kuTxe, 

manZili) Sesworebebis Seyvanis gziT, an maTi funqciebis 

SesworebiT (sivrciTi modelis kvanZebis koordinatebi). 

 geodeziuri gazomvebis gaTanabrebis proceduris 

safuZvelSi Cadebulia albaTobis Teoria da maTematikuri 

statistika [6]. gadasazomi sidideebis Sesworebebi, arian ra 

SemTxveviTi sidideebi, emorCilebian SemTxveviTi sidideebis 

normaluri gadanawilebis kanons, romlis ZiriTad 

maxasiaTeblebs warmoadgens: gadanawilebis funqcia, 

gadanawilebis simkvrivis funqcia, maTematikuri lodini, 

dispersia da saSualo kvadratuli gadaxra. 

 gaTanabrebis procedura SeiZleba Sesruldes 2 meTodiT: 

aramkacri (gasayofi) da mkacri meTodiT. 

 aramkacri meTodi gamoiyeneba poligonometriuli svlis 

punqtebis fardobiTad mcire raodenobisas. mocemul SemTxvevaSi 

sakoordinato acdenebi gadanawildeba svlis mxaris sigrZis 

proporciulad namatSi, xolo misi wertilebi wanacvldeba  

svlis paralelurad acdenis mimarTulebiT. 

∆𝑥𝑖 =
𝑓𝑥𝐿𝑖

 𝐿
;   ∆𝑦𝑖 =

𝑓𝑦𝐿𝑖

 𝐿
,                     (3.31) 

 kuTxuri acdena gadanawildeba kuTxeebs Soris Tanabrad 

da Seiyvaneba sapirispiro niSniT kuTxeebis gazomvis 

mniSvnelobaSi: 

𝜈𝑖 =
𝑓𝛼

𝑘
,                            (3.32) 

 naSromSi gasayofi gaTanabrebis procedura realizdeba 

MSExcel-is eleqtronuli cxrilebis saSualebiT. 

 poligonometriuli svlis punqtebis didi raodenobis 

gamoTvlebis sizustis da saimedoobis gazrdisaTvis, agreTve 

Secdomebis dauSveblobis garantiis saxiT aucilebelia 

gamoviyenoT gazomvebis mkacri gaTanabreba, romelic iZleva 

acdenebis Tanabari gadanawilebis saSualebas, maTi dagrovebis 

Sesabamisad. dasawyisisaTvis ganisazRvreba sakvanZo punqtebis 
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koordinatebis saboloo mniSvneloba da sakvanZo mimarTulebebis 

direqciuli kuTxeebi, xolo Semdgom am monacemebis mixedviT 

Tanabrdeba calkeul svlebSi. 

 

sivrciTi modelis avtomatizebuli agebis teqnologia 

 

 sivrciTi modelis Seqmna, dawyebuli nagebobebis savele 

azomviT da damTavrebuli mza 3-D sqemis formirebiT SeiZleba 

iyos srulad avtomatizirebuli procesi. Cvens gamoyenebuli 

cifruli geodeziuri aparatura saSualebas iZleva movaxdinoT 

monitoringis obieqtebis sivrciTi modelebis  avtomatizirebuli 

agebis teqnologiis realizeba disertaciis avtoris 

monawileobiT Seqmnili specialuri programuli uzrunvelyofis 

gamoyenebiT, romelic asrulebs geodeziuri informaciis 

avtomatizebul gadayvanas eleqtronul naxazebad. es 

programuli uzrunvelyofa Sedis e.w. gamzom-informaciuli 

kompleqsis SemadgenlobaSi, romlis ZiriTad mizans warmoadgens 

geodeziuri informaciis daCqarebuli Sekrebis uzrunvelyofa da 

mis bazaze Senobebis da nagebobebis naxazebis avtomatizebuli 

ageba. SemuSavebulis safuZvelSi devs Tanamedrove geodeziuri 

xelsawyoebis gamoyeneba (taqeometrebi, gadaxris mzomebi da 

lazeruli manZilmzomebi) da gazomvis monacemebis 

damuSavebisaTvis Tanamedrove programuli saSualebebis nakrebi. 

 gamzomi informaciuli kompleqsis teqnikuri nawili 

efuZneba `Sokkia~-s taqeometrebis gamoyenebaze. kompleqsis 

programuli nawili efuZneba geodeziuri informaciis winaswari 

damuSavebis sistemaze Prolink (firma `Sokkia~) da eleqtronuli 

naxazebis agebis sistemaze AutoCAD (firma Autodesk), romelic 

flobs or principul upiratesobas sxva analogiur sistemebTan 

SedarebiT: 

_ monacemebis warmodgenis DXE-formati, romelic 

warmoadgens sxva sistemebTan monacemebis gacvlis 
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universalur formats, kerZod sem sistemebTan da 

geodeziuri informaciis damuSavebis sistemebTan; 

_ AUTO-LISP Siga programebis CaSenebuli enis arseboba, 

romelic saSualebas iZleva AutoCAD movawyoT specifikuri 

teqnikuri amocanebis avtomaturi SesrulebisaTvis, kerZod, 

naxazebis ageba geodeziuri informaciis bazaze. 

 sivrciTi modelis avtomaturi agebisas qmedebebis  saerTo 

mimdevroba SeiZleba warmovadginoT Semdegi saxiT: 

1. geodeziuri xelsawyoebis daxmarebiT nagebobebis 

kontrolirebadi kvanZebis koordinatebis gansazRvra; 

2. PROLINK paketis daxmarebiT informaciis damuSaveba da 

momzadeba; 

3. AutoCad-is sistemaSi nagebobebis sivrciTi modelis karkasis 

avtomaturi ageba (aqsonometria da sibrtyiTi naxazebi). 

 gazomvebis Catarebis procesSi xelsawyoSi dagrovili 

informacia Semdeg gadaiqaCeba kompiuterSi geodeziuri 

informaciis damuSavebis specializebuli paketis PROLINK 

daxmarebiT. am pakets aqvs SesaZlebloba moaxdinos informaciis 

modificireba da Seinaxos igi DXF formatis ramodenime tipis 

formatis failebSi, romelic Sedis AutoCAD-is sistemaSi 

monacemebis warmodgenis mravalricxovani formis 

SemadgenlobaSi. 

 DXF-failebi warmoadgenen gansazRvruli formatis 

teqstur failebs, romlebic Cveulebriv Seicaven AutoCAD-is 

naxazebis grafikuli obieqtebis Sesaxeb informacias: Sreebis 

dasaxeleba, geometriuli obieqtebis tipebi da aRwera. amas 

garda yovel obieqtTan SeiZleba iyos dakavSirebuli sxva 

ricxviTi da simboluri mniSvnelobebi, romelbic aucilebelia 

sxvadasxvagvari grafikuli agebebisaTvis. amgvarad, DXF-faili 

SeiZleba Seicavdes ara mxolod ricxviT informacias, romelic 

sakmarisi iqneba sivrciTi modelis agebisaTvis, aramed teqnikur 

informaciasac, azrobrivi aRwerebis CaTvliT, rac saSualebas 
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iZleva movaxdinoT monacemebis dajgufeba AutoCAD-is SigniT 

naxazebis agebisas gansazRvruli niSnebis mixedviT. 

 nagebobis sivrciTi modelis Seqmnisas gazomvebis 

wertilebis kavSirebis  analizisaTvis damatebiTi informaciis 

momzadeba xdeba MSExcel-is paketSi, romlis failebic Semdeg 

gadaecema AutoCAD-is grafikul sistemas. 

 imisaTvis, rom koreqtirebuli da momzadebuli informaciis 

safuZvelze, romlebic Seexeba nagebobebis geometriul 

parametrebs da warmodgenilia AutoCAD-is sakontrolo kvanZebis 

koordinatebiT avtomatur reJimSi avagoT sivrciTi modelis  

sibrtyiTi naxazebi da aqsonometria, unda ganvaxorcieloT misi 

dayeneba AutoLISP enis pragramuli failis CatvirTvis gziT. 

 mocemul funqcias asrulebs teqnikuri faili pirobiTi 

saxelwodebiT MONITORING, romelic warmoadgens funqciis 

mimdevrobis aRweris programas naxazebis avtomatizirebuli 

agebisaTvis (nax. 3.12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3.12. MONITORING modulis algoriTmis blok-sqema 

proeqtis direqtoriis 
sruli misamarTis 

Seyvana (funqcia ADRESS) 

STRUCT.DXF failis wakiTxva da 
analizi. koordinatebis da 

nomrebis gardaqmna siis saxiT 
(funqcia LPOINTS) 

wertilebis gaTanabreba 
(funqcia LPOINTS-NEW) 

M-REBER.TXT failis wakiTxva 
da analizi. wiboebis gardaqmna 
siis saxiT (funqcia LREBER) 

naxazis sazRvrebis 
gansazRvra (funqcia 

LIMIT) 

dasasruli 
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 funqcia LPOINTS iTvlis fails STRUCT.DXF, aanalizebs 

mis Semcvelobas, amoicnobs kontrolirebadi kvanZebis 

koordinatebs da nomers, da axdens maT organizebas 

CamonaTvalis saxiT (𝑛𝑖 , 𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖). 

1. proetis direqtoris sruli misamarTis Seyvana (funqcia 

ADRESS). 

2. STRUCT.DXF failis analizi da wakiTxva. wertilebis 

koordinatebis da nomrebis gardaqmna CamonaTvalSi 

(funqcia LPOINTS). 

3. wertilebis gaTanabreba (funqcia LPOINTS-NEW) 

4. M-REBER.TXT failis nalizi da wakiTxva. wiboebis 

gardaqmna CamonaTvalSi (funqcia LREBER). 

