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რეზიუმე 

mniSvnelovan inJinerul amocanas warmoadgens konkretul obieqtze SesaZlo 

sagangebo Sedegis Sefaseba da zomebis miReba saSiSroebis Tavidan asacileblad. 

avariisagan naklebi zaralis an Tavidan acilebis efeqturobis amaRlebis mizniT, 

aucilebelia avariebis da katastrofebis mizezebis efeqturobis aRmofxvra. 

avariebi da katastrofebi ZiriTadad gamowveulia konstruqciebis calkeul 

elementebSi defeqtebis, bzarebis CasaxviT da ganviTarebiT, romelic umeteswilad 

gamowveulia gare dinamikuri Zalebis zemoqmedebiT. am procesis Camoyalibebas 

sWirdeba garkveuli dro, romelsac SeiZleba konstruqciis rRvevis wina 

mdgomareoba vuwodoT. konstruqciebis avariebis da katasrofebis Tavidan 

asacileblad, aucilebelia ganisazRvros rRvevis wina mdgomareoba anu 

mosalodneli avariebis riski damuSavdes konstruqciebis rRvevis wina 

mdgomareobis prognozirebis da analizis meTodebis erTiani sistema. 

naSromis mizania konstruqciebis mosalodneli avariis riskis Sefaseba, 

prognozireba da narCeni resursebis dadgena. 

dasaxuli miznis misaRwevad naSromSi damuSavebulia konstruqciebis 

rRvevis analizis saangariSo modeli da avariis wina mdgomareobis prognozirebis 

logikur-maTematikuri modelebi. 

Seqmnilia avariis riskis Sefasebis meTodika saimedoobis Teoriis, 

fizikuri meTodebis, statikuri da arsebuli monacemebis bazaze. 

naSromis mecnieruli sixale mdgomareobs SemdegSi:  

• Seswavlilia sagangebo situaciebisagan gamowveuli zaralis saxeebi, rogorc 

aucilebeli, ise gardauvali danaxarjebiT, sagangebo situaciebi dayofilia 

kategoriebad, Sesabamisi mosalodneli avariebis sirTulis miniSnebiT. 

• gadamuSavebulia da Camoyalibebulia konstruqciebis da maTi calkeuli 

elementebis rRvevis, avariis riskis Tvisobrivi da raodenobrivi faqtorebis 

gansazRvris arsebuli meTodika; 

• Seswavlilia sxvadasxva konstruqciebis qceva dartmiTi zemoqmedebisas maTi 

zRvruli mdgomarebis normirebisaTvis; 

• damuSavebulia sagangebo situaciebSi konstruqciaze moqmedi datvirTvebis 

saangariSo modelebi struqturuli mTlianobis monitoringis procesis 

warmarTvisaTvis; 

• Seqmnilia Senoba-nagebobebis monitoringis mobiluri kompleqsi, romlis 

Teoriul instrumentad gamoyenebulia saomedoobis Teoria; 
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• SemuSavebulia narCeni resursebis dadgenis meTodika sagangebo situaciebisas 

moqmedi Zalebis mimarT da misi programuli realizacia; 

• miRebulia konstruqciebis saimedoobis Sefasebis kriteriumi. 

praqtikul Rirebulebas warmoadgens sagangebo situaciebSi konstruqciaze 

moqmedi datvirTvebis dazustebiT, angariSiT da narCeni resursebis dadgeniT 

mosalodneli avariis riskis Sefaseba. 

disertaciis ZiriTadi Sedegebi moxsenebuli iqna: saqarTvelos mecnierebaTa 

akademiis a. zavrievis saxelobis samSeneblo meqanikisa da seismomedegobis 

institutSi momqed samecniero seminarze 2003-2007 wlebSi; saqarTvelos 

teqnikuri universitetis `konstruqciebis dazianebis teqnikuri diagnostikisa da 

eqspertizis” #122 da `samSeneblo meqanikisa da    seismomedegobis” #57 

kaTedrebis gaerTianebul seminarebze 2003-2006 wlebSi; saerTaSoriso 

konferenciaze q. quTaisSi 2007w. 

disertaciis Temaze gamoqveynebulia 8 samecniero satatia. 

disertacia Sedgeba Sesavlis, 5 Tavis ZiriTadi daskvnebis 20 dasaxelebis 

citirebuli literaturisagan. igi ganTavsebulia 143 nabeWd gverdze. 

SesavalSi mocemulia Temis aqtualoba, mizani da mecnieruli siaxle. 

pirvel TavSi dasmulia problema da amocanebi, warmodgenilia 

literaturis mimoxlva sagangebo situaciebSi konstruqciebis avariis riskis 

Sefasebaze, Camoyalibebulia sagangebo situaciebis saxeebi, miyenebuli zaralis 

saxeebi da Sefasebis meTodika, konstruqciebis rRvevis, avariis riskis Tvisobrivi 

da raodenobrivi gansazRvris arsebuli meTodika. 

meore TavSi aRwerilia nagebobebis struqturuli mTlianobis 

monitoringis procesi da Seqmnilia struqturuli mTlianobis monitoringis 

modeli, SemuSavebulia saangariSo modelisaTvis saWiro Teoriuli safuZvlebi, 

rac gulisxmobs sagangebo situaciebSi moqmedi datvirTvebis dazustebas, 

dartymiTi datvirTvebis parametrebis gansazRvras, sxvadasxva konstruqciebze 

dartymiT miRweuli reqaciebis gansazRvras, rkina-betonis konstruqciebis 

dinamikuri saangariSo modelis Seqmnas. 

mesame TavSi Camoyalibebulia konstruqciebis avariis riskis Sefasebis 

meTodebi, romelic xorcieldeba monitoringis mobiluri kompleqsiT. 

meoTxe TavSi ganxilulia konstruqciebis seismomedegoba da 

Camoyalibebulia narCeni resursebis dadgenis saSualebebi sagangebo situaciebis 

moqmedi Zalebis mimarT. 
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mexuTe TavSi Camoyalibebulia saimedobis Sefasebis kriteriumebi, avariis 

riskis Sefasebis sxvadasxva magaliTebi da riskis xarisxis mixedviT qalaqebis 

zonebad dayofis meTodika. 

Catarebuli kvlevis safuZvelze Camoyalibebulia ZiriTadi daskvnebi: 

1. SemuSavebulia konstruqciebis da maTi calkeuli elementebis rRvevis, avariis 

riskis Tvisobrivi da raodenobrivi faqtorebis gansazRvris meTodika, 

Camoyalibebulia sagangebo situaciebis da zaralis saxeebi. 

2. Seswavlilia sxvadasxva konstruqciebis qceva dartymisas da gakeTebulia maTi 

zRvruli mdgomareobis normireba. 

3. damuSavebulia saangariSo modelebi, nagebobebis struqturuli mTlianobis 

monitoringis mobiluri kompleqsi saimedobis Teoriaze dayrdnobiT. 

4. dadgenilia Senobis cveTis maCvenebeli da sixSiruli maxasiaTebeli, 

gakeTebulia Senobis sakuTari rxevis sixSiris angariSi, dadgenilia rTuli 

konstruqciebis kveTis parametrebi. 

5. damuSavebulia konstruqciebis avariis riskis Sefasebis meTodebi da 

dayofilia dasaxlebuli punqtebi riskis xarisxis mixedviT. 

6. saimedoobis Sefasebis kriteriumad miRebulia mizanmimarTuli saproeqto 

albaTobis dadgena ama Tu im nagebobis an konstruqciis muSaobis saimedoobis 

Sesaxeb. igi iTvaliswinebs Tavis mxriv, mosalodneli avariis Sedegebis 

simZimes, rac dgindeba analogiuri situaciebis gaanalizebis Sedegad. 
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 Sesavali 

 

bunebis mier Seqmnili yvela konstruqciuli forma, rogorc wesi, 

ekonomikuri gadawyvetaa da akmayofilebs garkveul funqcionalur pirobebs. 

misi ZiriTadi formulaa brZola arsebobisaTvis. mcenaresac samyaroSi _ 

xis tani, fesvebi, qerqi. cxovelTa samyaroSi ConCxi, javSani, nWuWi. 

yovelive es bunebis mier Seqmnilia mkacri aucileblobiT da metad 

ekonomiurad. cxadia bunebis mier Seqmnili formebis zusti aslebis 

gadmotana adamianis moTxovnilebebisa da miznebis dasakmayofileblad ar 

iqneboda marTebuli. bunebrivi formebi Tavisi zomiT ver upasuxebda 

adamianTa moTxovenebs. amis gamo xdeba bunebriv formaTa gadideba. 

Tanamedrove manqanaTa da nagebobaTa konstruqciuli formebi sxvadasxva 

saxiT gvxvdebian. garemo, romelSic cxovrobs da moRvaweobs adamiani metad 

arastumarTmoyvarea: miwisZvra, Rvarcofi, xanZari, cunami, mewyeri, tornado 

_ is mokle CamonaTvalia riTac xSirad maspinZlobs buneba adamians. amas 

emateba TviT adamianis mier Seqmnili saSiSi sitauciebi (afeTqebebi, 

Tavdacvisa da Tavdasxmis sistemebi ara profesionaluri mSeneblobebi). am 

mravalricxvani da saSiSi situaciebis `repertuari” mimarTulia uwinares 

yovlisa kacobriobis uZravi qonebisadmi. sakmarisia erTi Zlieri miwisZvra 

an afeTqeba, romelsac SeuZlia gaanadguros ara marto romelime 

dasaxlebuli punqti, aramed mTeli regionic. mniSvnelovan saiJinroN 

amocanas warmoadgens konkretul obieqtze SesaZlo sagangaSo zemoqmedebis 

Sedegis Sefaseba da zomebis miReba saSiSroebis Tavidan asacileblad. 

avariisagan naklebi zaralis an Tavidan acilebis efeqturobis amaRlebis 

mizniT aucilebelia avariebis da katastrofebis mizezebis aRmoCena da 

aRmofxvra. dasmuli amocana Zalian rTulia radganac ar arsebobs 

Tanmimdevruli Camoyalibebuli avariis riskis Sefasebis meTodologia. 

avariebi da katastrofebi ZiriTadad gamowveulia konstruqciebis calkeul 

elementebSi defeqtebis CasaxviT da ganviTarebiT, romlebic umeteswilad 

gamowveulia gare dinamikuri Zalebis zemoqmedebiT. am procesis 
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Camoyalibebas sWirdeba garkveuli dro, romelsac SeiZleba konstruqciis 

rRvevis wina mdgomareoba vuwodoT. 

imisaTvis, rom Tavidan aviciloT konstruqciebis avariebi da 

katastrofebi, aucilebelia ganisazRvros rRvevis wina mdgomareba anu 

mosalodneli avariis riski, damuSavdes konstruqciebis rRvevis wina 

mdgomareobis prognozirebis da analizis meTodebis erTiani sistema. yvela 

es sakiTxi dasmulia da gadawyvetilia disertaciaSi, rac mis aqtualobaze 

miuTiTebs. 

naSromis mizania konstruqciebis mosalodneli avariis riskis 

Sefaseba, prognozireba da narCeni resursebis dadgena. amasTan dakavSirebiT 

miznad davisaxeT gagvexila: 

_ konstruqciebis da maTi calkeuli elementebis rRvevis, avariis 

riskis Tvisobrivi da raodenobrivi faqtorebis gansazRvris arsebuli 

meTodika; 

_ sagangebo situaciebis da zaralis saxeebi; 

_ sagangebo situaciebSi nagebobis kontrolis aparatul-kompiuteruli 

kompleqsi da saangariSo modelebi; 

_ konstruqciebis avariis riskis Sefasebis meTodi; 

_ konstruqciebis narCeni resursebis dadgena sagangebo situaciebSi 

momqmedi Zalebis mimarT; 

_ saimedoobis Sefasebis kriteriumi mosalodneli riskis faqtorebis 

safuZvelze. 

dasaxuli amocanebis Sesasruleblad naSromSi damuSavebulia 

konstruqciebis rRvevis analizis saangariSo modeli da avariis wina 

mdgomareobis prognozirebis logikur-maTematikuri modelebi. 

Seqmnilia avariis riskis Sefasebis meTodika saimedoobis Teoriis, 

fizikuri meTodebis, statistikuri da arsebuli monacemebis bazaze. 

dasacavad warmodgenilia Semdegi debulebebi:  

_ sagangebo situaciebSi konstruqciaze moqmedi datvirTvebis dazusteba 

da saangariSo modelebi; 
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_ konstruqciebis avariis riskis Sefasebis meTodis Teoriuli da 

eqsperimentuli gziT damuSaveba; 

_ konstruqciebis narCeni resursebis dadgena sagangebo situaciebis 

dros moqmedi Zalebis mimarT. 

 

naSromis mecnieruli saixle mdgomareobs SemdegSi: 

_ Seswavlia masalis qceva dartymisas da dadgenilia konstruqciis 

zRvruli mdgomareobis parametrebi; 

_ mocemulia rkina-betonis konstruqciebis dinamikuri gaangariSebis 

meTodi; 

_ damuSavebulia konstruqciebis avariis Sefasebis kriteriumebi da 

dayofilia dasaxlebuli punqtebi riskis xarisxis mixedviT; 

_ dadgenilia Senobis cveTis maCvenebeli da sixSiruli maxasiaTebeli. 

dadgenilia Senobis sakuTari rxevis sixSire da rTuli 

konstruqciebis kveTis parametrebi; 

_ Tavmoyrilia da Seswavlilia konstruqciebis narCeni resursebis 

Sefasebis programuli saSualebebi. 

 

praqtikul Rirebulebas warmoadgens sagangebo situaciebSi 

konstruqciaze moqmedi datvirTvebis dazustebiT, angariSiT da narCeni 

resursebis dadgeniT mosalodneli avariis riskis Sefaseba. saimedoobis 

Sefasebis kriteriumi da konstruqciebis dartymisagan damcavi sistemis 

damuSaveba. 

ZiriTadi Sedegebis saimedooba ganpirobebulia Teoriuli da 

eqsperimentuli kvlevebis dasabuTebuli meTodebis gamoyenebiT da 

praqtikaSi danergviT. 

 

naSromis aprobacia.  disertaciis ZiriTadi Sedegebi moxsenebuli 

iqna: 

_ saqarTvelos mecnierebaTa akademiis a. zavrievis saxelobis 

samSeneblo meqanikisa da seismomedegobis institutSi moqmed 

samecniero seminarebze 2000-2005 wlebSi. 
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_ saqarTvelos teqnikuri universitetis `konstruqciebis dazianebis 

teqnikuri diagnostikis da eqspertizis” #122, `samSeneblo 

meqanikisa da nagebobaTa sesmomedegobis #57 kaTedrebis seminarebze. 

_ saerTaSoriso konferenciaze q. quTaisSi 2007w.  

  publikaciebi. disertaciis Temaze gamoqveynebulia  samecniero 

naSromi, aqedan 10 statia da 2 Tezisi. 

 

naSromis moculoba. disertacia Sedgeba Sesavlis, 5 Tavis, ZiriTadi 

daskvnebis da 120 dasaxelebis literaturisagan naSromSi 30 naxazia da 12 

cxrili. teqsti Sedgeba 143 gverdisagan. 
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Tavi 1. Tanamedrove warmodgenebis mimoxilva 

sagangebo situaciebSi konstruqciebis avariis 

riskis Sefasebaze 

 

1.1. problemebi da amocanebi  

Senoba-nagebobebis, manqana-danadgarebis, saaviacio teqnikis, 

saavtomobilo, sarkinigzo  da sazRvao transportis usafrTxoebisaTvis 

saWiroa teqnikuri mdgomareobis mixedviT Sefasdes, avariebis riski, raTa 

Tavidan iqnas acilebuli saxifaTo situaciebi. amasTan aucilebelia 

Sefasdes eqspluatirebuli konstruqciebis cveTis xarisxi da warmoqmnili 

bzarebi, rac saSualebas iZleva gakeTdes daskvna maTi Semdgomi 

eqspluataciis Sesaxeb. 

samSeneblo konstruqciebis da manqana-danadgarebis calkeuli 

detalebis teqnikuri mdgomareoba iTvaliswinebs maTi geometriuli zomis 

dacvas, wunis Sefasebas, zedapirebis sisufTavis klass, masalis fizikur-

meqanikuri maxasiaTeblebis stabilurobas.  

praqtikulad konstruqciebis rRvevis mizezebi sxvadasxvaa, magram 

SesaZlebelia maTi gaerTianeba Semdeg jgufebad:  

_ rRveva, romelic gamowveulia konstruqciul-teqnologiuri 

mizezebiT, warmoebis mizezebiT, remontisa da araswori eqspluataciis 

gamo; 

_ rRveva gamowveuli sagangebo situaciebiT, romlis drosac 

konstruqciaze moqmedebs gauTvaliswinebeli gansakuTrebuli Zalebi. 

konstruqciebis rRvevis da cveTis ZiriTad mizezad SeiZleba 

dasaxeldes gamoyenebuli masalis araswori SerCeva, aseve masze moqmedi 

faqtiuri Zalebis arasrulyofili gaTvaliswineba. rRvevis konstruqciul-

teqnologiur mizezad unda CaiTvalos temperaturis, koroziis da 

vibraciis gavlena, aseve xaxuni da cveTis faqtorebi. bolo faqtorebidan 

gamowveuli masalis rRvevas uwodeben masalis daRlilobiT gamowveul 

rRvevas. 
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rRvevis sawarmoo mizezad, rogorc wesi unda dasaxeldes 

konstruqciis damzadebis da xarisxis kontrolis procesebis darRveva. 

magaliTad, aseTi SeiZleba iyos Semsrulebeli piris arasakmarisi 

kvalifikacia, romelsac ekisreba konstruqciis damzadeba da Sesabamisobis 

xarisxis Semowmeba. 

rRvevis saeqspluatacio mizezs warmoadgens saeqspluatacio 

normebis darRveva, e.i. eqspluataciisas datvirTvebis gadameteba, 

reglamentiT gaTvaliswinebuli samuSaoebis arasrulyofili Sesruleba, 

aseve arasruli konstroli da sxva. 

rRvevis gansakuTrebuli mizezia sagangebo situaciebi, romlis 

drosac warmoiqmneba ukontrolo damatebiTi dinamikuri Zalebi. 

didi qalaqebis warmoqmnasTan erTad gaCnda problema mosaxleobis 

SesaZlo maqsimalurad dacvis Sesaxeb. ngrevas da adamianTa msxverpls 

iwvevs ara marto mrisxane stiqiuri movlenebi, aramed adamianis mier 

agebuli Senoba-nagebobebis uecari avariebic. bunebrivi stiqiuri movlenebi 

da sxvadasxva avariuli situaciebi warmoiqmnebian iSviaTad. zogierT 

bednier SemTxvevaSi is SeiZleba ar moxdes Senobis mTeli eqspluataciis 

ganmavlobaSi. es sruliadac ar niSnavs imas, rom am periodSi Senoba 

`isvenebda”. piriqiT Tavisi `cxovrebis” manZilze yoveldRe, yovel saaTsa 

da yovel wuTs igi ganicdis sxvadsaxva `morigi” datvirTvebis moqmedebas, 

romelTa arseboba nagebobisaTvis ar unda iyos ucxo. 

bunebrivi mrisxane stiqiuri movlenebi Senoba-nagebobebze moqmedeben 

e.w. `gansakuTrebuli datvirTvis” saxiT. grigaluri qarebi, romlebic 

floben uzarmazar kinetikur energias TavianTi moZraobis gzaze TiTqmis 

mTlianad anadgureben yvelafers. grigalis warmoqmnis adgilisa da misi 

moZraobis mimarTulebis dadgena dRevandel pirobebSi SesaZlebelia, rac 

msxverplisa da materialuri zaralis Semcirebis saSualebas iZleva. rac 

Seexeba miwisZvras dRes mecnierebis didi mcdelobis miuxedavaT 

SeuZlebelia miwisZvris prognozireba. msxverplisa da ngrevis Tavidan 

acilebis mizniT saWiroa Catardes garkveuli samuSaoebi, kerZod: Senoba-

nagebobebis seismomedegi normebis dacviT daproeqteba da ageba, Senoba-
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nagebobaTa mSeneblobis xarisxis amaRleba da masze mkacri kontrolis 

daweseba; arsebuli Senoba-nagebobebis seismomedegobis deficitis dadgena da 

Sesabamisad gaZliereba. 

miwisZvris Sedegad miyenebuli zaralis mixedviT ganisazRvreba 

miwisZvris intensivoba, romelic 12 safexuradaa dayofili (iaponiis garda, 

sadac miRebulia 7 safexuri). TiToeul safexurs balis saTanado 

dasaxeleba mieniWeba. 

nagebobebisaTvis 1-6 balis miwisZvrebi saSiSroiebas ar warmoadgens. 

10-12 balis intensioba iwvevs katastrofas, amitom aseT pirobebSi Senoba-

nagebobebs ar aSeneben. rac Seexeba 7-9 balina regionebs mosalodneli 

miwisZvrebis gavlena nagebobebisaTvis gaTvalisiwnebuli unda iqnes.   

Senoba-nagebobebi iyofa sam tipad: 

a _ tipis Senobebs miekuTvneba qvis alizisa da   Tixatkepnilisagan 

agebuli saxlebi; 

b _ tipis Cveulebrivi aguris, msxvilblokuri an Tlili qvisagan 

agebuli da xe-aguris saxlebi; 

g _ tipis rkinabetonis karkasuli da kargad aSenebuli xis   saxlebi. 

dazianebis mixedviT SenobaTa klasifikacia:  

I xarisxis _ baTqaSis wvrili bzarebi da mcire nawilis Camovardna; 

II xarisxis _ kedlebSi mcire bzarebi, baTqaSis Camocvena, kramitebis 

vardna, bzarebi sakvamle milebSi, sakvamle milebis nawilobriv 

vardna; 

III xarisxis _ mZime dazianebebi, didi da Rrma bzarebi kedlebSi, 

sakvamle milebis vardna.       

IV xarisxis _ rRveva, gamWoli bzarebi, Senobis nawilebis ngreva 

Siga kedlebis da karkasis Sevsebis CamoSla; 

V xarisxis _ Senobis mTliani rRveva. 

konstruqciebis gaangariSebis amocanebi rRvevis wina mdgomareobaSi 

drekadobis zRvrebSi ganxilulia [47,57] naSromebSi, magram isini ar 
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gamodgebian eqspluataciis periodSi warmoqmnili deformaciis 

angariSisaTvis. am amocanebis zusti gadawyveta dakavSirebulia did 

sirTuleebTan, iseve rogorc sxva amocanebisa, romlebic ganisazRvrebian 

gardamavali procesebiT. 

adre, masalebis rRvevis meqanizmis SefasebisaTvis mkvlevarebi 

iZulebulni iyvnen esargeblaT mxolod makrogansazRvrebebiT, n.n. 

davidenkovma, Savi metalebis gamocdebis Sedegebis analizis safuZvelze, 

SemoiRo cneba “mowyvetis myife winaRoba” (kristaluri msxvrevisaTvis) da 

“mowyvetis blanti winaRoba” (boWkovani msxvrevisaTvis). is Tvlida, rom 

rRveva yvela SemTxvevaSi gamowveulia normaluri ZabvebiT, xolo misi 

myife an blanti buneba ganisazRvreba rRvevas plastikuri deformaciiT da 

kristaluri sibrtyis orientaciiT, romlis mixedviTac warmoiSva rRveva. 

magaliTad, foladis da misi SenadnobebisaTvis blanti boWkovani msxvreva 

gadis mosrialebis sibrtyeze, xolo myife kristaluri rRveva – darCilvis 

sibrtyeebze. 

inicailebi fridmanis pirveladi warmodgenebiT rRvevis zedapiris 

mimarTuleba warmoadgens gadamwyvet faqtors rRvevis meqanizmis 

gansazRvraSi. cneba “mowyvetis makroskopuli winaRoba” man gamoiyena yvela 

saxis rRvevisaTvis (blanti da myife), rRvevis sibrtye perpendikularulia 

yvelaze didi gamWimavi Zabvisa, xolo Wris (Zvris) SemTxvevaSi, rRvevis 

sibrtye gadis yvelaze didi mxebi Zabvebis moqmedebis sibrtyeSi. 

SemdgomSi [47] naSromSi mocemuli iqna rRvevis meqanizmis sami 

ZiriTadi saxe: Wra anu plastikuri rRveva, gamowveuli mxebi ZabvebiT, 

romelsac sxvadasxva masalebSi SeiZleba hqondes adgili sxvadasxva saxis 

datvirTvis mixedviT (gaWimviT, grexiT, SekumSviT, ZvriT da RunviT); 

mowyveta anu makromyife rRveva gamowveuli gamWimavi (normaluri) ZabvebiT 

an deformaciebiT, romelTa gamowvevis mizezad SeiZleba dasaxeldes 

datvirTvis sxvadasxva saxe. axleCva anu myife rRveva gamowveuli mxebi 

ZabvebiT (myife masalebisaTvis).  

ganvixiloT mikro rRvevis meqanizmis ori tipi: marcvlebs Sida da 

marcvlebs Sorisi [24, 40, 42, 43].   
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Tavdapirvelad ganvixiloT marcvlebs Sida rRvevis meqanizmi anu 

marcvlebs Sida axleCva. rac warmoadgens dayofas gansazRvruli 

kristaluri sibrtyeebis mimarT, romelic mimdinareobs liTonSi da 

gamovlindeba gansakuTrebul pirobebSi. axleCa viTardeba gamWimavi 

zemoqmedebiT axleCili sibrtyisadmi perpendikularuli mimarTulebiT. igi 

zRudavs plastikuri zonis gazrdas bzaris wverze.  

mikroforebis warmoqmna da SeerTeba warmoadgens masalis 

gancalkevebis process. plastikuri deformaciis gazrdasTan erTad izrdeba 

warmoqmnili mikroforebi. Cndeba forebis axali Canasaxebi, maTi 

ganmacalkevebeli Txemebi Txeldeba da wydeba. warmoqmnili zedapiruli 

forebi Seicaven mravalricxovan jamismagvar CaRrmavebebs da ormoebs. 

mowyveta warmoadgens lokalur rRvevas, romelic ganxorcieldeba 

plastikuri denadobis gziT (yelis warmoqmniT) masalis mcire ubnebze an 

zRurblebze. igi warmoiqmneba rRvevis procesis Sedegad bzaris 

gadaadgilebisas sxva rRvevis procesebTan TanxvedraSi. 

axleCvisa da mikroforebis Serwymis erTobliobas warmoadgens 

kvaziaxleCva. kvaziaxleCvisTvis ar aris gamokveTili sazRvari naxleCis 

nazolsa da Rrmulovan ubnebs Soris, romlebic sazRvraven mas. rRvevis 

zedapiri kvaziaxleCvisas gansxvavdeba Semdegi gansakuTrebulobiT: mas aqvs 

imis niSani, rom rRveva Caisaxeba nazols SigniT (gansxvavebiT xleCviTi 

rRvevisagan, romelic iwyeba nazolis napiridan). xleCvis safexurebi 

uSualod gadadian mezobeli Rrmulovani ubnebis mowyvetis TxemSi.   

daRlilobiTi naRaris warmoqmna zogad SemTxvevaSi (laerdisa da 

smitis Tanaxmad) Tavis mxriv warmoadgens gadaadgilebas plastikuri 

deformaciis areSi, napralebis sibrtyeSi misi wveris perioduli datotvis 

meSveobiT maqsimaluri mxebi Zabvebis moqmedebis mimarTulebiT. 

marcvalSida rRvevis damaxasiaTebeli meqanizmebia, rogorc myife 

aseve blanti danawevreba. 

marcvalTSoris axleCva (myife danawevreba), rogorc wesi 

warmoadgens Termulad aqtiuri minaerTebis segregaciis Sedegs, romelic 
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ganpirobebulia marcvlebs Soris energiis mkveTri SemcirebiT. aseTi 

rRvevis zedapirs aqvs marcvlebiT mowaxnagebuli saxe. 

ramdenadac detalebis absoluturi umravlesobisaTvis garkveuli 

datvirTvis pirobebSi rRvevis ganmsazRvrel rols asrulebs Zalismieri 

faqtorebi, amdenad rRvevis saxeebis dasaxasiaTeblad SemovifargloT 

daZabulobis mdgomareobis damokidebulebiT myari sxeulis zedapirul 

rRvevasTan. rRvevis saxeebi am damokidebulebiT SeiZleba daiyos or 

jgufad [50, 51]. pirvel jgufs miekuTvneba rRvevis saxeebi, romlebic 

miiRebian zedapiruli bzarebis gaCeniT. es bzarebi perpendikularuli arian 

normaluri Zabvebis moqmedebis mimarTulebiT. aseTi procesi warmoSobilia 

mimdinare myife da makromyife rRvevebis Sedegad (umravlesoba miiReba 

daRlilobiT rRvevisas, rac maTi ganviTarebis meore stadiaa).   

meore jgufSi SeiZleba gavaerTianoT rRvevis saxeebi, romlebic 

miiReba zedapiruli bzarebis ganviTarebiT maqsimaluri mxebi Zabvebis 

mimarTulebiT. am dros adgili aqvs blanti rRvevis process  brtyeli 

daZabuli mdgomareobis pirobebSi (mag. Txel kveTebSi an Tavisufali 

zedapiris axlos). agreTve zogierTi daRlilobiTi rRvevisas, romlebic 

mimdinareoben cvalebadi grexvis pirobebSi. 

myife masalebSi rRvevis sibrtye erTjeradi datvirTvebisas 

miaxloebiT gaWimvis mimarTulebis perpendikularulia (rRvevis pirveli 

jgufi), Tanac rRveva warmoebs mcire plastikuri deformaciis Sedegad. 

rogorc cnobilia, grexvis deformaciisas, gamWimavi da mkumSavi 

Zabvebi moqmedeben -iani kuTxiT nimuSis RerZisadmi da 

urTierTperpendikularulebi arian. maqsimaluri mxebi Zabvebi moqmedeben 

grZivi da ganivi mimarTulebebiT. blant masalebSi mxebi Zabvebi am 

SemTxvevaSic iwveven rRvevis win mniSvnlovan deformaciebs. Tumca es 

deformaciebi xSirad mcirea, radganac detalis forma ar icvleba, Tu ar 

CavTvliT denadobis nakvalevs zedapirze. Tu nimuSi damzadebulia blanti 

masalebisagan, erTjeradi grexvisas warmoqmnili bzarebi, Cveulebrivad 

kveTen mas ganiv sibrtyeSi maqsimaluri mxebi Zabvebis moqmedebis mimarT 

(rRvevis meore jgufi). myife masala sufTa grexvisas ganicdis rRvevas 

°45
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sibrtyeSi, normaluri Zabvebis mimarT perpendikularulad, romelic 

imyofeba -iT nimuSis RerZis mimarT (rRvevis pirveli jgufi). am 

SemTxvevaSi damaxasiaTebelia spiraluri rRveva (bzari). drekadi Zabvebi 

wminda grexvisas ganlagdebian iseTnairad, rom zedapirze isini 

maqsimalurebi, xolo centrSi nulis toli arian. saTanadod, bzari 

Cveulebrivad Cndeba zedapirze da vrceldeba nimuSis RerZisaken. 

°45

zogjer grexvisas SeimCneva grZivi bzarebi, radganac grZiv sibrtyeSi 

moqmedeben imave mniSvnelobis mxebi Zabvebi, rac ganiv sibrtyeSi. 

rodesac cilindri datvirTulia erTRerZiani kumSvis ZalebiT, 

grZivi mimarTulebiT moqmedeben mkumSavi Zabvebi 3σ  da ganivi mimarTulebiT 

– gamWimavi Zabvebi 1σ . maqsimaluri mxebi Zabvebi τ max moqmedeben -iT 

nimuSis RerZis mimarT, iseve rogorc erTRerZiani gaWimvisas. blant 

sxeulSi mxebi Zabvebi am SemTxvevaSic iwveven mniSvnelovan plastikur 

deformaciebs, magram Cveulebrivad ar iwveven rRvevas. nimuSi ubralod 

mokldeba da Rebulobs garsis magvar formas, mxebi da xaxuniT gamowveuli 

Zalebis erToblivi zemoqmedebis gamo, warmoqmnili SekumSvisas nimuSis 

kideebze. myife masala erTRerZiani kumSvisas Runvis gareSe dairRveva 

maqsimalurad moqmedi gamWimavi Zabvebis mimarTulebis perpendikularulad, 

radganac gamWimavi Zabvebi moqmedeben ganivi mimarTulebiT, myife masalebis 

rRveva kumSvisas warmoebs nimuSis RerZis paralelurad. drekadi Zabvebis 

ganawileba Tanabaria kveTSi sufTa kumSvisas koncentratorebis ar 

arsebobisas, saTanadod rRveva SeiZleba daiwyos nebismier wertilSi 

sxeulSi warmoSobili didi Zabvebis Sedegad.  

°45

rodesac konstruqciis elementi itvirTeba Runvis gziT, amozneqili 

zedapiri iWimeba, xolo Cazneqili zedapiri ikumSeba da SeimCneva Zabvebis 

ganawileba, daaxloebiT am zedapirebis SuaSi SeimCneva neitraluri RerZi, 

sadac Zabvebi nulis tolia.  

zedapiris rRvevis orientacia metnaklebad cvalebadia, roca 

detalis forma da saTanadod daZabuli mdgomareobac rTuli xdeba. 

magaliTad, xvrelis, amonaWeris arseboba saxes ucvlis daZabul 
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mdgomareobas da cvlis moqmedebis mimarTulebas mTavar normalur da mxeb 

Zabvebs Soris.  

qvemoT mocemulia yvela saxis rRvevis "klasikuri magaliTebis" 

mokle aRwera. ufro detaluri cnobebi rRvevis Sesaxeb SeiZleba 

movipovoT fraqtografiis specialuri literaturidan [42, 43, 45, 46]. 

myife rRveva – rRvevis zedapiri perpendikularulad 

orientirebulia metwilad gamWimavi Zabvebis moqmedebis mimarTulebisadmi. 

is xasiaTdeba kristaluri da marcvlovani aRnagobis reliefiT. 

blanti rRveva – zedapiris rRveva, romelic mTlianad 

orientirebulia mxebi Zabvebis moqmedebis mimarTulebisadmi. blanti rRveva 

xasiaTdeba boWkovani aRnagobis reliefiT (warmoadgens datvifruli 

araswori patara moednebis kristalitebis rRvevis erTobliobas), rodesac 

is gadis zedapirze, metwili gamWimavi Zalebisadmi perpendikularulad, an 

aqvs abreSumiseburi saxe, rodesac is gadis zedapirze, Tanxvdenili mxebi 

Zabvebis moqmedebis mimarTulebisadmi. 

Senelebuli myife rRveva, Sedgenilia arsebiTad ori sxvadasxva 

aRnagobis zonisagan: Senelebuli rRvevisa da bzaris gaCenis wina 

zonebisagan. Senelebuli rRvevis zona orientirebulia metwili sididis 

gamWimavi Zabvevis moqmedebis mimarTulebisadmi. igi xasiaTdeba marcvlovani 

an kristaluri agebulebis reliefiT. rig SemTxvevebSi es zona Seicavs 

aRnagobis mixedviT viwro naRarebs an kargad SesamCnev wriul xazebs, 

romelTac gaaCniaT umciresi myife aRnagoba. bzaris gaCenis wina zona 

orientaciis mixedviT dasawyisSi Senelebuli rRvevis zonis Tanxvdenilia 

da aqvs boWkovani aRnagoba. 

daZabulobis qveS myofi koroziuli rRveva, romlis warmoqmnac 

ganpirobebulia xangrZlivi koroziuli zemoqmedebiT. orientaciisa da 

aRnagobis mixedviT analogiuria Senelebuli myife rRvevisa, xolo 

gansxvavdeba didi simyifiT, koroziis produqtis TanaarsebobiT da 

napralebiT marcvlebis sazRvrebis gaswvriv. 

cocvadobiTi rRveva, romlis warmoqmnac gampirobebulia xangrZlivi 

temperaturis momatebiT (erTdroulad datvirTviT), Sedgeba sami 

 24



 

aranaTlad gamoxatuli zonisagan: bzaris Senelebuli ganviTarebis 

zonisagan (mimarTulia, emijneba keras, im SemTxvevaSi roca is 

gamovlindeba), swrafi rRvevis ganviTarebis zonisagan da rRvevis wina 

zonisagan. pirveli da meore zonebi orientirebulni arian metwili 

sididis gamWimavi Zabvebis zemoqmedebis mimarTulebis perpendikularulad. 

pirveli zona praqtikulad mTlianad xasiaTdeba marcvlovani aRnagobis 

reliefiT (masalaSi sxvadasxva marcvlovani struqturiT rRveva SeiZleba 

daiwyos msxvil marcvalSi, rogorc Sidakristaluri xleCva), xolo meore 

zona – reliefiT Sereuli marcvlovan – boWkovani aRnagobiT. rRvevis wina 

zonas upiratesad gaaCnia boWkovani aRnagoba, ZiriTadad orientirebulia 

metwili sididis gamWimavi Zabvebis moqmedebis mimarTulebisadmi 

perpendikularulad. 

tipiuri (mravalcikliani) daRlilobiTi rRveva orientirebulia 

gamWimavi Zabvebis moqmedebis mimarTulebisadmi perpendikularulad da 

Sedgenili ZiriTadi zonisagan: keris rRvevis, uSualod bzarebis 

ganviTarebisa da rRvevis wina zonisagan. rig SemTxvevebSi rRvevis wina 

zonamde mJRavndeba bzarebis uswrafesi ganviTarebis zona. rRvevis kera 

(napralebis Casaxvis makroskopiuli zona) Cveulebrivad xasiaTdeba 

mcirekristaluri aRnagobis reliefiT (Seicavs mikroskopul zonas, 

saTanado daRlilobiTi rRvevis ganviTarebis pirvel stadias da Tavis 

mxvriv warmoCenil bzarebis gavrcelebis ubans mocurebis sibrtyeSi). 

bzarebis TandaTanobiTi ganviTarebis zona (Seesabameba meore, mikroRarovani 

daRlilobiTi rRvevis stadias), xasiaTdeba imiT, rom kristaluri 

aRnagobis reliefi, rogorc wesi, Seicavs koncentrirebuli keridan 

gamaval daRlilobiT xazebs, romlebic warmoadgenen bzarebis gavrcelebis 

frontis kvals da warmoadgenen safexurebis sazRvrebs an sxvadasxva 

xavoianobis ubnebs. winamsxvrevis zona xasiaTdeba uxeSkristaluri 

aRnagobis reliefiT da mcire zomis kidura bzarebis arsebobiT 

(orientirebuli metwili sididis mxebi Zabvebis moqmedebis mimarTulebiT). 

rRveva mcirecikliani daRlilobiT orientirebulia gamWimavi 

Zabvebis moqmedebis perpendikularulad. is ZiriTadSi emTxveva tipiuri 
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mravalcikliani daRlilobis rRvevas. mcirecikliani daRlilobiTi rRveva 

mravalferovania. rig SemTxvevebSi aqvs radialuri naWdevebi, plastikuri 

deformaciis SesamCnevi kvalis Tanaarseboba, gansakuTrebiT rRvevis ubanze 

(swrafi ganviTarebis zona, rasac adgili aqvs rRvevis wina momentSi). 

Termuli daRlilobiTi rRveva, romlis warmoqmnac ganpirobebulia 

cikluri temperaturuli Zabvebis zemoqmedebiT, warmoqmnili ganmeorebiTi 

gacxelebiT da gacivebiT. aRnagobis orientaciis mixedviT Termuli 

daRlilobiTi rRveva, saerTo jamSi, tipiuri (mraval cikliani) 

daRlilobis rRvevis analogiuria da xasiaTdeba: mravalkerianobiT 

(Cveulebriv aqvs erTi an sami ZiriTadi da ramodenime damatebiTi kera); 

axasiaTebs bzaris TanamimdevrobiTi ganviTarebis zonis mcire 

gaxangrZliveba, romelic rogorc wesi xasiaTdeba danaoWebiT, aramkveTri 

Semoxazuli keridan naWdevebiT da sustad gamokveTili daRlilobiTi 

xazebiT; reliefis didi mogluvebiT mkveTrad Semoxazuli sazRvrebis 

arqona; reliefis ubnebis marcvlovani aRnagobis arseboba (im SemTxvevaSi, 

roca marcvalSoris rRveva ar SeiZleba iyos axsnili raime mizezebiT). 

rRveva gamowveuli koroziuli daRlilobiT – romlis warmoqmna  

ganpirobebulia erTdroulad mravaljeradi koroziuli arxis datvirTvis 

zemoqmedebiT. orientaciiT da aRnagobiT koroziuli daRlilobiTi rRveva 

ZiriTadSi tipiuri rRvevis analogiuria, mas ansxvaveben: mravalkerianobiT, 

koroziuli dazianebebis arsebobiT, mcire da msxvili bzarebis mcire 

gamokveTilobiT daRlilobis xazebis marcvlovani aRnagobis reliefze 

(adgili aqvs marcvalTSoris rRvevisas). amis garda, koroziuli 

daRlilobiT gamowveuli rRvevisaTvis damaxasiaTebelia metnaklebad 

mkveTrad gamoxatuli daRlilobiTi rRvevis pirveli stadiis ganviTareba 

forsaitis klasifikaciis mixedviT, wodebuli agreTve 

kristalografiulad, radgan is namdvilad dakavSirebulia rRvevasTan, 

gansazRvruli kristalografiul sibrtyeSi maqsimaluri mxebi Zabvebis 

zemoqmedebiT. amasTan dakavSirebiT daRlilobiTi bzarebis ganviTarebis 

pirvel stadiaSi traeqtoria orientirebulia -iT mTavari normaluri 

Zabvebis zemoqmedebisadmi. Cveulebriv pirobebSi datvirTvebisas rRvevis 
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xangrZlivoba, romelic Seesabameba pirvel stadias, aqvs mikroskopuli 

zomebi (ori ... xuTi marcvlis farglebSi) da makroanalizisas, rogorc 

wesi ar xdeba misi gamomJRavneba. koroziul areSi rRvevis pirveli stadia 

xangrZlivdeba imdenad, rom SeimCneva rRvevis makroanalizis drosac [44].       

rRvevis aRwerili saxeebi iZlevian sakmarisad srul warmodgenas 

liTonis masalebSi gamovlenili rRveviTi procesebis sirTulisa da 

mravalnairobis Sesaxeb. Tumca eqspluataciuri rRvevis erT-erT ganxilul 

saxesTan identificireba xSir SemTxvevaSi arc Tu martiv amocanas 

warmoadgens, radganac detalebis rRveva ganpirobebulia datvirTvebis 

tipebis mravali saxis SexamebasTan, maT donesTan, modebis siCqaresa da 

wesebTan (xerxebTan), rTuldeba erTdrouli zemoqmedebiT sxvadasxva ariT 

da temperaturiT. amis gamo zemoT moyvanili rRvevaTa saxeebis 

makrodaxasiaTeba miznis miRwevisaTvis sakmarisi ar aris.  

dResdReobiT makroanalizi umravles SemTxvevaSi Seivseba 

mikrofraqtografiuli analiziT, operirebuli friad vrceli  

ganmasxvavebeli mikroniSnebiT, romelTa arsebobac aris Sedegi da Sinagani 

gamovlineba ama Tu im rRvevis meqanizmisa an im meqanizmTa gansazRvruli 

Serwymisa. ufro zusti cnobebi mikrofraqtografiis Sesaxeb mocemulia 

[44, 78] naSromebSi, sadac aRwerilia zemoT ganxiluli kategoriebis 

urTierTdamokidebuleba da gamosakvlevi detalis rRvevis klasificireba. 

detalis rRvevis xasiaTis gamovlenisaTvis maTi Sedgenilobis, 

struqturis, Tvisebebis da datvirTvis gaTvaliswinebiT liTonTa fizikis 

analizis meTodebi xSiria da warmodgenilia literaturul wyaroebSi [43, 

48, 49, 55].  

detalis teqnikuri mdgomareobis Seswavlis meTodoligiis sakiTxebi 

maTi datvirTvis da rRvevis analizis pirobebi, aseve detalebis aramrRvevi 

kontrolis meTodebis gamoyenebis Taviseburebebi sakmarisad sustadaa 

gaSuqebuli da TiTqmis arcerT literaturul wyaroSi ar aris mocemuli 

urTierTkavSiri anu kvlevis erTiani Camoyalibebuli meTodologia am 

mimarTulebiT. 

 27



 

aucilebelia Seiqmnas calkeuli detalebis teqnikuri mdgomareobis 

Sefasebis meTodologiuri safuZveli maTi damzadebis, gamocdis, 

eqspluataciis da remontis yvela etapze. aseve konkretuli rekomendaciebi 

aramrRvevi kontrolis meTodebis da saSualebebis arCevisaTvis. agreTve 

liTonTa fizikis analizi konstruqciis, sawarmoo teqnologiis, 

datvirTvis pirobebis da masalebis Tvisebebis gaTvaliswinebiT.   

 

 

1.2. sagangebo situaciebis da zaralis saxeebi 

 

warmoSobis wyaros mixedviT ansxavaveben bunebriv, teqnogenur da 

bunebriv-teqnogenuri xasiaTis sagangebo situaciebs.   

bunebriv sagangebo situaciebs safuZvlad udevs bunebrivi movlenebi, 

romlebic ar arian damokidebuli adamianis moRvaweobasTan, maT miekuTvneba 

miwisZvrebi, qariSxlebi, tornadoebi, wyaldidobebi, Weqa-quxilebi (mexi) 

mewyerebi, zvavebi, yinulovani movlenebi, vulkanuri lavebis da narcis 

nakadebi, vulkanebis amofrqvevisas, Rvarcofebi, niadagis erozia, 

meteoritebis cvena da sxva. 

seismuri saSiSroeba miwisZvrisas ganisazRvreba, rogorc gruntis 

intensiuri rxeviT, aseve meoradi faqtorebiT, rogoricaa zvavebi, 

mewyerebi, miwis zedapiris daweva (dajdoma) da gadaxra, gruntis 

gaTxeleba, wyaldidobebi, kaSxlebisa da damcavi jebirebis garRveva, aseve 

xanZrebi. 

Zlier qars, atmosferuli wnevis mniSvnelovan cvalebadobas da didi 

raodenobiT naleqs SeuZlia gamoiwvios Senoba-nagebobebis ngreva da 

adamianTa msxverpli. saSiSi atmosferuli movlenebi ukavSirdeba 

ciklonebis, qariSxlebisa da tornadoebis warmoqmnis SesaZleblobebs.    

Weqa-quxilis dros naleqi didi raodenobiT modis, magram yvelaze 

metad safrTxes warmoadgens eleqtruli ganmuxtvebi da mexis Camovardna. 

mas SeuZlia xeebis gaCexa, tyeSi xanZris gamowveva, Senoba-nagebobebis ngreva 

da a.S. 
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wyaldidobis qveS gulisxoben mdinareSi, tbaSi da zRvaSi wylis 

donis momatebis Sedegad adgilis mniSvnelovan datborvas, rac sxvadasxva 

mizezebiTaa gamowveuli. sxva danarCen stiqiur ubedurebebs Soris 

ganmeorebadobis, gavrcelebis farTobisa da materialuri zaralis mixedviT 

wyaldidoba erT-erT pirvel adgilzea saqarTveloSi. 

wyaldidobebis warmoqmnis bunebriv-geografiuli pirobebia: naleqi, 

wvimis saxiT, Tovlis da yinulis dnoba, cunami, taifuni, wyalsacavebis 

dacla. 

Rvarcofi drois SedarebiT mokle monakveTSi iwvevs wyalsadinaris 

kalapotis mniSvnelovan cvlilebas. maRali simkvrive da siCqareebi 

uzrunvelyofen maRal energetikul dones, ris gamoc is did safrTxes 

warmoadgens meurneobis sxvadasxva obieqtebisaTvis. 

mewyeri iwyebs moZraobas ferdobis wonasworobis darRvevis Sedegad, 

romelic grZeldeba wonasworobis axali mdgomareobis miRwevamde. mewyeriT 

gamowveuli qanebis mniSvnlovan gadaadgilebebs SeuZlia katastroful 

Sedegamde migviyvanos da stiqiuri ubedurebis xasiaTi miiRos, mewyers 

SeuZlia calkeuli obieqtebi daangrios da safrTxe Seuqmnas dasaxlebul 

punqtebs, gaanadguros soflis meurneobis savargulebi, daazianos 

karierebi, komunikaceibi, gvirabebi, milsadenebi, satelefono da eleqtro 

qselebi, wyalmeurneobis nagebobebi. 

zvavi warmoadgens mniSvnalovan safrTxes. maTi Camosvlisas iRupebian 

adamianebi, nadgurdeba materilauri simdidre, paralizdeba transportis 

muSaoba, iblokeba mTeli regioni, SeiZleba warmoiqmnas wyalsatevis 

wyaldidoba. zvavuri aqtivoba iwvevs saRvarcofe masalis dagrovebas, 

radgan TovlTan erTad gamoitaneba qvis masa da rbili grunti. 

teqnogenuri sagangebo situaciebi umTavreswilad ganpirobebulia 

adamianis teqnikuri moRvaweobiT. aseTi tipis sagangebo situaciebis 

magaliTebs warmoadgens avariuli afeTqebebi da xanZrebi, radiaciuli da 

qimiuri avariebi, teroristuli aqtebi da sxva. 

afeTqebasTan dakavSirebuli avariebis potenciuri obieqtebia 

feTqebad da cecxlsaSiS nivTierebaTa sawyobebi da sacavebi. maT miekuTvneba 
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navTobsawyobebi da navTobis bazebi, saraketo sawvavis sawyobebi, 

saartilerio, sainJinro sabrZolo masalis sawyobebi, asafeTqebel 

nivTierebaTa sawyobebi da a.S. magram, garda amisa mZime avariebTan da 

adamianTa msxverplTan dakavSirebuli afeTqebebi samoqalaqo samrewvelo 

sawarmoebSic xdeba. feTqdeba qvabebi saqvabeebSi, airebi, aparatebi, 

produqcia da naxevarfabrikatebi qimiur sawarmoebSi, benzinisa da sxva 

komponentebis airebi navTob gadamamuSavebel qarxnebSi, fqvilis mtveri 

wisqvil kombinatebsa da marcvleulis elevatorebSi, Saqris pudra Saqar-

sarafinado qarxnebSi, xis mtveri da laqsaRebavis airebi xis 

gadamamuSavebel kombinatebSi, airul kondensatebSi, airsadenebidan 

gaJonvisas da a.S. aseve asafeTqebel nivTierebaTa afeTqebis SemTxvevebia 

dafiqsirebuli transportirebisas. gansakuTrebulad saSiSia afeTqebis mZime 

SedegebiT maRaro da Saxtebi, sadac feTqdeba qvanaxSiris mtveri da airi. 

xanZari xSirad gamowveulia teqnologiuri procesebiT 

gauTvaliswinebeli stiqiurad ganviTarebuli wviT. xanZris CaqrobasTan, mis 

lokalizaciasTan, xalxisa da materialuri simdidris gadarCenasTan 

dakavSirebuli samuSaoebis warmoebis TvalsazrisiT xanZrebis klasifikacia 

sam mTavar zonas moicavs. calkeuli xanZrebis, masiuri da gabmuli 

xanZrebis da CamonaqcevSi xanZrebisa da ferflis zonarebi. xanZrebi 

SeiZleba iyos tyis, torfis, savele (mindvris), qalaqebisa da dasaxlebul 

punqtebSi, airebis, airnavTobisa da navTobproduqtebis. 

bunebriv-teqnogeniur sagangebo sitauciebs miakuTvneben iseT 

sagangebo situaciebs, sadac bunebrivi movlenebi (araiSviaTad gamouricxavi 

mocemuli regionisaTvis) iwveven katastroful Sedegebs, romlebic 

inicireben teqnolgenuri avariidan da katastrofebidan. am ukanaskneli 

tipis sagangebo situaciebis, magaliTad SeiZleba moviyvanoT perioduli 

datborva zogierTi raionebis, sadac aSenebulia da kvlavac grZeldeba 

mravasarTuliani saxlebis mSenebloba, rac zrdis mosaxleobis 

koncentracias, funqcionirebs saSiSi (magaliTad qimiuri) sawarmoebi. 

zemoTaRniSnuli wyaldidobebi da Rvarcofebi aseT raionebSi iwveven 

momwamvleli nivTierebebiTa da sayofacxovrebo narCenebiT masiur 
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dabinZurebas, rasac mravaljeradi ganmeorebisas mivyavarT ekologiur 

katastrofamde. sxva magaliTad, SeiZleba moviyvanoT masiuri xanZrebi, 

romlebic gamowveulia miwisZvris zonebSi, eleqtroxazebis mokle 

CarTvebiT da adamianis moRvaweobis sxva elementebiT. teqnogenuri 

avariebisa da katastrofebis provocireba bunebrivi movlenebiT aqcevs 

ufro saSiSad. agreTve Senoba-nagebobebis avariebisa da dazianebis mizezebi, 

SeiZleba iyos maTi daproeqtebisas daSvebuli Secdomebi, dabali xarisxis 

masalebis gamoyeneba, mSeneblobis wesebis darRveva, konstruqciebis 

araswori eqspluatacia. aRniSnuli Secdomebi da darRvevebi xSir 

SemTxvevaSi mTavrdeba katastrofiT. 

avariebis mizezebis analizi gviCvenebs, rom marTalia daproeqtebisas 

daSvebuli Secdomebis Sedegad avariebis wili dazianebaTa saerTo 

raodenobaSi mcirea, magaram am Secdomebs mosdevs katastrofuli xasiaTis 

avariebi, didi materialuri zaraliT. saWiroa TiToeuli proeqtis 

Semowmeba da kvalifikaciuri eqspertiza nagebobebis saimedoobis 

TvalsazrisiT. gansakuTrebuli yuradReba unda mieqces imas, rom 

geometriuli zomebis dasaSvebi farglebidan gadaxrebiT damzadebuli 

elementebis montaJis Sedegad ar miviRoT daqveiTebuli zidvis unaris 

mqone nageboba. gamoyenebuli masalis simtkicisa da deformaciis mcire 

gadaxram normatiulisagan, samuSao wesebis an eqspluataciis umniSvnelo 

darRvevamac ki ar gamoiwvios katastrofa. proeqti ar unda Seicavdes iseT 

konstruqciul gadawyvetilebebs, romelTa xarisxianad Sesruleba 

masobrivi mSeneblobis pirobebSi metad rTulia, proeqtSi 

gaTvaliswinebuli unda iyos is naklovanebebi, romlebsac avlens 

mSeneblobis praqtika. 

masStabis mixedviT sagangebo situaciebis klasificireba xdeba 

Semdegnairad: globaluri, nacionaluri, regionaluri, adgilobrivi da 

obieqturi. dedamiwis mosaxleoba da teritoria mravalricxovani 

meurneobis obieqtebiT eqceva 50 saSiSi bunebrivi da teqnogenuri procesis 

zemoqmedebis qveS. 30 wlis ganmavlobaSi (1962-92w.w.) katastrofuli 

bunebrivi da teqnogenuri avariebis da katastrofebis gamo daiRupa 
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daaxloebiT 4 mln. adamiani, xolo dazianebulTa ricxvma 3,3 mln-s 

gadaaWarbes. marto pirdapirma ekonomikurma zaralma am procesebis gamo 

Seadgina daxloebiT 380 mil, dolari, xolo saorientaciod jamuri 

zarali fasdeba 1,15 trilioni dolariT.  

zemoTaRniSnul zemoqmedebebs Soris dResdReobiT adamianTa 

cxovrebisaTvis saSiSroebas warmoadgenen gvalvebi (daRupulTa da 

dazianebulTa 50%-ze meti), wyaldidobebi (36%), qariSxlebi, taifunebi 

da Stormebi (8%), agreTve miwisZvrebi (23%). 

katastrofiuli ngrevebi samSeneblo konstruqciebis, Senoba-

nagebobebis da Sesabamisi ekonomikuri danakargebi xSir SemTxvevaSi 

dakavSirebulia zemoT CamoTvlil hidrometeorologiur saSiSroebebTan 

(yvela danakargebis 43%), miwisZvrebTan (27%) da wyaldidobebTan (20%) 

[11]. 

arsebuli faqtobrivi monacemebisa da gaangariSebuli danakargebis 

sidideebiT yofil sabWoTa kavSirSi 30 wlis ganmavlobaSi dazaralda 540 

aTasi adamiani. jamurma ekonomikurma zaralma (1990w. fasebiT) Seadgina 

500-570 miliardi  maneTi. ZiriTadi danakargebi mosaxleobaSi bunebrivi 

sagangebo situaciebisas warmoiSva wyaldidobebis Sedegad (daaxloebiT 

30% daRupuli), mewyerebisa da Camozvavebis Sedegad (21%), zvavebisa da 

qariSxlebis Sedegad (14%), Rvarcofebis Sedegad (3%), zRvebisa da 

wyalasacavebis napirebis gadmosvlis Sedegad (3%). ekonomikuri zaralis 

mTavar mizezebs warmoadgenen: niadagis erozia (daaxloebiT yvela 

danakargis 24%), teritoriebis datborva (14%), wyaldidobebi da 

napirebis gadamuSaveba (13%), mewyerebi da Camozaveba (11%), miwisZvra (8%). 

saxifaTo tendencias warmoadgens mTel msoflioSi sagangebo 

situacebis raodenobis zrda da gamomdinare danakargebi. amis erT-erT 

mizezs warmoadgens teqnikuri sistemebis momatebuli sirTule, romlebic 

qmnian cxovrebis xelovnur garemos da amasTan, izrdeba mwyobridan 

gamosvlis SesaZleblobac (avariebi). garda amisa, gaizarda adamianis 

moRvaweobis gavlena, am sistemebis gamoyenebiT cxovrebis xelovnur 

garemoze, rac gansakuTrebiT negatiurad aisaxa bolo aTaswleulebSi. 
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ekonomikis krizisi, mravalricxovani potenciurad saSiSi teqnikuri 

sistemebis saxsrebis ar arseboba, mosaxleobisa da sameurneo obieqtebis 

usafrTxoebis politikaSi strategiuli Secdomebis daSveba, romlebic 

iwvevdnen sagangebo sitauciebis mkveTr zrdas da maTgan gamomdinare 

zarals. 

ganxilul sagangebo sitaucebTan erTad didi mniSvneloba aqvT 

socialur sagangebo sitauciebsac. amaTgan aris gamowveeuli naadrevi 

sikvdilianobiT 80%, saSualod weliwadSi 450 aTasi adamianis daRupva 

gamowveulia omebiT, dawyebuli 1700 wlidan. ukanaskneli 30wlis 

ganmavlobaSi seqsualur monebad aris qceuli daaxloebiT 30mln. qali. am 

jgufis sagangebo situaciebis ganxilva gamodis Cveni ganxilvis sferodan, 

magram dadgenilia, rom socialuri ryevebi uSualo zemoqmedebas axdenen 

teqnogenuri sasargeblo sitauciebis zrdaze. 

sagangebo situaciebis raodenobis zrda ganpirobebulia ara mxolod 

zemoTaRniSnuli faqtorebiT, romlebic ZiriTadad miekuTvnebian adamianis 

moRvaweobas. cnobilia kataklizmebi, romlebic Cveulebriv xdeba 

aswleulebis mijnaze. dakvirvebebi aCveneben, rom am faqtorze zemoqmedebas 

SeiZleba axdendes kosmosi, kerZod mzis moqmedeba. 

sagangebo situaciebidan gamowveul daRupvis mudmiv zrdas 

gardauvalad mivyavarT iqamde, rom erTiani erovnuli produqtis ufro da 

ufro meti wili msoflios mraval qveyanaSi xmardeba ara ekonomikur da 

socialur ganviTarebas, aramed dazaralebulTaTvis daxmarebis gawevasa da 

dangreulis aRdgenas.  

katastrofebis raodenobis zrdas, mivyavarT Cvens qveyanaSi erT sul 

mosaxleobaze erTiani erovnuli produqtis Semcirebamde 1100-dan 3200 

dolaramde, anu 3,4-jer. avariebisa da katastrofebis raodenobis Semdgomma 

zrdam SeiZleba qveyana miiyvanos im mdgomareobamde, rodesac igi imuSavebs 

ara ganviTarebaze, aramed mxolod sagangebo situaciebis Sedegebis 

likvidaciaze. 

sagangebo situaciebis zemoqmedeba socialur-ekonomikur sistemebze, 

saxalxo meurneobis teritoriul kompleqsebsa da calkeul obieqtebze 
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erTmaneTisagan gansxvavdebian movlenis arsiT, misi xangrZlivobiT da 

zemoqmedebis farTobiT, xolo miyenebuli zaralis sididesTan mimarTebaSi, 

aseve sistemis ganWvretiTa da tipiT (magaliTad dasaxlebuli punqtebis 

iSviaTi qseliT an msxvili qalaqi mWidro ganaSenianebiT). 

sagangebo situaciebi zemoqmedebis xasiaTis mixedviT SeiZleba iyos 

damangreveli, paralizebadi (magaliTad, transportis moZraobis SeCereba) 

da dauZlurebadi (mosavlis, wylis maragis da sxva bunebrivi resursebis 

SemcirebiT). niSandoblivia, rom sxvadasxva obieqtebisaTvis erTi da igive 

sagangebo situaciebis xasiaTi SeiZleba iyos sxvadasxva (magaliTad, 

wyaldidoba SeiZleba iyos damangreveli qalaqisaTvis, paralizebadi _ 

datborili samanqano gzebisaTvis da dauZlurebadi _ mosavlisaTvis). 

sagangebo situaciebisagan miyenebuli zaralis ZiriTad saxeebs 

warmoadgenen: socialuri, ekonomikuri da ekologiuri. ganvixiloT 

TiToeuli calcalke. 

socialuri zarali Cveulebriv izomeba sagangebo situaciebisas 

msxverplis, daWrilebisa da dazaralebulebis raodenobiT. rig SemTxvevaSi, 

agreTve mxedvelobaSi Rebuloben im adamianTa ricxvs (raodenobas), visac 

metnaklebad Seexo sagangebo situaciebidan gamomdinare Sedegebi.  

gasuli saukunis 80-ian wlebis bolos sicocxlis saSualo 

Rirebuleba Seadgenda daaxloebiT 120 aTas dolars. gansxvavebisaTvis 

SevniSnoT, rom 1990w. sabWoTa kavSiris erovnuli simdidre Seadgenda 

daaxloebiT 3,8 trilion maneTs, gamoZiebuli mineralebi _ 19 trilions 

(sul daaxloebiT 30 trilioni maneTi), maSin, rodesac mosaxleobis 

Rirebuleba _ 100-200 trilion maneTs. amgvarad, nebismieri qalaqis 

mosaxleoba mniSvnelovnad Rirebulia, vidre TviT qalaqi. 

pirdapir socialur zaralTan erTad arsebobs iribi, romelSic 

gamoyofen eTno-struqturul da socialur-fsiqologiur Semadgenlobebs.  

eTno-struqturuli zarali _ es ara mxolod adamianTa daRupvaa, 

aramed eTnosebis daRupva, im xalxis eTnikuri TviTSegnebis dakargva, 

romlebmac samudamod datoves samSoblo an romlebic istoriuli 

Rirebulebebis dangrevis Sedegad kargaven mas. 
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socialur-fsiqologiuri zarali mdgomareobs keTildReobis 

SegrZnebis saerTo SemcirebaSi momxdari ubedurebis simZimis qveS an 

nangrevebSi xangrZlivi cxovrebiT. 

sagangebo situaciebisagan miRebuli ekonomikuri zarali mdgomareobs 

ZiriTadi fondebis (Senobebi, nagebobebi, mowyobilobebi da a.S.), sabrunavi 

fondebis (nedleulis, sawvavis, naxevarfabrikatebis da a.S.), mza 

produqciis, mosavlis, pirutyvis, piradi qonebis da sxvaTa pirdapir 

danakargebSi. miRebulia, rom pirdapiri danakargebis daTvlisas 

mxedvelobidan rCebaT misi realuri sididis daaxloebiT 30%. 

iribi ekonomikuri zarali warmoiqmneba xelidan gaSvebuli mogebis 

Sedegad (produqciis srulad miuRebloba da a.S.), sawarmoebSi arsebuli 

dazianebebis arsebobis dros, xalxisa da teqnikis mocdenisas avariul-

samaSvelo da saremonto-aRdgeniTi samuSaoebis ganxorcielebisas, 

TviTRirebulebis zrdisa an produqciis xarisxis Semcirebisas, agreTve 

paralelurad momuSaveTa danaxarjebiT, romlebic iZulebulni xdebian 

gamoiyenon momaragebis, transportis sxvadasxva saSualebebi da a.S. 

zaralis am saxem SeiZleba Seadginos 30%-dan 300-400%-mde 

pirdapirisagan, amasTan rac ufro metia masStabi da sirTule social-

ekonomikuri sistemisa, miT maRalia iribi zarali. 

buneba Tavis Tavs ekologiur zarals ar ayenebs. magram mas SeiZleba 

adgili hqondes bunebrivi teqnogenuri xasiaTis sagangebo situaciebisas. 

eqspluatirebuli bunebrivi resursebis pirdapir danakargebs 

uwodeben ekologiur-ekonomikur zarals. bunebrivi garemos danakargebs, 

rogoricaa biosfero akuTvneben ekologiur zarals. 

ekologiuri zaralis arsebuli Sefaseba jerjerobiT mcirediT Tu 

pasuxobs sagangebo situaciebis realur Sedegebs bunebrivi garemosaTvis. es 

aisaxeba, magaliTad, ekologiur-ekonomikuri zaralis daTvlisas, 

industriuli ekonomikis kriteriumebze dafuZnebul bunebrivi resursebis 

ukiduresad dabali SefasebiT. mineraluri resursebi fasdeba mxolod 

aRmoCenaze, gadamuSavebasa da momxmareblisaTvis miwodebaze gaweuli 

xarjebiT. miwis fasi iTvleba im nakveTebis danaxarjebis sididiT, 
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romlebic gadaecema sxva moxmarebisaTvis (wyalsacavebis avsebisas da a.S.), 

im miwebis dabrunebis RirebulebiT, romlebic gafuWda samrewvelo 

moRvaweobis Sedegad da saWiroeben aRdgenas. 

qalaqebis gafarToebas unda gamoewvia miwebis Rirebulebis gazrda, 

rac ar moxda (msxvili qalaqebis gamoklebiT). piriqiT, teqnologiebis 

daxvewam gamoiwvia Tavisufali miwebis Rirebulebis Semcireba. aseTi 

midgoma, romelic ar iTvaliswinebs negatiur ekologiur Sedegebs, iwvevs 

iseT damokidebulebas miwisadmi da misi wiaRisadmi, rom TiTqmis uvargisia. 

sakuTari ekologiuri zaralis Sefaseba aseT pirobebSi aris ufro 

dabali. arsebiTad mas aqvs sufTa saxelSekrulebo xasiaTi, ramdenadac igi 

ganisazRvreba TanxiT, ris gadasaxdeladac miwaze mzadaa, raTa sazogadoebis 

TvalSi kargad gamoCndes. ufro metic, rig SemTxvevebSi bunebis avariuli 

dazianeba, rigi eqspertebis mixedviT, formalurad Turme momgebiania, 

ramdenadac danaxarjebi ekologiuri Sedegebis likvidaciaze iricxeba 

ganzogadebul ekonomikur maCveneblebSi (erTiani erovnuli produqti da 

a.S.), fiqtiurad ekonomikuri zrdis momatebiT.    