5. naxazis sazRvrebis gansazRvra (funqcia LIMIT) 

6. aqsonometriis miTiTebul direqtoriaSi gamosaxva da 

Cawera (funqcia AKS) 

 funqcia LREBER iTvlis M-REBER.TXT failidan 

SemaerTebeli wertilebis nomers, aanalizebs maT da axdens 

wiboebis CamonaTvals. 

 funqcia LPOINTS-NEW axdens koordinatebis informaciis 

koreqtirebas cdomilebebis mocilebisaTvis, romlebic iwveven 

geodeziuri gazomvebis Sedegebis damaxinjebas. 

 funqcia LIMITS gansazRvravs nagebobis naxazis masStabs 

mocemuli formatis furcelze misi ganTavsebisaTvis gazomili 

wertilebis koordinatebis analizis gziT, xazvis arealis 

sazRvrebis gansazRvrisaTvis aucilebeli zRvruli 

mniSvnelobebis gamovlenis mizniT. 

 funqcia AKS wertilebis koreqtirebuli koordinatebis da 

wiboebis matricis mixedviT gamoxazavs nagebobis sivrciTi 

modelis aqsonometrias, e.w. karkasul-wertilovani modelis 

formaSi da imaxsovrebs mas AKS.DWG failSi. 

 amgvarad formirebuli failebi DWG gafarToebiT 

warmoadgenen AutoCAD-is sistemis standartul failebs da 
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warmoadgenen nagebobis sivrciTi modelis sabazo naxazebs, 

romlebic SeiZleba iyon arasruli da SemdgomSi moxdes maTi 

redaqtireba arasakmarisi informaciis damateba xeliT. 

aucileblobisas sivrciTi modeli SeiZleba gamoviyenoT 

nagebobis saangariSo modelis agebis safuZvlad, sibrtyiTi da 

sivrciTi naxazebis DXF failebidan sem-modelSi gardaqmnis 

gziT. 

 amgvarad, obieqtebis sivrciTi modelis agebis mocemuli 

teqnologia iZleva diagnostikuri gazomvebis monacemebis 

daCqarebuli damuSavebis saSualebas da warmoadgens Senobebis 

da nagebobebis mzidi konstruqciebis teqnikuri mdgomareobis 

monitoringis Catarebis sivrciTi meTodikis elements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



102 

4. gamokvlevis Sedegebis praqtikuli gamoyeneba 

 

4.1. q. TbilisSi yifSiZis q. #20a-Si mdebare 

sacxovrebeli SvidsarTuliani Senoba 

 

4.1.1. samuSaos mizani 

 

 fuZe-gruntebis araTanabari deformaciis pirobebSi 

eqspluataciaSi myofi nagebobis diagnostikis da monitoringis 

kompleqsuri meTidikis, romelic damuSavebulia disertaciaSi, 

eqsperimetaluri aprobacia xorcieldeba q. TbilisSi, yifSiZis  

q. #20a misamarTze mdebare 7 sarTuliani sacxovrebeli Senobis 

mzidi konstruqciebis teqnikuri mdgomareobis monitoringis 

msvlelobisas [27, 28, 29]. 

 Senoba ganlagebulia rTuli sainJinro-geologiuri 

pirobebis zonaSi, rac ganapirobebs fuZe-gruntis mniSvnelovani 

deformaciebis SesaZleblobas. Senobis nawilis qveS nayarma 

gruntma gansazRvra misi arastandartuli moculobiT-

gegmarebiTi da konstruqciuli gadawyveta. mSenebloba dasrulda 

2001 weli. 

 Senobis monitoringi xorcieldeba perioduli reJimiT, 

dadgenili grafikis mixedviT, romelis Sesabamisad samuSaoebis 

dasawyisi TariRdeba 2007 wliT, ZiriTadi etapebi 

xorcieldeboda 3 TveSi erTxel, xolo Sualeduri ki TveSi 

erTxel. 
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4.1.2. Senobis konstruqciebis teqnikuri mdgomareobis 

monitoringis samuSaoebis Semadgenloba 

 

monitoringis mosamzadebeli etapebi 

1. saproeqto, Sesasrulebeli da saeqspluatacio 

dokumentaciis analizi; 

2. Senobis samSeneblo konstruqciebis amzom-gamosakvlevi 

samuSaoebi 

_ konstruqciebis faqtiuri mdgomareobis gamovlena da 

sakontrolo azomva 

3. Senobis samSeneblo konstruqciebis sainJinro-

konstruqciuli samuSaoebi 

_ defeqtebis ganlagebis Zieba, fotofiqsacia, uwyisebis da  

sqemebis Sedgena. 

_ konstruqciuli masalebis simtkicis aramrRvevi gamocdebi. 

_ Senobis sem-modelis formireba. saangariSo 

(saeqspluatacio) datvirTvebis da saZirkvlebis SesaZlo 

deformaciis ganmeorebiTi angariSi maTi zRvruli 

dasaSvebi mniSvnelobebis gansazRvrisaTvis. 

monitoringis ZiriTadi etapebi 

1. Suqurebis saSualebiT konstruqciebis dazianebis 

monitoringi 

_ dakvirvebaTa cikli TveSi erTxel 

2. Senobis sivrciTi deformaciis geodeziuri monitoringi 

_ dakvirvebebis ZiriTadi cikli 3 TveSi erTxel 

_ dakvirvebebis Sualeduri cikli TveSi erTxel 

3. Sedegebis kameraluri damuSaveba 

4. mzidi konstruqciebis daZabul-deformirebuli 

mdgomareobis cvlilbebis analizi sasrul elementTa 

meTodiT. 
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4.1.3. Senobis konstruqciis teqnikuri mdgomareobis 

gamokvleva 

 

4.1.3.1. Senobis ZiriTadi arqiteqturuli da 

konstruqciuli gansakuTrebulobebi 

 

 7 sarTuliani sacxovrebeli Senoba warmoadgens karkasuli 

tipis sacxovrebel saxls, romlis proeqti damuSavebulia 2000 

wels Sps `piramida-98~-is mier (sur. 4.1.), Senobis geometriuli 

forma gegmaSi rTuli moxazulobisaa. geometriuli zomebi 

gegmaSi 18.00×24.80 m, simaRle 23.50 m. sarTulebis raodenoba: 6 

sarTuli mansardiT, Senobas aqvs sardafi. Senoba ganlagebulia 

mdinare veres xramis Tavze. Senobis ZiriTadi arqiteqturuli da 

konstruqciuli gansakuTrebulobebi vlindeba saproeqto 

dokumentaciis Seswavlis msvlelobisas (arqiteqturuli gegmebi, 

fasadebi, Wrilebi, konstruqciuli naxazebi, elementebis 

specifikacia da a.S.) romelic warmoadgina saeqspluatacio 

organizaciam, agreTve daemata teqnikuri mdgomareobis 

gamokvlevis monacemebi, romelic miRebuli iqna monitoringis 

mosamzadebel etapze. 

 
sur. 4.1. Senobis fasadi 
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 Senobis asaki: Senoba agebulia 2001 wels. 

 sarTulianoba: 6 sarTuli, mansardiT. 

 Senobis simaRle: 23.50 m. 

 mzidi konstruqciebi kolonebi da rigelebi monoliTuri 

rkinabetonisaa, karkasi Sevsilia pemzobetonis sakedle 

blokebiT, sardafis kedlebi Sevsilia rkinabetonis cokolis 

blokebiT. 

 sarTulSua gadaxurvebi Sesrulebulia 6 m-iani malis 

anakrebi rkinabetonis filebiT. 

 kibeebi ormarSiania, romelic mowyobilia liTonis 

kosourebze mozaikis safexurebiT. 

 saxuravi orqanobiania xis nivnivebze moTuTiebuli 

buruliT. 

 Senobas or mxares aqvs erkerebi, romlebic dayrdnobilia 

doinjebze, rac seismur zonaSi ar aris dasaSvebi. 

 Senobas yvela sarTulze sarTulSua gadaxurvis filis 

qveS aqvs seismuri sartyeli. 

 Senobis binebSi gadakeTebulia Siga tixrebi.  

 Senobas Cautarda mimdinare remonti ramdenjerme. 

 

4.1.3.2. mzidi konstruqciebis teqnikuri mdgomareobis 

vizualuri da instrumentaluri gamokvlevis Sedegebi 

 

 monitoringis obieqtis winaswarma daTvalierebam, mzdi 

konstruqciebis naturulma gamokvlevam, asazomma samuSaoebma, 

faqtiuri simtkicis instrumentalurma gansazRvram da 

konstruqciuli masalebis fizikuri Tvisebebis aramrRvevi 

meTodebiT gansazRvram ar gamoavlina mniSvnelovani gadaxrebi 

saproeqto gadawyvetebisgan. 

 vizualuri da instrumentaluri daTvalierebiT SeimCneva 

Semdegi dazianebebi da bzarebi: 
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 mimdinareobs saZirkvlis jdoma, romlis sidide normas 

aRemateba. agreTve SeimCneva fuZe-gruntis jdoma da gadaadgileba 

acurebis zedapirze (sur. 4.2, 4.3). 

 

sur. 4.2. Senobis horizontaluri gadaadgileba 

 

sur. 4.3. fuZe-gruntis jdomis Sedegad gaCenili bzari 
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 Senobis kedlebi daxrilia CrdiloeTis mxares 5.7÷15 sm-is 

farglebSi. 

 SeimCneva bzarebi kedlebze, zRudarebSi da gare kedlebze. 

bzarebis sidide, daxris kuTxe da xasiaTi miuTiTebs Senobis 

gruntis ara mdgradobaze da araTanabar jdomaze (sur. 4.4, 4.5). 

 

sur. 4.4. Senobis kedelze ganviTarebuli bzari 

 

sur. 4.5. Senobis ZiriTad nawilsa da miSenebas Soris 

 ganviTarebuli bzari 
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 saZirkvlebi proeqtis mixedviT unda Sesrulebuliyo 

monoliTuri rkinabetonis wibovani fila rkinabetonis naburR-

naten ximinjebze. adgilze SeswavliT dgindeba, rom gakeTebulia 

wertilovani rkinabetonis saZirkvlebi naburR-naten ximinjebze 

(24 cali), romlis Tavebi e.w. `Wiqebi~ dakavSirebulia 

erTmaneTTan randkoWebiT. amis Semdeg 2003 wels Senobis fuZis 

gamagrebis mizniT (proeqti Seadgina Sps `moneqs~-ma) damatebiT 

gakeTda naburR-nateni ximinjebi sul 16, maTi diametri 30 sm-s 

Seadgenda, CaRrmaveba 25-30 m (mobinadreebis ganmartebiT). 

ximinjebis mowyoba Sesrulda Semdegi teqnologiiT: gayavdaT 

WaburRili, romelSic idgmeboda liTonis armatura da Semdeg 

WaburRilSi xdeboda wyalcementis CaWirxvna. ximinjebi 

ganlagebulia e.w. xurjinis wesiT, raTa maT mieRoT Senobis 

datvirTva. rogorc profesori g. WoxoneliZe Tavis angariSSi 

ambobs ximinjebi ar dadis ZiriTad qanebamde da maSasadame isini 

muSaoben, rogorc kiduli ximinjebi. 

 rogorc Senobis axlandeli mdgomareoba gviCvenebs am 

RonisZiebebma ar gaamarTla, radgan Senobis mdgomareoba ar 

gamosworebula, jdoma isev grZeldeba, dazianda kedlebi. 

agreTve unda mogaxsenoT rom, svetebi garsacmSi Casves 

mdgradobis gazrdis mizniT, ramac ufro daamZima konstruqcia. 

es RonisZieba zedmetad mogveCvena, radgan svetebs bzarebi ar 

SeeniSnebodaT. 

 agreTve Senobis CrdiloeT mxares moxda didi raodenobis 

miwis Setana da mozvinva terasebis saxiT. ramac gazarda 

mosriale masa da ufro gaaqtiura mewyeri. 

 winaswari geologiuri kvleviT dgindeba: 

 obieqti teqtonikuri TvalsazrisiT ganTavsebulia mama 

daviTis antiklinalis CrdiloeT frTaze, geomorfologiurad 

movakebul, md. veres xeobis samxreTis mewyrul ferdobze. 