 

 

1.3. sagangebo situaciebisagan miyenebuli zaralis 

Sefaseba 

 

sagangebo situaciebisagan miyenebuli zarali ikribeba acilebuli 

danakargebiT da gardauvali (ara acilebuli) danaxarjebiT.  

drouli danaxarjebi _ jamdeba mSeneblobis gaZvirebiTa da 

obieqtebis, satransporto da sainJinro sistemebis eqspluataciiT sagangebo 

situaciebis efeqtis Semcirebisa an damatebiTi dacviTi RonisZiebebis 

xarjze, saxsrebiT danaxarjebze da a.S. 

ara acilebuli danakargebi izomeba absolutur da fardobiT 

maCveneblebSi. absoluturi danakargebis sazoms Cveulebriv warmoadgens 

msxverplis, dangreuli Senobebis raodenoba da a.S., naturalur da fulad 

maCveneblebSi. fardobiTi danakargebi izomeba mTlianTan SedarebiT 
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dakargulis wiliT. magaliTad, procentebSi erTiani erovnuli 

produqtidan, saSualo mravalwliani mosavlidan da a. S. bolo midgoma 

saSualebas iZleva Sefasdes simZime da danakargis Sevseba. sagangebo 

situaciebisas, upirveles yovlisa, gamoiangariSeba absoluturi danakargebi, 

gadawyvetilebebis swrafad misaRebad, dazaralebuli raionisaTvis sagareo 

daxmarebis saxiT avariul-samaSvelo zomebis gasatareblad. 

yofil sabWoTa kavSiris samoqalaqo TavdacvaSi da  dsT-s qveynebSi 

SemuSavebulia sagangebo situaciebis Semdegi gradacia, romelic 

dafuZnebulia Sedegebis simZimeze: 

_ msxverplis raodenobiT:  

1) msubuqi sagangebo situaciebi, umsxverplo;  

2) saSualo simZimis _ msxverplis raodenobiT 10-mde;  

3) mZime _ 100-mde;  

4) sagangebod mZime _ 1000-mde;  

5) katastrofuli 1000-ze meti raodenobis msxverpli. 

_ mosaxleobis raodenobiT, romlebic imyofebian safrTxis   qveS 

(saWiroeben evakuacias):  

1) umniSvnelo sagangebo situaciebi _100 kacamde;  

2) saSualo saSiSroebis _ 1000 kacamde;  

3) saSiSi _ 10000 kacamde;  

4) sagangebod saSiSi _ 10000-ze meti adamiani; 

_ dazianebuli nakveTis sididiT:  

1) kerZo da obieqturi sagangebo situaciebi, romlebic moicaven 

sawarmoebs;  

2) adgilobrivi _ erTi administraciuli olqis farglebSi;  

3) regionaluri _ meti vidre erT olqSi;  

4) kontinentaluri;  

5) globaluri. 

ekonomikuri zaralis mixedviT (1980-iani wlebis fasebSi): 

umniSvnelo sagangebo situaciebi _ 100 aTas maneTamde; saSualo, didi da 
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uzarmazari sagangebo situaciebi, Sesabamisad, 1 milionamde, 500 milionamde 

da 500 milion maneTze meti. 

ubedurebebis dros daxmarebis gawevis gaero-s biuro sagangebo 

situaciebs yofs Semdegnairad: 

1. SemTxvevebi _ xalxis sicocxlis xelyofis saSiSroeba; 

2. ubeduri SemTxvevebi; 

3. avariebi _ dazaralebulTa raodenoba 1000 kacamde; 

4. ubedurebebi da katastrofebi _ dazaralebulTa raodenoba 1 

milionamde da 1 milionze meti adamiani. 

profesor s.i. migkovis mier warmodgenili sagangebo situaciebis 

saerTo klasifikacia mocemulia cxrilis saxiT (cxr. 1.1.), racionalur-

ekonomikuri sistemebisaTvis Sedegebis siZneleebis mixedviT. sagangebo 

situaciebi, romelTa Sedegebis likvidireba xdeba araumetes ramodenime 

dRisa (mokle wvimebiT gamowveuli wyaldidobebi, erTeuli gzebis dazianeba 

da a.S.), mxolod msubuqad arRveven mosaxleobis cxovrebis reJimsa da 

sawarmoebis muSaobas da Cveulebriv ar iwveven sasicocxlo uzrunvelyofis 

sarezervo variantebze gadasvlas. magram aseTi gadasvla aucilebelia, Tuki 

sagangebo situaciebis Sedegebis likvidireba SesaZlebelia mxolod ufro 

xangrZlivi drois ganmavlobaSi, vTqvaT erT wlamde. 

cxrili 1.1. 

danakargebis aRdgena sagangebo 

situaciebis 

kategoriebi 

mTlianad vada 

sagangebo 

situaciebis 

xasiaTi 

ss/wl. 

mosalodneli 

ricxvi 

I msubuqi mTlianad 3dR/Ram. 

 

10-102 

II msubuqi mTlianad 1 wlamde 

 

1-10 
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III saSualo mTlianad 5-7 wl-mde 

 

10-1-10 

IV mZime, 

Zlieri 
nawilobriv ara umetes  

5-7 wlis 

 

10-1-10-3 

V umZimesi 
ekonomikurad xelmisawv-domi 

vada zaralis aRdgenisaTvis 

 

 

Tuki sagangebo situaciebisagan miRebuli danakargebi (Zlieri 

miwisZvrebi, wyaldidobebi da a.S.) aRdgenilia 5-7 wlis ganmavlobaSi, 

Sejerebulia kapitaldabandebebis amogebis vadasTan, mizanSewonilia dadges 

sakiTxi arCevis Sesaxeb sagangebo situaciebSi meurneobis dazianebuli 

elementebis iolad aRdgenasa da maT modernizebas Soris. 

moyvanili klasifikacia moicavs rig arsebul kerZo Skalebs, 

magaliTad, bunebrivi garemos dabinZurebis biologiuri saSiSroebis Skala 

(dbs), ekologiuri stuaciebis simZimis Skala (ess), geologiuri garemos 

ekologiuri mdgomareobis Skala (ggm) da sxva. 

gaerTianebuli monacemebis safuZvelze SeiZleba warmovidginoT, rom 

ss-1, ss-2, ss-3, ss-4 qalaqebisaTvis pasuxoben Sesabamisad 1%-s; 1-10%-s; 

10-30%-s da 30%-ze meti. 

sagangebo situaciebis _ 3-is kategorias miekuTvneba arc Tu Zalian 

damangreveli miwisZvrebi, Zlieri wyaldidobebi, xangrZlivi gvalvebi da a.S. 

sagangebo situaciebis _ 5-is magaliTebs warmoadgenen Cernobilis 

atomuri eleqtro sadguris maxlobeli zonebi, saxelmwifoebis daRupvis 

SemTxvevebi warsulSi niadagebis damlaSebis gamo, miwebis gauwyloeba an 

datborvebi. 

sxvadasxva sirTulis kategoriebis sagangebo situaciebi hpoveben 

sxvadasxva socialur-fsiqologiur gamoZaxils.  
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sagangebo situaciebi 1-Si gadis TiTqmis SeumCnevlad, sagangebo 

situaciebi-2 mosaxleobis umetesi nawilisaTvis usiamovno mdgomareoba, 

romelic iwvevs gaRizianebas da a.S. mesame kategoriis sagangebo situaciebi 

_ es ukve ubedurebaa. maT SeuZliaT arsebiTad Secvalon socialur-

fsiqologiuri mdgomareoba, emigraciis `afeTqebis~ gamowveviT. meoTxe 

kategoria sagangebo situaciebis qmnis saerTo gulgatexilobas, iwveven 

cxovrebiseuli faseulobebis Secvlas da socialur ryevebs. mexuTe 

kategoria sagangebo situaciebis gadarCenili xalxisaTvis rCeba, rogorc 

cxovrebis damangreveli movlena. 

moyvanili monacmebi amtkiceben im faqts, rom sagangebo situaciebis 

Sedegad praqtikaSi zaralis Sefasebis safuZvlad miiReba, rogorc wesi, 

adamianuri sicocxlis xelyofis, an janmrTelobis dakargvis SesaZlebloba. 

es daxasiaTeba pirdapir ukavSirdeba dasaSveb risks, romelic Cveulebriv 

gaiangariSeba 1 welze adamianTa sicocxlis xelyofis sididiT, agreTve 

SesaZlebelia dasaSvebi riskis sxva moyvanili maCveneblebi magaliTad 

Senoba-nagebobebis ngrevisas gamowveuli materialuri zarali da adamianTa 

sikvdilianobis ricxvi. 

  

1.4. konstruqciebis rRvevis, avariis riskis 

Tvisobrivi da raodenobrivi gansazRvris 

arsebuli meodika 

 

detalebis rRvevis bunebis gansazRvras iwyeben maTi SeuiaraRebeli 

TvaliT daTvalierebiT, an gamadidebeli minisa da binokularuli 

mikroskopis gamoyenebiT. 

vizualuri saSualebebis daxmarebiT swavloben, pirvel rigSi 

rRvevis zedapiris saerTo mdgomareobas da deformaciis bunebas. xSir 

SemTxvevebSi mxolod namsxvrevebi da narCeni deformaciebi warmoadgenen 

sainformacio wyaroebs rRvevis rTuli procesis Sesaxeb. 
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vizialuri analizi saSualebas iZleva davadginoT: narCeni 

deformaciis da dazianebaTa buneba; safaris mdgomareoba, Sinagani 

faqtorebis zegavlena, Sinagani Zalebis moqmedebis mimarTuleba, moqmedi 

gare Zalebis tipebi, rRvevis tipi da buneba. Tumca, dazianebebis da 

rRvevis specifiurobis gamo vizualuri dakvirveba yovelTvis ar iZleva 

sruli analizis saSualebas. amavdroulad detalebis rRvevis aramarto 

Tvisobrivi da xarisxobrivi, aramed datvirTvis pirobebis ricxobrivi 

maCveneblebi da pirvel rigSi saSiS kveTSi moqmedi nominaluri da rRvevis 

Zabvebis sidideebi warmoadgenen saangariSo detalisa Tu kvanZis 

konstruqciuli zomebis erT-erT ZiriTad ganmsazRvrel faqtors. 

upirveles yovlisa es parametrebi sainteresoa daRlilobiTi 

rRvevisas, rodesac Zabvebis sidide sakmarisad mcirea, vidre simtkicis 

zRvari da masalebis denadobis zRvari, romlis drosac warmoiSoba da 

iwyebs ganviTarebas daRlilobis bzari. 

sxvagvarad, rom vTqvaT aucilebelia vicodeT Zabvis sidide, romelic 

ganapirobebs daRlilobis bzaris warmoSobasa da ganviTarebas, rac 

aucilebelia ara marto gamoumJRavnebeli rRvevis mizezebis SemTxvevebis 

Sesamcireblad, aramed am mizezebis aRmofxvris RonisZiebebis 

rekomendaciebis damuSavebisTvis. igi mimarTulia ganmeorebiTi rRvevebis 

SemTxvevebis SesaZleblobis Tavidan acilebisaken.  

rRvevis Zabvebi gansazRvris mcdeloba bevr naSromSia mocemuli     

[100, 101, 103, 104]. cnobilia moqmedi datvirTvebis gansazRvris xerxi 

angariSis gziT rRvevis geometriuli parametrebiT SemoTavazebuli mudmivi 

maqsimaluri ZabvebiT nimuSebis rRvevis wina momentSi. rRvevis win am 

xerxiT Zabvis gansazRvrisaTvis rekomendirebulia is, rom daRlilobaze 

gamoicados ramodenime nimuSi, amoWrili darRveuli detalidan. Aamis 

garda, moqmedi Zabvebis angariSisaTvis rRvevis geometriuli parametrebiT, 

aucilebelia ganisazRvros detalis kveTis winaRobis momentebi datvirTvis 

dasawyisSi da rRvevis dawyebis momentSi. am xerxis gamoyenebis 

SesaZleblobani mkveTrad SezRudulia detalis zomebiT, romlebic 
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SesaZlebels unda xdides moiWras misi narCenebidan nimuSebi daRlilobaze 

gamosacdelad, ris gamoc am xerxma praqtikuli gamoyeneba ver hpova. 

cnobilia agreTve Zabvebis gansazRvris fraqtografiuli meTodi. es 

meTodi mdgomareobs imaSi, rom saZiebeli sidide ganisazRvreba keraSi 

naRaris bijisadmi damokidebulebaSi, rogorc Sesabamisi naRaris 

mniSvneloba, gazomili dazianebuli detalis keraSi [44]. am rekomendaciebis 

gamoyeneba  praqtikaSi SezRudulia, radganac aq upirveles yovlisa 

aucilebelia gvqondes zemoTmiTiTebuli damokidebulebani etalonuri saxiT 

yvela gamosakvlevi masalisaTvis, eqspluataciis pirobebis gaTvaliswinebiT. 

g. v. bondalis da g.v kolesnikovas magaliTze erT-erTi markis 

konstruqciuli foladisaTvis gamomJRavnda fraqtografiuli midgomis 

SesaZleblobani Zabvis donis gansazRvrisas, romelic iwvevs detalis 

daRlilobiT rRvevas. es xerxi dafuZnebulia gamosakvlevi zedapiris 

rRvevis dadgenaze iseTi fraqtografiuli kriteriumebisaTvis, rogorc 

sawyisi biji naRaris daRlilobisaTvis, ubnis napralis sigrZe, 

TanabradaCqarebuli naRaris bijis zrda da Sesabamisi ubnis sawyiss da 

sasrul nawilze moqmedi Zabvebis intensiurobis koeficientebis 

mniSvnelobebis gansazRvra. dasaxelebuli kriteriumebi winaswar 

eqsperimentulad gansazRvruli konkretuli mdgomareobisaTvis mocemuli 

markis foladisaTvis, saSualebas iZlevian ganisazRvros Zabvis done, 

romelsac mihyavs detali rRvevamde. es xerxi sainteresoa imiT, rom 

saSualebas iZleva ganisazRvros saZebni sidide kveTSi, rasac moiTxovs 

sainJinro praqtika.  

Tumca am xerxs friad arsebiTi nakli aqvs. is damuSavebulia 

mxolod erTi mdgomareobis, erTi markis foladisaTvis. am xerxis 

gamoyeneba nebismieri sxva masalisaTvis moiTxovs saangariSo formulaSi 

Semavali mudmivi sidideebis mniSvnelobebis eqsperimentul gansazRvras. 

amasTan saWiroa damatebiTi daRlilobiTi gamocda da fraqtografiuli 

gamokvleva. amis garda aucilebelia aRiniSnos, is rom es xerxi 

damuSavebulia mxolod gluvi obieqtebis gamokvlevebis Sedegebze da ar 

Seicavs datvirTvis modebis mcire sixSireebs. Semdgomi gamokvlevebis 
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Sedegebi iZlevian safuZvels davamtkicoT, rom daRlilobis Rarebis bijze, 

modebuli Zabvis donis garda, zegavlenas axdenen mTeli rigi faqtorebi 

(detalis masalis meqanikuri maxasiaTeblebi, modebuli datvirTvis tipi da 

sixSire, detalis konfiguracia da zomebi). 

aq Tqmulidan naTelia, rom mrRvevi Zabvis donis ricxobrivi 

Sefaseba daRlilobisas, Tundac iseTi, TiTqos da “mosaxerxebeli” 

mikrofraqtografiuli niSnis gamoyenebiT, rogorc naRaria, warmoadgens 

friad rTul amocanas, xolo misi gadawyveta moiTxovs specialuri 

midgomis damuSavebas. 

erT-erTi ricxobrivi Sefasebis SesaZlebli midgoma mrRvevi Zabvis 

donis Sesaxeb, damuSavebuli iqna parametrebs Soris urTierTkavSiris 

arsebobis bazaze. es kavSiri xasiaTdeba daZabuli mdgomareobiT 

daRlilobiTi bzaris wverze da fraqtografiuli parametrebiT. 

fraqtografiul parametrebSi igulisxmeba zedapiruli rRvevis reliefi, 

warmoqmnili napralebis Sedegad da rRvevis meqanikis Tanafardobebi, 

romelic akavSirebs bzaris sigrZes ZabvasTan. dResdReobiT es midgoma 

metwilad realizebulia mSeneblobaSi da aviamSeneblobaSi gamoyenebul 

konstruqciul foladebSi.[22,23,44].   

[127] naSromis avtorebis mier Catarebul gamokvlevebze dayrdnobiT, 

SeiZleba gakeTdes daskvnebi, imis Sesaxeb, rom naRaris bijis 

cvalebadobis kanoni b bzaris LL sigrZeze foladebisaTvis, gansazRvrul 

doneze modebuli Zabvisas σ zR (maqsimaluri daZabuli cikli σ maqs=σzR) 

SeiZleba aRiweros Semdegi formuliT:   

                             
BLAeb =                   (1.1) 

am gamosaxulebaSi L bzaris sigrZea, romelzedac realizdeba Rarovani 

reliefi;  A da B mudmivebia, romlebic yvela konkretuli b da L 

sidideebisaTvis, ganisazRvrebian umcires kvadratTa meTodis gamoyenebis 

safuZvelze.  
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(1.1)-is gardaqmniT (ormagi diferencirebiT da galogariTmebiT) da 

daSvebiT, rom bn = 10-8mm-1 miviRebT: Δ

 

               
( )

eB
ABABL

lg
)lg(10lg 282

*
−+

=                                (1.2) 

cdebis monacemebis analizma gviCvena, rom Tu saxvadasxva datvirTvis 

bunebidan gamomdinare bzaris sigrZeebs gamoviyenebT naRaris bijis Tanabrad 

aCqarebuli zrdis ubnis sigrZed L*, maSin Zabvis intensivobis koeficienti 

tolia: 

                         σ=*K zR 
*LΠ                  (1.3) 

am ubnis sigrZeebs Soris adgili aqvs korelaciur damokidebulebas, 

Semdegi saxis aproqsimirebuli formuliT: 

                      ( ) ***
0

2/1 KLCK +Π=                     (1.4) 

aq K* warmoadgns Zabvis intensiurobis koeficients, romelic axasiaTebs 

daZabul mdgomareobas L* sigrZis mqone bzaris ubnis bolos naRaris bijis 

Tanabrad aCqarebuli zrdiT;  - Zabvis intensiurobis koeficientia, 

romelic axasiaTebs daZabul mdgomareobas am ubnis dasawyisSi; C- 

proporciulobis koeficientia, romelic axasiaTebs K*-is cvalebadobas. 

Tumca amocana mrRvevi Zabvis raodenbrivi Sefasebis kriteriumis dasadgenad 

Sesasruleblad rTulia. 

*
0K

aSkaraa, rom ganisazRvros  parametrebi yvela konkretuli 

datvirTvis pirobebSi da konkretuli konstruqciisaTvis, agreTve saTanado 

damokidebulebebis (1.1), (1.3), (1.4) da koeficientebis (A,B) gansazRvra 

metad garTulebulia, radgan igi moiTxovs rigi faqtorebis 

gaTvaliswinebas. rogoricaa masalaTa meqanikuri maxasiaTeblebi, obieqtis 

konfiguracia saSiSi kveTis raionSi, Zabvis koncentratoris arsebobis 

gansazRvra, datvirTvis saxeebi.  

*
0K
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miTiTebul faqtorTa zegavlenis gansazRvra C da  

mniSvnelobebze datvirTvis sxvadasxva pirobebisaTvis SesaZlebelia  iseTi 

sidideebis Semotanis gziT, rogoricaa sawyisi Zabva σ0  da b0 daRlilobis 

naRaris sawyisi biji, romelTa mniSvnelobebic fardobiTad invariantulia 

obieqtze modebuli Zabvebisa da ganisazRvrebian, sacdeli damokidebulebis 

gadakveTis wertilebiT: 

*
0K

lgb = f (σ zR) an lgb = f (L); 

Tu b0-s ganvixilavT, rogorc yvelaze umcires datvirTvis konkretul 

SemTxvevas konkretuli sxeulis L* mniSvnelobas, rac ar ewinaaRmdegeba 

pirvel sawyis msjelobas naRaris sawyisi bijis Sesaxeb, maSin SeiZleba 

SemovitanoT kidev iseTi sidideebi, rogoricaa K0  da K0C. amaTgan K0 

warmoadgens Zabvis intensivobis koeficients, romelic axasiaTebs bzaris 

wverze daZabul mdgomareobas warmoqmnils sawyisi Zabvis zemoqmedebiT 

bzaris sigrZiT, romelic naRaris b0 bijis tolia, xolo  – Zabvis 

intensivobis koeficients imave sigrZis bzaris wverze, realurad modebuli 

Zabvis zemoqmedebiT. moyvanili gansazRvrebis Tanaxmad miTiTebuli 

intensivobis koeficientebi ganisazRvreba Semdegi tolebebiT:  

CK 0

                       000 ПbK σ=                           (1.5) 

                      00 ПbCK C =                            (1.6) 

[139] naSromSi mocemulia kriteriumi, romelic iZleva sxvadasxva 

daZabuli mdgomareobebis Sedarebis analizis saSualebas. es daZabuli 

mdgomareobebi ganpirobebulia sxvadasxva konfiguraciis sxeulebis rRvevis 

ganviTarebiT, Sesrulebulia sxvadasxva meqanikuri maxasiaTeblebis mqone 

masalebisagan da sxvadasxva pirobebSi datvirTviT. plastikuri 

deformaciis lokaluri zonis bzaris wibos sigrZe ganisazRvreba Semdegi 

gamosaxulebiT: 

                                                         ( )200 / fKr σ=                                      (1.7) 
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aq 
fσ  warmoadgens e.w. ciklurad ganmtkicebuli masalis Zabvis 

dinebas, romelic literaturuli monacemebiT tolia simtkicisa da 

denadobis naxevar jamisa.  

eqsperimentiT miRebuli monacemebis Semdgomma analizma aCvena, rom 

fardobiT zonis zoma plastikuri deformaciis 0r  sawyisi Zabvis 

zemoqmedebiT akoreqtirebs fardobiTi zomis plastikur deformacias 

rr
OC
=

ОС / σB, romelic warmoqmnilia realuri Zabvebis zemoqmedebiT. es 

saSualebas iZleva datvirTvis konkretuli pirobebis saZiebeli 

obieqtisaTvis ganisazRvros ara mxolod K0, aramed K0C , e.i. Zabvis 

intensivobis koeficientebi, romlebic axasiaTeben bzaris wveris daZabul 

mdgomareobas, plastikuri deformaciis lokaluri zomebi, romlebic 

Sesabamisad tolia r0 da rOC . (1.7)-dan gamomdinare miviRebT:  

                                               σγ
00

=K f               (1.8) 

   σγ
00

=
C

K f                      (1.9) 

K0 da K0C mniSvneloba Serwymuli gaSualedebuli gradientul-sixSiruli 

SesworebiT Zabvis intensivobis koeficientze tolia [139]: 

                                                                   r K = ( Kr + kβ )/2                               (1.10) 

       sadac,    Kr  = r                                                                                  (1.11) 

                                                        Kβ = 0β                                                        (1.12) 

sabolood ganisazRvra Zabvis raodenobrivi Sefasebis erT-

erTi kriteriumi  

                    4
0

*
0

K

oc

K
KK
γ

=       
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[30] naSromSi mocemulia meore ZiriTadi kriteriumi, igi 

ganisazRvreba eqsperimentuli damokidebulebidan )(MfC = , sadac 

                                 
2

21 Δ+Δ
=M                 (1.13) 

(1.13) warmoadgens rTul funqcias, romlis argumentebsac warmoadgenen 

ukve cnobili sidideebi K0 , K0C ,  da *
0K γ k. 

    (1.13) gamosaxulebidan gamomdinare Sesabamisi nominaluri Zabva, romelmac 

gamoiwvia sakvlev obieqtSi daRlilobis bzaris warmoqmna da ganviTareba 

tolia: 

σ nom = 
*

*
L

K
π

                                              (1.14) 

daskvnis saxiT SeiZleba iTqvas, rom fraqtografiuli damuSavebis 

xerxs foladis detalebis daRlilobis dros mrRvevi Zabvis donis 

ricxvobrivi Sefasebisas safuZvlad udevs: eqsperimentulad damtkicebuli 

bzaris sigrZis gaswvriv naRaris daRlilobiTi bijis cvalebadobis kanoni, 

romelic Cawerilia empiruli gantolebiT gansazRvruli saxiT. 

daRlilobiTi rRvevis zedapiris ubani Cndeba praqtikulad naRaris bijis 

TanabaraCqarebuli zrdiT. arsebobs urTierTkavSiri rRvevis meqanikis 

parametrebis Tanafardobebsa da empiriuli damokidebulebis parametrebs 

Soris, romelic aRwers naRaris bijis cvalebadobis kanons bzaris sigrZis 

gaswvriv. 

 [35,45,46] SromebSi warmoebuli gamokvlevebis Tanaxmad 

Camoyalibebuli mrRvevi Zabvis raodenobrivi SefasebisaTvis 

fraqtografiuli xerxiT aucilebelia Semdegi parametrebis codna: 

gamosakvlevi detalis masalis simtkicis zRvris σ szR faqtiuri 

mnSvneloba da pirobiTi denadobis zRvari σ den; fardobiTi Zabvis G  

gradienti kveTSi, romelSic ganviTarda rRveva; sixSire ω  da datvirTvis 

modebis xerxi; naRaris bijis cvalebadobis damokidebuleba bzaris L 

sigrZeze.  
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dasaxelebuli sidideebis mniSvnelobis gansazRvrisaTvis saWiroa 

Semdegi operaciebis Catareba: simtkicis da denadobis zRvaris 

mniSvnelobebs gansazRvraven konstruqciis rRvevis mizezebis dadgenis dros 

masalis xarisxis Semowmebisas, detalidan nimuSebis amoWris gziT da maTi 

gamocdiT; kveTSi Zabvis cvalebadobis fardobiT gradients, ris gamoc 

moxda rRveva, gansazRvraven detalis Runvis SemTxvevaSi Rrma amoCarxvisas 

[30] naSromSi moyvanili TanafardobebiT; kveTis h simaRlis mniSvnelobas 

(zoma bzarebis ganviTarebis gaswvriv mimarTulebiT) an mis d diametrs, 

agreTve koncentratoris r radiuss da mis siRrmes gansazRvraven 

geometriuli da teqnikuri parametrebis Sesabamisobis Semowmebisas 

detalis naxazTan; datvirTvis modebis xerxs (Runva, gaWimva da sxva) 

adgenen SepirispirebiT detalis datvirTvis sqemisa da sakonstruqtoro 

dokumentaciis SedarebiT. agreTve makrofraqtografiuli niSnebiT, 

romliTac xasiaTdeba rRvevis ganviTareba. 

datvirTvis sixSiris mniSvneloba an misi cvalebadobis diapazoni 

gamosakvlevi obieqtis muSaobis sxvadasxva reJimebis dros dadginda, rom 

sixSiris cvalebadoba 100-dan aTobiT hercamde arsebiT zegavlenas 

sxvadasxva Tanabari pirobebis SemTxvevaSi Zabvis gansazRvris Sedegebze ar 

axdens da piriqiT, sixSireebma 5 herci da naklebma SeiZleba gamoiwvios 

angariSebSi SesamCnevi cTomileba, Tu ar gaviTvaliswinebT maT zegavlenas. 

   xSirad detalis datvirTvis sixSire dgindeba agregatis 

daniSnulebisa da muSaobis pirobebidan gamomdinare, romlis Semadgenel 

nawilsac warmoadgens gamosakvlevi detali. magaliTad, kompresoris niCbebi 

irRveva yovelTvis rezonansuli sixSiris diapazonSi, detalebis brunvisas 

– aranaklebi saangariSo brunvis sixSirisas; flateris, baftingis da Simis 

arsebobas miuTiTebs agregatis rRvevis buneba. datvirTvis sixSiris 

gansazRvraSi didad gvexmareba gatexili detalis buneba-maxasiaTebeli. 

ZiriTadad dabali sixSireebi, xasiaTdeba rogorc wesi Tanmxlebi 

damaxasiaTebeli  mikrofraqciuli niSnebiT – erTgvarovani zedapiruli 

rRveviT (maRalsixSiriani datvirTvisas naRari xSirad jgufdeba), bzaris 

datotvis ararsebobiT da sxva. 

 48



 

b  da  L  damokidebulebis  miRebisaTvis aucilebelia sakvlevi 

detalis ori-sami rRvevis mcire zedapiridan movxsnaT fraqtogramebi da 

CavataroT maTi raodenobrivi analizi.  

fraqtogramis moxsna saWiroa privilegirebulad centraluri rigis 

ujredebidan. gadaxra misgan marjvniv da marcxniv Ziebisas misaRebi 

Rarovani reliefisas gansazRvruli mocileba keridan dasaSvebia ori 

ujris farglebSi yvela mimarTulebiT, magram aucilebelia Semdgomi 

dabruneba centralur rigSi. aTvlis dasawyisad amosaRebi fraqtogramis 

keridan manZilis gansazRvrisaTvis miiReben gamosakvlevi detalis samuSao 

zedapirs, romelzedac is Seiqmna. ganzomilebis erTeulad Rebuloben 

obieqtis badis ujredis gverdis an diagonalis sigrZes, rac iZleva 

saSualebas fraqtogramis moxsnis procesSi davafiqsiroT ujredis, romel 

nomers an saxes miekuTvnebian isini. 

fraqtografiis raodenobrivi analizi mdgomareobs naRaris saSualo 

statikuri bijis dadgenaSi, romelic imyofeba gansazRvrul dacilebaze 

rRvevis keridan. am mizniT ujredSi, romelsac aqvs gansazRvruli nomeri, 

an ujredebSi, mdebare marjvniv da marcxniv misgan, zomaven naRaris bijebs, 

Txemebs Soris an Rrmulis or mkveTrad gamokveTil naRaris fragmentebze 

manZilebis fiqsaciis gziT, erTdroulad Txemebis Rrmulis ricxvis 

daTvliT jgufSi. aseTi gazomvebis savsebiT sakmarisi sizuste miiRweva 

instrumentaluri mikroskopis mikrometruli magidis gamoyenebiT. naRaris 

biji ganisazRvreba formuliT: 

                               ( )Υ= δ/ab ,                    (1.15)  

sadac a-reperul Txemebs Soris manZilia, δ -Sualedebis ricxvia sarepero 

Txemebs Soris SerCeuli naRaris jgufSi; Υ -sarkuli mikroskopis 

gamadidebloba; 

rogorc literaturuli mimoxilvidan Cans, rig SemTxvevebSi 

masalebi, romelTa simtkicis zRvari σszR da dartymiTi siblante , 

romlebic akmayofileben teqnikur pirobebs, Sesabamisi Tavisi fazuri 

SemadgenlobiT (gansazRvruli magaliTad, narCeni austenitis Semcveloba) 

nQ
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da eqsploataciis temperaturuli pirobebiT (xangrZlivi gacxelebis 

temperatura, romelsac aqvs adgili rRvevis momentSi), SeiZleba gadavides 

myife bzarisadmi maRali mgrZnobelobis mdgomareobaSi da nebismieri tipis 

datvirTvis SemTxvevaSi. amas mivyavarT iqamde, rom Tu datvirTul 

detalebSi myife bzarebis gaCenisas SeiZleba adgili qondes mis swraf 

ganviTarebas, romlis drosac rRvevas Tavidan veRar avicilebT. 

rRvevis Tavidan acilebis mizniT, Zalian mniSvnelovania uwinares 

yovlisa, SevafasoT masalis faqtiuri winaRoba misi konkretuli 

mdgomareobis SemTxvevaSi myife bzarebis ganviTarebisas, xolo Semdeg 

ganvsazRvroT zRvruli dasaSvebi mniSvnelobebi. 

 zemoT ganxiluli Sromebis analizidan SeiZleba davadginoT, rom 

zogadad miRebuli mikrofraqtografiuli niSnebiT arsebuli yvela 

mravalnairi rRvevis zedapiri SeiZleba davyoT oTx tipad: blanti, kvazi 

blanti, kvazi myife da myife. 

   aseTi danawevreba iZleva uflebamosilebas zedapiris rRvevis tipis 

mixedviT SevafasoT misi myifebadobis xarisxi da amas garda, ufro 

obieqturad davadginoT mrRvevi datvirTvis tipi. 

gamokvlevebis Sedegebis safuZvelze gakeTebulia Semdegi daskvnebi: 

   Tu masala (foladi) imyofeba im mdgomareobaSi, romelSic is ganicdis 

kvazimyife miT umetes myife zedapirul rRvevebs, maSin misi eqspluataciaSi 

yofna dasaSvebi ar aris. 

   Tu masala (foladi) imyofeba mdgomareobaSi, romelic ganapirobebs 

blant zedapirul rRvevebs, maSin is rogorc maRali winaRobisunariani 

myife bzarebis ganviTarebis mimarT eqspluataciaSi dasaSvebia. 

   Tu masala (foladi) imyofeba kvaziblanti zedapiruli warmoSobiT 

ganpirobebul mdgomareobaSi da mas ar SeuZlia gamoimuSavos winaRoba, rom 

SeaCeros myife bzarebis ganviTarebis procesi, maSin igi eqspluataciaSi 

araa dasaSvebi. 
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   ukanasknel SemTxvevaSi foladis zegavlenis mdgomareobis 

gansazRvrisaTvis myifebadebobaze saWiroa winaRobis unaris raodenobrivi 

Sefaseba myife bzarebis ganviTarebisas. 

arsebuli meTodebi damyarebulia Teoriul da eqsperimentul 

kvlevebze da konstruqciebis rRvevis analizze, Sedegi yvela konkretul 

SemTxvevaSi SeiZleba iyos sxvadasxva. rac maT nakls warmoadgens. 

aucilebelia Seiqmnas iseTi meTodika, romelic saSualebas mogvcems 

eqsploataciis periodSi movaxdinoT mosalodneli rRvevis prognozireba, 

rac Tavidan agvacilebs avariebs da katastrofebs.  

 

 

 

     



Tavi 2.  sagangebo situaciebSi konstruqciaze 

        moqmedi datvirTvebis saangariSo modeli 

2.1. nagebobebis struqturuli mTlianobis  

monitoringis procesi 

  nagebobebis usafrTxoebis uzrunvelsayofad saWiroa moxdes maTi 

diagnostika teqnikuri mdgomareobis mixedviT, raTa Tavidan aviciloT 

dResdReobiT metad gaxSirebuli avariebi da katastrofebi. 

  Tanamedrove nagebobebi da konstruqciebi uzrunvelyofili unda 

iqnes kontrolis sxvadasxva mowyobilobebiT (sensorebiT). sensorebis 

ZiriTad moTxovnas warmoadgens gazrdili saimedooba, gazomvis sizuste da 

teqnikuri mdgomareobis mixedviT Sefaseba eqspluataciis mTeli periodis 

ganmavlobaSi. am sakiTxebis gadawyvetaSi Tanamedrove aramrRvevi kontrolis 

meTodebi gansakuTrebul rols asrulebs, radgan maTi gamoyenebiT 

SesaZlebelia miRebuli informaciis damuSaveba. 

  Cvens mizans warmoadgens struqturuli mTlianobis monitoringis 

procesis mkacrad Camoyalibebuli modelis Seqmna. 

 2.1. nax.-ze mocemulia konstruqciebis struqturuli mTlianobis 

monitoringis procesis ganxorcielebis blok-sqema, xolo 2.2nax.-ze 

maTematikuri modeli. procesorSi devs sistemis maTematikuri modeli, 

romliTac xdeba sensorebidam miRebuli signalebis damuSaveba, agreTve 

sistemis mexsierebis monacemTa bazaSi inaxeba miRebuli n raodenobis 

signalebi drois mixedviT, romelic Seesabameba konstruqciebis n sxvadasxva 

mdgomareobas. procesorSi Sesabamisi programiT gamoiTvleba 

urTierTkorelaciuri funqcia yvela am signalebidan signalTan, romelsac 

vRebulobT meqanizmidan. meqanizmis mdgomareoba miekuTvneba im 

mdgomareobidan signals, romelsac miRebul signalTan aqvs metwili 

korelacia; meore mxriv sistemis mexsierebaSi-monacemTa bazaSi inaxeba 

tipiuri signalebis realizaciis statistikuri maxasiaTeblebi, e.i. 

mocemuli gansazRvruli mdgomareobisas gavrcelebuli kanoni-korelaciuri 

an energetikuli speqtri (furie speqtri). diagnostirebis procesSi 

gamoiTvleba erT-erTi im miTiTebuli statistikuri maxasiaTeblebidan, 

romelsac vRebulobT signalis saxiT konstruqciidan da es maxasiaTeblebi 

edreba rigrigobiT krebuls, romelic inaxeba mexsierebaSi. 
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sistemis maTematikuri modeli 

maTematikuri modelis safuZvelze Teoriulad 
ganmsazRvreli moqmedi Zalebi 

mowyobilobebi (gadamwodebis sistema) 

obieqtis diagnostikisaTvis 

gadamwodebidan miRebuli monacemTa 

krebuli 

analizis safuZvelze sakvlevi obieqtis struqturuli 

mTlianobis prognozireba 

optimaluri proeqtirebis safuZvelze axali 

konstruqciis Seqmna 
daskvnis gamotana sakvlevi obieqtis eqspluataciis 

gagrZelebis an ar gagrZelebis Sesaxeb 

monacemTa SedarebiTi analizi monacemTa speqtruli 

analizi 

eqsperimentuli modelis Seqmna 

sakvlevi obieqtis monitoringi 

nax.2.1
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nax. 2.2

 

 

 

 

 

 

 

maxasiaTeblebis siaxlovis kriteriums warmoadgens an saSualo 

kvadratuli gadaxra erTi funqciisa meorisagan an maqsimaluri gadaxra an 

furies speqtrebis Sedareba, pikebis sixSire da ganlageba. amis Semdeg 

analizis safuZvelze xdeba sakvlevi obieqtis struqturuli rRvevis 

prognozireba da daskvnis gakeTeba eqspluataciis gagrZelebis an ar 

gagrZelebis Sesaxeb. saWiroebis SemTxvevaSi mocemuli xerxi uzrunvelyofs 

(nax.2.1) optimaluri proeqtirebis safuZvelze axali konstruqciis Seqmnas. 

maTematikuri modeli SeiZleba iyos sxvadasxva mag. korelaciuri modeli, 

furies speqtruli analizis modeli, veilventebis analizis modeli da a.S. 

romelTa Seqmnis Tanmimdevrobas da dartymiTi datvirTvebis parametrebs 

qvemoT mogaxsenebT. 

 

2.2. saangariSo modelis Seqmnis Tanmimdevroba da Taviseburebani. 

nagebobebis da geometriulad rTuli konstruqciebis rRvevis 

Seswavlis amosaval wertils warmoadgens saangariSo modeli, romelic 

erTmaneTTan SeaTanxmebs dasaproeqtebeli konstruqciis abstraqtul 

moTxovnebs da realur SesaZleblobebs. es modeli konstruqtorebis mier 

daproeqtebis pirveli amocanis Sedegia. Mmdgomareobis Seswavlis da 

konstruqciis damuSavebis etapia konkretuli teqnikuri gadawyvetebis 

formireba, romelic saangariSo models xorcs asxams realurad. 

GgamoTvliTi teqnikis saSualebebis gamoyenebiT am etapze SeiZleba 

gadaiWras dasamuSavebeli konstruqciis  bazuri geometriuli modelis 
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agebis problema. Semdeg saWiroa dasamuSavebeli konstruqciis garemosTan 

urTierTobis modelis (an modelebis erTobliobis) formireba. AmisTvis 

saWiroa funqcionirebis modelis ageba konstruqciis eqspluataciis 

ciklis yovel etapze, rac gulisxmobs diagnostikuri sistemis, rogorc 

konstruqciis ganuyofeli nawilis Seqmnas. AaseTi modeli asaxavs realur 

fizikur procesebs da dasaproeqtebeli obieqtis transformaciebs 

eqspluataciis periodSi. 

GganvixiloT am modelis Taviseburebani. 

 Eeqspluataciis periodSi nagebobebis, calkeuli kvanZebi da 

elementebi mniSvnelovani dinamikuri da Tburi Zaluri zemoqmedebis  qveS 

eqceva, amitom rRvevis da avariis Tavidan asacileblad aucilebelia 

proeqtirebis erT-erT ZiriTad amocanad CaiTvalos manqana – danadgarebis 

gamZleobis aprioruli Sefaseba. 

A aq igulisxmeba  eqspluataciis periodSi konstruqciebis rRvevis an 

gadaWarbebuli (dauSvebeli) deformaciebis  dros maTi Sromisunarianobis 

SenarCunebis Sefaseba. Aam mizniT  formirdeba nagebobebis da calkeuli 

Semadgeneli elementebis mdgomareobis modeli, deformadi myari sxeulis 

meqanikis terminebSi. modelis formireba gulisxmobs daZabul-

daformirebuli mdgomareobis gaTvlis mza proceduris SerCevas an axali 

proceduris Seqmnas. 

M modelis damuSavebis dros gvixdeba kompromisuli SerCeva: formis 

srul da adekvatur aRweras, elementis muSaobis  da datvirTvis pirobebs 

da TviT modelis sirTules Soris. aq gansakuTrebiT mniSvnelovania 

modelis moqniloba iseTi momentebis mimarT, rogoricaa dasaproeqtebeli 

da sakvlevi elementis konstruqciuli Taviseburebebi, gare zemoqmedebisa 

da masalebis mravalferovneba. Aamis miRweva SeiZleba Sesabamisi 

biblioTekebis Seqmnis gziT. Semdgomi gaTvliTi eqsperimentis maRali 

sizustis garantiaa: gasaTvleli fragmentebis, dasatvirTi sqemis 

procedurebis gafarToeba da modelis safuZvelSi Cadebuli 

umniSvnelovanesi maTematikuri meTodebis ricxviTi realizaciis 

algoriTmebis srulyofa. 
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M mocemuli saproeqto operaciis Sesrulebis Sedegia – garemos 

zegavlenaze konstruqciis reaqciis ricxviTi modeli. gare zegavlenis  

bunebisagan damokidebulebiT xorcieldeba, an nagebobebis  (an misi 

calkeuli elementebis) fiqsirebul gareSe zegavlenaze pasuxis modeli, an 

deformirebuli konstruqciis modelebis erToblioba, romelic asaxavs 

procesis ganviTarebas (magaliTad, datvirTvis gazrdisas). 

saukeTeso konstruqciuli gadawyvetilebis damuSavebisaTvis 

mizanSewonilia gamoviyenoT optimizaciis modelebi. magram am optimizaciur 

amocanas aferxeben principuli  siZneleebi, rogoricaa: amocanebis 

parametrebis didi raodenoba, mravalkriteriuloba, realuri fizikuri 

procesebis dros konstruqciuli da teqnologiuri SezRudvebis martivi 

da damuSavebuli xerxebis uqonloba. 

racionaluri, saimedo da yovelmxriv dasabuTebuli sakonstruqtoro 

gadawyvetilebebis misaRebad praqtikulad ganxorcielebadi da teqnikurad 

mizanSewonilia dasamuSavebeli nakeTobebis ara globaluri optimizacia, 

aramed funqcionirebis modelebis safuZvelze maTi mravalvariantuli 

damuSaveba (rac raTqma unda proeqtirebis da eqspluataciis calkeul 

etapze ar gamoricxavs konstruqciis optimizaciis meTodebis lokalur 

gamoyenebas). 

damuSavebis yoveli stadiis SesrulebasTan erTad dammuSaveblisTvis 

mniSvnelovania maqsimalurad informaciuli saxiT Seiqmnas konstruqciis, 

garemos da eqspluataciis dros konstruqciis qcevis vizualuri modelebi. 

aq SeiZleba  gamoyenebuli iyos sxvadasxva kveTebis, proeqtirebis  

dasaSvebi da realuri parametrebis mniSvnelobebis ageba. am dros 

mniSvnelovan azrobriv datvirTvas asrulebs vizualuri modelis ferebSi 

Sesruleba. 

am modelis ZiriTadi amocanaa konstruqciis rRvevis procesis 

Seswavla da personaluri kompiuteris bazaze  gansakuTrebulad  rTuli 

konstruqciebis daZabul-deformirebuli mdgomareobis gaangariSebis 

avtomatizaciis sistemis  Seqmna da kompiuteris safuZvelze damuSavebuli 

53 
 



gamoyenebiTi programebis paketis funqciuri SesaZleblobebis  

mniSvnelovani  gafarToeba. 

programis pakets safuZvlad udevs samSeneblo meqanikis, meqanizmebis 

Teoriis da deformirebuli myari sxeulis meqanikis amocanaTa amoxsnis 

yvelaze efeqturi meTodebi. agreTve aucilebelia Seiqmnas struqturuli 

mTlianobis monitoringis procesis mkacrad Camoyalibebuli modeli. 

amasTan, eqspluataciis realur pirobebSi myofi konstruqciebis 

Semowmeba Tanamedrove perspeqtiuli aramrRvevi kontrolis meTodebiT 

iTvleba kvlevis ZiriTad bazad. es garemoeba da gamoTvliTi teqnikis 

miRwevebi saSualebas iZleva dinamikuri zemoqmedebiT gamowveuli rTuli 

gardamavali procesebi, ganxilul iqnas da gadawydes ara fragmentulad, 

aramed kompleqsurad eqspluataciis realur pirobebSi. 

saklevi obieqtis aRweris maTematikuri ena unda Seesabamebodes 

mocemul SemTxvevaSi mimdinare fizikur procesebs. Cveni amocanis 

gadasawyvetad dartymiTi datvirTvebis zemoqmedebisas konstruqciaSi 

mimdinare rxeviTi procesebi Seswavlili unda iqnas droSi, e.i. saqme gvaqvs 

ganawilebuli sistemebis dinamiur analizTan. aucilebelia konstruqciebis 

daZabul-deformirebuli mdgomareobis maTematikuri modelis Camoyalibeba.  

 

 

2.3. sangariSo modelisaTvis saWiro Teoriuli safuZvlebi 

2.3.1. sagangebo situaciebSi konstruqciaze moqmedi 

datvirTvebis dazustebis aucileblobis 

Sesaxeb 

 
rogorc wina TavSi aRvniSneT ZiriTad sagangebo situacias 

warmoadgens seismuri zemoqmedeba-miwisZvra. amitom seismur raionebSi 

mizanSewonilia Tavisi TvisebebiT seismurad mdgradi konstruqciebis 

gamoyeneba. maT ganekuTvneba sivrciTi konstruqciebi, kerZod rkinabetonis 

garsebi. maTi masa 30-40%-iT naklebia Sesabamisi brtyeli konstruqciebis 

masaze, rasac mivyavarT seismuri datvirTvebis mkveTr Semcirebamde. aseTi 

konstruqciebi Zalian perspeqtiulia farTo moxmarebisaTvis seismur 

raionebSi. 
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saangariSo seismuri datvirTva  modebuli arCeuli mimarTulebiT 

k wertilSi da Sesabamisi Senobis da konstruqciis sakuTari rxevebis i-

uri tonisa ganisazRvreba normebis Sesabamisi formuliT [1]: 

ikS

;21 oikik SKKS =  yiioik KAQS &&ηβ ψ ,= ,               (2.1) 

sadac Senobis an nagebobis wonaa k wertilis Sesabamisad; A – 

koeficientia, romelic udris 0,1; 0,2; 0,4 Sesabamisad 7, 8 da 9 baliani 

saangariSo seismiurobisaTvis; 

−iQ

−iβ dinamiurobis koeficientia, romelic 

Seesabameba Senobis an nagebobis i-uri formis sakuTar rxevas; −ikη nagebobis 

formaze damokidebulebis koeficientia, i-formis sakuTari rxevisas;  

 normebiT miRebuli koeficientebia. 

,1K

,2K −ψK

tradiciulad  miRebulia, rom sivrciTi konstruqciebi iTvleba 

xistad, rogorc erTi mTliani rxeviTi sistema. aqedan gamomdinareobs 

konsolis Cveulebrivi saangariSo sqema saSualo masiT, rodesac yvela 

nageboba ganixileba rogorc sistema erTi Tavisuflebis xarisxiT, normebSi 

[1] navaraudebia, rom yvela Senobebi irxeva erTnairi faziT, miwisZvris 

SemTxvevaSi, anu miRebulia 

LTC >>⋅= 0λ ,                         (2.2) 

sadac λ – seismuri talRis sigrZea, C – talRis gavrcelebis siCqarea; 

gruntis rxevis periodia, Senobis rxevebis periodTan miaxloebuli an 

gaTanabrebuli [3]; L – Senobis sigrZea.   

−0T

didmaliani SenobebisaTvis SeiZleba aRmoCndes, rom λ=L  an 

2λ=L . am SemTxvevaSi SeiZleba ganviTardes sayrdenTa fazebis 

sawinaaRmdego rxeva. seismuri talRebis zemoqmedebis Sesabamisi sqemebi 

moyvanilia [4, 5] SromebSi. am SromebSi naCvenebia, rom sayrdenTa rxevebis 

fazaTa sxvaobis efeqts SeiZleba adgili hqondes maSinac, roca Senobis 

rxeva seismuri talRis jeradi ar aris. 

Senobis malis sigrZis mxedvelobaSi miRebisas, sivrciTi 

konstruqciebis SemTxvevaSi iyeneben formulas: 
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∫ ∫

∫ ∫

Φ

Φ
=

x y

x y

L L

i

L L

i

i

dxdyyxyxm

dxdyyxyxmyxD
yx

0 0

2

0 0
1

),(),(

),(),(),(
),(η ,             (2.3) 

sadac gadaxurvis Tavisufali rxevis formaa; −Φ ),( yxi −),( yxm  

gadaxurvis masa.a 

 −yx LL , gadaxurvis zomebi, romlebic datanilia gegmaze. 

gegmaSi Senobis wagrZelebis gaTvaliswinebiT (2.2) miiRebs Semdeg 

saxes [4, 5]:  

,
),(),(),(

),(),(),(),(
),(

0 0

2

0 0
1

∫ ∫

∫ ∫

Φ

ΦΦ
=

x y

x y

L L

i

L L

i

i

dxdyyxyxmtx

dxdyyxyxyxmyx
yx

μ

μ
η             (2.4) 

sadac −),( yxμ inerciuli moZraobis ganawilebis funqciaa gadaxurvaze. 

amerikeli mecnieris hauzneris SromebSi aRwerilia amerikaSi 1952 

wlis 21 ivlisis miwisZvra. am SromebSi moyvanilia, is rom aucilebelia 

Senobis wagrZelebis gaTvaliswineba proeqtirebisas. man miuTiTa, rom 

gruntisa da saZirkvlis aCqarebaTa speqtrebi ganivi mimarTulebisas 

emTxveva erTmaneTs (zemoT naxsenebi miwisZvrisas ganxiluli erT-erTi 

Senoba). grZivi mimarTulebisas ki saZirkvlis aCqareba orjer naklebi 

aRmoCnda gruntis aCqarebaze. grZivi mimarTulebiT seismuri talRis sigrZe 

Sedarebuli iqna Senobis zomebTan, amasTan dakavSirebiT saZirkvelze 

moqmedi aCqarebebi iRebdnen am mimarTulebiT Semcirebul mniSvnelobebs. 

wagrZelebuli, karkasuli, mravalsarTuliani Senobebis safuZvliani 

eqsperimentuli kvlevebi Catarebulia saqarTveloSi [6]. 

vizualuri dakvirvebebi miuTiTeben wagrZelebuli Senobebis kvlevas 

rxevis koeficientis angariSisas. rac metyvelebs am meTodis Semdgom 

perspeqtiulobaze. Senobis zomebi unda Sediodes seismomdgradobis 

angariSebSi, rogorc maxasiaTebeli parametrebi. 
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rxevis formis koeficientis sididis angariSisas sivrciT 

konstruqciebSi gaTvaliswinebuli unda iyos aseve damxmare konstruqciebis 

faqtori, e.i. garsi da damxmare konstruqciebi, rogorc erTiani sistema. 

Teoriuli TvalsazrisiT amocanis gadawyvetis sqema drekadobis 

sazRvrebSi moyvanilia [3] SromaSi, sadac miTiTebulia, rom damxmare 

konstruqciebis deformaciulobam SeiZleba gamoiwvios garsis rxevis 

formis sagrZnobi cvlileba. 

naSrom [1]-Si moyvanilia normalurobis diagrama da dinamiurobis 

koeficientis mrudebi, miwisZvris epicentriT, romelic qalaqidan 22 

kilometriTaa daSorebuli (ganxilulia aqselerogramis sxvadasxva ubnebi). 

naCvenebia, rom speqtruli rxevebis diagramis maqsimumebs Seesabameba 

rxevebis sxvadasxva periodebi: 0,4-0,5 wm an 1,0-1,5 wm, Sesabamisi 

sidideebis maqsimumebi praqtikulad ar gansxvavdeba erTmaneTisagan. isini 

25-30%-iT metia dinamiurobis koeficientis maqsimalur mniSvnelobaze, 

romlebic miRebulia normebiT [1]. 

mniSvnelovani masala, damokidebuli dinamiurobis koeficientis 

gansazRvraze, miRebuli realuri aqselerogramebidan, romelic Cawerilia q. 

duSanbes seismur sadgurebSi, ganzogadebuli da moyvanilia [4] naSromSi. 

rogorc Cans realuri dinamiurobis koeficienti, an nagebobis 

simaRlis bolo niSnulisa da gruntis aCqarebis damokidebuleba faqtiurad 

meryeobs sakmaod did diapazonSi da iRebs maqsimalur mniSvnelobas 4.2, 

rac 40%-iT metia maqsimalur normatiul mniSvnelobaze. normebTan 

SedarebiT es nazrdi Seadgens 300-1500%-s. 

aRsaniSnavia, rom es mniSvnelobebi miRebulia SedarebiT susti 

miwisZvrebisas (4 balamde), miuxedavad amisa isini iZlevian seriozul 

mizezs imisaTvis, rom gadaixedos da dazustdes dinamiurobis koeficientis 

normatiuli mniSvnelobebi. 

β koeficientis dasazusteblad aucilebelia erT mTlian kompleqsSi 

iyos ganxiluli gruntebsa da konstruqciebSi mimdinare talRuri 

procesebi gamomdinare miwisZvridan. aseTi midgomis gareSe SeuZlebelia 
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aisxnas konstruqciebis deformaciebisa da rRvevebis urTulesi tipiuri 

SemTxvevebi. 

aqselerogramis saxiT sawyisi informaciis gaTvaliswinebiT, miviRebT: 

∫ ∫ −⋅⎟
⎠
⎞

⎜
⎝
⎛ −=

−−t Lc

ijj

t

c

ij
ij dtyy

c
Lye

gK
ik

0 0

)(
2 )(sin)(max

23 ττω
ω
γ

ττωαντν
ω

β && ,    (2.5) 

sadac −ijω Senobis an nagebobis rxevis sixSirea; −0ω gruntis rxevis 

sixSirea; ;
L
yy =  y – manZili Senobis sawyisi kuTxidan Senobis mTel 

sigrZeze Sesabamis kveTamde; −=
π
δγ 3

3 konstruqciis masalis aradrekadi 

winaRobis koeficientia; −=
+1,0

,0
3 ln

k

k

ν
ν

δ
&&

konstruqciis rxevis dekrementia 

(aRgznebis Sesustebis Senobis wagrZelebis gaswvriv); −+1,0,0 , kk νν &&&&  

aqselerogramaze rxevis amplitudebia (aCqarebis sidideebi); g – dedamiwis 

mizidulobis aCqareba; t – aqselerogramaze aRebuli gansaxilveli drois 

monakveTi; τ - drois fiqsirebuli monakveTia (wertili, Senobis qveS, sadac 

gadis seismuri talRa).     

(2.5) formulidan Cans, rom dinamiurobis koeficientis mniSvneloba 

unda iyos aRebuli realuri aqselerogramebidan, aseve mxedvelobaSi unda 

iyos miRebuli Senobis qveS arsebuli seismuri talRis gavlis efeqti mis 

mTel sigrZeze, anu 

)3,,,( 30 Lij γωωββ = .                    (2.6) 

zemoTqmulidan gamomdinareobs ramodenime winadadeba, romelic 

gaiTvaliswineba iβ  sididis saangariSo mniSvnelobis misaRebad, rkinabetonis 

garsebis SemTxvevaSi. 

normebSi miRebuli dinamiurobis koeficientis mniSvnelobebi aRebulia 

aqcentiT Semcirebisaken da unda dazustdes maTi mniSvnelobebis gazrdisaken. 

mizanSewonilia iβ  koeficienti ganisazRvros realuri aqselerogra-

mebidan im ubnebisaTvis, sadac aSendeba Senoba (regionaluri dinamiurobis 

koeficienti). 
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 0β  koeficientis angariSisas saWiroa Seyvanili iqnas milevadobis 

koeficientebi, romlebic SesabamisobaSi iqneba sivrciT konstruqciebTan, 

romlebsac aqvT rxevis dabali mniSvnelobis milevadoba. 

savaldebuloa gaTvaliswinebuli iqnas gruntebsa da konstruqciebSi 

mimdinare talRuri procesebi, romlebic arsebiTad moqmedeben iβ  

sidideze, rac SemdgomSi kargad aisaxeba, rogorc konstruqciebis 

eqspluataciis drois resursze, aseve nagebobebze gaweuli mniSvnelovani 

Tanxebis Semcirebaze. 

 

2.3.2. dartymiTi datvirTvis parametrebi 

avariuli dartymiTi datvirTva  ZiriTadad xasiaTdeba iseTi 

parametrebiT, rogoricaa dartymiTi siCqare  (damrtymeli Tavis 

konstruqciasTan kontaqtis sawyisi siCqare) da STanTqmuli energia. 

dartymis siCqaris mixedviT ganasxvaveben, dabalsiCqarian, maRalsiCqarian, 

zemaRalsiCqarian (zeswrafi) dartymebs. energiis STanTqmis mixedviT 

ganasxvaveben: ucabedi dartyma, Sualedurad ucabedi da ara ucabedi. pirvel 

SemTxvevaSi konstruqciis mier SemoTavazebuli energia gacilebiT aWarbebs 

damrtymeli sxeulis mier miRebul energias. amrigad, am SemTxvevaSi, 

damrtymeli sxeuli SeiZleba CaiTvalos, rogorc aradeformirebuli tani. 

meore SemTxvevaSi damrtymeli sxeulis da konstruqciis mier miRebuli da 

STanTqmuli energiebi urTierTTanazomadia. naklebad uecari dartymisas ki 

damrtymel sxeulze STanTqmuli energia aWarbebs konstruqciis mier 

STanTqmul energias. pirvel or SemTxvevaSi konstruqciis angariSisas 

mxedvelobaSi unda iqnes miRebuli damrtymeli sxeulis da konstruqciis 

urTierTqmedeba. bolo SemTxvevaSi ki konstruqcia SeiZleba ganvixiloT, 

rogorc aradeformadi tani dartymis momentSi, xolo damrtymeli sxeulis 

qmedeba ki SeiZleba Seicvalos impulsuri lokaluri datvirTviT F(t). 