 geologiur agebulebaSi monawileobas iRebs zeda eocenis 

naleqebi, romlebic warmodgenilia qviSaqvebisa da argilitebis 

morigeobiT, romelic gadafarulia meoTxeuli tbiuri naleqebiT, 
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igi warmodgenilia monacrisfro-lurji TixebiT, maTi simZlavre 

aRwevs 20-50 m. isini Tavis mxriv gadafarulia deluviuri 

genezisis yavisferi TixnarebiT, simZlavriT 15-20 m. zemodan 

gvxvdeba teqnogenuri naleqebi, romliTac Sevsebulia reliefis 

uaryofiTi formebi, romelic farTodaa warmodgenili 

gansaxilvel ubanze. 

 sainJinro-geologiuri TvalsazrisiT ubani warmoadgens 

uaRresad arakeTilsaimedo teritorias mSeneblobis 

sawarmoeblad da maTi Semdgomi eqspluataciisaTvis, 90-ian 

wlebamde am teritoriebze akrZaluli iyo mSenebloba uaryofiTi 

sainJinro-geologiuri pirobebis gamo. am periodidan iwyeba 

teritoriis intensiuri aTviseba, ramac gamoiwvia Senoba-

nagebobebiT, qvabulebidan amoRebuli gruntebiT da samSeneblo 

nagviT (romlis dayrac moxda mewyrul ferdobze) situaciis 

damZimeba. 

 aRniSnuli saxlis gamagrebisaTvis Sesasrulebeli 

proeqtisaTvis, Casatarebeli sainJinro-geologiuri kvlevis 

dros gasaTvaliswinebelia Semdegi gansakuTrebuli pirobebi: 

ubani mdebareobs mewyrul sxeulze; fundamentebis fuZis 

gruntebi, Tavisi fiziko-meqanikuri da deformaciuli TvisebebiT 

miekuTvneba sust gruntebs; teritoria mdebareobs seismurad 

aqtiur 8 balian zonaSi. 

 zemoT aRniSnulidan gamomdinare, gamagrebis proeqtisaTvis 

Casatarebelia sainJinro-geologiuri kvlevebis sruli kompleqsi 

s.n. da w. 1.02.07-87-is `Senoba-nagebobebis fuZeebi~ da s.n. da w. 11-

02-96-is `sainJinro kvleva-Zieba mSeneblobisaTvis~ mixedviT. 

 arsebuli mdgomareobis mixedviT ar SeiZleba wavuyenoT 

pretenzia mzid konstruqciebs, radgan sabolood ar aris 

gamokvleuli gruntis mdgradoba. aqamde Catarebulma 

RonisZiebebma Sedegi ar gamoiRo. aRniSnuli gruntis detaluri 

Seswavlis Semdeg SesaZlebeli gaxdeba damatebiTi samuSaoebis 

Catareba, rogorc SenobasTan mimdebare gruntis mdgradobis 
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amaRlebisTvis, agreTve saZirkvlebis da masze mdgomi 

konstruqciebis gaZlierebisaTvis.   

 

4.1.4. Senobis sivrciTi deformaciis geodeziuri 

monitoringi 

 

4.1.4.1. sivrciTi modelis gare sakontrolo kvanZebis 

gadaadgilebis monotirngi 

 

 geodeziuri monitoringis samuSaoebis SemadgenlobaSi 

Sedis Senobis saxasiaTo wertilebis masivis mdgomareobis 

gegmur-simaRlivi azomva droSi maTi gadaadgilebis 

gazomvisaTvis. es samuSao sruldeboda 2.5 punqtSi aRwerili 

meTopdikis Sesabamisad. 

 sizustis II klasisaTvis moTxovnebis [11] Tanaxmad 

vertikaluri gadaadgilebebis gazomvebis cdomileba unda iyos 

ara umetes ±2 mm, xolo horizontaluri ±5 mm. 

 q. Tbilisis centraluri raionis nawilSi Senobis 

adgilmdebareobasTan dakavSirebiT, rac xasiaTdeba mSeneblobis 

maRali simWidroviT, obieqtze efeqturad gamoiyeneboda 

sakoordinato azomvis teqnologia SezRuduli daSvebis 

pirobebSi sferuli deformaciuli maniSnebis gamoyenebiT. 

mocemuli teqnologiis realizaciam gamoiwvia sivrciTi azomvis 

sadgurebis saerTo raodenobis Semcireba 1.5-jer, amasTan Senobis 

konstrolirebadi kvanZebis raodenoba zeda doneSi gazrdili 

iqna 30%-iT tradiciul brtyeli maniSnebis gamoyenebasTan 

SedarebiT. 

 sakontrolo kvanZebis sivrciTi mdebareobis 

gansazRvrisaTvis Senobis fasadze, misi konstruqciuli da 

arqiteqturuli gansakuTrebulobebis Sesabamisad dayenebuli 

iqna firma SOKKIA-s 12 brtyeli amrekli maniSni 39 sferuli 

amrekliT. 
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 obieqtze organizebuli iqna sayrdeni geodeziuri qseli 8 

sadgurisagan, romlis koordinatebi ganisazRvreboda 

koordinatebis adgilobriv sistemaSi deformaciuli zonis 

sazRvrebs gareT ganTavsebul wertilze dayrdnobiT. danarCeni 

sayrdenebis koordinatebi ganisaRvreboda ST1 sadguridan 

poligonometriuli svlis Cawyobis gziT. nax. 4.6-ze 

warmodgenilia poligonometriuli svla daxuruli poligonis 

saxiT da erTi kiduli wertiliT ST7, romelic mowyobilia 

Senobis me-2 sarTulis nawilze. 

 deformaciis kontrolis sivrciTi modeli iqmneboda 

Senobis daniSnuli saxasiaTo wertilebis koordinatebis 

gansazRvris gziT, romlebic ganTavsebulia 14 vertikaluri 

saketis mixedviT. yovel saketSi CaniSnuli iyo wertilebi 2-4 

standartul doneze, romlebic emTxveva me-2, me-3 da me-5 

sarTulebis gadaxurvis dones (sur. 4.6). sivrciTi modelis 

agebis sqemebi sgq-s sadguridan  warmodgenilia aqsonometriuli 

saxiT nax. 4.8-ze. 

 

nax. 4.6. sayrdeni geodeziuri qselis sqema 
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 koordinatebis gazomva sruldeboda firma SOKKIA-s SET4110 

markis eleqtronuli taxeometriT. 𝐷=100 m disatnciaze SET4110 

taxeometriT gazomili koordinatebis maqsimaluri absoluturi 

cdomileba Seadgens ±3.3 mm-s, fardobiTi cdomileba 1/30 000 

gazomili distanciidan. monitoringis 1-9 etapebSi (2006 w-s 

ivnisidan 2008 w-s ivlisamde) koordinatebis gazomvis 

fardobiTma cdomilebam  
𝑓𝑝

 𝐿
  Seadgina daxuruli poligonis 

mixedviT 1/(20 400÷40 000). saSualo samuSao distanciis dros 

𝐷=50 m, mezobeli sadguris mdebareobis urTierTgansazRvris 

faqtiurma cdomilebam Seadgina ±2.5 mm daxuruli 

poligonisaTvis, rac mowmobs samuSaoebis Catarebis sizustis 

Sesabamisobas sayrdeni qselis normatiuli maCveneblebis 

wertilebis koordinatebis gazomvasTan [11]. markebis mdebareobis 

gazomvis damatebiTma cdomilebam Seadgina saSualo samuSao 

distanciidan ara umetes 1/20000, anu ±2.5 mm. amgvarad, 

deformaciuli markebis mdgomareobis gansazRvris jamuri skc ar 

aWarbebs ±3.5 mm-s. 𝑚∆𝑥 , 𝑚∆𝑦 koordinatebis mixedviT 

gadaadgilebebis gazomvis cdomileba ganisazRvra 3.22-is 

Tanaxmad 4.9 mm-is diapazonSi, xolo vertikaluri gadaadgilbebis 

gazomvis cdomileba dafiqsirda ±2 mm diapazonSi, rac 

Seesabameba sax. stand. 24846-81-is moTxovnebs [11]. 

 monitoringis yvela etapze Senobis daniSnuli wertilebis 

vetikaluri da horizontaluri gadaadgilebebis sidideebi 

gamoiTvleboda rogorc gazomvebis sawyisi, momdevno da 

saboloo etapebis koordinatebs Soris sxvaoba 2.5 punqtis 

Sesabamisad. 

 

4.1.4.2. sivrciTi modelis Siga kontrolirebadi kvanZebis 

jdomis monitoringi 

 

 am saxis samuSaoebis Sesruilebis ZiriTad mizans 

warmoadgens saZirkvlebis SesaZlo deformaciis Sesaxeb 
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damatebiTi informaciis miReba Senobis fasadze da mzid 

konstruqciebze wertilis maRlivi mdebareobis gansazRvris 

gziT maTi vertikaluri gadaadgilebis sidideebis gazomvisaTvis. 

yovel ciklSi sruldeboda 81 jdomiTi maniSnis nivelireba, maT 

Soris 33 ganlagebulia Senobis fasadze. 

 gare mzid konstruqciebze wertilebis maRlivi mdebareoba 

fiqsirdeboda jdomiTi maniSnebis niSnulebis gansazRvris gziT, 

romlebic dayenebulia Senobis I sarTulis doneze Siga fasadis 

mxridan, romelic esazRvreba axali mSeneblobis moedans. 

 Senobis SigniT mzid konstruqciebze wertilebis maRlivi 

mdebareoba fiqsirdeboda jdomiTi maniSnebis niSnulebis 

gansazRvris gziT, romlebic dayenebulia me-3 sarTulis 

rigelebis qveda sibrtyeSi. 

 jdeniTi maniSnebis niSnulebi ganisazRvreboda 

geometriuli nivelirebis meTodiT gazomvebis sizustis [11] II 

klasis moTxovnebis Sesabamisad gare deformaciuli markebis 

erTiani simaRlis sistemaSi. 

 3 sadguris sigrZis daxuruli svlebi sruldeboda 

pirdapiri da uku mimarTulebiT instrumentis or horizontSi. 

jdeniTi maniSnebis ganlagebis sqemebi moyvanilia danarTSi II. 

 nivelirebis sizustis Sefaseba xorciledeboda daxurul 

da ormag svlebSi acdenebis mixedviT. yoveli svlisaTvis 

gamoiTvleboda dasaSvebi acdena 𝑓𝑛 = ± 𝑛 [11]. nivelirebis 

sizustis Sefasebidan gamomdinareobs, rom nivelirebis saSualo 

kvadratuli cdomileba sadgruze ar aWarbebda 0.5 mm-s, rac 

Seesabameba nivelirebis II klasis sizustis normativebs. 

 

4.1.4.3. geodeziuri monitroingis Sedegebis analizi 

 

 Senobis kontrolirebadi kvanZebis sivrciTi gadaadgilebis 

2006-2008 w-is periodis geodeziuri monitoringis SedegebiT 

dadgenilia, rom safuZvlis deformaciis gavlenis mixedviT maTi 
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formireba da ganviTareba dakavSirebulia cikluri sezonuri 

temperaturuli cvlilebebiT. 

 nax. 4.7-ze warmodgenilia me-12 saketidan kvanZebis 

horizontaluri gadaadgilbebi monitoringis 1-9 etapze. 100-ze 

maRla dadebiTi temperaturebis dros gazomvebi mimdinareobda 

1.5 da 9 etapebze – sazafxulo cikli; 2 da 6 etapebze – 

saSemodgomo ciklebi; 4-8 etapebze – sagazafxulo cikli. 

zamTris gazomvebi monitoringis me-3, me-7 etapze mimdinareobda 

uaryofiTi temperaturebis pirobebSi, amasTan fiqsirdeboda 

zafxulis mniSvnelobebze didi gadaadgilbebi. 

 

nax. 4.7. me-18 wertilSi horizontaluri gadaadgilbebis mniSvnelobebi 
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 sivrciTi modelis gare konstrolirebadi kvanZebis 

gadaadgilebis maqsimaluri mniSvneloba geodeziuri azomvis 

koordinatebis adgilobriv sistemaSi dafiqsirebuli iqna 

monitoringis 2-9 etapze gazomvebis I (sawyisi) ciklis mixedviT. 

 sivrciTi modelis gare kontrolirebadi kvanZebis 

gadaadgilebebis sruli statistikuri damuSaveba, romlebic 

transformirebulia sem-modelis koordinatebis globalur 

sistemaSi, Senobis yoveli fasadis napira saketebisaTvis 

warmodgenilia danarTSi. 

 

4.1.5. Senobis konstruqciebis daZabul-deformirebuli 

mdgomareobis Sefaseba 

 

4.1.5.1. sawyisi monacemebi sem-angariSisaTvis 

 

 saproeqto dokumentaciis da obieqtis konstruqciebis 

gamokvlevis Sedegebis Seswavlis msvlelobis dros gamovlenili 

iqna Senobis ZiriTadi konstruciuli gansakuTrebulobebi, 

romlebic aucilebelia sem-modelis bazis agebisaTvis. 

 konstruqciuli gadawyveta 

_ karkasis mdgradoba da ucvleloba uzrunvelyofilia 

vertikaluri kavSiris sistemebiT, agreTve gadaxurvis da 

saxuravis diskebis sixistiT, romelbic saimedod arian 

mierTebuli karkasis koWebTan Zvramdgradi wkiriT (StiftiT) 

maTi erToblivi muSaobis uzrunvelyofisaTvis. 

_ koWebis erTmaneTTan SeerTeba da maTi kolonebTan 

damagreba, rogorc wesi, saxsrovania, kvanZebis gamoklebiT, 

romlebic uzrunvelyofen konstruqciis zogierTi fragmentis 

mdgradobas. 

_ saZirkvelze kolonebis dayrdnoba – saxsrovani; 

_ rotondis kolonebi mimagrebulia gadaxurvis diskebTan, 

rac uzrunvelyofs maT ucvlelobas. 
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calkeuli elementebis konstruqciuli gadawyveta 

_ meore da mesame srTulebis gadaxurvis didmaliani koWebi 

gankuTvnilia metropolitenis gvirabis gadaxurvis 

mowyobisaTvis da  ireben yvela datvirTvas 8 sarTulis 

gadxurvisa da saxuravisagan. koWebis nawili ganTavsebulia 

kedlebis sibrtyeSi, sxvebi – uSualod gadaxurvis filebis 

SemadgenlobaSi. koWebis malebi Seadgenen 18÷31.5 m. sami koWi 27 m 

maliT daproeqtebulia kolofisebri, rac saSuelbas iZleva 

tavis Tavze aiRos mniSvnelovani mgrexi momentebi, uzrunvelyos 

farTe sartylebSi normaluri Zabvebis ufro Tanabarzomieri 

gadanawileba. 

_ didmaliani koWi (31.5 m) Sesrulebulia uiribno fermis 

saxiT 7 sarTulis simaRliT. 

_ gadaxurvis ZiriTadi da meore xarisxovani koWebi 

Sesrulebulia ortesebrebiT SedurebiT. maTi angariSisas 

gaTvaliswinebulia erToblivi muSaoba gadaxurvis monoliTur 

filasTan. 

_ karkasis mzidi kolonebi Sesrulebulia upiratesad 

ortesebri kveTiT. kolonebis nawili, romlebic ireben 

mniSvnelovan vertikalur datvirTvebs, Sesrulebulia 

Sedurebuli kolofebis saxiT. kolonebi, romlebsac gegmaSi 

aqvT mimxrobili koWebi Sesrulebulia mrgvali milebisagan. 

_ mzidi konstruqciebis filadis marka 𝐶245 (𝑅𝑦𝑛=245 mpa, 

𝑅𝑢𝑛=370 mpa), 𝐶345 (𝑅𝑦𝑛=265÷345 mpa, 𝑅𝑢𝑛=430÷490 mpa). 

 

4.1.5.2. Senobis sem-modelis ageba ЛИРА 9.6-Si 

 

 yifSiZis q. #20a-Si mdebare sacxovrebeli Senobis sem-

modelis SeqmnisaTvis gamoiyeneboda programuli kompleqsi ЛИРА 

9.6. 

 Senobis sem-modeli formirebulia naSromis me-3 TavSi 

warmodgenili principebis Sesabamisad. liTonkonstruqciis 
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elementebi (kolonebi, koWebi, zewrebi, kavSirebi) warmodgenilia 

sivrciTi sworxazovani Rerovani sasruli elementebi, romlebic 

muSaoben gaWimva-kumSvaze, Runvaze, grexaze da Zvraze. meore, 

mesame sarTulis gadaxurvis didmaliani koWebi modelirebulia 

koWi-kedeli tipis sasruli elementebis saxiT. 

 sem-modelis samuSao versia Seicavs 42076 kvanZis da 46138 

elements, rkinabetonis gadaxurvis (filis sasruli elementi) 

mTliani diskebis SemadgenlobaSi  Semavali elementebis da 

kvanZebis caTvliT (nax. 4.8÷4.10). 

 mocemuli modeli saSualebas iZleva Catardes nebismieri 

angariSi datvirTvebis ZiriTadi saxeobebis moqmedebaze: sakuTari 

wona, Tovlis datvirTva, droebiTi datvirTva s.n. da w 2.01.07-85, 

“datvirTvebi da zemoqmedebebi” Sesabamisad [36], agreTve 

dinamikur da deformaciul zemoqmedebebze. 

sem-modelis Sesaxeb informacia  

1. gadaxurvis filebi da saZirkvlebi _ gamoyenebulia garsis elementebi 

`universaluri oTxkvanZiani elementi~ se-44  

2. svetebi da rigelebi _ gamoyenebulia sivrciTi koWis sasruli elementebis 

se-10 

elementebis raodenoba  46 138  

kvanZebi raodenoba  42 076  

 

nax. 4.8. Senobis sem-modelis Sesaxeb informacia 

 

sur. 4.9. Senobis sem-modelis aqsonometriuli saxe  
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nax. 4.10. Senobis sem modelis proeqcirebuli saxe 
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4.1.5.3. Senobis sabaziso sem-modelis angariSis Sedegebis 

analizi 

 

 monitoringis Sedegebis mixedviT konstruqciebis daZabul-

deformirebuli mdgomareobis Sefasebis msvlelobisas 

ganixileboda Senobis datvirTva saangariSo datvirTvebiT 

(mudmivi da droebiTi), agreTve miyenebuli gadaadgilbebiT, me-3 

TavSi moyvanili meTodikiT Seiqmna nagebobis ori saangariSo sem-

modeli (ix. p .3). 

1. nagebobis mimdinare saeqspluatacio (mocemul SemTxvevaSi 

bazisuri) sem-modeli, romelic formirebulia saproeqto 

dokumentaciis mixedviT da gaangariSeba mxolod saangariSo 

datvirTvebis moqmedebaze; 

2. nagebobis mimdinare deformaciuli sem-modeli, romelic 

formirebulia sabaziso sem-modelis saangariSo datvirTvebis 

moSorebis Semdgom da sakontrolo kvanZebSi Camagrebebis 

damatebiT, romelic gaiangariSeba mxolod mocemul kvanZebze 

miyenebuli gadaadgilebebis moqmedebaze. 

 monitoringis msvlelobisas dafiqsirebuli sem-modelis 

karkasis ZiriTad kvanZebSi, agreTve miyenebuli gadaadgilbebis 

gavlenis pirdapiri Sefaseba mTeli modelis bazaze 

garTulebulia Senobis didi moculobisa da mzidi 

konstruqciebis didi raodenobis elementebis gamo. am mizeziT, 

rogorc es aRwerilia 3 paragrafSi, mocemuli obieqtebisaTvis 

gamoiyeneboda mTeli sem-modelis gayofis teqnologia blokur 

sem-modelze sivrciTi modelis miRebuli konfiguraciis 

Sesabamisad (nax. 4.9). sem-modelis mtel SemadgenlobaSi sul 

warmoqmnilia 25 kontrolirebadi bloki (kb). 

 kontrolirebadi blokebisaTvis saproeqto dokumentaciis 

monacemebis safuZvelze formirebuli iqna ZiriTadi mzidi 

elementebis jgufebi (nax. 4.11) gamomdinare. 

_ konstruqciis daniSnuleba (kolonebi, koWebi, kavSirebi); 

_ foladis markebi; 
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_ kveTis geometriuli maxasaTeblebi. 

 

 

nax. 4.11. kb 1-3 Rerovani elementebis ferovani klasifikacia 

 

 I sarTulis (𝑅𝑦=300 mpa) kontrolirebadi koWebis 

saangariSo datvirTvebis zemoqmedebisgan ufro metad 

datvirTul kolonebSi datvirTevbis arCeviTi analizis Sedegebi 

(nax. 4.12), datvirTvebi da ufro metad datvirTuli ZiriTadi da  

meorexarisxovani gadaxurvis koWebis saxasiaTo CaRunvebi. 

 gadaxurvis koWebisaTvis sn da w II-23-81 “foladis 

konstruqciebi” moTxovnebis Sesabamisad (foladi 𝐶245) [40]: 

_ 𝜎ზღვ = 𝑅𝑦=240 mpa; 

_ 𝜏ზღვ = 0.58𝑅𝑦=139 mpa; 
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nax. 4.12. kb 1-3 konstruqciebSi mRunavi momentebis da grZivi Zalebis 

epiura 

 Zabvebi didmalian koWebSi: 

_ koWi 2 _ σ = 223 mpa < 270×0.9=243 mpa; 

_ koWi 3A _ σ = 213 mpa < 243 mpa; 

 zRvrulad dasaSvebi CaRunva 𝑓ზღვ = ℓ 250  pirobisas 

gadaxurvis koWi maliT 9 m Seadgens 3.6 sm, maliT 8 m – 3.2 sm; 

maliT 9 m – 3.6 sm; maliT 11.6 m – 4.6 sm (nax. 4.13). 
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nax. 4.13. Senobis konstruqciebis vertikaluri gadaadgilebebi mudmivi 

da droebiTi saangariSo datvirTvebisgan 

 

 mxolod saangariSo datvirTvebisgan gamowveuli ufro 

metad datvirTuli karkasis konstruqciis Catarebulma arCeviTma 

Sefasebam aCvena, rom konstruqciebSi Zalvebi, Zabvebi da 

gadaadgilebebi Seesabameba moTxovnebs I da II jgufis zRvruli 

mdgomareobebis mixedviT. Senobis mzidi konstruqciebis 

ganlagebis sqema moyvanilia danarTSi. 