0V

dartymis efeqturoba damokidebulia damrtymeli sxeulis formaze, 

konstruqciis zedapirsa da damrtymeli sxeulis RerZs Soris kuTxeze, 
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damrtymeli sxeulis diametrsa da konstruqciis Semxebi zedapiris sisqeze 

da a.S. 

dartymiT datvirTvebs afaseben dartymis impulsiT  

τ⋅⋅== mHS FKVMI 0 ,                   (2.7) 

sadac damrtymeli sxeulis masaa; −SM −0V damtymeli sxeulis siCqarea; 

 ,mF −τ maqsimaluri intensivoba da damrtymeli datvirTvis moqmedebis 

droa; impulsis formis saxasiaTo koeficientia 

( sworkuTxedis da 

−FK

−1=FK −= 5,0HK samkuTxedisaTvis). 

amwe-mowyobilobis avariis Sedegad, samrewvelo SenobebSi, dartymis 

parametrebi ganisazRvreba xiduri da dakidebuli amwis sapasporto 

monacemebis mixedviT. rkinabetonis karkasiani SenobebisaTvis damrtymeli 

sxeulis masa  t. mravalsarTulian SenobebSi –  t. 

dartymis siCqare damokidebulia sakidi kauWis simaRleze – H da 

iangariSeba damokidebulebidan: 

75≤SM 10≤SM

gHKV FR 20 =                         (2.8) 

sadac g=9,8 m/wm2 Tavisufalad vardnili sxeulis aCqarebaa, 

danakargebis amsaxveli koeficientia −FRK 95,0=FRK . 

satransporto saSualebebidan miRebuli dartymis parametrebi 

arsebiTad damokidebulia maTsave  konstruqciaze gzis safarze, tvirTis 

Zaraze damagrebaze. 

mdinareebze navmisadgomebze gemebis Sejaxebisas, datvirTvis maqsimaluri 

intensivoba SeiZleba aRebul iqnas cxrilidan 2.1. gemis gadmotvirTvis 

datvirTvis procesi xangrZlivia da amitom napirTan Sejaxebis dro 

izrdeba, rac ganapirobebs gemis mniSvnelovan deformaciebs. amdenad, 

mocemul SemTxvevaSi, gemebis dartymis datvirTva unda miviRoT, rogorc 

kvazistatikuri (dinamikurobis koeficientis gareSe). 
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cxrili 2.1 

mdinareze moZravi gemebis napirTan Sejaxebis 

Zalis mniSvnelobebi 

dartymis Zala 

datvirTvis saxe moZraobis 

mimarTulebiT m.w. 

moZraobis sawi-

naaRmdegod m.w. 

didi gemis dartyma (MS = 6000 

t) did mdinareze 
31 16 

saSualo (MS = 2400 t) gemis

dar-tyma saSualo sididis 

mdinareze 

8 15 

patara gemis dartyma (MS =400 

t) patara mdinareze 
1 0,2 

 

aqve ganvixiloT Camovardnili TviTmfrinavis dartymis procesi, 

romelmac SeiZleba saSiSroeba Seuqmnas strategiuli daniSnulebis 

obieqtebs, rogoricaa: qimiuri qarxnebi, atomuri eleqtrosadgurebi, 

telesakomunikacio sistemebi. avariis mosalodneli riskis faqtori 

damokidebulia Semdeg garemoebebze: 

1. sahaero trasebis an TviTmfrinavis mimRebi sadgurebis ganlageba 4 

kilometrian sazRvrebSi; 

2. aerodromebis ganlageba 10-16 km sazRvrebSi asafren-dasajdomi zoliT, 

romlis farTia 500 S2 da 16 km-ze meti asafren-dasafreni zoliT, 

romlis farTia 1000 S2, sadac S aris daSoreba safreni moednidan 

(kilometrebSi). 

safreni moednis 30 km-ian zolSi aris ganlagebuli samxedro 

obieqtebi an sahaero sivrce, romelic gaTvaliswinebulia praqtikuli 

momzadebisaTvis (igulisxmeba yumbarsatyorcni moedani). 

aviakatastrofis riskis faqtoris gaTvaliswinebiT mxedvelobaSi unda iqnes 

miRebuli Semdegi konstruqciuli elementebisagan mosalodneli 

dazianebebi, rogoricaa: TviTmfrinavis korpusi, romelic damzadebulia 

rbili advildeformadi masalisagan da myari tanis namsxvrevebisagan (mag. 

moglejili eleqtroZravisagan). nax. 2.3-ze naCvenebia TviTmfrinavis 

korpusis R-maxasiaTeblis da masis gadaadgilebaze damokidebulebis 

grafikebi.  
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nax. 2.3. dartymiTi datvirTva avariis dros 

aseve moyvanilia gamanadgurebeli `fantomis~ xist zedapirze 

dacemisas deformirebis sqema nax. 2.4. 

xsenebuli damokidebuleba miRebulia safreni obieqtis korpusis 

masalisagan damzadebuli sacdeli mfrinavi naRmebis xist zedapirze 

dajaxebis eqsperimentuli Sedegebis analizis safuZvelze. 

F(t)–funqcionaluri damokidebulebis Teoriuli modelis dadgena 

mosaxerxebelia ganawilebuli masis – μ(x) mqone drekadplastikuri Reros 

simtkicis maxasiaTeblis R(x) mixedviT, Semdegi damokidebulebidan: 

[ ] [ ])()()()( 2 txtxtxRtF
smsmsm

μ=+= &                  (2.9) 

sadac −)(tx
sm

TviTmfrinavis cxviris mxridan aTvlili naoWovani nawilis 

sigrZea, t – droSi;  
sm

x −
sm

x& TviTmfrinavis gadaadgilebis mixedviT 

gansazRvruli funqciebia ( • - aRniSnavs warmoebuls t – droSi). 

TviTmfrinavze dartymiT miRebuli datvirTvebi naCvenebia nax. 2.2-ze.   

F(t) damokidebulebis eqsperimentalurad dadgenisaTvis rekomendebulia 

20 t masis da 200 m/wm siCqaris mqone damrtymeli sxeulis gamoyeneba. 

mfrinavi obieqtidan avariulad moglejili Zravis xist zedapirze 

dajaxebisas dinamikur datvirTvas ufro naklebi intensivoba gaaCnia, vidre 

korpusis dajaxebisas aRiniSneba, magram am SemTxvevaSi Semxebi zedapiri 

gacilebiT pataraa, amasTanave aseTi saxis Sejaxeba sakmaod saSiSia. 

 

62 
 



 

 mn 

nax. 2.4. TviTmfrinavis xist zedapirze dajaxebisas 

       damokidebuleba dartymis Zalasa da dros Soris 
 
nax. 2.5-ze naCvenebia dartymis Zalis cvlileba gamanadgurebeli 

`fantomi~-s (romlis masaa 1750 kg) 1,5 m2 farTis mqone zedapirze 100 

m/wm-is siCqariT Sejaxebisas. 

 

 

 mn 
 b  a  mn 

 

 

nax. 2.5. datvirTvis ganawileba TviTmfrinavis korpusis (a) 

    da moglejili Zravis (m) dajaxebisas zedapirze 

 

2.3.3. sxvadasxva konstruqciebze dartymisas  

miRebuli reaqcia 

 
nax. 2.6-ze naCvenebia bzarwarmoqmna saxsrulad Camagrebul 

rkinabetonis ZelSi. lokalur statikur (a) da myisier dartymiT 

datvirTvebze (b). 
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 a 

 b 

nax. 2.6. rkinabetonis ZelSi bzarebis ganviTarebis 

sqema 

 

sqemaze TvalnaTliv Cans, rom statikaSi bzarebis warmoqmna 

SeiniSneba umetesad qveda zonaSi, sadac mRunavi momenti aWarbebs 

bzarwarmoqmnis moments, dartymis dros ki bzarebi koncentrirdebian 

dartymis zedapiris qvemoT da Tavs iCenen zeda zedapirze daaxloebiT¼-1/3 

nawilSi. 

bzarwarmoqmna ormxrivad Camagrebul ZelSi da CarCoSi, viTardeba 

wina sqemis analogiurad, im gansxvavebiT, rom sayrden kveTebSi zeda 

zedapirebze SeimCneva bzarebis ganviTareba normalis mimarTulebiT da 

SesaZlebelia maTi SesamCnev sidideze gaxsna. 

nax. 2.7-ze naCvenebia bzarebis gaxsna koWebis da CarCoebis 

gaRunvisas, kveTis simaRlisa da sigrZis mimarTebaSi anu h/l – 

damokidebulebaSi.  

 

 a  b  g 

sm
sm  mm 

nax. 2.7. koWebsa da CarCoebSi bzarebis warmoqmna 
 mm 

         gaRunvis dros, saxasiaTo parametrebi  m/wm 5,160 =V
   a – h/l = 1/6,8; b – h/l = 1/13,8, g – h/l = 1/6 
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rogorc sqemidan irkveva, saxsrulad Camagrebul koWis qveda 

armaturaSi adgili aqvs bzaris ganviTarebas dinamikuri cocvadobis zRvris 

miRwevisas da viTardeba plastikuri deformacia. am dros rRveva SeiZleba 

ganviTardes, rogorc normalur aseve daxril kveTebSi, rogorc Sua aseve 

ganapira zedapirebze dartymisas (nax. 2.8). am SemTxvevaSi rRvevis procesi 

ganpirobebulia ara statikuri datvirTvis Sedegad, aramed igi gamowveulia 

rxeviTi procesebis ganviTarebiT (igulisxmeba dartymiT gadacemuli 

rxevebi).

 

 

 e) 

 

 a) 

nax. 2.8. Zelis rRvevis sqema dartymiTi  

datvirTvebisas 

kolonebi rkinabetonis kolonebi dartymis zemoqmedebas ZiriTadad 

ganicdian satransporto saSualebebis dajaxebis Sedegad qveda nawilSi. 

magram aseve SesaZlebelia dartymiTi datvirTvebi centralur nawilSi. 

kolonis qveda nawilSi satransporto saSualebebis dajaxebisas Cveulebriv 

mosalodnelia ganviTardes daxrili bzarebi, romelTagan erT-erTi 

vrceldeba qvemoT Semxebi zedapiridan, xolo danarCeni ki mis 

paralelurad. es ukanaskneli ki iwvevs SeWidulobis darRvevas grZivad 

Cadebul armaturasa da betons Soris. swored am zonaSi warmoiqmneba 

betonis fragmentacia (danawevreba), romelic vrceldeba mTlianad 

kolonaSi, SemWidrovebuli xazebis saxiT. aRniSnuls Tan axlavs kolonis 

boloebis wanacvleba ganivi Zalebis zemoqmedebis Sedegad (nax. 2.9). 
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 a)  d) b) g)  e) 

nax. 2.9. kolonis rRveva dartymiTi datvirTvisas 

 

filebis rRveva. filebi iseve, rogorc garsebi umetes SemTxvevaSi 

gamoiyeneba, rogorc avariuli zemoqmedebisagan damcavi konstruqcia. filam, 

rogorc organzomilebianma konstruqciam (sisqe ar miiReba mxedvelobaSi) 

SesaZloa ganicados aramarto saerTo xasiaTis rRveva, aramed adgilobrivi 

CamonaWeris da naxvretis saxiT (nax. 2.10) CamonaWerSi igulisxmeba betonis 

filis fragmenti. imis gaTvaliswinebiT, rom betonis fragmentis simtkice 

gaWimvaze gacilebiT mcirea (10-20-jer), vidre kumSvaze adgili aqvs 

betonis fragmentis mocilebas dartymis mimarTulebiT. am dros 

mocilebul fragments gaaCnia sakmarisi kinetikuri energia. 

 

 a)    

nax. 2.10. filis rRveva dartymiTi datvirTvebis 

zemoqmedebiT 

maxvilTaviani damrtymeli identoriT zemoqmedebisas dartymis 

energiis mniSvnelovani nawili ixarjeba adgilobrivi deformaciebis da 

Zabriseburi yelis warmoqmnaze. brtyelTaviani identoriT zemoqmedebisas ki 

adgili aqvs dinamiuri gangrevis process. damrtymeli Tavis diametris 

gazrda xels uwyobs konstruqciis mTliani rRvevis process (nax. 2.11). 
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garRveva-CamoWris procesi umetes SemTxvevaSi ar iwvevs sacdeli 

nimuSis (am SemTxvevaSi filis) mTlianobis rRvevis, sakontaqto aris 

gareT. Tu narCeni simtkice sakmarisia, dartymis zonaSi warmoiqmneba 

radialuri da wriuli bzarebi. radialuri bzarebis gaxsnisas, sacdel 

nimuSSi ganivad Cadebuli armatura gadadis cocvadobis stadiaSi, 

warmoiqmneba grZivi yeli nax. 2.12. ganivi bzarebis warmoqmnis sqema 

damokidebulia sacdeli filis zomebze da kideebis Camagrebis pirobebze. 

rRveva viTardeba sacdeli nimuSis SekumSul areze zemoqmedebis Sedegad. 

aRwerili rRvevis procesi saxasiaToa filebze myisieri dartymiTi 

zemoqmedebisas, im SemTxvevaSi, roca sacdel nimuSSi armatura ar aris 

ganivad Cadebuli. 

 

 a)   

nax. 2.11. naxvretis warmoqmna da filis mTlianad 

rRvevis procesi 

garsebi. Sekruli cilindruli garsebis gaxvretis SemTxvevaSi 

warmoiqmneba daxrili, elifsis formis, Caketili bzari, romlis didi 

RerZi mimarTulia cilindris Siga zedapirisaken. miRebuli suraTi naTlad 

Cans 2.12, a naxazze. 

 

 a)   

 

nax. 2.10. cilindruli formis rkinabetonis garsebis 

gaxvretis sqemebi 
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damrtymeli sxeulis diametris gazrda iwvevs adgilobrivi rRvevis 

mTlian zedapirze gavrcelebas. aRniSnulis Sedegad viTardeba sami tipis 

bzarebi: daxrili, cilindris zedapiris marTobuli da mrudwiruli 

moxazulobis. 

CamoTvlili bzaris tipebidan pirveli sami ganekuTvnebian sayrden 

filaSi radialuri bzarwarmoqmnebis kategorias (nax. 2.10, a da b sqemebi), 

xolo mesame tipi ki gavrcelebulia sayrdeni filis zedapirze (nax. 2.10, g 

sqema). 

betonis karkasis SigniT rkinis perangi mniSvnelovnad aferxebs 

bzaris ganviTarebas. qveda konturze Camagrebuli garsis Siga zedapirze 

ganviTarebul bzarwarmoqmnebs SesaZloa daematos saerTo deformaciiT 

gamowveuli bzarebi, romlebic warmoiqmnebian konsoluri koWis Semxeb 

zedapirze. 

 

2.4. rkinabetonis konstruqciebis dinamikuri saangariSo 

modeli 

2.4.1. koWebis saangariSo modeli  
Cveulebriv rkinabetonis koWebs angariSoben dartymis mTlian 

zemoqmedebaze. myisieri dartymebis dros aucilebelia mxedvelobaSi iqnes 

miRebuli dartmis Zalasa _ F da dartymeli sxeulis konstruqciaSi 

SeRwevis unars Soris sakontaqto kanonzomiereba. 

gacilebiT saxifaToa betonis konstruqciaze masiuri liTonis 

Taviani identoris zemoqmedeba. am SemTxvevaSi adgilobriv deformaciaze 

danakargebi minimaluria da energiis didi nawili xmardeba konstruqciis 

mTlian deformacias. sakontaqto zona ki deformirebisas gaivlis oTx 

stadias: 1. pirveli daxrili bzarebis warmoqmnas, romlebic warmoiqmneba 

sakontaqto baqanze. 2. denadobis zRvris miRweva, daxrili bzarebiT,  

gadabmis adgilebSi; 3. damrtymeli identoris maqsimaluri SeRweva 

konstruqciaSi, manZilze. 4. sakontaqto Zalis Semcireba 0-mde 

(gantvirTva), brtyelTaviani identorisaTvis sakontaqto kanoni Caiwereba 

Semdegi damokidebulebebiT: 

−ma
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F  (2.25) 

sadac aris datvirTvis Stoebis daxris kuTxis targensebi (oy) 

RerZTan. 

−iK1

−2K aris datvirTvis Sreebis daxris kuTxis tangensi, −t aris 

denadobis zRvarze miRwevis momenti SeerTebis kvanZebSi. Tu mxedvelobaSi 

ar miviRebT bzarwarmoqmnis moments, maSin (2.25) gantolebidan gveqneba: 

⎩
⎨
⎧

<−−−
>

=
)0(      )(
)0(                                  

122

1

ααα
αα
&

&

mKKK
K

F                (2.26) 

mocemuli damokidebulebebi grafikulad naCvenebia nax. 2.13-ze. 

 

  a) 

nax. 2.13. kontaqturi Zalis droze damokidebulebis 

grafiki ZiriTadi (a) gamartivebuli (b) 

 

K1 _ koeficienti axasiaTebs sakontaqto zonis winaaRmdegobas masSi 

damrtymeli identoris Sesvlis procesSi. SedarebiT mosaxerxebelia 

saangariSo sqema, romelic naCvenebia nax. 2.14-ze. 
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 a) 

nax. 2.14. koWis sakontaqto zonis deformaciis modeli 

 

gamoTvlebma aCvena, rom sakontaqto zonis winaRobaSi warmoadgens 

koWis bzarzemoTa betonis zedapiri, romelic ganicdis Runva-wanacvlebis 

deformacias. amitom SesaZlebelia, miviRoT bCK =1 ; ,2 2 Zvr
ϕη hACC bv =  

sadac η _ formis kveTis koeficientia −=
v

E4,0C b2 betonis Zvris modulia; 

A _ ganivi kveTis farTia −
Zvr

ϕ bzaris Zvris deformaciaze gavlenis 

koeficientia .8,4=
Zvr

ϕ  

ganvixiloT konstruqciis saerTo deformirebis angariSi eqsperimentul 

monacemebze dayrdnobiT saxsrulad Camagrebuli koWis moZraoba iyofa sam 

stadiad: 1. bzaris warmoqmnamde; 2. bzaris warmoqmnis Semdgom, im mdgomareobis 

Sesabamisad, romelic Seesabameba armaturaSi dinamikuri denadobis zRvrul 

mdgomareobamdel periods 3. mdgomareoba, romelic Seesabameba ganivad 

Cawyobil armaturaSi denadobis zRvarze, zRvrul RerZul deformaciebs, 

anu grZivi armaturebis rRvevis Sesatyvis mdgomareobas. 

stadia, romelic Seesatyviseba bzarwarmoqmnis wina periods, mTavrdeba 

drois im momentSi, romelic eTanadeba, rogorc mTliani, aseve dartymis 

adgilobriv zemoqmedebas. bzarwarmoqmnamde koWi ganixileba, rogorc 

mTliani drekadi elementi. es stadia Seesatyviseba koWis drekad-

plastikur mdgomareobas, misTvis saxasiaTo TanafardobiT lh , romelic 

mcire sididea da SesaZlebelia gamoiricxos. saxasiaTo suraTis 

Sesaqmnelad ganvixiloT. 

pirobiTad-drekadi stadia: bzarwarmoqmnis Semdeg Runvis sixiste B1 

sakontaqto zonaSi SesaZlebelia ganisazRvros damokidebulebidan 
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,~
101 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=

bb

b

ss

s

AvEAE
zhB

ψψ ( )ωbRARx dbsds ,,0 = ; 

sadac −−= 2001 xhz zurgis Siga wertilia; ω – aris betonis SekumSul 

areSi epiuris Sevsebis koeficienti (dinamikuri datvirTvis dros ω=0,5); 

sψ  da bψ  aris grZivad Cadebul armaturaSi betonis SekumSul zonaSi da 

araTanabari deformaciis koeficientebi; v = 0,45 – betonis drekadi 

deformaciis koeficientia; α−= 00 hh , −0h kveTis muSa simaRlea.  

bzarebis armqone danarCen kveTebSi sixiste gamoiTvleba formuliT 

 sadac inerciis momentia kveTSi. ;0 redb JEB = −redI

gadaadgilebis gantolebebis dasawerad visargebloT lagranJis 

variaciuli gantolebebiT 

,
nnnn T

W
T
V

T
K

T
K

dt
d

∂
∂

=
∂
∂

−
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

                 (2.27) 

sadac K, V da W _kinetikuri, potenciuri energiebi da gare datvirTvis 

mier Sesrulebuli muSaobaa; −nT sistemis ganzogadebuli koordinatebia. 

(2.27) formulaSi damrtymeli Tavis Sesabamisi kinetikuri energiaa 

[ α&&& ++= ∫ ),(
22

1

0

2 txy
N

dxymK a ]              (2.28) 

pirveli Sesakrebi gamosaxavs koWis Runvaze energiis danaxarjebs, 

xolo meore Sesakrebi ki – gadaadgilebaze −+ my  ,α koWis dazustebuli 

masaa; x - aris dartymiTi datvirTvis Sexebis wertilis koordinati. 

koWebisaTvis, romlebisTvisac misaRebia muSaobis plastikuri stadia 

SesaZlebelia gamoviyenoT potenciuri energiis gamartivebuli gamosaxuleba, 

romelSic sixiste mudmivad aris miCneuli da tolia B1; am SemTxvevaSi 

2
1

0

21

2
1)(

2
αKdxyBV

l

+′′= ∫ ,                 (2.29) 

Runvis SemTxvevaSi 

∑=
n

nn XTy                            (2.30) 
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Tu (2.30) SevitanT (2.28)-sa da (2.29) Semdeg ki (2.27)-Si miviRebT 

gadaadgilebis aRmwer gantolebaTa sistemas 

⎪⎩

⎪⎧ =Δ++ℵ 0)()()( αη &&&& TT
⎨

=++ ,0))](([ 2
0αωα&&&&TxX n

                   (2.31) 

sadac aris koSis sakuTari rxevis n-uri forma −nX ℵ , η -simetriuli 

matricis (n×n). 

∫ + );xx      ′dx=
1

()( XxXMdxxm nisniinχ ; 
0 0

∫ ′′′=
1

1 XXB nuinη

;1
2
0 sMK=ω   );(xXM i

TTTT )()( 1Lsi =Δ        = n . 

iT (2.32)-isTvis sawyisi pirobebi moicema Semdegi sax

t = 0; ,0)()( TT  0V=== α& =α& . 

(2.31) gantoleba aRwers damrtymeli Tavis −+αy gadaadgilebas: 

mRunavi momentebi da ganiv Zalebi gamo

damokidebu

i iTvleba cnobili 

lebebidan  

;1 xyBM 22 ∂∂−=   .1 xyBQ 33 ∂∂−=              (2.33) 

(2.31) gantolebebi samarTliania t  drois im SualedisaTvis, 

romelic saWiroa dasartymeli Tavis sacdel nimuSSi maqsimaluri 

vis an SeWrisaT −1 drois SualedisaTvis, romelic sWirdeba ganiv 

armaturaSi vris miRw

t

 denadobis zR evas. t -drois momenti ganisazRvreba  

0)( =tα&  pirobidan, sadac α _gantolebis amonaxsnia; xolo -s pouloben 

pirobidan ; sadac 

1t

duMtxM ,1 ),( = −duM , drekadobis zRvruli momentia 

erT armaturian kveTSi 

)2( 00,, sdsdu xhARM −=  

 1ttt << - pirobis Sesrulebisas sakontaqto zonaSi iwyeba g

gi jamiT 

antvirTva da 

(2.29) gantolebaSi bolo Sesakrebi SeiZleba Seicvalos Semde

[ ] 2
212 .      (2.33) 212

2 21)()()2()()( ααα KKKtKKKta +−−−

am ukanasknelis (2.31) gantolebaSi gaTvaliswinebiT miviRebT 

[ ] 1
2
2)()( STxX =++ αωα&& ,                      (2.34) 

(2.32) 
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              sMK 2
2
2 =ω   sKKtS ()( 21 M)1−=α . 

Tu damrtymeli Tavis koWze dartyma wydeba 1tt < -momentSi, maSin 

koWi asrulebs Tavisufal moZraobas (rxevas). t -drois momenti 

SesaZlebelia vipovoT pirobidan  

0)( =tF 212 an )()()( KKKtt −=αα
sadac α _ aris (2.31) gantolebis amonaxsni (2.34) pirobis 

gaTvaliswinebiT koWis Tavisufali moZraobi

,            (2.35) 

s aRwerisaTvis sakmarisia 

miviRo

 gaSualebuli plastikuri 

saxsariT. Sesabamisi sqema naCvenebia nax. 2.15. 

T α =0 da amovxsnaT bolo gantoleba.  

roca 1tt >  gvaqvs plastikuri stadia.  

ganvixiloT A-II klasis foladis armirebis mqone koWis rxevis 

procesi (mxedvelobaSi miviRoT, rom miRweulia denadobis zRvari). 

aRniSnuli stadiis saxasiaTo saangariSo sqema SeiZleba warmovidginoT 

rogorc xisti zedapirebis plastikuri zonebiT SekavSirebuli meqanizmi, 

SemakavSirebeli are SeiZleba SevcvaloT

 
nax. 2.15. koWis saangariSo sqema plastikurobis stadiaSi 

koWis CaRunva mocemul stadiaSi iangariSeba Semdegi sasazRvro 

pirobebis gaTvaliswinebiT 

⎩
⎨ ≤≤−−

=
).(   )/()(

1

lxxxkxkx
y

ϕ
               (2.36) 

koWis rxevis gantolebis misaRebad kvlav visargebloT lagranJis 

gardaqmnebiT. mxedvelobaSi miviRoT, rom plastikurobis stadiaze 

⎧ <≤ )0(                        

1

xxxϕ

 a)  



sakontaqto zonaSi datvirTva grZeldeba, sistemis kinetikuri da 

potenciuri energiebi CavweroT Semdegi gamosaxulebiT 

[ ]∫ ∫ +++=
x

III MdxymdxymK
1

22

2
)(

2
)(

2
&& +s x 2 ;ϕα &&          Y (2.37) 

x0

2)( 2
11, ϕ KMV du xl − + α=

momentis  

gasaSu

 sakontaqto zonis deformirebis energia. 

(2.34)-is (2.35)-Si SetaniT miviRebT koWis gadaadgilebis 

gantolebaTa sistemas 

                     (2.38) 

bolo   gamosaxulebis  pirvel  Sesakrebi  aris  mRunavi  

alebuli mniSvneloba duM , -plastikuri saxsris gaxsnis kuTxeze, 

meore Sesakrebi ki aris

( )sMK1
2
0 =ω  

02
01 =++ αωαϕ &&&&xuMba ,111 −=+ αϕ &&&&      ;  ,            d

(2.37) 

         lxlxMxlxma s ()(311 ./)(1 lxlxMb s −=/)22 −+−= ;    

drois aTvlas Tu S TavsebT plasti robis

maSin sawyisi pirobebi Caiwereba Semdegi saxiY 

 = 0; 

evu  ku  stadiis dasawyiss, 

101 ϕϕ = , 101 ϕϕ && = , 0αα =  0αα && =t ;             (2.38) 

xxXtTlxtxy n
n

n ⎭
⎬
⎫

⎩
⎨
⎧== ∑ )()(          )ϕ ,( 1210 ; 

           10 );(ta α=  10 )(tαα && =  

sawyis kuTxur siCqares 10ϕ& -gansazRvraven, koWis pirobiTad. drekadi 

stadiis dasasrulis da plastikurobis dasawyisis Sesabamisi rxevebis 

raodenobaTa tolibis pirobidan: 

∫ ∫ ∫        ⎥⎦
⎤

⎢⎣
⎡ +=

1

0 0
2 ,),(

x l

x

III dxydxymdxtxym &&& , 

        ∑ ∫=
n

l

xl10

2ϕ nn dxxxtT
0

1 )()(& . 

(2.37) gantolebis amonaxsnebi Caketili konturisaTvis SeiZleba 

Caiweros Semdegi saxiT 
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      ( )−Φ−2
102

1 ωα  ++⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++−=

11
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1

01
10

2

1

,
1 2 ω

ϕαϕϕ
a

bt
a

bt
a

M du &
&

( ) ;sincos 1
11

01
1

2
102

1

11

t
a
bt

a
b ω

ω
αωωα

ω
−Φ−       

         

−            (2.39) 

,sincos 12
111 ⎠⎝

sadac 

0
1202 tt ω

ω
αω

ωω
α +⎟⎟

⎞
⎜⎜
⎛ Φ

−+
Φ

=           (2.40) α

);11
2
0

2
1 xba −= (1 aωω   )( 11, xbaxM du −=Φ . 

t -drois Tu sakontaqto zonaSi datv Tvis zemoqmedeba ir iwyeba 

tt >momentSi, maSin -momentSi gantolebaTa sistema miiRebs saxes: 

   ;,111 duMaba −=+ &&&&ϕ  Φ=++ αωαϕ 2
21 &&&&x ,          (2.41) 

sadac sMK 2
2
2 =ω ; sMtKK )()( 122 α−=Φ ; - ganisazRvreba, 

rogor

gaTva swinebiT. 

beb  miviRoT drois aT nt

duM ,

c adre WrilSi RerZuli simtkicis SesaZlo Semcirebis 

li  

(2.41) gantolebis sawyis piro ad vlis mome i 

0=t ; )(11 tϕϕ = ; )(11 tϕϕ && = ; )(tαα = ; 0=α& . 

2

~Φ= ( )xaa 11
22

2 b1= −FTu gaviTvaliswinebT, rom 
2

1ω ω ω  da Φ= , 

maSin (2.39), (2.40) da (2.41)-is amonaxsns eqneba saxe 

)(~)(~
11,11122 xbaxMxbaa du −+−Φ=Φ . 

(2.41) sistema samarTliania t -drois momentisaTvis, roca 

damrtymeli sxeuli amTavrebs kontaqts konstruqciasTan; t  ganisazRvreba 

pirobidan, sadac α –aris (2.41)-is amonaxsni, kontaqt

koWis moZraoba aRiwereba gantolebiT   

is Sewyvetis Semdeg 

,~~
,11 duMa −=ϕ&&  )1(

3
1~

21 xxma −= ,            (2.42) 

  t =0; ( );11 tϕϕ =  ( )t11 ϕϕ && =  sawyisi pirobebisaTvis (2.32)-is 

amonaxsnebi  

).()()2( 111
2

,1 tttatdi ϕϕϕ ++−= &  
~M
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(2.37), (2.41) da (2.42) gantolebebi samarTliania koWis maqsimaluri 

si mt  drois momentisaTvis, romelic ganisazRvrebagadaadgilebis Sesabami  

pirobidan 0)(1 =ntϕ& . amis Semdeg koWi rRvevis gareSe agrZelebs rxevas 

maqsimaluri CaRunvis Sesabamis diapazonSi da CaRunvis sidide 

).( txyy pl ,() 1txym −= , romlis amsaxveli diagramac naCvenebia nax. 1.16-ze. 

 koWi gadadis plastikur stadiaSi, maSin, roca sakontaqto zonaSi 

datvirTva  utoldeba   Tavdapirvel  mniSvnelobas,  romelic mocemulia 

 
nax. 2.16.  filis drekad-plastikuri CaRunvis 

droze damokidebulebis grafiki 

(2.41) gantolebaTa sistemaSi sawyisi (2.38) pirobebis gaTvaliswinebiT, 

xolo Tu plastikur stadiaSi damtymelma sxeulma Sewyvita zemoqmedeba, 

maSin datvirTvis saangariSod samarTliania gantoleba (2.42) sasazRvro 

pirobebiT t =0; );(t= 11ϕ  )(t111 ϕϕ && = . 

amasTanave (2.10) pirobebiT simtkice daxril zedapirebze unda iqnas 

SenarCunebuli (2.12) pirobebis ZaliT, sadac Q(x, t) pirobiT-drekad 

stadiaSi ganisazRvreba, xolo plastikurSi ki gamosaxulebidan:  

,)1(
2
1 1

1 dxymlxKQ
x

x
∫
−

−−= &&α ,′′  
2
1

1 dxymlxQ
xx

x
∫
−

−= &&α  

sadac α da ϕ -Sesabamisad (2.37) da (2

K ′′′′

1 .41) gantolebis amonaxsnebia. 

aucilebloba SesaZloa gamoiricxos. 

rRveva daxril kveTebSi umeteswilad mimdinareobs plastikuri 

zonebis warmoqmnamde, amdenad  Q  da Q  datvirTvebis gamoTvlis 1 11
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magaliTis saxiT ganvixiloT satransporti saSualebis Sejaxeba 

kolonaze, romelic qveda boloTi uZravadaa Camagrebuli, xolo zeda 

nawili ki saxsrulad. miRebuli gamocdilebidan gamomdinare moZraoba 

gavyoT or stadiaze: bzarwarmoqmnamde da bzarwarmoqmnis Semdeg.   

bzarwarmoqmnis stadiamde kolona ganixileba, rogorc drekadi myari 

tani, romlis saangariSo sqemac mocemulia  nax. 2.17-ze. 