 

4.1.5.4. Senobis konstruqciis daZabul-deformirebul 

mdgomareobaze jdomiTi procesebis gavlenis sasrul 

elementTa meTodis modelireba 

 

 Snobis sem-modelis arseboba saSualebas iZleva miviRoT 

sivrciTi modelis kontrolirebadi kvanZebis vertikaluri da 

horizontaluri gadaadgilebebis da safuZvlis zRvrulad 

dasaSvebi sidideebis modelirebis gziT, romlis drosac 

konstruqciis ddm darCeba dasaSvebi normebis sazRvrebSi. 

amasTan gadaadgilebebis mirebuli mniSvnelobebi Seizleba 

gamoyenebuli iqnes orientirad realuri gadaadgilbebis 
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sidideebisaTvis, romlebic miRebuli iqna monitoringis 

msvlelobisas, rac gansakuTrebiT mniSvnelovania im 

nagebobebisaTvis, romlebis mzidi konstruqciebi damalulia Siga 

da gare mopirkeTebis miRma da miuwvdomelia vizualuri 

daTvalierebisaTvis. Tumca amgvarad miRebul mnisvnelobebs aqvs 

sakontrolo xasiaTi da ar SeuZliaT obieqtbis konstruqciebis 

mzidunarianobis SenarCunebis  uzrunvelyofis garantireba 

safuZvlis deformaciis suraTis yvela potenciuri variantebis 

gaTvaliswinebis SeuZleblobiT, amitom mzidi konstruqciebis 

ddm-ze safuZvlis araTanabari deformaciis gavlenis obieqturi 

SefasebisaTvis aucilebelia monitoringis msvlelobisas 

daregistrirebuli gadaadgilbebis da saangariSo datvirTvebis 

qmedebebze sem-angariSis Catareba. 

 magaliTis saxiT qvemoT moyvanilia Senobis konstruqciis 

ddm-ze sn da w-ebiT dasaSvebi vertikaluri jdenebis 

variantebidan erT-erTis gavlenis modelireba. sn da w 2.02.01-83 

“ZiriTadi Senobebi da nagebobebi” _ Tanaxmad [37] maqsimalurad 

dasaSvebi araTanabari jdomebisas ∆𝑆 𝐿 =0.003, mezobel kolonebze 

jdomebis maqsimaluri absoluturi sxvaoba maT Soris 𝐿=24÷27 mm. 

sem-angariSis Catarebis Sedegebis mixedviT horizontaluri 

gadaadgilebebis zRvruli mniSvneloba Senobis zeda 

kontrolirebadi kvanZebis zeda doneSi  Seadgens ∆𝑌=-88 mm (nax. 

4.14). 
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nax. 4.14. Senobis gadaadgileba saangariSo datvirTvebisagan (H-1) da 

sayrdenebis mocemuli jdeniT (H-2) zeda kontrolirebadi kvanZebis 

doneze 
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nax. 4.15. Senobis ganivi CarCos deformaciis sqema 

 

 amasTan gadaxurvis mzidi koWebi ar ganicdian ddm 

mniSvnelovan cvlilebebs, rac aixsneba maTi kolonebTan 

saxsruli kavSirebiT da gadaxurvis diskebTan erToblivi 

muSaobiT (nax. 4.15). ddm-s didi cvlilebebi dafiqsirda I 

sarTulis kolonebSi. aracentralurad SekumSuli kolonebis 

angariSi mimdinareobda sn da w II-22-81 moTxovnebis Sesabamisad 

[40] (49), (51) da (56) formulebis mixedviT NormCad programis 

gamoyenebiT. ufro metad datvirTuli kolonebis simtkicis da 

msgradobis angariSis Sedegad %-Si zRvruli mniSvnelobebisgan. 

 aucilebelia yuradReba mivaqcioT imas, rom sn.da w-ebiT 

dasaSvebi zRvruli araTanabari jdomis mniSvnelobebis drosac 

ki mocemuli SenobisaTvis I sarTulis (kb. 2-1) ufro metad 

datvirTuli kolonebis mzidunarianoba amowurulia mdgradobis 

kargvis gaTvaliswinebiT. 

 

4.1.5.5. gadaadgilbebis moqmedebaze sem-modelis 

mimdinare deformaciuli angariSis Sedegebis analizi 

 

 geodeziuri gazomvebis da sivrciTi modelis 

konstrolirebadi kvanZebis, vertikaluri da horizontaluri 
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gadaadgilbebis miRebuli maqsimaluri mniSvnelobebis 

analizidan gamomdinare magaliTis saxiT sem-modelis angariSi 

miyenebuli gadaadgilbebis qmedebaze moyvanilia sem-modelis 

kontrolirebadi blokebis konstruqciis sem cvlilebis analizi, 

romlebic SemozRudulia saketebiT. 

 taxeometruli azomvis monacemebi Sevsebulia Sesabamisad 

kontrolirebadi blokebis Sesabamisi Siga kvanZebis nivelirebis  

SedegebiT, romlebic dayenebulia Senobis me-3 sarTulis 

konstruqciebze. 

 obieqtis sem-modelis mimdinare deformaciuli datvirTva 

geodeziuri gazomvebis monacemebiT kontrolirebadi blokebis 

sistemis daxmarebiT xorcieldeba p. 3-is Tanaxmad. 

 1. sem-modelis Sesabamis kvanZebSi sivrciTi modelis gare 

da Siga kontrolirebadi kvanZebis gadaadgilebebis Seyvana; 

 2. sem-modelis karkasis ZiriTad kvanZebSi gadaadgilbebis 

interpolacia kvadratuli, wrfivi da brtyeli interpolaciis 

daxmarebiT; 

 3. kontrolirebadi blokebis sistemebis angariSi 

(blokovani sem-modeli) miyenebuli gadaadgilbebis moqmedebaze. 

 angariSisas ganixileboda datvirTvis ori saxeoba: 𝐻-1 

(saangariSo datvirTva); 𝐻-2 (miyenebuli datvirTva). sur. 4.15-ze 

moyvanilia miyenebuli gadaadgilbebis moqmedebisagan sem-

modelis blokebis sqemis formireba, agreTve gadaadgilbebis 

interpolirebuli mniSvnelobebis ferovani warmodgena. 

 Sedegebis mixedviT miyenebuli gadaadgilbebis 

moqmedebisagan (𝐻-2) gamowveuli didi Zalvebi, romlebic 

dafiqsirebulia I sarTulis napira kolonebSi. cxrili 4-9-s 

monacemebiT dadgenilia, rom mocemuli deformaciuli 

datvirTvebisas kolonebi ar ganicdian ddm mniSvnelovan 

cvlilebebs da akmayofilben sax. stan. 27751-88 moTxovnebs [12]. 

gadaxurvis mzid koWebSi mRunavi momentebis paralelurad Cndeba 

damatebiTi gamWimavi da mkumSavi Zalvebi, rac iwvevs maTi 

samuSao sqemis cvlilebas. kontrolirebadi blokebis 
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konstruqciebSi aRZruli Zalvebis epiurebi warmodgenilia nax. 

4.12-ze. 

 gadaadgilbebis dafiqsirebuili sidideebis Sedareba sem-

modelirebis msvlelobisas miRebul maT zedapirul 

mniSvnelobebTan mowmobs, imas, rom mzidi konstruqciebis 

teqnikur mdgomareobaze deformaciuli procesebis gavlena 

umniSvneloa, rac agreTve mowmdeba vizualuri daTvalierebis 

monacemebiT da sem-angariSis Sedegebis mixedviT konstrqciis 

ddm cvlilebebis SefasebiT. 

 

4.2. sxva tipis obieqtebisaTvis sivrciTi modelis 

gamoyenebis SesaZlebloba 

 

 sivrciTi modelebi agreTve SeiZleba iqnan gamoyenebuli 

sxvadasxva daniSnulebis obieqtebis teqnikur mdgomareobis 

monitoringisas. magaliTis saxiT gamokvleuli gvaqvs 

xuTsarTulian sacxovrebel Senobaze liTonis karkasuli 

miSenebis mdgomareoba. 

 

4.2.1. Sesavali 

 

 gamosakvlevi obieqti warmoadgens bm amxanagoba `Siraqi~-s 

kuTvnil sacxovrebel saxls, romelic mdebareobs q. TbilisSi, 

Siraqis q. #11-Si.  

gamokvlevis mizani: q. TbilisSi, Siraqis q. #11-Si mdebare 

korpusis pirvel da meore sadarbazos Siros ganxorcielebuli 

minaSenis mzidi konstruqciebis da maTi SemaerTebeli kvanZebis 

teqnikuri mdgomareobis gamokvleva da misi SemdgomSi 

normaluri eqspluataciisaTvis saWiro RonisZiebebis SemuSaveba. 

mSeneblobis normatiuli dokumentis СП-13-102-2003 (Senobebis 

da nagebobebis mzidi samSeneblo konstruqciebis gamokvlevis 

wesebi) Tanaxmad ganisazRvra samuSaos meTodika da amocanebi: 
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1. minaSenis saproeqto dokumentaciis moZieba, gacnoba, 

analizi; 

2. minaSenis vizualur-teqnikuri gamokvleva; 

3. minaSenis geometriuli parametrebis dadgena; 

4. liTonis sivrciTi karkasis mzidi konstruqciebis 

SemaerTebeli elementebis (SeduRebis nakerebis da a.S.) 

teqnikuri gamokvleva; 

5. minaSenis da ZiriTadi Senobis saZirkvlebis pirobebis da 

fuZis meqanikuri maxasiaTeblebis dadgena; 

6. kvlevis Sedegebze dayrdnobiT minaSenis sivrciTi 

karkasis gaangariSeba statikur da dinamikur 

datvirTvebze; 

7. kvlevis da gaangariSebis Sedegebis analizi da daskvna, 

rekomendaciebis SemuSaveba; 

 

4.2.2. q. TbilisSi, Siraqis q. #11-Si mdebare 

xuTsarTuliani sacxovrebeli saxlis minaSenis mzidi 

konstruqciebis teqnikuri mdgomareobis dadgena 

 

4.2.2.1 Sesavali 

 

minaSenis vizualuri gamokvleva Catarda normatiuli 

dokumentis СП-13-102-2003 me-7 paragrafis (winaswari vizualuri 

gamokvleva) moTxovnebis Sesabamisad. vizualuri gamokvlevis 

mizania: minaSenis mzidi konstruqciebis da maTi SemaerTebeli 

kvanZebis winaswari teqnikuri mdgomareobis dadgena da 

konstruqciebis detalur-instrumentaluri gamokvlevis 

Catarebis aucileblobis gansazRvra.  

winaswari vizualuri gamokvlevis dros mzidi 

konstruqciebis daTvalierebisas gamoyenebuli iyo gamzomi 

xelsawyoebi: binokli, saxazavi, ruleti, Stangerfargali, 

cifruli fotoaparati da sxva. 
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vizualuri gamokvlevis dros ganxorcielda: mzidi 

konstruqciebis xiluli defeqtebis gamovlena; sakontrolo 

azomvebi da Canawerebi; defeqtebis dafiqsireba fotosuraTebze; 

mTlianad minaSenis da misi calkeuli elementebis 

deformaciebis dafiqsireba; mzidi konstruqciebis avariuli 

ubnebis dadgena; minaSenis mzidi konstruqciebis  teqnikuri 

mdgomareobis dadgena; konstruqciebis detalur-

instrumentaluri gamokvlevis Catarebis aucilebloba. 

 

4.2.2.2. minaSenis mzidi konstruqciebis vizualuri 

Seswavla 

 

damkveTma saxlisa da minaSenis Sesaxeb saproeqto 

dokumentacia ver warmoadgina. Cvens mier gatarebuli sxvadasxva 

RonisZiebebis miuxedavad saxlisa da minaSenis Sesaxeb teqnikuri 

dokumentaciis moZieba ver moxerxda. saWiro gaxda adgilze 

gasvla da vizualuri, azomviTi da sxva saxis samuSaoebis 

Catareba. 

  

sur. 4.16                             sur. 4.17 

q. TbilisSi, Siraqis q. #11-Si mdebare nageboba gegmaSi 

marTkuTxa formisaa. igi xuTsarTuliania, agebulia gasuli 

saukunis 70-ian wlebSi (sur. 4.16). gaaCnia sardafi, Senoba 

orsadarbazoiania, sarTulis simaRle 2.65 m-ia. mis mzid 

konstruqciebs warmoadgens grZivi da ganivi kedlebis sistema 

ganxorcielebuli aguriT, sisqiT 38 sm, sarTulTSorisi 
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gadaxurvebi konstruirebulia anakrebi Rrutaniani filebiT, 

sisqiT 0,22 m. Senobis zeZirkveli betonisaa. sarTulebs Soris 

kavSiri xorcieldeba anakrebi rkinabetonis kibeebiT, baqnebi 

rkinabetonisaa. saxuravi orqanobiania, romelic dafarulia 

Tunuqis buruliT (sur. 4.17).  

 aRniSnul Senobaze 1989 wels ukana fasadze, pirvel da 

meore sadarbazoebs Soris ganxorcielda miSeneba, romelsac 

gegmaSi marTkuTxedis forma aqvs maqsimaluri zomebiT 3½12 m. 

(sur. 4.18). minaSenis mzid konstruqciebs warmoadgens liTonis 

erTmaliani xuTsarTuliani karkasi (H=2,65m.) grZivi 

mimarTulebiT svetebis bijiT 3 m. 

  

sur. 4.18                            sur. 4.19 

 

sur. 4.20 

minaSenis saZikveli wertilovania (sur. 4.19), romlebic 

gaerTianebulia lenturi rkinabetonis monoliTuri randkoWebiT, 

romlebzec damontaJebelia 8 mm-is sisqis liTonis furclebi 

zomebiT 30½30 sm, romelic Camagrebulia rkinabetonis 
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saZirkvelSi. liTonis furcelze, sixistis samkuTxa furclebis 

SeduRebiT damontaJebulia liTonis sivrciTi karkasis ortota 

svetebi. aRniSnuli svetebis bazis horizontalur furclidan 

minaSenis sarTulSorisi gadaxurvis konstruqciis zedapiramde 

manZili 0.2 m-ia. 

minaSenis sivrciTi karkasis svetebi warmoadgens Sedgenil 

liTonis konstruqcias, romelic ganxorcielebulia ori cali 

[#16 liTonis Svelerisagan romlebic erTmaneTis mimarT 

TaroebiT arian orientirebuli (sur. 4.20). 

 

sur. 4.21 

aRniSnuli Svelerebi orive mxridan Sekrulia erTmaneTis 

mimarT 0.531, 1.54, 1.6, 0.6 m-iT (simaRleSi) daSorebuli liTonis 

furclebis saSualebiT. pirvel sarTulze furclebis zomebi –

0.5½0.6½0.08 mm-is tolia, xolo meore da danarCen sarTulebze _ 

0.5×1.0×0.8×0.3 m (sur. 4.21). 

 minaSenis grZivi mimarTulebiT, gadaxurvis konstruqciis 

qveda zedapiris niSnulze, mowyobilia grZivi rigelebi, romelic 

konstruirebulia, [#16 Svelerisagan (sur. 4.22). grZivi rigelebi 

horizontaluri da vertikaluri SeduRebis nakeriT ukavSirdeba 

svetebis SemakavSirebel furclebs da erT-erT totis zedapirs. 

svetebis gadabmis pirapirebi ganxorcielebulia ormxrivad 

furclebiT. ganiv rigelebs gaaCnia 0.85 m konsoli. ganivi 

rigelebi Sesrulebulia [#16 Svelerebisgan. sarTulSorisi 

gadaxurvebi ganxorcielebulia monoliTuri  =0.16 m-is sisqis 

rkinabetonis filis saxiT (sur. 4.23). 
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sur. 4.22                           sur. 4.23 

 

sur. 4.24 

rkinabetonis fila mowyobilia, erTmaneTis mimarT 

daaxloebiT 3 m bijiT, (minaSenis grZivad) sivrciTi CarCos grZiv 

rigelebze eleqtro SeduRebiT mimagrebuli [16 Svelerebisgan 

ganxorcielebul koWebze. Sua koWze gakeTebulia xvrelebi, 

bijiT 0.30-0.35 m, romelSic gayrilia Ô16 armatura (sur. 4.24). es 

armatura ganTavsebulia liTonis koWebis qveda TarosTan da is 

rkinabetonis filis muSa armaturas warmoadgens.  

 

sur. 4.25 
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unda aRiniSnos, rom minaSenSi arsebuli saTavsoebis 

garemosagan da erTmaneTTan SemomzRudav konstruqciebs 

warmoadgens cement-qviSis xsnarze aguriT ganxorcielebuli 

kedlebi, rac Sesrulebulia mxolod meore sarTulze. sxva 

sarTulebze, kedlebi amoSenebuli ar aris (sur. 4.25).  

 aqve unda SevniSnoT, rom minaSens grZivad konsolebze aqvs 

ganxorcielebuli Ria aivnebi.  

 

4.2.2.4. minaSenis, sivrciTi karkasis mzidi 

konstruqciebis da  maTi SemaerTebeli kvanZebis, 

gamokvlevis Sedegad gamovlenili defeqtebi, koroziis 

xarisxis dadgena 

 

 Catarda minaSenis sivrciTi konstruqciebis da maTi 

elementebis teqnikuri mdgomareobis gamokvleva. normatiuli 

dokumentis СП-13-102-2003-is  Sesabamisad. 

gansazRvruli iyo liTonis naglini elementebis koroziis 

xarisxi. koroziis procesis Sesaswavlad gamoyenebuli iyo: 

ultrabgeriTi sisqis mzomi, liTonis saxazavi, Stangenfargali, 

mikrometri, gamadidebeli lupa, binokli.  

minaSenis mzidi konstruqciebis gamokvlevis safuZvelze 

dadginda, rom liTonis svetebis mimagreba, rkinabetonis lentur 

saZikvelTan ganxorcielebulia xistad ,,bazis’’ saSualebiT. 

,,bazis’’ konstruqcia warmoadgens svetis Reroebis (tanis) 

gafarToebul nawils, romelzedac svetebidan mosuli Zalvebi, 

samkuTxa liTonis sixistis firfitebis saSualebiT Tanabrad 

nawildeba yvela mimarTulebiT (sur. 4.26). 
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sur. 4.26                          sur. 4.27 

rogorc cnobilia, proeqtirebis dros svetis tipis SerCeva 

xorcieldeba: ekonomiuri TvalsazrisiT, mosuli datvirTvebis 

mixedviT, svetebTan konstruqciebis SeuRlebis kvanZebis 

simartivis mixedviT, da sxva. cnobilia, rom maqsimaluri 

datvirTva gamWoli kveTis mqone, Svelerebisagan Sedgenil, 

svetebze ar unda aRematebodes 270-350 tonas. (ix. Чл. Корр. АН 

СССР Стрелецкий Н.С. и др. ,,Строительные Конструкций,, М.1972 с.290-291). 

minaSenis liTonis svetebi ganxorcielebulia ori toli, 

liTonis [#16 Svelerebisagan, romlebic Sekrulia 

horizontaluri  furclebiT da Taroebis SeduRebiT (sur. 4.27). 

furclebi erTmaneTis mimarT simaRleSi pirvel sarTulze 

daSorebulia iatakidan 0.53, 1.54; 1.6, 0.6 m. sarTulebze furclebis 

raodenoba SemoisazRvreba ori an sami caliT, romelic 

gadaxurvis, iatakis doneze da sarTulis simaRlis naxevarzea 

mowyobili. svetebis vizualuri daTvalierebiT aRmoCnda, rom 

miwis zedapiridan pirveli sarTulis donemde, mdebare svets 

gaaCnia gadaxra, romlis sidide 10 sm-ia, meore sarTulze _ 15 sm, 

mesame sarTulze _ 17 sm, meoTxe sarTulze _ 24 sm. svetebis 

totebis SemakavSirebel furclebze zog adgilas ar arsebobs 

vertikaluri nakeri. pirveli da meore sarTulis svetis 

SeerTeba ganxorcielebulia Semdegnairad: pirveli sarTulis 

iatakis qveda doneze svetze daduRebulia firfita 20×20 sm 

sisqiT 0.08 sm, romelzedac Semdeg damontaJebulia ganivi 

rigeli, Svelerebi #16, romlis Taros zoma aris 6.5 sm. imave 
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Taroze daduRebulia 20 sm-is sigrZis ortesebri #16. aRniSnul 

konstruqciaze Semdeg daduRebulia firfita 20×20×0.8 sm, 

romelic warmoadgens meore sarTulis svetis baziss. aRniSnuli 

kvanZi Zalian sustia, is SeiZleba CaiTvalos saxsrul SeerTebad, 

rac yovlad dauSvebelia. svetebis SemakavSirebel liTonis 

furclebze damontaJebulia grZivi rigelebi, romlebic 

ganxorcielebulia [#16 Sveleri. sarTulSorisi gadaxurvebi 

ganxorcielebulia monoliTuri δ=1.6 sm. simaRlis rkinabetonis 

filiT, romelic mowyobilia erTmaneTis mimarT  (Senobis  ganivi 

mimaTulebiT),  3.0 m-iT  ganTavsebul [#16-sgan ganxorcielebul 

koWebze. Sua svetebis SemaerTebeli ganivi rigeli ki 

ganxorcielebulia [#16 Svelerebze. minaSeni arsebul SenobasTan 

dakavSirebuli ar aris (sur. 4.28).  