 

nax. 2.17. kolonis saangariSo sqema 

Teoriulad miRebulia, rom bzarwarmoqmna dartymisas ZiriTadad 

gamowveulia Zvris deformaciebiT, ganzogadebuli an Sis meTodis 

SemuSavebisas mxedvelobaSi unda iqnes miRebuli kveTis Zvra da mobruneba 

(timoSenkos meTodi) (nax. 2.18). 

gari

 
nax. 2.18. kolonis gaang

-Cveulebrivi betonisaTvis 

a) 

b) 

d 
 
3 

a) 
b) 

g) 

SemkumSuli betonisaTvis 

ariSebiTi sqema 
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konstruqciis CaRunva ganvixiloT rogorc, lebiT 

CaRunvis da kveTis  Zvris CaRunvis jami: 

1 mimarTuy

2y

21 yyy +=                          (2.43) 

1y  da 2y  CaRunvis mniSvnelobeb

damokidebule

i ganisazRvreba Semdegi 

bebidan 

∑=
n

nn xXTy );(1  ∑=
n

nn xXTy );(ˆ
2  

sadac  aris konstruqciis sakuTari rxevis n forma da igi 

mul azRvr

nX

nT  da kmayofildeba moce i sas o pirobebiT nT -Sesabamisi drois 

funqciebiT. 

kinetikuri energiisaTvis gamosaxuleba miiRebs saxes 

 [ ] ,),(),(
22

)(
2

21

0
21

12
⎤

⎢⎣
⎡ ∂
∂
∂

⎥⎦
⎤

⎢⎣
⎡

∂
+∂ My

tA
mI

t
yym

resred

 (2.44) 

red

121∫ ∫ +++∂⎥⎦∂
+= atxytxyx

x
dxK sred &&&

sadac Sesabamisad  da A −redJ kolonis ganivi kveTis farTi da inerciis 

СНиП 2.03-84 standartis mixedviT.  

(2.44) damokidebulebaSi pirveladi Sesakrebi aris gadamcemi 

moZraobis inerciis momenti, xolo meore ki kolonis ele

inerciis, mesame Sesakrebi aris (

momentebia, romlebic ganisazRvrebian 

mentebis brunvis 

α+y )-manZilze damrtymeli Tavis mier 

daxarj

veTis muSa simaRle m

sakontaqto zonis datvirTvisas: 

uli kinetikuri energiaa. sakontaqto kanons Tu CavwerT (2.23) 

gamosaxulebiT da CavTvliT, rom kritikuli k cirdeba, 

∫ ∫ +⎥⎦⎢⎣ ∂
∂

+⎥⎦

⎤
⎢⎣

⎡
∂
∂

=
l l Kdx

x
y

K
Ddx

x
yBU

222

2

2

22
α⎤⎡

0 0

12010

2
.         (2.45) 

miRebul (2.44) da (2.45) damokidebulebebis da ganivi Zalis mier 

Sesrulebuli muSaobis mniSvnelobas ( )∂ dxxy 2
2 . Tu ∫ ∂=

l

NW
02

1

gaviTvaliswinebT (2.24) lagranJis gantolebebSi (2.43) damokidebulebebs 

Sesabamisad, miviRebT moZraobis gantolebaTa sistemas. 
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( ) ( ) ( )
( )

[ ]⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

=++⎟
⎠
⎞⎜

⎝
⎛ +

=Δ++⎟
⎠
⎞⎜

⎝
⎛ +

=Δ+++⎟
⎠
⎞⎜

⎝
⎛+

0)(

0)(

0)(

2
0αωα

αηδ

αηξδβ

&&
&&&&

&&
&&&&

&&
&&&&

TTxX

TTT

TTTT

           (2.46) 

sadac β ; δ ; ξ ; η  _ simetriuli matricebia (n×n) 

∫ +=
1 1mI

dxxxm niinβ ∫ ′′+
0 0

;)()( dxxx
A

xxxxM ni
red

red
niS  

∫ +=
1

0
niSniin );()( xxxxMdxxxmδ   );(xxM iSi =Δ  

;
1

0

= βξ 0 dxxx niin ∫ ′′′′  ( ) ;
1

0

′′−= dxxxNKDη 0 ∫ niin   sMK1
2 =0ω  

Caiwereba Semdegnairad: 

(2.46) moZraobis gantolebaTa sistemisaTvis sawyisi pirobebi 

0=t ;0)()( == TT   0)()( == TT ; 0; 
&&& =α ; 0V=α& .      (2.47) 

bolos miRebuli gamosaxuleba (2.47) asaxavs damrtymeli Tavis 

gadaadgilebas ( α+y ). (2.46) gantoleba samarTliania bzarwarmoqmnis 1t -

drois momentamde an sakontaqto zonaSi datvirTvis moxsnis t -drois 

moment ro anisazRvreba pirobidan melic g 0)( =tαamde, ; sadac α _ aris 

(2.46) gantolebis amonaxsni. 

tt > -pirobis Sesrulebisas adgili aqvs gantvirTvas sakontaqto 

zonaSi. am faqtoris gaTvaliswinebisas potenciuri energiis gamosaTvlelad 

gamosaxulebaSi (2.45) bolo Sesakrebi unda Seicvalos algebruli jamiT 

(2.31). aris gaTvaliswinebiT ki (2.46) gamosaxuleba miiRebs saxes: 

[ ] ;)(    12⎝
  

2 STTxX =++⎟
⎠
⎞⎜⎛ + ωα&&&&&

s121 MKKtS )()( −= α . 

miRebuli damokidebulebisaTvis sawyisi pirobebi moicema Semdegi 

saxiT: tt = ;  ));(()( tTT =  ( ) ( ))(tTT = ( ) ( )TtT && =)(; .  

⎟
⎠

⎜
⎝

=⎟
⎠

⎜
⎝

)(tTT ; ⎞⎛⎞⎛ && );(tαα =  0=α& . 
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damrtymelis kontaqtis Sewyveta konstruqciasTan dgeba (2.33) 

pirobidan gansazRvrul t  drois momentSi, ris Sedegadac iwyeba kolonis 

Tavisufali moZraoba, romlis gansaxilveladac saWiroa miRebul iqnas α=0 

da gamoyenebuli iqna moZraobis ukanaskneli gantoleba. t1 napralebis 

warmoqmnis momenti ganisazRvreba betonis rRvevis meqanikaze dafuZnebuli 

specialuri meTodologiiT. miaxloebiT igi SeiZleba ganisazRvros 

nbrbb ,,412 υ Rtyx ),,( γγσ =  pirobiT, sadac 4bγ  aris koeficienti da miiReba 

2.03.01-84 samSeneblo normebisa da wesebis mixedviT, −1σ  aris mTavari 

gamWimavi Zabva, romelic ganisazRvreba dinamikuri mRunavi momentebisa da 

gadamkveTi Zalebis mniSvnelobebiT. 

2
1

2
0 xyBM ∂∂−= ;  KQ D 3

2
31

0 xy⋅= ∂ ∂−
. 

kolonis saangariSo sqema napralebis stadiaSi warmodgenili aris 

sistem ebs rogorc erTi myari 

ve qnili el entis saxiT, romelic qveda nawilis 

deformaciis maxasiaTebels warmoadgens. kolonis qveda nawilis 

Semotrialeba nakeTobis mimarT mcirediT ugulvebelyofilia. 

u

is saxiT, romelic zeda sayrdenze trial

mTeli, da ase  mo em

deformireb li elementis simtkice: 

wstmdmddmddmd CCCCCCCCCCCCC +=′+′+′=      ),(  

aq Semavali simtkicis parametrebi tolia 

    ;2 3 JEnC 3 sd ′′=′ λ ;24 2
sssd lJEnC =   

( )[ ]sb dEe ′−′= 212 ν    ;4 sss JEde ′=λ  . 

sadac jvena armaturis diametrsa da RerZuli 

inerciis moments; n _ gularebis raodenobas; Es 

 ra a; ls–pirobiTi kavis sigrZe; , d – RerZuli 

armatu

s  da s warmoadgenen mard ′

is

−′J

odenob

da Js _armaturis 

drekadobis moduli da erTi gularis inerciis momenti; n-kveTSi RerZuli 

gulareb dls 105~ L

ris diametri.  

dapresili zolis betonis simtkice: 0sin hAEC bst θυ′= . 

mkveTi gularebis simtkice: 

( ) )(szaxAEC swsw −= ,                  (2.48) 
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sadac z= ( dw – defor irebuli mkveTi gulareb

enadobis 

dinamik

ba 

udris: 

 

32L ) m is aqtiuri monakveTis 

sigrZe. 

mkveT gularebSi sawyis stadiaSi napralebiT miiRweva d

uri zRvari, ris Semdegac datvirTva maTSi xdeba mudmivi da 

SeiZleba ganxilul iqnas rogorc gare zemoqmedeba. am datvriTvis muSao

,,,∑ Δ=
j

W hswdsw AR                      (2.49) 

tymis RerZze, j – sadac Δ aris kveTis horizontaluri gadaadgileba dar

vis 

daxrili napralebis gadakveTis raodenoba gadamkveTi gularebiT.  

(2.48)-Si Tqmulis gaTvaliswinebiT Cm=Cst. kinetikuri da potencialuri 

energisT 2hax −−≡γ -is pirobebSi Caiwereba Semdegi saxiT: 

( )∫ ′′+
Δ 1

2
2

22
dxym&

.                            (2.50) 
γ

θθ sin)sin2(2 Δ+Δ= crcFCV ,                 (2.51) 

sadac Fcrc aris napralebis napirebis SeWidulobis Zala maTi urTierT- 

gadaadgilebis pirobebSi, romelic damokidebulia moqmedi RerZuli Zalis 

doneze 

;
cos

)(
sin nctccrc

ax bCF ϕ
θθ

⋅
Δ

⋅
+

=                   (2.52) 

crcC , nϕ  aris koeficientebi romlebic ganisazRvreba 2.03.01.-84 samSeneblo 

normebisa da wesebis mixedviT. (2.51) da (2.52) gamosaxulebebSi 

gamoto li 

wevrebi. es aixsneba cdebis dros SemCneuli n

maTi w

 dros unapralo stadiaSi 

moxda damrtymelis ukuasxleta, wevrebi, romlebic Seicaven Ms-s, unda 

iqnan ugulebelyofilni.  

kolonis zeda nawilis gadasaadgileblad vweroT 

vebulia damrtymelis konstruqciaSi moTavsebasTan dakavSirebu

apralebis wamroqmnisas da 

armoqmnis Semdeg damrtymelis konstruqciasTan “Sewebebis” movleniT 

(aramdgradi dartyma). Tu konstruqciis muSaobis

Ca

)/()( xlxly −−Δ=′′ .                   (2.53) 

lagranJis gantolebaSi (2.49)-(2.52)-is SeerTebiT da (2.53)-is 

gaTvaliswinebiT miviRebT moZraobis gantolebas 
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22
2 Φ=Δ+Δ ω&& ; 

;
2sinsin

)(
sin

bCaxC
⎦

⎤

⎣

⎡ +
θθθ

)1(32
2 Sx crc

⎥⎢ +−=ω  SR
t

jsw∑=Φ ,2 2 ; 

( )32)1(3 mxMS s +−= 21 hax ++− .                      (2.54) 

 stadiis 

dasawyisSi, sawyis pirobebs CavwerT am formiT 

drois aTvlis dasawyisis gadataniT napralebiT samuSao

; 0Δ=Δ ; 0Δ=Δ && ; =t 0

),( 1txy ′′ ; Δ0-s vipoviT energiis balansis pirobidan napralebis 

warmoqmnamde da mas Semdeg. 

amoxsna (2.54) SeiZleba miRebuli iq

0 =Δ

nas daxuruli formiT 

( ) tt
2

0

2

2 sincos1 ωω 222 ωω
Δ

++
Φ

=Δ .              (2.55) 

momentSi, roca betonSi maqsimaluri datvirTva 

SekumSuli zolis fragmentacia da kolonis rRveva iwyeba tm 

θsin)( CtF mst  

gadaaWarbebs Fst,u maqsimalur datvirTvas. 

mocemuli  gaang

Δ=

ariSebis  gamoyeneba  mizanSewonilia  gansakuTrebiT 

sapasuxismgeblo SemTxvevebSi (mravalsarTuliani Senobebis pirveli 

sarTulebis gamoyenebul 

tivebuli procedura, romelSic napralebis GgaCenamde stadias 

ugulebelyofen. moZr

eTi 

liTonis furclovani zeda fena. aseTi konstruqciebi damaxasiaTebelia 

atomuri eleqtrosadgurebis, atomur Tbosadgurebis da sxva nagebobebisTvis. 

Tu dartymis energia araa sakmarisi rRvevisaTvis, anu sruldeba piroba 

(2.7), maSin saWiroa ganvixiloT mxolod damrtymelis SeRweva konstruqciis 

sxeulSi da kveTis Sesusteba. 

kolonebSi da a.S.). sxva SemTxvevebSi SeiZleba 

iqnas gamar

aobis gantolebas da mis amoxsnas am SemTxvevaSi aqvT 

(2.54) da (2.55) saxe. 

 

2.4.2 filisa da garsis saangariSo modeli 
 

ganvixiloT Zlieri dartymis SemTxveva rkinabetonis filasa da  

garsze, romelsac gaaCnia mkv armatura da ankerebiT mimagrebuli 

pδδ < -is dros formirdeba betonis “sacobi”, 

romelsac SeuZlia moZraobis gagrZeleba damrtymel sxeulTan erTad. 
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“sacobis” darCenili siCqaris gansasazRvrelad iyeneben damokidebulebas 

kinetikuri energiis balansisaTvis  

)1()( 22 MMVVV +−=  0 stcrprcs

sadac Ms – aris damrtymelis masa; Mt –dasamsxvrevi sacobis masa; Vcr,p – 

miiReba (2.7)-(2.9) – dan Vo – Vcr,p-is SecvliT.  

“sacobis“ moZraobas aferxebs garsis gadamkveTi da RerZuli 

armatura, sacobis gverdiTi

garsSi ankerebiT damagrebuli liTonis garsi (nax. 2.19,a). “sacobis” 

moZraobis gantoleba iqneba: 

 romelsac kveTs  zedapiri, aseve betonis 

   0
2

)(
2
+ yR =

dt
yd

,                   (2.56) 

sadac y – misi normaluri gadaadgilebaa damWeri danarCeni konstruqciis 

mimarT; M=Ms+Mt; R –Semakavebeli kavSirebis Zala.  

gantolebis sawyisi pirobebia (2.56) 

t=0, y=0, y=Vre .                                        (2.57) 

datvirTva R miiReba Semakavebeli Zalisgan, romelic armaturisgan 

iqmneba da gadaikveTeba gamosamsxvrevi konusis zedapiriT, garsis Rs,ex-is 

Sida da Rs,in-is gare mxareebis RerZuli armaturiT da Semakavebeli ZaliT, 

romelic warmoiqmneba liTonis zeda feniT Ra. gadamkveT armaturasa da 

garsSi, garsis erTgvarovnebis darRvevis momentSi, warmoiqmneba didi 

M

s

plastikuri deformaciebi, ris gamoc maTi muSaobis mdgradi stadia 

SeiZleba ugulebelyofil iqnas, anu miiReba: 

 )()( 21
2

1
2

2, SSrrRAR dsssw −= πω ,                (2.58) 

sadac Asw – aris erTi xamuTis kveTis farTobi; S1 da S2 – manZili 

xamuTebs Soris urTierT perpendikularuli mimarTulebebiT konstruqciis 

Sua zedapirze. 
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a) b) 

 

nax. 2.19. a  garsisa 

 

sakidebis muSaobis resursi Zalze SezRudulia, radganac xamuTebis 

betonTan SeWideb rirdeba napralebis napirebTan da 

deformirebis baza ar aris did z=(5 ...10)dw. amitom Ses

xamuTe

 _ da zeda fenis sqema, 

    b _ winaaRmdegobis gaTvliTi funqcia  

is daZabuloba koncent

i aZlebeli iqneba 

bis gawyveta konusis gadaadgilebisas, foladis Sesabamisi deformaciiT 

us ,ε  

.,1 zy ysε=                

efeqtiT 

             

          (2.59) 

RerZuli armaturis winaaRmdegoba ganpirobebulia ZiriTadad nagelis 

;, yCR exess = ;, yCR inins =    

SrJEnC ssex 1
3 22 πλ ′′ .)(212 3= ; 1 sssin SIrJnEC ′ π=          (2.60) 

CavweroT gamosaxuleba vertikaluri mdgenelis RerZuli gamWimavi 

datvirTvisas, zeda fenis mdgradi deformaciis ugulebelyofiT:  

⎟
⎞

⎜
⎛==

xarctgrRyRR shdsaa

2sin2)( 2, πδ .                (2.61)  
⎠⎝ S

(2.66) gantolebaSi (2.58)-(2.61)-is gaTvaliswinebiT miviRebT: 

ωsainex RyRyCCdtyMd )( 1yy ≤  + + = −+ )()(  
22

0)()(22 =+++

c 

simtkic

yRyCCdtyMd ainex )( 1yy .            (2.62) 

R(y) funqciis grafiki naCvenebia nax. 2.19 b-ze. xamuTebis wyvetasTan 

dakavSirebuli swrafi vardna, sinamdvileSi ar arsebobs, radgana

>

is statikuri bunebidan gamomdinare, yvela xamuTis wyveta ar xdeba 
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erTdroulad, Tumca gasamartiv  daxrili monakveTis gaTvaliswineba 

simtkicis maragSi SeiZleba arc moxdes. 

sawyisi pirobebi gantolebisTvis (2.62) ganisazRvr

eblad

eba gadaadgilebisa 

da siCqaris Seuwyvetelobis pirobebiT. 

konstruqciis zRvruli mdgomareoba miiRweva zeda fenis 

erTgvarovnebis darRveviT, anu Tu ar iqneba Sesrulebuli piroba (2.6). 

maqsimaluri deformaciebis miRwevis dro ganisazRvreba pirobiT y& (tm)=0. 

rkinabetonis filebis da garsebis Semowmeba simtkiceze mkveTi 

armaturis gareSe dartymis saerTo zemoqmedebaze unda iqnas warmoebuli 

Tu ar sruldeba piroba sδδ > , anu Tu adgilobriv  s mtkice 

garantirebuli umca arsebobs safrTxe konstruqciis mTliani rRvevis, 

i i

a, T

gansakuTrebiT Sd / -s didi mniSvnelobebis SemTxvevaSi.  

ganvixiloT filebis gaangariSeba, romlebsac gaaCniaT mxolod a-II, 

a-III-is klasis rkinis RerZuli armatura. gaTvali

deformirebis ori stadia: pirobiT-mdgradi da denadobis miRwevidan 

rRvevamde – plastikuri. am dros mxedvelobaSi miiReba sakontaqto zonis 

deformirebis stadiebi: napralebis gaCenamde da napralebis gaCenidan 

maqsimaluri sakontaqto daZabulobis miRwevamde, agreTve gantvirTvis 

stadia. napralebis warmoqmnamde stadias ugulebelyofen. Fm sidide 

mniSvnelovani 

swinebuli aris filis 

δ/d -s pirobebSi xdeba zRvrul F1-ze sagr

a×b gegmaSiMsididiT mudmivi sisqis marTkuTxedi filis simrudeebs 

pirobiT-mdgrad stadiaSi moviZiebT Semdegi saxiT: 

Znoblad naklebi.  

∑∑=
k

kn
n

kn tTyxWtyxW ),(),(),,(                 (2.63) 

sadac: Wkn – aris filis sakuTari rxevis funqciebi Semcirebuli mudmivi 

cilinruli sixistiT napralebian zonaSi. 

fila-damrtymelis sistemisKkinetikuri da potencialuri energiis 

gamosaxulebebs gaaCnia Semdegi saxe 

[ ] ;),,(
22

2

2

2
2

2

2

− −

a

a

s
b

b

Mm &∫ ∫ ++= tyxWdxdyWK α&            (2.64) 
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∫ ∫
− −

−∂∂
⎪

⎪
⎬
⎫

⎪

⎪
⎨
⎧

⎥
⎥
⎤

⎢
⎢
⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂∂

∂
−

∂∂
∂

∂
∂

−−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

+
∂
∂

=
2

2

2

2

222

2

2

2

2

2

2

)1(2
2

a

a

yx
yx

W
yx

W
x
W

y
W

x
WDV

λ

λ

ν   

⎭⎩ ⎦⎣

0   

∫ ∫
− −

+∂∂⎬∂∂ 2
1yx

x ⎪⎭

⎪⎫

⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂∂

∂
−

∂
∂
∂

−−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

+
∂
∂−

−
ρ

ρ

ρ

ρ

αν .)1(2
2

2222

2

2

2

2

2

2
10 K

yx
W

y
W

x
W

y
W

x
WDD

(2.65) 
lis zedapiris erTeulis masa; D0 da D1 – napralebiani 

da unapralo filis cilindruli sixiste; v=0,2 – betonis mkveTi 

deformaciis koeficienti; 

aq m –aris fi

x  da y  - datvirTvis centris koordinatebi; ρ 

is gverdis naxevari, 42dπ– kvadrat  kontaqturi zonis eqvivalenturi 

(gamartiveba SemoRebuli aris integrirebis moxerxebulobisTvis da ar 

aisaxeba saboloo Sedegze); K1 Tvis stadiaSi kontaqturi zonis 

simtkicis maxasiaTebeli, romelic ganisazRvreba 2.20 naxazze gamosaxuli 

modelis safuZvelze Semdegi fo  (

– datvir

rmuliT 1≈θtg ) 

)( 3132213211 CCCCCCCCCK ++= ;  crcd CCC +=3 ,     (2.66) 

               );4()2( 001 θθπ tgxdtgxdEC b +′′=  

];)(4[)2)(2( 0002 θθθπ tgxhdtgxdtghEC b −++′′=     

)()/2(12 3SItghdJEC sssd θπ +=   . 

formula ( i Semdeg 

saxemde 

2.66) SeiZleba iqnas gamartivebuli da miyvanil

( ),1 dd CCCCK += ).4()2( 00 θθ tgxdtghdEC b +′′=  

 

a) b) 

nax. 2.20. sakontaqto zonis saangariSo modeli  

       filis saerTo simtkicis gansazRvrisas 
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(2.63)-is mierTebiT (2.64) da (2.65)-Tan (2.15)-is gaTvaliswinebiT 

(2.16) gantolebaSi, miviRebT moZraobis gantolebis sistemas:    

( ){
[ ]( )⎪⎩

⎪
⎨

0ij

                   (2.67) 

;

⎧

=++

=Δ++

,0

0)(
2ωα

ατη

&&&&

&&&&

TW

T

ujknδη =  ;ijknητ =  

⎟
⎠⎝Δ
⎟
⎟
⎞

⎜
⎜
⎜
⎛Δ

= ; ⎟Δ L
11

kn
⎟
⎠⎝ knT

⎟
⎞

⎜
⎜
⎜
⎛

=
T

T L
11

; 

;ijsij WM=Δ  ),( yxWW ijij = ;  

        {∫ ∫
− −

×−−++=
2

2

2

2
0 )10())((

a

a

b

b
knyyknxxijyyijxxijkn vWWWWDη  

[ ]} −∂∂−′′+′′× yxWWWWWW knyyijyyijyyknxxknyyijxx 2)(             

          {∫ ∫
− −

∂∂×−−′+′′+′−−
ρ

ρ

ρ

ρ

yxvWWWWDD knyyknxxijyyijxx )1())(()( 10  

           [ ]} yxWWWWWW ∂∂knyyijyyijyyijxxknyyijxx ′′−′′+′′× )2)( . 

X da y indeqsebi niSnavs koor natebs, romelTa mixedviTac miiReba 

kerZo warmoebuli; 
2
0

di

ω  ganisazRvreba (2.19)-is mixedviT. (2.67) gantolebisTvis 

sawyisi pirobebia: ,0=t  0)()( == TT & , ,0=α  0V=α& . 

mRunavi momentebi da ganivi Zalebi saxifaTo kveTSi tolia: 

;2

2

2

2

1⎜⎜−= DM x ⎟⎟
⎠

⎞

⎝

⎛
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∂
∂
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∂
∂
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DQ Δ
∂y

∂
−=  x

datvirTvis stadiisaTvis sakontaqto Zalaa F=K1α, sadac α miiReba 

(2.67) amoxsnidan. am kontaqturi F  Zalis miRwevis Semdeg m t  drois 

momentSi, romelic ganisazRvreba 0)( =tα&  pirobidan, aucilebeli aris 

tkontaqturi zonis datvirTvis stadiis ganxilva.  momentSi (2.24) 

pirobis Sesabamisad) kontaqtis Sewyvetis Semdeg unda ganvixiloT filis 

a (2.67)-Si. 

Tavisufali moZraoba, risTvisac unda miviRoT α=0 da gamovricxoT bolo 

gantoleb
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gaWimul armaturaSi denadobis dinamikuri zRvaris miRwevis Semdeg    

fila gadadis muSaobis plastikur stadiaSi. varaudoben, rom yvela 

kvadratuli 

fila, Tumca es midgoma SeiZleba gavrceldes sxva sayrdeni pirobebis mqone 

filebze. 

plastikur stadiaSi gaTvlebis dros filas warmoadgenen meqanikuri 

sistemis saxiT, romelic Sedgeba xazobrivi plastikuri saxsrulad 

SeerTebuli mtkice diskebisgan (nax. 2.21, a). 

 I da II filebis monakveTebis CaRunvebi warmovidginoT Semdegi 

formiT: 

    

plastikuri rgoli viTardeba erTdroulad da myiseulad. 

magaliTis saxiT ganxilulia saxsrovan-sayrdeniani 

( )
( )⎩

⎨
⎧

−=′′
−=′

,462,02)(),,(
2)(),,(

dattyxW
xattyxW

ϕ
ϕ

        (2.68) 

sadac d – da obriv 

plast s filis monakveTis brunvis kuTxe

mrtymelis diametric, Ф – horizontalis mimarT xaz

ikur sferoebs Sori . 

a) 

b) 

 

nax.2.21. filis saerTo deformaciis gaTvliTi sq

kinetikuri energia 

emebi 

;BAK +=  
2)(21 WMA s ′′+= α& ; 

             (2.69) ∫ ∫∫ ∫ ′′+′=
d xba x

dxdyWmdxdyWmB
2 41,0

2
/ 41,0

2 ,)(8)(2
46,0

d 0 0462,0 0

xolo potencialuri 

=+−+⋅= 2
1,, 2

1)541,0(8382,08 αϕϕ KdaMdMV dudu  
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2

1, 5,0)944,4328,4( αϕ KdaM du +−= . 

(2.52)-is SeerTebiT (2.45), (2.69) da (2.16)-Tan miviRebT moZraobis 

diferencirebuli gantolebebis sistemas 

,121 Hbb −=+ αϕ &&&&  ,012 ++ ααϕ KMb s &&&& =             (2.70)  

 
2434

1 )462,05,0()068,01392,0083,0(2 daMdadamb s −++−= ; 

      ( );462,02 daMb )044,4328,4(1 daH −2 s −= =  . 

sawyisi pirobebi (2.70)-Tvis (gamoTvlis sawyiss gadavitanT 

plasitkuri stadiis warmoqmnis momentSi): 

;0=t  ;0ϕϕ = ; );( 1tαα =  )( 1tαα && =   0ϕϕ && = . 

)462,05,0/();191,0;462,0( 10 datddW=ϕ − . 

ϕ0 siCqares vpoulobT pirobiT-mdgradi stadiis dasasruls da 

plastikuri stadiis dasawyisSi filis moZraobis raodenobebis 

Tanasworobis pirobidan  

∫ ∫ −=
2/

0 0
10 . 

2/
33 )034,0044,0(),.(

a a

dadxdytyxWϕ&

(2.70) sistemis amoxsnas aqvs Semdegi forma 
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( ) ttHH 1101
2

120
2

12 sin)/(cos ωωαωωαωα &+−+= ; 

( );2
2211

2
1 bbMbK s −=ω  ( ).2

21112 bbMHbH s −=  

filis gamZleoba garantirebuli iqneba Tu plastikur saxsarSi 

maqsimaluri gaxsnis kuTxe tm pirobiT gansazRvrul ϕ& (tm)=0 momentSi, ar 

scdeba gaxsnis kuTxis zRvrul mniSvnelobas, Semcirebuls 20%-iT. 