 

sur. 4.28 

minaSenis mzidi konstruqciebi da maTi SemaerTebeli kvanZebi 

ganxorcielebulia kuTxuri SeduRebebiT, aseve sivrceSi maTi 

ganlagebis da Sesrulebis mxriv, gamoyenebulia qveda, 

horizontaluri, vertikaluri da Weris SeduRebebi. SeduRebis 

normatiuli winaRoba 0,7 R -is tolia, sadac R  SesaduRebeli 

liTonis elementebis normatiuli winaRobaa. saangariSo 

winaRobis misaRebad es mniSvneloba mravldeba SeduRebis 

erTgvarovnebis koeficientze. erTgvarovnebis koeficienti 

damokidebulia rig faqtorebze, romlebic zegavlenas axdenen 

SesaduRebeli elementis simtkiceze. es faqtorebia: SeduRebis 
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xarisxi, Sesabamisoba eleqtrodis da SesaduRebeli liTonebis 

marka da sxva. 

minaSenis liTonis mzid konstruqciebSi da maT SemaerTebel 

kvanZebSi liTonis SeduRebis gamokvlevam gvaCvena, rom SeduRebis 

Sesrulebis xarisxi dabalia. ar aris daculi SeduRebis 

simaRlis standarti, romelic damokidebulia SesaduRebeli 

liTonis sisqeze. gansakuTrebiT es aisaxeba horizontalur, 

vertikalur da e.w. `Weris~ SeduRebebze. 

 

liTonis naglini elementebis koroziis 

xarsixis Seswavla 

 

 liTonis naglini elementebis koroziis Seswavla xdeboda 

normatiuli dokumentis СП-13-102-2003-is p. 8.4.3-is da p.8.4.4.-is 

moTxovnebis Sesabamisad. dadgenilia: liTonis konstruqciebi ar 

aris dafaruli antikoroziuli saRebaviT da 15 welze metia 

ganicdian korozias; ZiriTad liTonis elementebSi korozia ar 

aRemateba ganivkveTis farTis 8-10%-s. minaSenis saxuravis qveS 

arsebul liTonis konstruqciebSi da maTi SeerTebis kvanZebSi 

korozia ufro intensiuria da aRwevs elementebis ganivkveTis 12-

15%-s. yvela SemTxvevaSi minaSenis mzidi karkasis koroziuli 

cveTa ganivkveTis farTis 25%-ze naklebia. normatiuli 

dokumentis СП-13-102-2003-is p.8.4.4-is Tanaxmad liTonis 

elementebis saangariSo winaRobebSi cvlilebebis Setana saWiro 

ar aris. Sesworebis koeficienti 1-is tolia. aucilebelia 

sivrciTi liTonis karkasis koroziuli zedapirebis gawmenda 

Jangisagan, zedapirebis antikoroziuli xsnariT damuSaveba da 

SeRebva.  

rogorc zemoT avRniSneT minaSenis mzidi liTonis 

konstruqciebi da maTi SemaerTebeli kvanZebi ar aris dafaruli 

antikoroziuli saRebaviT. wlebis ganmavlobaSi liTonis 

konstruqciebi imyofeboda atmosferuli naleqebis aqtiuri 
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zemoqmedebis qveS, amis gamo liTonis elementebi da SeduRebis 

nakerebi korozireblia (nax. 4.27-4.31, 4.33, 4.34). cnobilia, rom 

aseT pirobebSi koroziis siCqare weliwadSi 0,05-0,1 mm-ia, rac 

TxuTmeti wlis ganmavlobaSi Seadgens 0,75-1,5 mm. aRsaniSnavia, 

rom liTonis mzidi konstruqciebis da SeerTebis kvanZebSi 

koroziis procesi aseTi intensivobis ar aris. ZiriTad liTonis 

elementebSi korozia ar aRemateba ganivkveTis 8-10%.  

SedarebiT masiurad aris dafaruli JangiT sasxveno 

gadaxurvasTan SeTavsebuli, saxuravis qveS arsebuli liTonis 

mzidi konstruqciebi da maTi SeerTebis kvanZebi. gazomvebma 

gvaCvena, rom am elementebis korozia aRwevs ganivkveTis 12-15%-s. 

unda SevniSnoT, rom minaSeni ganicdis araTanabar jdomiT 

deformaciebs. jdomis maqsimaluri sidide aRwevs 117 sm. iataki 

daxrilia, daxriloba aRwevs 8÷10 sm-s. 

 

4.2.3. minaSenis da ZiriTadi Senobis saZirkvlis da 

fuZis realuri fizikur-meqanikuri maxasiaTeblebis 

dadgena 

 

 saZirkvlebis konstruqciisa da fuZe-gruntebis Seswavlis 

mizniT gaiTxara Surfi da gaSiSvlda saZikveli (sur. 4.29, 4.30). 

Surfis siRrmea miwis zedapiridan 1.90 m. Semdeg siRrmeSi 

gruntuli pirobebis Seswavlis mizniT gayvanili iqna WaburRili 

5.50 m siRrmemde, rac ganpirobebulia aqtiuri zonis gavrcelebis 

siRrmiT. aRebuli iqna gruntis nimuSebi maTi fizikur-meqanikuri 

maxasiaTeblebis dadgenis mizniT. 

 WaburRilSi gruntis wyali dafiqsirebuli iqna 5.0 metrze 

miwis zedapiridan. 

 fuZis gruntuli pirobebi Semdegi: miwis zedapiridan 1.3 m 

siRrmemde grunti warmoadgens nayars _ Tixnars masSi CarTuli 

sayofacxovrebo narCenebiT da samSeneblo nagviT. 
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sur. 4.29                           sur. 4.30 

 mis qvemoT gavrcelebulia Tixnari sisqiT 0.6 metri, 

romlisfizikur-meqanikuri maxasiaTeblebi Semdegia 𝜌=1.98 t/m3; 

𝜌𝑠=2.71 t/m3; 𝑊=37%; 𝐼𝐿=0.56<0.75 _ Tixnari rbilplastikur 

mdgomareobaSia; 𝑅0=1.65 kg/sm2; 𝐶=0.26 kg/sm2; 𝜑=120; 𝐸=80 kg/sm2. 

 Semdegi fena gamokvleul siRrmemde 5.5 m warmodgenilia 

aseve TixnariT, romlis fizikur-meqanikuri maxasiaTeblebi 

Semdegia: 𝜌=1.89 t/m3; 𝑊=42%; 𝐼𝐿=0.82 _ grunti denadplastikuria; 

𝑆𝑟=0.92 _ wyliT gaJRenTilia 𝑅0=0.62 kg/sm2; 𝐶=0.16 kg/sm2; 𝜑=90; 𝐸=60 

kg/sm2. 

 aRniSnuli monacemebis safuZvelze modelirebuli iqna 

saZirkvlis fuZe-grunti miSenebis konstruqciis komiuteruli 

gaangariSebisaTvis. 

 

4.2.4. minaSenis mzidi konstruqciuli sistemis 

kompiuteruli gaangariSeba statikur da dinamikur 

datvirTvebze. 

minaSenis konstruqciuli da saangariSo sqemis aRwera 

 

q. TbilisSi, Siraqis q. #11-Si mdebare xuTsarTuliani 

minaSeni gegmaSi marTkuTxa formisaa, gabarituli zomebiT 

(RerZebSi). I sarTulis simaRle _ 3.5 m, danarCenis ki 2.65 m-ia. 

Senobis saZirkveli wertilovani rkinabetonis.  
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miwiszeda nawilis mzid konstruqcias warmoadgens liTonis 

sivrciTi karkasi, romelic Sedgenilia naglini profilis 

svetebis da koWebisagan, romlebic erTmaneTTan kvanZebSi 

SeduRebiT aris SeerTebuli. mTeli Senobis simaRleze svetebis 

kveTebi. Svelerebi erTmaneTis mimarT kedlebiT arian 

orientirebuli. svetebis elementebi erTmaneTTan SeduRebulia. 

grZivi da ganivi rigelebi konstruirebulia naglini 

elementebiT.  

radgan minaSeni sarTulTSorisi gadaxurvis doneze ar aris 

dakavSirebuli arsebul Senobis mzid konstruqciebTan, amitom 

minaSenis sivrciTi liTonis CarCos gaangariSeba moxda rogorc 

calke mdgomi Senobisa.  

minaSenis sivrciTi liTonis CarCos gaangariSeba 

ganxorcielda gamoTvliTi kompleqs `lira 9.6~-is saSualebiT. 

Senobis karkasis mzidi elementebis (svetebis da rigelebis) 

modelireba ganxorcielda Rerovani sasrulo elementebiT. 

sarTulTSorisi rkinabetonis filebis da kedlebis _ marTkuTxa, 

oTx kvanZiani filis elementebiT. mzidi elementebis masalis 

fizikur-meqanikuri  Tvisebebi da geometriuli zomebi aRebulia 

mzidi konstruqciebis masalebis laboratoriuli kvlevebis da 

Catarebuli azomvebis Sedegad miRebuli monacemebis analizis 

safuZvelze.  

gaangariSebaSi ganxilulia Semdegi saxis datvirTvebi: 

statikuri mudmivi, statikuri droebiTi xangrZlivi da 

xanmokle. radgan minaSeni Semofarglulia arsebuli SenobiT, 

qaris datvirTva anagriSSi ar iqna miRebuli. seismuri  

zemoqmedeba ganxilulia grZivi da ganivi mimarTulebiT 

gaTvaliswinebulia sakuTari rxevis 6 forma. 

angariSis Sedegad miRebuli iqna, Zalvebis mniSvneloba 

statikur da seismuri datvirTvis xuTi TanwyobisaTvis 

(statikuri datvirTvebi, statika+seismika X  RerZis 

mimarTulebiT,Astatika+seismika Y  RerZis mimarTulebiT, statika-

seismika X  RerZis mimarTulebiT, statika _ seismika Y  RerZis 
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mimarTulebiT). X  RerZis mimarTuleba orientirebulia minaSenis 

grZivad, xolo у RerZis mimarTuleba _ ganivad. 

kompiuteruli angariSis grafikuli nawili mocemulia 

danarTSi. 

 

miSenebis arsebuli liTonis sivrciTi CarCos, rogorc 

calke mdgomi konstruqciis gaangariSebis Sedegebi 

 

 minaSenis liTonis CarCo ganxiluli iqna dRes arsebuli 

mdgomareobis mixedviT. CarCos elementebis geometriuli zomebi 

da masalebis fizikur-meqanikuri maxasiaTeblebi miRebuli iqna 

Catarebuli azomvebis da masalebis kvlevis safuZvelze. 

kompiuterul angariSSi gaTvaliswinebul iqna fuZe-gruntis 

gavlena konstruqciis daZabul-deformirebul mdgomareobaze. 

gaangariSebiT miRebuli iqna Semdegi parametrebi: 

 1. minaSenis maqsimaluri vertikaluri gadaadgilebebi 

ZiriTadi Tanawyobis datvirTvebisagan _ 17 sm. 