 
 



Tavi 3. konstruqciebis avariis riskis 

Sefasebis meTodi 

 

3.1 Senoba-nagebobebis monitoringis mobiluri  

kompleqsi 

 
kompiuteruli teqnologiebis swrafma ganviTarebam SesaZlebeli 

gaxada konstruqciebis kontrolisa da diagnostikis procesebSi maTi 

farTod gamoyeneba. is aris unikaluri saSualeba aramrRvevi kontrolis 

avtomatur reJimSi gansaxorcieleblad. 

ganvixiloT diagnostikis procesi, rogorc informaciuli procesi, 

romelic SeiZleba Semdegnairad warmovidginoT: pirveladi anaTvlebis 

Sesaxeb informaciis miReba garadaqmnelis daxmarebiT da misi gadayvana 

damuSavebisTvis mosaxerxebel formaSi; informaciis damuSaveba da 

Sedegebis gadacema, analizisa da Semdgomi interpretirebisTvis miRebuli 

informaciis gaanalizeba da gaTvlebis formulireba konkretuli obieqtis 

Sesaxeb. am obieqtis normalurad funqcionirebis SesaZleblobebis 

gamokvleva an misi darCenili resursebis prognozireba, mosalodneli 

avariis riskis Sefaseba. 

sensorebi SeiZleba gamoyenebuli iqnas nebismieri tipis, romlebic 

uzrunvelyofen urTierTkavSirs kontrolirabad fizikur parametrsa 

(ramodenime parametrsa) da gardamqmnelidan gamosul registrirebad 

parametrs Soris. mTel rig aramrRvevi kontrolis meTodSi `gamoZaxili” 

SiZleba registrirdebodes iseTi formiT, romelic SeiZleba uSualod 

iqnas gaanalizebuli (kapilaruli, ultrabgeriTi, optikuri meTodebi). sxva 

meTodebSi gamoiyeneba `gamoZaxili” signalis saxiT, romelic gacilebiT 

misaRebia registrirebisaTvisa da Semdgomi damuSavebisaTvis.   pirveladi 

informacia rogorc wesi registrirdeba drosa da sivrceSi gansazRvruli 

gamoZaxilebis saxiT informaciis Semdgomi damuSaveba SeiZleba 

ganxorcieldes, rogorc analogiuri aseve cifruli saxiT. (damokidebulia 

algoriTmis sirTuleze). meTodi da mowyobiloba pirveladi informaciis 

miRebis aramrRvevi kontrolis amocanebisaTvis, farTod aris 
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ganviTarebuli da Rrmad Seswavlili, rogorc praqtikuli ise saswavlo 

saxiT. 

imis mixedviT, Tu ra kontrolis meTodi iqneba gamoyenebuli, 

pirveladi informaciis damuSavebis algoriTmebi SeiZleba 

gansxvavdebodnen, magram garkveul sazRvrebSi, saboloo Sedegad, 

gacilebiT xelsayreli adamianis aRqmis unaris TvalsazrisiT, aris 

sakontrolo obieqtis gamosaxuleba, (sqematurad an sam ganzomilebaSi), 

romelzec datanilia saZiebeli fizikuri sididis ganlageba. 

vgulisxmobT, rom saZiebeli sididis mniSvneloba sakmaod 

rekonstruirebadia, miRebul pirvelad informaciaze dayrdnobiT. garda 

vizualuri warmodgenisa saWiroa gvqondes, defeqtebis parametrebis 

raodenobrivi mniSvneloba, romlebic aucilebelia Semdgom simtkicisa da 

arsebuli resursebis CatarebisaTvis. 

kontrolis meTodebis, kontrolirebadi parametrebisa da defeqtebis 

tipebis mravalferovnebis miuxedavad, raodenoba algoriTmebisa, saboloo 

Sedegis misaRebad arc ise bevria. is ZiriTadad dadis, sxvadasxva 

kompleqsuri gardaqmnis tipebze, gantolebaTa sistemis amoxsnasa da 

rekonstruqciis damuSavebis meTodze. unda aRiniSnos, rom aramrRvevi 

kontrolis ramodenime meTodis gamoyenebisas da miRebuli Sedegebis 

dajamebisas SesaZlebelia miviRoT mZlavri efeqti. 

dReisTvis nebismieri algoriTmis realizacia SesaZlebelia 

ganxorcieldes Tanamedrove gamomTvleli mikroprocesoruli teqnikis 

daxmarebiT, rogorc standartuli gamomTvleli teqnikis bazaze, aseve 

specializirebul avtonomiur,  mcire gabaritian mowyobilobebze, 

Sesabamisi mwarmoeblurobiT. realizaciis varianti ganisazRvreba 

arsebuli materialuri resursebiT. 

diagnostikis meTodis saboloo mizans ar warmoadgens mxolod 

informaciis miReba defeqtebisa da maTi fizikuri parametrebis Sesaxeb, 

aseve misi mizania gadawyvetilebis formulireba, kontrolirebadi obieqtis 

normaluri funqcionirebisa da arsebuli resursebis Sesaxeb. zogierTi 

obieqtisTvis SesaZlebelia ganxorcieldes gaTvlebi simtkiceze da masze 

dayrdnobiT Sedegis daskvna. erTgvarovani obieqtebisaTvis Seqmnilia 

meToduri rekomendaciebi, romlebic formulirebas ukeTeben 
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gadawyvetilebis miRebis process. sxva SemTxvevebisaTvis saWiroa 

evoliciuri midgoma, an gamoiyvaneba asocirebuli gadawyvetilebebi. 

xSirad gadawyvetilebebi miiReba subieqturad adamianis mxridan sakuTar 

gamocdilebaze dayrdnobiT. 

informaciuli procesis mocemuli rgoli naklebad aris 

formulirebadi da algoriTmirebadi. es gamowveulia kontrolirebadi 

obieqtisa da misi fizikuri maxasiaTeblebis mravalferovnebiT. magram rig 

SemTxvevebSi, sadac arsebobs damuSavebuli meToduri miTiTebebi, 

mizanSewonilia maTi gamoyeneba programuli uzrunvelyofis saxiT, 

romelic uSualod gamoiyenebs winaT damuSavebuli informaciis Sedegebs 

da avtomaturad aregistrirebs daskvnas obieqtis mdgomareobis Sesaxeb. 

momavalSi am mizniT SeiZleba gamoyenebuli iqnas TviTmswavleli 

struqturebi, neironuli procesorebis safuZvelze. romlebsac gaaCniaT 

ukukavSiri, romelic uaryofs an adasturebs miRebul daskvnas, (Secvlili 

konstruqciebis rRvevaze gamocdis safuZvelze.) SeuZlia aamaRlos 

saboloo etapze miRebuli daskvnis saimedooba.  

diagnostikis amocanebi SeiZleba davajgufoT Semdegnairad: 

1. sxvadasxva aramrRvevi kontrolis meTodebis aparaturuli 

realizeba SeiZleba gavaerTianoT da daviyvanoT struqturaze, 

romelsac gaaCnia Semdegi ZiriTadi principebi: fizikuri sidideebis 

gardamqmneli eleqtrul signalad; eleqtruli signalebis gardamqmneli 

cifrul signalad; informaciis damuSavebis universaluri bloki da 

misi gamosaxva grafikuli saxiT; 

2. aramrRvevi kontrolis meTodebis ganviTareba arsebuli 

mimarTulebiT. agreTve sayuradReboa sakiTxi, gadawyvetilebis 

avtomaturad formulirebis, mocemuli obieqtis mdgomareobasa da misi 

vargisianobis Sesaxeb. 

3. saWiroa organizaciuli RonisZiebebis gatareba imisTvis, rom 

gadawyvetil iqnas, gadawyvetilebis miRebis formulirebis procesi, 

konkretul obieqtze gamokvlevis  Sedegebze dayrdnobiT. es 

organizaciuli sakiTxebi: erTiani meTodologiuri centris formulireba, 

arsebuli meTodologiis sistematizireba (maT Soris ucxouris), 

statistikuri informaciis Segroveba. msgavsi centris Seqmna SesaZlebelia 
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mZlavr kvleviT organizaciaSi, romelic dakavebulia aramrRvevi 

kontrolis sakiTxebiT da gaaCnia didi saswavlo potenciali. amasTan, ra 

Tqma unda praqtikuli gamocdileba msgavs sakiTxebSi. 

yovelive zemoTqmulidan gamomdinare, davamuSaveT aparaturul-

kompiuteruli diagnostikis blok-sqema (nax.3.5) [2], romelic saSualebas 

iZleva SevafasoT konstruqciebis muSaunarianoba realur droSi.   

 

                                                                                  
konstruqciebis riskis 

Sefaseba 

 

 
 

sxvadsxva saxis sensorebi 
(ultrabgeriTi, 

eleqtromagnituri, boWkovan-
optikuri da sxva 

 
 

 

 

 

 

 
 programuli 

produqti 
diagnostikis 
monacemTa 
damuSaveba 

teqnikur 
grafikuli 
redaqtori 

 

 

kontrolis meTodika 

 
programuli 
produqti 

angariSisa da 
kontrolis 

Sedegebis analizi 

kontrolis 
Sedegebis 
arqivi 

 

 

 

 

saimedoobis Teoria 
riskis 

SefasebisaTvis 
printeri 

 

 

 

 

nax. 3.1 riskis Sefasebis aparatul-kompiuteruli kompleqsis blok-

sqema. 
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SevCerdeT erT mniSvnelovan problemaze, calkeuli konstruqciis 

yovel mdgomareobas Seesabameba gansazRruli signali, romelic saWiroa 

diagnostirebis procesSi gavarCioT, amasTan ZiriTadi problema 

mdgomareobs im mizezebis aRmofxvraSi, romlebic amaxinjeben signals da 

aZneleben maT gaSifvras. gamosakvlevi elementebis SesaZlo mdgomareobis 

usasrulo ricxvidan amorCeul unda iqnes sasruli ricxvi, romelic 

eqvemdebareba diagnostirebis garCevas.  sxvadasxva mdgomareobis aseTi 

klasifikaciis Sedegze, romlisTvisac miRebuli signalis mniSvneloba 

imyofeba, romeliRac gansazRvrul diapazonSi, miekuTvneba erT ares, e.i. 

erT klass, sxvadasxva mdgomareoba gaerTianebuli erT klasSi ar 

warmoadgens erTi da igive signalis wyaros. aqedan gamomdinare, sxvadasxva 

konstruqcia imyofeba erTidaigive mdgomareobaSi, e.i. mdgomareobis erT 

klasSi Rebuloben sxvadasxva signalebs, Tu maTi arsebuli mdgomareoba 

ramdenadme gansxvavebulia. 

mdgomareobis  yvela simravle SeiZleba davyoT or klasad: Sromis 

unarian da Sromis uunarod. magram orive klass gaaCnia gradaciis didi 

ricxvi da SedegSi ar SeuZliaT mkveTrad gansazRvruli signalis 

dabruneba. signalis variacia erTi mdgomareobis klasis farglebSi 

Semaferxebelia diagnostirebisaTvis. 

 

 

 

3.2. saimedoobis Teoriis gamoyeneba riskis Sefasebis kompleqsSi 

 
riskis xarisxis Sefaseba katastrofebis dros xalxis dazianebisa da zaralis 

miyenebisas damokidebulia saimedoobis maCveneblebis prognozirebaze da funqcionaluri 

sistemis narCen resursze. gansakuTrebiT umjobesia individualuri obieqtis Semdgomi 

eqspluataciis dasaSvebi vadebis dadgena avariis riskis konkretuli mniSvnelobisas. 

riskis Semcirebis sainJinro gadawyvetilebis miReba an konkretuli obieqtis Semdgomi 

eqspluataciis SeCereba mTlianad damokidebulia komisiis pasuxismgeblobaze, romlis 

SemadgenlobaSic unda Sediodnen Sesabamisi dargis gamocdili specialistebi da 

administraciuli organoebis warmomadgenlebi. 
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obieqtis normaluri funqcionirebidan gadaxris (dazianebis) riskis funqcias 

uwodeben mwyobridan gamosvlis albaTobas 

),(1)( tPtH −=               (3.1) ⎟
⎠
⎞

⎜
⎝
⎛−= ∫

t

dtP
0

)(exp)( ξξλ

              )(/)()( tPtPt ′−=λ , 

sadac P(t) _ uwyveti muSaobis albaTobaa (saimedoobis funqcia). 

      λ(t) _ dazianebaTa intensivoba, romelic tolia obieqtis normaluri muSaobidan 

drois mcire SualedSi mwyobridan gamosvlis albaTobisa. 

mravalmxrivi dakvirvebidan gamomdinare eqspluataciis sawyisi periodis drois 

mcire SualedSi λ(t) funqcia stabiluria, anu λ(t) =const.  

obieqtis drois resursze moqmedi arasasurveli faqtorebi unda gamoiricxos, 

misi muSaobis xangrZlivobis reglamentirebiT. 

normaluri (mSvidi) funqcionirebis periodisaTvis Tu λ(t) =const, (3.1)-dan 

miiReba eqsponencialuri gantoleba 

),exp()( λτ−=tP                         (3.2) 

Tu −= λθ 1 obieqtis drois resursis maTematikuri lodinia, maSin riskis 

funqcia miiRebs saxes 

( )θttH −−= exp1)( .                    (3.3.) 

SemTxveviTi movlenebis nakadi (mwyobridan gamosvlis sixSire), saimedoobis 

funqciis (3.2) saxiT warmodgenisas myardeba Semdegi Sesabamisoba puasonis diskretul 

gantolebasTan 

( ) ( ),)(exp
!

),( t
N

NQ
N

λλτλτ −=  0,2,1,0 >= λτLN .         (3.4)  

zemoT moyvanili Sesabamisobidan gamomdinare −+ ),( ττ tt drois SualedSi 

momxdari avariebi, romelTa ricxvi N-is tolia Seesabameba ),( λτNQ  albaTobas, 

xolo avariuli situaciebis ararsebobis albaToba warmodgenilia 

)exp(),0( λτλτ −=Q                     (3.5) 

imis albaToba, rom avariebi moxdeba n-jer, roca Nn < , gamoisaxeba Semdegi 

funqcionaluri damokidebulebiT 
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∑
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0
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0
0
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),,(1),()(

i

N

i

iQNnQN

NiQNnQ

λτλτϕ

λτϕλτ
             (3.6) 

Tundac erTi katastrofis warmoqmnis Q  albaToba drois τ SualedSi 

warmoadgens obieqtis dazianebaTa riskis Sefasebas 

)exp(1),0(1 λτλτ −−=−= QQ                  (3.7) 

N̂  maTematikuri lodinisaTvis, D dispersiebi da saSualo kvadratuli σ 

gadaxrebi Semdegi SesabamisobiT gamoiyeneba 

λτσ === 2ˆ DN , 

anu, es Sesabamisoba aris puasonis kanonis (konkretuli dazianebebisas) gamoyenebis 

hipoTezis eqsperimentuli Sedegebis Semowmebis Sansi, Tundac DN =ˆ  

SesabamisobisaTvis. 

aqedan gamomdinare, avariuli situaciebis prognozireba SeiZleba elementarul 

statistikaze dayrdnobiT. 

did interess warmoadgens aseTi saxiT miRebuli Sedegebi obieqtis  riskis 

xarisxis Sefasebisas, aseve SesaZlo avariebis minimumamde dayvanis RonisZiebebis 

dagegmvisaTvis. 

avariisa ),( λτNQ  da riskis albaTobis mniSvnelobebi SesaZlo Q  avariisas, 

roca 5≤N  moyvanilia (3.1) cxrilSi. 

cxrili 3.1 

# 0,1 0,2 0,3 0,5 1.0 2,0 3,0 4,0 5,0 

0 

1 

2 

3 

4 

5 

Q  

0,905 

0,091 

0,0045 

0,0002 

 

 

0,095 

0,819 

0,164 

0,016 

0,0011 

0,0001 

 

0,181 

0,741 

0,222 

0,033 

0,0033 

0,0003 

 

0,259 

0,607 

0,303 

0,076 

0,013 

0,0016 

 

0,393 

0,368 

0,368 

0,184 

0,061 

0,015 

0,003 

0,632 

0,135 

 

0,271 

0,180 

0,090 

0,036 

0,865 

0,050 

 

 

0,224 

0,168 

0,101 

0,950 

0,018 

 

 

 

 

0,156 

0,982 

0,007 

 

 

 

 

0,176 

0.993 
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binominaluri ganawilebis kerZo (zRvrul) SemTxvevas warmoadgens puasonis 

kanoni, romelic ganixileba iSviaTi movlenebisaTvis. 

aqedan gamomdinare puasonis formulas aseve iSviaTi movlenebis kanonsac 

uwodeben. 

nax. 3.1-ze naCvenebia puasonis ganawilebis λτ mniSvnelobebis ramdenime sidide, 

saidanac Cans, rom −≥ )10(λτλτ is didi mniSvnelobebisas ganawileba uaxlovdeba 

normalur mniSvnelobas 

  λτσμ == 2
, 

  ( ) ⎥⎦

⎤
⎢⎣

⎡ −
−= 2

2

2 2
)(exp

2
1,,

σ
μ

πσ
σμ xxf .                  (3.8) 

puasonis kanons mravalmxrivi gamoyeneba aqvs teqnikis mraval sferoSi, kerZod 

saimedoobis TeoriaSi, uSualod xarisxis Semowmebisas, seismuri riskis 

prognozirebisas da a.S. 

P.D. Clarke-s monacemebze dayrdnobiT aRniSvnis Rirsia puasonis ganawilebis 

saukeTeso Sesabamisoba meore msoflio omis dros londonis samxreT nawilSi 

Camovardnili TviTmfrinav-Wurvebis realur statistikasTan. 

Sesabamisoba myardeba K Camovardnis ricxvsa (romelic modis yovel N=576 

Tanabrad dayofil teritoriebze) da S=0,25 km2 farTobs Soris.  

T=537 Wurvebis saSualo raodenobaa. 

−kN farTobTa ricxvi, romlebzec modioda k raodenobis Camovardna. 

.9323,0== NTSλ  
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nax. 3.1. avariebis albaTobisa da Q  avariulobis 

riskis Sefasebis damokidebuleba λt parametrze 
 

3.2 cxrilSi moyvanilia Sefaseba P/S/ Clarke-s monacemebisa puasonis formuliT 

gamoTvlil mniSvnelobebTan. 

 

cxrili 3.2. 

K-CamovardnaTa ricxvi 0 1 2 3 4 5 ≥5 

Nk- farTobTa ricxvi 

Q(k; 0,9323) 

576⋅Q(k; 0,9323)  

299 

0,3836 

336,74 

211 

0,3679 

211,39 

93 

0,1711 

98,54 

35 

0,0532 

30,62 

7 

0,0124 

7,14 

 

0,0023 

1,33 
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nax. 3.2. puasonis ganawileba λτ-s 6 
mniSvnelobisaTvis 

samrewvelo da samoqalaqo nagebobebis aparaturis saimedoobis Sefaseba SeiZleba 

Catardes binominaluri ganawilebis gamoyenebiT, r-s gamarTlebuli movlenebis sixSiris 

gaTvaliswinebiT, saerTo n ricxviT. faqtiuriYPT YalbaTobis sando intervali 

gamoiTvleba formuliT 

∑
=

− −=−⎟
⎠
⎞⎜

⎝
⎛n

rj

n
n

pPjj α1)1( 1
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sadac [ ]−−=⎟
⎠
⎞⎜

⎝
⎛ )!1(!! njnj

n

binominaluri koeficientebia; 

     PP _ saZebni PT saimedoobis qveda zRvaria; 

      α _ aris siswore, imisa, rom faqtiuri P albaToba mdebareobs 1LP  

intervalSi.     

PT-s mniSvneloba roca α = 0,8 moyvanilia 3.3 cxrilSi. sadac mocemulia 

katastrofebis gareSe momxdari movlenebis albaToba 0,8 sizustiT, r-is sxvadasxva 

mniSvnelobebisaTvis. 

cxrili 3.3 

n 2 4 6 8 10 12 14 16 18 20 

10 

15 

20 

0,083 

0,056 

0,041 

0,240 

0,157 

0,117 

0,418 

0,272 

0,201 

0,619 

0,384 

0,291 

0,851 

0,524 

0,384 

 

0,662 

0,481 

 

0,813 

0,582 

 

 

0,686 

 

 

0,798 

 

 

0,922 

 

ganxilvisaTvis unda iyos moyvanili alternatiuli varianti, romelic 

iTvaliswinebs zogierT fizikur procesebs. gasaTvaliswinebelia aseve, feTqebadsaSiS 

obieqtSi momxdari katastrofa xdeba elementaruli y dazianebebisagan, M cveTis 

zRvruli mniSvnelobis miRwevisas. 

dazianebaTa dagrovebis procesi fiqsirdeba η(t) cveTis funqciiT. mwyobridan 

gamosvlis momenti dgeba My ≥)(η  pirobis dacvisas, aseve elementaruli yMr /=  

dazianebebis gaTvaliswinebiT. 

obieqtisaTvis, romelic xasiaTdeba maRali erTgvarovnebiT (sawyisi xarisxi) 

katastrofis albaTobis angariSi SesaZlebelia monotonuri daZvelebis modelis 

gamoyenebiT, anu dagrovebadi dazianebebiT, romelic damokidebulia gama-ganawilebis 

funqcionirebaze T drois SualedSi: 

),exp(
)(

1)( 1 TT
r

TF r λλ −
Γ

= −
 

sadac −Γ )(r gama-funqciaa; 

      [ ] −= − dttdMy )(1 ηλ cveTis siCqarea; r gama-funqciis mTeli 

mniSvnelobebisaTvis 

)!1()( −=Γ rr  
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λ−cveTis saSualo siCqarea. 

gama-ganawilebis funqcia miiRebs saxes: 

∑
−

=

=−−=
1

0
)exp(

!
)(1),(

r

k

k

T
K
TTNQ λλλ  

( )[ ])!1()(!2)(1exp1 12 −++++−−= − rTTTT rλλλλ L               (3.9) 

r=1 mniSvnelobisaTvis (3.9) Seesabameba eqsponencialuri ganawilebis simkvrives 

(erTjeradi dazianebisas myisieri gamosvla mwyobridan). 

λ da γ parametrebis angariSis meTodi moyvanilia i. hercbaxisa da sxva 

mecnierebis naSromebSi. 

erT-erTi meTodi damyarebulia N erTnairi tipis obieqtebis uwyveti muSaobis 

drois monacemebze. 

saSualo mniSvneloba τ da  dispersia (uwyveti muSaobis dro) gamoiTvleba 

formulebiT: 

2
τS

∑
=

=
N

i
iB 1

1 ττ , (
2

1

2

1
1

∑
=

−
−

=
N

i
iN

S τττ ) ,              (3.10) 

saZiebeli parametrebis mniSvnelobebi miiReba Semdegi Sesabamisobebidan  

2
τττ S= , 

22
ττγ S= .                     (3.11) 

obieqtebis avariulobis prognozireba, romlebic gadian eqspluataciis drois 

resursis amowurvis Semdeg, SesaZlebelia veibulis ganawilebis safuZvelzec 

[ ]βλ )(exp)( ttP −= , ( )0>β ,                (3.12) 

romelic ganazogadebs eqsponencialur ganawilebas β = 1-is dros. 

mwyobridan gamosvlis intensiurobis cvalebadobas axasiaTebs β parametri. 

β parametris monacemebiT SezRudva arsebiTad arTulebs veibulis kanonis 

praqtikul gamoyenebas. 
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Tavi 4. konstruqciebis seismomedegoba da 

         narCeni resursebis dadgena sagangebo 

     situaciebisas moqmedi Zalebis mimarT 

    

4.1. Sesavali 

seismoaqtiuri regionebisaTvis Senobebisa da nagebobebis daproeqtebisas 

seismomdgradi mSeneblobis normatiuli moTxovnebis uzrunvelyofis mizniT 

iTvaliswineben moednis (adgilis) seismurobas, amasTan gamZleobiTi gaangariSeba 

Cveulebriv xorcieldeba Tanaxmad meTodikisa, romelic reglamentirebulia СНиП 

[179].  

aRniSnuli normebi ar aris gamoyenebuli rig nagebobebSi, rasTan dakavSirebiTac 

sapasuxismgeblo da unikaluri Senobebisa da nagebobebis gamZleobiTi gaangariSebisaTvis 

iyeneben nagebobaTa dinamikis sxvadasxva meTodebs, romlebic urTierTqmedebaSi arian 

gruntTan. amasTan, gaangariSebaSi SeaqvT (SehyavT) seismuri informacia wina 

(adrindeli) miwisZvrebisas gruntis meryeobis arsebuli Canawerebis formiT an 

informaciis arasrulyofilebis pirobebSi _ sinTzuri kinematikuri funqciebi 

(realizaciebi), romlebic iqmnebian specialuri generatorebiT raime erTeuli Canaweris 

safuZvelze, romelic normirebulia mocemuli seismurobisaTvis. ramdenadac miwisZvris 

dros gruntis ryeva _ SemTxveviTi arastacionaluri procesia, gaangariSebebisas mas 

warmoadgenen, rogorc realizaciebis ansambls gansazRvruli speqtruli parametrebiT. 

realizaciebis qmedebaze nagebobis gaangariSebebis Sedegebi saSualebas iZleva 

gansazRvruli xarisxis dazianebebis riskis Sefasebas.  

arsebuli  obieqtebis   seismomedegoba,  konstruqciebis   masalebis 

TavisTavadi da sxva mizezebiT gamowveuli cveTisas mizanSewonilia seismomedegobis 

narCeni resursis perioduli Sefaseba. seismomedegobis operatiul Sefasebas 

axorcieleben eqsperimentalurad sxvadasxva meTodebiT. 

Senobis daZvelebis procesSi defeqtebis warmoSoba amcirebs konstruqciuli 

elementebis samuSao (muSa) farTobebsa da ganivi kveTebis inerciis momentebs. Tuki 

vivaraudebT drekadi obieqtis masobrivi maxasiaTeblebis Seucvlelobas, sixistis 

parametrebis Semcirebis xarjze SesaZlebelia kuTri ryevebis sixSireTa Semcireba anu 

obieqtis dinamiuri datvirTvisas misi daregistrirebuli sixSiruli monacemebi 

iZlevian informacias sixistis Tvisebebze da gamomdinare aqedan, - misi realuri 

 105



mdgomareobis Sesaxeb sawyis (saproeqto) monacemebTan SedarebiT. magram, sixSireebisa 

da formebis Sefasebis process aferxebs gruntis saZirkvlis deformaciulobis 

gavlena, agreTve sixistis maxasiaTeblebis araTanazomieri dayofa koordinatebis 

mixedviT da dinamiuri datvirTvis procesebis SemTxveviToba, romelic axdens ryevis 

inicirebas. 

qvemoT ganxilulia obieqtebis seismomdgradobis narCeni resursis eqspres-

Sefasebis meTodebi parametrebis minimalurad aucilebeli raodenobis mixedviT, romlebic 

dafuZnebulia eqsperimentaluri da gaangariSebadi sixSireebis maxasiaTeblebis Sefasebaze. 

gansazRvruli (aRniSnuli) garTulebis momtani faqtorebis gaTvaliswinebiT. moyvanilia 

meTodikebi da monacemebi programuli saSualebebis Sesaxeb, rogorc cveTis Sefasebisas 

(datvirTvebis tipis miuxedavad), ise eqspluatirebadi Senobebis narCeni 

seismomedegobis gaangariSebisa SesaZlebeli defeqtebiT. gansakuTrebuli yuradReba 

eniWeba obieqtebis sixSireze gruntis saZirkvlis damyolobis zegavlenis gansazRvrasa 

da konstruqciebis rTuli kompoziciuri kveTebis mTavari centraluri inerciis 

momentebis gansazRvras, romlebic uzrunvelyofen dinamiuri daZabulobebis obieqtur 

analizsa da simtkicis kontrols. ganxiluli meTodebi SeiZleba gamoyenebul iqnas 

SenobaTa seismomedegobis deficitis SefasebisaTvis, miwisZvrebisas talRuri 

datvirTvebis moqmedebis pirobebSi da gegmiuri samrewvelo an avariuli afeTqebisas. 

 

4.2. Senobis cveTis maCvenebeli da  

sixSiruli maxasiaTeblebi 

 
monacemebi nagebobis mdgomareobis Sesaxeb SeiZleba miRebul iqnas nagebobis 

dinamiuri gaangariSebiT, romelic sqematizirebulia sistemiT gadanawilebuli an 

diskretuli parametrebiT. amasTan, adgenen nagebobis Sida Zalebsa da daZabul-

deformirebul mdgomareobas. amgvari analizi SeiZleba gatarebul iqnas rogorc xisti 

midgomis farglebSi, ise konstruqciuli masalebis fizikurad arawrfivi moqmedebis 

gaTvaliswinebiT. 

nagebobis seismur zemoqmedebaze reaqciis dinamiuri analizisaTvis aucilebelia 

vflobdeT utyuar informacias kinematikur SeSfoTebaze seismikisagan, ZiriTadad, _ 

droiTi rigebis formaSi, romlebic warmoadgenen aqselerogramebis, velogramebis an 

seismografebis Canawerebs warsuli  an sinTezirebuli miwisZvrebis an afeTqebebisas 
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gruntuli masivis meryeobis (rxevebis) Sesaxeb. samwuxarod, saqarTvelos TiTqmis 

yvela seismurad aqtiuri raionebisaTvis aRniSnuli informacia arasakmarisia, da 

praqtikaSi iyeneben aCqarebaTa amplitudebis normatiul mniSvnelobebs, rac 

normirebulia СНиП-mier. ufro informatiulia monacemebi seismofeTqebadi talRebis 

Sesaxeb samrewvelo da birTvuli afeTqebebisas. 

saZirkvlebis kinematikuri SeSfoTebebi SeiZleba gazomil iqnas naturaSi an 

modelze, aseve SeiZleba miRebul iqnas talRuri velebis gaangariSebebiT, saZirkvlis, 

romelic CarCilulia gruntSi, masivSi talRebTan urTierTqmedebaTa gaTvaliswinebiT. 

problemis gansakuTrebulobas warmoadgens Tavisufal masivSi gruntis  

rxevis (meryeobis) Canawerebis monacemTa mixedviT saZirkvlis moZraobis parametrebis 

mocemis SeuZlebloba. saZirkvelze seismofeTqebadi talRebis moqmedebebisas misi 

moZraoba talRuri difraqciuli urTierTqmedebis Sedegad ar daakopirebs gruntuli 

masivis nawilebis moZraobas. amitom, saZirkvelis moZraobis gasaangariSeblad, romelic 

iniciirebs mTlianad nagebobis rxevas, saWiroa ganvixiloT gadawyvetis (amoxsnis) 

raRac are, miuTiTebT ra kinematikas am ares sazRvrebze. 

analizisaTvis aucilebelia vflobdeT miwisZvris speqtrul maxasiaTeblebs. 

aqselerogramebis arsebobisas speqtrebs Rebuloben programuli saSualebebiT. Tuki 

arsebobs informacia regionis Sesaxeb, maSin SesaZlebelia aqselerogramebis  an 

gruntis rxevaTa speqtrebis gamoyeneba, romlebic miRebulia xelsawyoTa meSveobiT. 

daproeqtebis praqtikaSi nagebobaTa seismuri datvirTvebis gaangariSebisas 

Cveulebriv iyeneben sistemiT sqematizacias Tavisuflebis xarisxebis ukanaskneli 

ricxviT. amasTan, sistemis inercias warmoadgenen diskretuli masebi, xolo sixistes 

(simagres) _ drekadi kavSirebi, gansazRvruli meqanikuri TaviseburebebiT.       

diskretuli masebis n ricxvis mixedviT, amasTan sixSiris kvadratebi  

ukuproporciulia  sixistisa. Tuki, nagebobis sixSireebs, romlebic dafiqsirebulia 

Δt  drois raRac intervalebiT, gaaCniaT sxvadasxva mniSvnelobebi, maSin masuri 

maxiaTeblebis Seucvlelobisas sixisteTa Tanafardoba i-uri formiT SeiZleba 

gamovsaxoT Semdegi  saxiT: 

2
1ω

iC

(i ),,2,1 nL=

( )2tt
i

t
i

t
i

tt
i CC Δ+Δ+ = ωω . 
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davuSvaT, rom sixistis Semcireba dakavSirebulia konstruqciis cveTasTan, 

SemoviRoT cveTis maCvenebeli i-uri formiT ( )21 tt
i

t
ii

Δ+−= ωωξ . obieqtis cveTis 

procenti ξ ganisazRvreba cveTis gasaSualebiT sakuTari rxevebis n formebis mixedviT. 

∑
=

=
n

i
in 1

1100 ξξ ,                        (4.1) 

xolo saSualokvadratuli gadaxra gaiangariSeba formuliT: 

∑
−

Δ −
−

=
n

i
it n 1

2.)(
1

1 ξξξ                     (4.2) 

arsebul obieqtebSi dazianebaTa da arasrulyofilebaTa arseboba agreTve 

SeiZleba dadgindes sakuTari rxevebis formaTa Sesaxeb eqsperimentaluri da 

gaangariSebadi monacemebis SedarebaTa safuZvelze. magram, eqsperimentSi formaTa 

dafiqsireba moiTxovs gazomvaTa mniSvnelovan moculobas speqtruli analizis meTodiT 

sakuTari formebis gamoyofiT vibraciis gazomvisas gansazRvruli wertilebis 

raodenobisas. 

arsebuli Senobis sakuTari ryevebis sixSireebi SeiZleba ganvsazRvroT cdis 

safuZvelze, moxdeba ra ryevaTa warmoSoba dartymiT da damuSaveba konstruqciebis 

daregistrirebuli vibraciebisa da speqtruli analizis  meTodebiT (swrafi gardasaxva 

furie – БПФ). ryevaTa speqtrebi agreTve moicaven sixSireebs, romlebic 

dakavSirebulia obieqtis wrfiv da kuTxur adgilmonacvleobasTan, rac warmoiqmneba 

gruntis saZirkvlis deformaciebis Sedegad. speqtris es komponentebi SeiZleba iyos 

Zalian dabali, ramac gruntis parametrebis Sesaxeb arasakmarisad sruli monacemebis 

arsebobisas SeiZleba moaxdinos pirveli sixSireebis maskireba, romlebic axasiaTeben 

konstruqciaTa sixistes. 

winaswari informacia arsebuli Senobebis maxasiaTeblebze SeiZleba miviRoT 

ganzogadebuli statistikuri monacemebis safuZvelze Senobis sakuTari rxevebis 

saSualo periodis mixedviT, romelic damokidebulia mis sarTulebze, ZiriTad zomebze, 

gruntis saZirkvlis maxasiaTeblebze da dempfirebis parametrebze. ZiriTadi periodis 

SesaZlo mniSvnelobebi ganisazRvrebian Semdegi empiriuli formulebiT: 

,1 nT α=                              (4.3) 

,2 HT β=                             (4.4) 
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B ,                          (4.5) CT μ=3

24 CT μ= ,                            (4.6) 

BgKHCT ψ35 = ,                    (4.7) 

sadac a eriodis mniSvneloba, damokidebuli n raodenobis sarTulebze 

,0

−1T Z

=

iriT di p

roca ;08α  −2 periodi, romelic damokidebulia Senobis H simaRleze, roca 

;017,0=

T

β  −3T periodis mniSvneloba, romelic damokidebulia Senobis n 

sarTulianobaze da C da μ e adac μ _fardoba Senobis simkoeficient bze, s aRlisa mis 

maxasiaTebel zomaze gegmaSi ,BH=μ  μ−C  da n parametrebis funqcia: 

⎪
⎩

⎪
⎨

⎧
<<
≥

<≥
=

     2,0
)6.2(  12,0
)6,2(  08,0

m
n

C μ
μ

).6(       n
                     (4.8) 

            Tavisufal  i vardnisa 81,9=g  m/sm2, rodesac koeficientebi: ψ=0,57 

,344 H  25,0=C , roca n < 6 da C =0,35 roca n ≥ 6. 

sidideebi, romlebic ganisazRvreba (4.3)-(4.7) formulebiT, axasiaTeben 

periodebis SesaZlo diapazons. isini saSualebas iZlevian miaxlobiT davadginoT 

saSualo mniSvneloba, eqstremumebi da dispersia periodisa da nagebobis sakuTari 

ryevebis ZiriTadi sixSirisa. 