 2. minaSenis sakuTari rxevebis  formebis Sesabamisad 

 I forma _ 1T =2.41; II forma _ 2T =1.82; III forma _ 3T =1.46; 

 IV forma _ 4T =1.34; V forma _ 5T =1.09; VI forma _ 6T =1.02; 

 3. minaSenis maqsimaluri gadaadgileba grZivi mimarTulebiT 

gansakuTrebuli Tanwyobis datvirTvebis grZivi mimarTulebiT 

moqmedebisas 

y =22.5 sm 

 4. maqsimaluri gadaadgileba ganivi mimarTulebiT 

gansakuTrebuli Tanwyobis datvirTvebis ganivi mimarTulebiT 

moqmedebisas 

x =41.7 sm 

 gaangariSebiT miRebuli minaSenis konstruqciis 

maqsimaluri gadaadgilebebi miuTiTebs imaze, rom konstruqcia 

Zalian moqnilia. seismuri zemoqmedebis dros aseTi 
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gadaadgilebebisas mosalodnelia nagebobis mdgradobis 

dakargava. 

 Sedegad, arsebuli saxiT minaSenis eqspluatacia 

dauSvebelia da saWiroebs demontaJs an saTanado gaZlierebas. 

 Cveni azriT minaSenis gaZliereba ara rentabeluria, radgan 

misi gaZliereba Zalian Zviri dajdeba, vidre demontaJi da igive 

konstruqciebis gamoyenebiT axali miSenebis ageba Sesabamisi 

proeqtis mixedviT. 

 

4.2.5. kvlevisa da gaangariSebis Sedegebis analizi, 

daskvna-rekomendaciebi 

 

sacxovrebeli saxlis minaSenebis teqnikuri mdgomareobis 

gamokvlevis Sedegebis analizma gviCvena, rom mis liTonis mzid 

konstruqciebSi ganviTarebuli defeqtebi,  gamowveulia 

arasrulyofili proeqtirebiT, samSeneblo-samontaJo samuSaoebis 

arakvalificiurad ganxorcielebis da nagebobis araswori 

eqspluataciis Sedegad. 

gamokvlevis Sedegad dadginda Semdegi defeqtebi da 

dazianebebi: 

1. dReisaTvis sxvadasxva sarTulebze ar aris damTavrebuli 

kedlebis mowyoba.  

2. minaSenis liTonis mzid konstruqciebSi da maT 

SemaerTebel kvanZebSi liTonis SeduRebis gamokvlevam gviCvena, 

rom SeduRebis Sesrulebis xarisxi dabalia. ar aris daculi 

SeduRebis simaRlis standarti, romelic damokidebulia 

SesaduRebeli liTonis sisqeze. gansakuTrebiT es aisaxeba 

horizontalur, vertikalur da e.w. `Weris~ SeduRebebze. 

3. minaSenis rogorc calke mdgomi sivrciTi sistemis, 

angariSma (statikur da dinamikur datvirTvebze) gviCvena, rom 

sasxveno gadaxurvis doneze maqsimaluri gadaadgileba δ=41.7 sm-

is tolia, xolo Tavisufali sakuTari rxevis pirveli periodi 
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T1=2.41 wm-is tolia. es sidideebi metia (am tipis SenobebisaTvis) 

dasaSvebze. angariSis safuZvelze dadginda, rom aseTi 

gadaadgilebebis dros sivrciTi CarCos svetebi kargavs 

mdgradobas. 

4. minaSenis sivrciTi liTonis CarCos statikuri da 

dinamikuri datvirTvebis Sedegad miRebuli monacemebis 

(Zalvebis) safuZvelze gaangariSebuli iqna SeduRebis sigrZeebi, 

aRmoCnda, rom SeduRebis nakerebis sigrZeebis Teoriuli 

mniSvnelobebi tolia an naklebia kvanZebSi arsebul SeduRebis 

sigrZeebze. gamokvleviT dadginda, rom `Weris~ da vertikaluri 

SeduRebebi ar aris ganxorcielebuli saTanado doneze, igi 

uxarisxoa. minaSeni wlebis ganmavlobaSi imyofeboda 

atmosferuli naleqebis aqtiuri zemoqmedebis qveS, amitom 

SeduRebebi da liTonis elementebis zedapirebi dafarulia 

Jangis feniT. zog SemTxvevaSi nakeris simaRle ar Seesabameba 

normartiul mniSvnelobebs. 

5. minaSenis vertikalidan gadaxris sidide orive 

mimarTulebiT aRwevs 20 sm-s, rac gacilebiT didia dasaSvebze 

𝐻

500
=

13.25

500
= 2.65 sm. 

6. miSeneba amJamad ganicdis jdomas. jdomis sidide aRwevs  

20 sm-s da jdomis procesi atarebs progresirebad xasiaTs. 

saZirkvlisa da fuZe-gruntis gamokvlevam gviCvena, rom svetebis 

qveS saZikvlebs aqvs uCveulo forma da igi CaRrmavebulia im 

fenaSi, romelsac aqvs yvelaze dabali meqanikuri maxasiaTeblebi. 

7. iataki daxrilia, romlis sidide aRwevs 8÷10 sm-s. 

8. minaSenis sarTulSua gadaxurvis filebi ganicdian 

vibracias, rac TandaTanobiT matulobs sarTulis simaRlis 

cvlilebasTan erTad. 

9. minaSenis arsebul mdgomareobaSi datoveba yovlad 

dauSvebelia. 

10. minaSenis aRdgena-gaZlierebisaTvis da SenarCunebisaTvis 

gamoikveTa ori varianti. 
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a) minaSens unda moexsnas I sarTulis zemoT oTxi sarTuli, 

gaZlierdes saZirkvlebi, I sarTulis svetebi, gaxistdes 

CarCoebi grZivi da ganivi mimarTulebiT, Semdeg moxdes 

zeda sarTulebis xelaxla daSeneba; 

b) ganxorcieldes minaSenis demontaJi. arsebuli liTonis 

konstruqciebis gamoyenebiT SesaZlebelia axali miSenebis 

ageba Sesabamisi proeqtis mixedviT. 

  

daskvna 

 

Catarebuli gamokvlebis Sedegebis analizis safuZvelze 

dadginda, rom minaSenis teqnikuri mdgomareoba ar Seesabameba: 

seismomedegobis da mdgradobis normatiuli dokumentebis _ 

СНиП II-23-81* (liTonis konstruqciebi); СНиП II-7-81* (mSenebloba 

seismur raionebSi) da saqarTvelos saxmSenis mier #82-5* 1991 

wels damtkicebuli `Senobebis rekonstruqciis (miSeneba-

daSeneba) proeqtirebis droebiTi rekomendaciebis~ moTxovnebs. 

igi mwvave avriul mdgomareobaSia, minaSenis eqspluatacia 

dauSvebelia, saWiroebs dauyovnebliv demontaJs, mTalianad an 

pirveli sarTulis gadaxurvis doneze. SesaZlebelia arsebuli 

liTonis konstruqciebis gamoyeneba, saZirkvlebis axlidan 

mowyoba da Sesabamisi proeqtis mixedviT axali miSenebis ageba 

(ZiriTadi Senobis rogorc saZirkvlebi, aseve mzidi 

konstruqciebi damakmayofilebel mdgomareobaSia). 
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დასკვნა 

 

1. Catarebuli samuSaoebis analizma gamoavlina, rom fuZe 

gruntebis araTanabari deformaciebis nagebobebis mzidi 

konstruqciebis teqnikur mdgomareobaze gavlenis 

gaTvaliswinebis, Senoba-nagebobebis degradaciis da avariis 

prognozirebis arsebuli meTodika arasakmarisadaa 

damuSavebuli da ar arsebobs samSeneblo obieqtebis 

monitoringis sferoSi normatiuli baza, romelic 

uzrunvelyofs avariuli situaciebis gaCenis aRkveTas; 

2. damuSavebulia dazianebaTa gaTvaliswinebiT Senoba-nagebobebis 

zRvruli mdgomareobis da narCeni resursis monitoringis 

meTodologia narCeni resursis Sefasebis zogadi sqemis da 

monitoringis da aRdgenis rekomendaciebis organizaciuli 

sqemis damuSaveba; 

3. dazianebebis dagrovebis da bzarebis gabviTarebis pirobebSi 

resursis gaxangrZlivebis SesaZlebloba dasabuTebuli iqna 

imiT, rom Seqmnilia winapirobebis teqnikuri diagnostkis 

saSualebebiT da bzarebis meqanikis Teoriuli safuZvlebiT 

reglamentirebuli defeqtoskopiuri kontroli, romlebic 

saSualebas iZlevian sakmarisad zustad ganisazRvros bzaris 

magvari defeqtebis zegavleniT konstruqciaSi avariis dawyebis 

winapirobebi; 

4. nagebobis fuZe-saZirkvlebis deformaciuli procesebis 

ZiriTad gansakuTrebulobebs warmoadgens maTi uTanabroba, 

romelic Tavis mxriv iwvevs mTeli nagebobis sivrciT 

deformaciebs, rac aucilebelia gaTvaliswinebuli iqnas mzidi 

konstruqciebis teqnikur mdgomareobaze maTi gavlenis 

obieqturi suraTis miRebisaTvis; 

5. SemuSavebulia nagebobebis mzidi konstruqciebis teqnikur 

mdgomareobaze saZirkvlis araTanabari deformaciis gavlenis 

Sefasebis efeqturi meTodika, romelic Seicavs konstruqciebis 
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teqnikuri mdgomareobis sainJinro gamokvlevis procedurebs, 

nagebobis saxasiaTo wertilebis masivis sivrciTi 

gadaadgilebis monitorings, sivrciTi geodeziuri azomvis 

gamoyenebiT, agreTve konstruqceibis daZabul-deformirebuli 

mdgomareobis cvlilebis sasrul elementTa meTodiT analizs 

(sem-analizs) monitoringis procesSi daregistrirebuli 

gadaadgilebebis bazaze; 

6. monitoringis procesSi SemuSavebuli nagebobis mzidi 

konstruqciebis ddm Sefasebis meTodika saSualebas iZleva 

dadgenili iqnas mimdinare saremonto RonisZiebebis 

aucilebloba konstruqciis normatiuli teqnikuri 

mdgomareobis SenarCunebis an aRdgenisaTvis im momentamde, 

rodesac avariuli mtyunebis albaToba gadaaWarbebs maTi 

saimedoobis maCvenebels, rac gamoiwvevs mocemuli samuSaoebis 

Rirebulebis da Sromisxarjis saerTo Semcirebas. 

 disertaciis samuSaoebis Sedegebi danergilia praqtikul 

sainJinro samuSaoebSi q. TbilisSi Senoba-nagebobebis 

monitorigis msvlelobisas. 
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