,1K =

ϕ ZiriTadi sixSiris maTematikuri lodini SeiZleba 

Sefasdes formuliT: 

4.9) 

xolo 

ramdenadac moyvanili monacemebi miRebulia cdebis safuZvelze sxvadasxva 

lebiT, SeiZleba SevitanoT cvlileba  dispersiis sididis 

gaTvaliswinebiT. 

3 3

∑
=

iTϕ ,                          (
−=

5

1

15
i

ϕD  sixSiris saSualokvadratuli gadaxra _ (4.2) formulis analogiurad. 

wlovanebis arsebul Senobebze, am sixSireebis mniSvnelobebi SeiZleba iyos ramdenadme 

naklebi, vidre sixSireebisa, romlebic Seesabameba saproeqto monacemebs, anu Senobebs 

nulovani cveTiT. amitom sixSireTa mniSvnelobebis gamoyenebisas, romlebic miRebulia 

(4.3)-(4.7) formu
2
ϕD
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Tuki warmoebulia vibraciaTa Cawera Senobis sxvadasxva wertilebSi, maSin 

sixSireebis moZebna (dadgena) mizniT mizanSewonilia 

programuli saSualebebis gamoyeneba eblad.  

 

 sqema 

sayrdenis def s 

sixSirul max amokidebulia 

sayrdenis drekad damyolobaze misi wrfivi da kuTxuri adgilmonacvleobisas.  

SeiZleba speqtruli analiziT. am 

 drois rigebis dasamuSav

4.3. Senobis sakuTari rxevis 

sixSiris gansazRvra 

  

nagebobaTa sakuTari rxevis sixSireebisa da formebis gansazRvris meTodebi 

rogorc drekadi sistemisa sayrdeni samagrebis idealuri sqemebiT farTodaa cnobili. 

qvemoT moyvanilia nagebobaTa sakuTari sixSireebis gansazRvris ramodenime xerxi 

gamoviyenoT farTod gavrcelebuli konsolur koWuri gaangariSebis

ormaciaTa da sxva faqtorebis zemoqmedebis gaTvaliswinebiT sistemi

asiaTeblebze. konsoluri koWebis rxevaTa parametrebi d

cp /   izotopuli konsoluri koWis sakuTari rxevebis sixSireebi mudmivi 

parametrebiT ganivi mimarTulebiT ganisazRvreba formuliT 

,
2

m
EJ

l
v iα= 2                          (4.10) 

sadac l _ sigane; J _ ganivi kveTis inerciis momenti; E _ masalis drekadobis moduli (EJ 

_ sixiste); m _ grZivi masa; −iα i-uri formis rxevaTa i koeficienti, 

romelic damokidebulia sayrdenis Camagrebis tipze. 

 sixSirul

 

 

nax. 4.1. aCqarebaTa speqtraluri simkvrive  

 

sixSire, hc 

gamosvla 
speqtraluri simkvrive 
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sixSiruli koeficientebi koWebisaTvis sayrdenebis xisti CamagrebiT 

;875,11 =α  1 =α 4,694, )2(   2)12(= − iii π >α . 

konsoluri Zelis kuTxuri gadaadgilebisas iα  koeficientebi ganisazRvreba 

h . grafikiT nax. 4.2 sayrdenis fardobiTi kuTxuri sixistis funqciiT 

)(EIhlh = .                         (4.11) 

ganivi adgilmonacvleobisas konsolis drekadi gamovsebis SemTxvevaSi 

iα  koeficientebis mniSvnelobebi nax. 4.3 sayrdenis fa

funqciiT 

rdobiTi wrfivi sixistis 

)(3 EJWlW = .                   (4.12) 

 

nax. 4.2.  

 

nax. 4.3. 

 

asiptota,roca 

asiptota,roca 

asiptota,roca α =1,875 
asiptota,roca 

saZirkvlis toni
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asiptota,roca asiptota,roca 

saZirkvlis toni 

saZirkvlis toni 

nax. 4.4. 

moyvanili monacemebidan Cans, rom sixistis (simagris) SemcirebiT mcirdeba 

sixSiruli koeficientis mniSvnelobac da gamomdinare aqedan _ sixSireebic, ase, 

pirveli tonis sixSire, xist CamagrebasTan SedarebiT mcirdeba , xolo 

meore tonisa jer. 

2
1)/875,1( α

−2
1)/694,4( α

konsolisaTvis drekadad Camagrebuli sayrdeniT, mobrunebasTan dakavSirebiT 

(4.11) formulaSi sixistis koeficienti 

φϕ JCh = ,                        (4.13) 

sadac fundamentis Ziris farTobis inerciis momenti misi brunvis RerZis mimarT, 

gruntis araTanabari SekumSvis koeficienti, romelic tolia Tanabari SekumSvis 

gaormagebuli koeficientisa 

−φJ

−ϕC

zCC 2=ϕ  kn/m3 bunebrivi saZirkvlebisaTvis miiReba 

gruntze normatiuli dawoliT (wneviT)  mpa. ,saZ.P

⎪⎩

⎪
⎨
⎧

≥+

<≤⋅
=

).2,0(   )102(10

)2,01,0(           102
4

5

saZ.saZ.

saZ.saZ.

PP

PP
Cz                (4.14) 

ufro dawvrilebiTi monacemebi saZirkvlis gruntis Tvisebebis gavlenis 

zemoqmedebisas konstruqciebis sixSireze mocemulia qvemoT. 
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4.4. rTuli konstruqciebis kveTis parametrebis 

dadgena 

 
yvelaze metad gavrcelebulia arasimetriuli obieqtebi, romlebic 

Sesrulebilia sxvadasxva masalebisagan, anu. Tavis mxriv warmoadgenen kompozitebs. 

kompozituri obieqtebis konstruqciuli elementebis ganivi kveTebi Seicaven masalebis 

zonebs simkvrivis, drekadobis modulebis da sxvadasxva parametrebis sxvadasxva 

mniSvnelobebiT, romlebic axasiaTeben maT fizikur-meqanikur Tvisebebs. tipiur 

magaliTs warmoadgens Senoba rkinabetonis karkasiT, romlis elementebis  kveTebic 

moicaven betonisa da armaturuli foladis zonebs, SesaZloa sxvadasxva klasisa. 

erTi masalis konstruqciebisagan gansxvavebiT, romelTa kveTebic erTgvarovania, 

kompozitebis gamZleobis gaangariSebisas iyeneben kveTebis mocemul parametrebs 

(mocemuli farTobebi, inerciis momentebi winaRobis momentebi). 

arsebobs SemTxvevebi, rodesac cnobilia seismuri an seismofeTqebadi talRebis 

gavrcelebis mimarTuleba. amasTan arasimetriuli kompozituri obieqtebisaTvis kveTebis 

inerciis mTavari centraluri momentebis garda, aucilebelia agreTve sxvadasxva 

RerZebis mimarT inerciis momentebis damokidebulebaTa Sefaseba. 

SemdegSi ganvixilavT rTuli erTgvarovani da kompozituri konstruqciebis 

kveTebis inerciis saangariSo momentebis gansazRvris meTodikas, agreTve programul 

saSualebebs gasaangariSebeli procesis avtomatizaciisaTvis. 

daviwyoT koWis elementis kveTis martivi SemTxveviT zonebSi ori masaliT, 

romlebic daniSnulia rogorc `0~ da `1~. Runvis teqnikuri Teoriis Tanaxmad drekadi 

Zelis sufTad Runvis fardobiTi )(yε  deformaciebi ganawilebulia wrfivi kanoniT 

neitralur RerZze mniSvnelobiT nuli (nax. 4.5).  

daZabulobaTa gadanawileba ori zonis farglebSi y (daSorebebiT) manZilebze 

neitraluri x RerZisagan hukis kanonis Tanaxmad iqneba agreTve wrfivi, magram eqnebaT 

gansxvavebuli mniSvnelobebi 

,00 yEy ℵ=σ  ,11 yEy ℵ=σ                  (4.15) 

sadac ℵ _ simrudea,  da 0E −1E masalebis drekadobis moduli zonebSi  da  

farTobebiT. 

0F 1F

 113



 

nax. 4.5. 

davajamebT ra daZabulobebs kveTaSi, CavwerT statistikuri wonasworobis 

pirobas 

∫∫ =+
10

.010
F

y
F

y dFdF σσ  

CavsvaT, ra daZabulobaTa mniSvnelobebs (4.15)-dan miviRebT utolobas, romelic 

gansazRvravs neitraluri RerZis mdgomareobas:  

∫∫∫∫ =+=+
1010

,0     020
FFFF

yndFydFydFEydFE  an  

sadac n _ drekadobis modulebis damokidebulebaa (fardobaa) . 01 / EEn =

am utolobebSi integralebi warmoadgenen farTobebis statistikur momentebs 

neitraluri RerZis mimarT, anu, Semdegi integrali mTel F farTobze warmoadgens 

kveTis mocemul  farTobs  

∫=
F

np ndFF ,                        (4.16) 

sadac n aiReba masalebis zonebisaTvis drekadobis modulebis konkretuli 

mniSvnelobebis Sesabamisad (kveTisaTvis 4.5. naxazze `0~ zonaSi ,00 EEn =  xolo `1~ 

zonaSi )00 EEn = . 

CavweroT formula kveTSi mgrexi momentisaTvis (4.15) formulis 

gaTvaliswinebiT: 

∫∫∫∫ ℵ+ℵ=+=
1010

.2
2

2
010

FFF
y

F
y dFyEdFyEydFydFM σσ  
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aq integralebi warmoadgenen inerciis momentebs  Sesabamisi 

farTobebisa da mgrexis momenti udris 

1010 ,, FFJJ −

)( 1100 ττ EEEM +ℵ= . 

CavsvavT ra aqedan simrudis mniSvnelobas (4.15)-Si gadavwerT formulebs 

ZabvebisaTvis 

,
1100

0
0 JEJE

MyE
y +
=σ    

1100

1
1 JEJE

MyE
y +
=σ  

an 

                   ,
10

0 nJJ
My

y +
=σ       .

10
1 nJJ

Myn
y +
=σ  

daZabuloba SeiZleba ganvsazRvroT nebismier wertilSi mTeli kveTisaTvis 

saerTo formuliT, SemoviRebT ra inerciis mocemul momentsa 10. nJJJ +=moy  da 

zonebisaTvis Sesabamis mniSvnelobebs n; 

.
np

y J
Myn

=σ                           (4.17) 

amowerili formulebi SeiZleba ganvazogadoT zonaTa Tavisufali raodenobis 

kompozitisTvis sxvadasxva masalebiT (nax. 4.6). CavweroT formula (moyvanili) 

mocemuli farTobebisaTvis da kveTis inerciis mocemuli momentisaTvis jamuri saxiT 

kompozitis zonebis k ricxvis mixedviT, aRvniSnavT ra nebismier masalaTagan nuliT, 

risTvisac unda miviRoT :  10 =n

,)(
0
∑
=

=
k

i
inp nFF  .               (4.18) ∑

=
=

k

i
inp nJJ

0
)(

inerciis mocemuli momentis gansazRvrisas neitraluri RerZis mimarT nebismieri 

komponenti  warmoadgens sakuTari inerciis centraluri momentisa da im 

momentis jams, romelic dakavSirebulia  farTobis centris neitraluri RerZisagan 

ganSorebasTan 

inJ )(

il

.)()()( 2
0 iiii lnFnJnJ +=  

Tuki kveTs davyofT ufro meti raodenobis Zalian mcire zonebad, maSin inerciis 

sakuTari momentebis wili SeiZleba iyos Zalian mcire. amasTan kveTis inerciis 

mocemuli momentis gasaangariSeblad SeiZleba SemovifargloT mxolod koreqtirebuli 

farTobebis mniSvnelobebis gamoyenebiT (maTi gamravlebiT drekadobis modulebis 
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Tanafardobaze . amowerili formulebi ganazogadeben nebismier sqemebs, rTuli 

formis kveTebs, anu zonebiT, koeficientebiT 

))( inF

1=in , es formulebi iReben masalaTa 

gamZleobis Cveulebrivi Tanafardobis saxes. 

CavsvavT ra (4.10) formulaSi gamosaxulebas gaRunvis (Runvadi) sixistisaTvis 

da grZivi masisaTvis (4.18) formulis gamoyenebiT CavwerT formulas kompozituri 

konstruqciis sakuTari rxevebis sixSireTaTvis iρ  

.)()( 2
2

2

2

2

∑∑∑∑ ==
i

iii
i

ii
i

i
ii

i
ii

i FEJE
l

nFnJE
l

ραραν      (4.19) 

svetovani kompozituri konstruqciebisaTvis, romlebic muSaoben gaWimva-

SekumSvaze, daZabulobaTa formulebi Caiweros Cveulebrivi saxiT mocemuli farTobis 

ganivi kveTis SemotaniT. davuSvaT nax. 4.5–ze kveTa imyofeba N RerZuli Zalis 

moqmedebis qveS, romelic iwvevs grZiv deformacias ε. statistikuri wonasworobis 

pirobasa da deformaciaTa uwyvetobis pirobas gaaCniaT martivi saxe: 

,10 NNN +=  εεε == 10 .             (4.20) 

zonebi datvirTulia )1,0( =iNi  ZalebiT da hukis kanonis mixedviT 

iiiii FEFN εσ ==

mocF

, anu jamuri Zala SeiZleba mivakuTvnoT mocemul kveTis farTobs 

, analogiurad pirveli formulisa (4.18) 

)( 100 nFFEN += ε  .  , 100 nFFFFEN npnp +== ε  

daZabulobebTan  dakavSirebul gamoTvlebSi praqtikul interess warmoadgenen 

daZabulobaTa eqstremaluri mniSvnelobebi. amitom rTuli kompozituri kveTebisaTvis 

aucilebelia ganisazRvros centri, mTavari centraluri RerZebi da kveTis inerciis 

mocemuli Sesabamisi momentebi. 

ganvixiliT zogadi saxis kveTi (nax.4.6) sawyis koordinatTa sistemaSi  

masalebis drekadobis modulebis cnobili mniSvnelobebiT. `mocemuli~ kveTis centris 

koordinatebi ganisazRvreba formulebiT 

00 yx

∫−=
F

np xndFFx ,1
0                  (4.22) ∫−=

F
np yndFFy .1

0
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nax. 4.6. zogadi saxis kveTi 

 

SemoviRoT koordinatTa sistema xy sawyisi kveTis centrSi (nax. 4.7). CavweroT 

sistemaSi koordinati , ϕ kuTxiT mobrunebuli, formula  RerZis mimarT 

inerciis momentisaTvis, CavsvavT ra gamosaxulebas 

ϕϕ yx ϕx

ϕϕ sincos xyzy −= , miviRebT: 

.)cossin2sincos( 22222 ∫∫ −+==
FF

yx ndFxyxyndFzJ ϕϕϕϕϕ  

am gamosaxulebis marjvena nawilis integralebi warmoadgenen xy RerZebSi 

 inerciis RerZul da centriskenul mocemul momentebs, anu formula 

saTvis SeiZleba gadavweroT Semdegi saxiT 

xyyx JJJ ,,

−ϕxJ

ϕϕϕϕ 2sinsincos 22
xyyxx JJJJ −+= .            (4.23) 

 

nax. 4.7. sawyisi kveTi 
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moviyvanoT formulebi  RerZuli da  centriskenuli inerciis mocemuli 

momentebisaTvis  sistemaSi 

ϕyJ ϕxyJ

ϕϕ yx

∫ ++==
F

xxxxx JJJndFzJ ϕϕϕϕ 2sincossin 223
.         (4.24) 

.2cos2sin)(
2
1

∫ +−==
F

xyyxyxxy JJJndFzzJ ϕϕϕ          (4.25) 

(4.23), (4.24) formulebi SeiZleba warmovadginoT Semdegi saxiT   

,2sin2cos)(
2
1)(

2
1 ϕϕϕ xyyxyxx JJJJJJ −+++=         (4.26) 

.2sin2cos)(
2
1)(

2
1 ϕϕϕ xyyxyxy JJJJJJ +−−+=         (4.27) 

gavadiferencirebT ra nebismier am ukanaskneli formulidan erT-erTs ϕ kuTxiT 

da gavutolebT ra warmoebuls nuls, miviRebT formulebs mTavari centraluri mϕ  

RerZebis mobrunebisa da inerciis mTavari centraluri mocemuli momentebisaTvis 

 maxmin/J

[ ])(2
2
1

xyxym JJJarctg −=ϕ ,                   (4.28) 

.4)(
2

22
maxmin/ xyyx

yx JJJ
JJ

J +−±
+

=            (4.29) 

aucilebeli Seiqmnas programa romelic Ciadeba saangaraiSo modelSi, igi 

gankuTvnili iqneba Senobebisa da nagebobebis seismomdgradobis analizisaTvis obieqtis 

ZiriTadi parametrebisa da regionis seismiurobis mixedviT konsoluri sqemis 

gamoyenebiT, horizontaluri da  vertikaluri mimarTulebis seismuri datvirTvebis 

erToblivi moqmedebisas. programa aanalizebs sixistis parametrebsa da nagebobis 

sakuTriv maxasiaTeblebs, gansazRvravs nagebobis grexisa da mobrunebis wrfeTa ZiriTad 

formas, ZiriTadi sixSiris dispersias, romelic xasiaTdeba monacemTa SesaZlo 

danawevrebiT sixSireTa mixedviT. 

angariSobs dinamiurobis koeficients da sxva maxasiaTeblebs, romlebic 

aucilebelia dinamiuri sarTulSorisi datvirTvebis gaanalizebisaTvis. es monacemebi 

miiReba gamomdinare nagebobis konstruqciuli parametrebidan saZirkvlis gruntebidan 

da cveTis Sedegad miRebuli dazianebebisa da sarTulebriv seismur datvirTvebisa da 
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Sida Zalebis  informaciidan. gansazRvravs seismuri datvirTvebis Sedegad miRebuli 

dinamiuri kumSvadi da Wimvadi fibruli daZabulobebis eqstremalur mniSvnelobebs, 

nagebobis kuTri (sakuTari) wonisa da agreTve ganivi Zalebisa da mobrunebisagan 

miRebuli mxebi daZabulobebis gaTvaliswinebiT. axorcielebs simtkicis (simyaris) 

Semowmebas Senobis SesaZlebeli dangrevis prognoziT, agreTve deformaciebis Semowmebas 

zRvruli mdgomareobis miRwevis mixedviT (rkinabetonisaTvis – bzarebis gadaxsnis 

kuTxis sididis kontroliT). saSualebas iZleva davadginoT gruntis aCqarebis 

amplitudis mniSvneloba seismur talRaSi, romelic Seesabameba Senobis zRvruli 

seismomdgradobas. 

eqsperimentulad miRebuli nagebobis ZiriTadi sixSiris mniSvnelobebis Seyvanisas, 

misi cveTis xarisxis gaanalizebis saSualebas iZleba, romelic Seiyvaneba 

seismomdgradobis gaangariSebaSi programis xelmeored (ganmeorebiT) gaSvebiT. 

nagebobis seismomdgradobis Sesafasebeli sawyisi monacemebia: 

• sarTulebis raodenoba. 

• Senobis simaRle, m. 

• Senobis zoma seismuri datvirTvis gaswvriv, m. 

• Senobis sigane, m. 

• Senobis sruli wona, m. 

• raionis seismuroba, sm/wm2.  

• konstruqciis tipi. 

• dempfirebis parametrebi. 

• cveTa da dazianebebis arseboba, %. 

• saZirkvlis gruntis pirobebi. 

• masalis gamZleobis (simtkicis) zRvari kumSvaze, kgZ/sm2.  

• masalis gamZleobis (simtkicis) zRvari gaWimvaze, kgZ/sm2. 

• reduqciuli koeficienti, romelic tolia kedlebis (da svetebis) sayrdeni 

farTobisa gruntis zedapirze Senobis proeqciis farTobTan. 

• kedlebis (svetebis) sayrdeni farTobis winaRobis momenti, m3. 

• Senobis saxuravis wona, тс. 

• Senobis ZiriTadi tonis sixSire, hc. 
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ukanaskneli sami parametri aucileblobas ar warmoadgens da SeiZleba mocemuli 

iqnas nulebiT. amasTan saxuravis wona unda iqnas CarTuli nagebobis saerTo wonaSi, 

xolo wonaRobis momenti da sixSire programaSi gaiangariSeba avtomaturad. 

garda aRniSnuli parametrebisa, calke fanjaraSi SeiZleba SeviyvanoT 

eqsperimentisas gazomili sixSiris mniSvneloba. es sidide ar SeiZleba aRematebodes 

dauzianebeli Senobis ZiriTadi tonis sixSires. Tuki SeuZlebeli iqneba miviRoT 

sixSire cdis safuZvelze igi programaSi ganisazRvreba avtomaturad ganzogadebuli 

statistikuri monacemebis safuZvelze konstruqciuli sakuTari (kuTri) rxevebis 

saSualo periodis mixedviT. 

sixSireebis dazustebuli mniSvnelobebi meore miaxloebisas SeiZleba 

ganisazRvros wamyvani konstruqciebis kveTebis simtkicis parametrebisa da 

konstruqciuli elementebis masebis ganawilebis mixedviT. 

Senobis sarTulianobaze damokidebulebiT adgilmonacvleobaTa forma 

gamoiTvleba rogorc myari sxeulisaTvis _ xazobrivi (wrfivi) kanonis mixedviT 

(SenobebisaTvis _ araumetes 4 sarTulisa) an misi deformaciis 

gaTvaliswinebiTY(SenobebisaTvis – 4 sarTulze meti). gaangariSebisas sakuTari rxevebis 

ramodenime formis gaTvaliswinebiT, gaangariSebaSi SeaqvT pirveli sami forma )./( hxz =   

    −−+= )cos)(sin()( ZZshshZy iiiiki αααα  

         ).sin)(cos( ZZshsh iiii αααα −+−                     (4.30) 

gaangariSebisas, mxolod ZiriTadi sixSiris gaTvaliswinebiT, 

adgilmonacvleobaTa forma SeiZleba miviRoT zemoTmoyvanili formuliT, roca i=1 an 

konsolis statikuri Runvis )(xy  drekadi formis mixedviT. 

,)8(

/,
4
1

3
4)(

4
max

4
max

EJqHY

hxYxY

=

≡⎟
⎠
⎞

⎜
⎝
⎛ −=≡ χχχλ

             (4.31) 

sadac −x koordinata, EJ _ kveTis sixiste, −maxY gaRunvis maqsimumi  

Tanabarzomieri ganivi datvirTvisagan.  

q

nagebobis deformaciis kη  koeficienti inerciis diskretuli gadanawilebiT  

moyvanili masebis mixedviT Q

n

)3,2,1 nL(k =k  ganisazRvreba Semdegi formulebiT: 

xisti nagebobebisaTvis )5( <n  
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∑∑
==

=
n

i
ii

n

i
iikk QQ

1

2

1
χχχη ;                 (4.32) 

araxisti nagebobebisaTvis  )5( ≥n

∑∑
==

=
n

i
ii

n

i
iikk QQ

1

2

1
λλλη .                  (4.33) 

kS  seismuri datvirTvebi ganisazRvreba СНиП II-7-81 moTxovnilebebis 

gaTvaliswinebiT, Semdegi formulebiT 

,021 kk SKKS = kkk KAQS ηβ ψ=0 .             (4.34) 

sadac A _seismurobis koeficientia, romelic Z  seismurobis aCqarebis fardobisa g 

Tavisufali vardnis aCqarebasTan; β_dinamiurobis koeficienti; _koeficienti, 

romelic iTvaliwinebs nagebobis disipaciur Tvisebebs; 

ψK

−1K koeficienti, romelic 

miRebulia erTis toli drekadi sistemebisaTvis; −2K koeficienti, romelic 

iTvaliswinebs Senobis konstruqciul gadawyvetas. 

CamoTvlili koeficientebis sistema miiReba Tanaxmad СНиП-sa, amasTan 

dinamiurobis koeficienti )8,0( >β  iangariSeba ZiriTadi sixSiris maTematikur 

lodinze damokidebulebiT 

⎪
⎩

⎪
⎨

⎧

≤
≤
≤

=
(   5,1

2(   1,1
3(      

ϕ
ϕ

)0,ϕ
β )7,

)0,2
                                  (4.35)  

I kategoriis gruntebisaTvis 

II kategoriis gruntebisaTvis 

III kategoriis gruntebisaTvis 

dinamiuri (seismuri) sarTulebrivi Sida daZabulobebis sistema ganisazRvreba 

samSeneblo meqanikis cnobili TanafardobebiT kveTis gasaangariSebeli farTobi  

ganisazRvreba, rogorc Senobis sruli (mTliani) proeqciis wili horizontalur 

sibrtyeze gamravlebiT reduqciul koeficientze da koeficientze, romelic axasiaTebs 

Senobis kapitalurobis Semcirebas cveTis da sxva mizezTa gamo. sarTulebis mixedviT 

kveTebSi daZabulobebi (eqstremaluri mniSvnelobebi kumSvadi da Wimvadi 

daZabulobebisa) ganisazRvreba erToblivi qmedebiT mRunavi momentebisa, seismuri 

daZabulobebis gamo da dawolebisa vertikalur svetebze kuTri wonisa koeficientiT 

. koeficienti  miwisZvrebisaTvis 7 da 8 balis intensiurobiT da 1,3 9 

baliani miwisZvrisaTvis. simtkicis Semowmeba iribi kveTebis mixedviT seismuri ganivi Q 

gF

wK 15,1=wK
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Zalebis zemoqmedebiT sruldeba СНиП 2.03.01-84-is Tanaxmad formuliT 

btRFQ 5,20 < , sadac  betonis saangariSo winaRoba RerZuli daWimulobisadmi. 

zRvruli deformacia normirdeba gadaxris maqsimumiT Senobis simaRlesTan. 

btR

gadaxris maqsimumi Senobis zeda kveTebSi ganisazRvreba (4.31) formuliT  

konsoluri tanis 0ϕ  ZiriTadi sixSirisaTvis fardobis gamoyenebiT )8751,1( 1 =α  

)( 42
1

2
0 pmHEJαϕ = ,                     (4.36) 

sadac E _ drekadobis modulia; −J kveTis inerciis momenti; −0ϕ sixSire, rad/wm, 

)2( 0 ϕπϕ ⋅= ; −pm grZivi masa 

).( HgGmp ⋅=                        (4.37) 

grZivi datvirTva q tolia 

∑
=

=
n

i
i HSq

1
.                          (4.38) 

CavsvamT ra (4.31) formulaSi Runvadi sixistis EI  mniSvnelobas (4.36) 

formulidan 

4
1

42)2( απϕ GmEI p= ,                    (4.39) 

miviRebT formulas Y  gaRunvisaTvis, romelic damokidebulia sixSireze, grZiv 

seismur datvirTvasa da grZiv masaze. 

max

[ ].)2(545,1 2
max ϕπ ⋅= pmY                  (4.40) 

rodesac ar arsebobs winaRobis momentis monacemebi, W sidide programaSi 

ganisazRvreba avtomaturad marTkuTxa formis lenturi fundamentis sqemis mixedviT 

Semdegi formulebiT 

cxx AJW 2= , 

322 )2(
6
1)(

3
1

2
1 δδδδδ −+⎥⎦

⎤
⎢⎣
⎡ −+⋅=x cc AABJ ,           (4.41) 

[ ],4)(
4
1

= 2 FBABA cc −+−+δ   cpe BAKF ∂= ,        (4.42) 

sadac inerciis momenti da kveTis winaRobis momenti X RerZis mimarT, 

romelic orTogonaluria seismuri datvirTvis moqmedebis mimarTulebisa; δ _ 

−xx WJ ,
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saZirkvlis lentis farTobi; −F kedlebis (svetebis) sayrdeni farTobi SesaZlo 

dazianebebis gaTvaliswinebiT. 

SesaZlo dazianebebi gamowveuli wina miwisZvrebisagan, sxvadasxva 

arasrulyofilebebis arseboba, agreTve cveTis Sedegad gamowveuli kapitalurobis 

Semcireba gaTvaliswinebuli iqneba sayrdeni kveTis saangariSo farTobis koeficientiT 

SemcirebiT, romelic tolia 1001 ,  sadacLg− Lg _simtkicis Semcirebis procentia.  

cveTis xarisxi da dazianebaTa arseboba programis mier fiqsirdeba paragraf 4.1-

Si miTiTebuli meTodiT eqsperimentulad gazomili sixSireebis mixedviT miRebuli 

monacemebis safuZvelze.  

programa gamoiTvlis mxebi daZabulobebis eqstremumebs Senobis grexisas 

vertikaluri RerZis mimarT, rogorc, kerZod, T seismuri mgrexi momentisa da 

winaRobis  polaruli momentis fardoba: tW

tWT=τ                            (4.43) 

mgrexi momenti vertikaluri RerZis mimarT, ZiriTadad ganisazRvreba seismur 

talRaSi gruntis moZraobis brunviTi komponentebiT. es komponentebi SeiZleba 

dadgindes eqsperimentulad gruntis moZraobaTa gradientebis CaweriT. 

mgrexi momentis sidide damokidebulia seismuri Zalebis tolqmedi veqtoris 

warmoebulze mis manZilze brunvis centramde. programaSi gamoyenebulia seismuri 

mbrunavi momentis gaangariSebis meTodi, warmodgenili  n. niumarkis mier. 

tW  momentis avtomaturad gansazRvrisas gamoiyeneba marTkuTxa lenturi 

saZirkvlis sqema, marTkuTxedisaTvis, zomebiT gegmaSi cAB ×  (   winaRobis 

polaruli momenti, nagebobis mobrunebis ψ kuTxe iangariSeba formulebiT  

)cAB > tW

2
ct BAW α=                         (4.44)   

),()( 3
cttt BAGTHIGTH βψ ==                  (4.45) 

sadac Zvris moduli; α da β _ koeficientebi, romlebic damokidebulia −tC cAB da 

miiRebian 4.1 cxrilis mixedviT. 
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cxrili 4.1  

marTkuTxa kveTis inerciisa da winaRobis polaruli 

momentebis koeficientebi 

B/Ac 1 2 3 4 5 10 20 ∞ 

α 

β 

0,21 

0,14 

0,25 

0,23 

0,27 

0,26 

0,28 

0,28 

0,29 

0,29 

0,31 

0,31 

0,32 

0,32 

0,33 

0,33 

sawyisi informaciis mosamzadeblad aucilebelia gaviTvaliswinoT Semdegi: 

• seismuri datvirTvis mocemisaTvis daiSveba aCqarebis nebismieri mniSvnelobis Seyvana. 

magram, raTa seismuroba Seesabamebodes miwisZvris oficialur balurobas ИФЗ 

Skalis mixedviT, unda SeviyvanoT aCqarebaTa zusti mniSvneloba 50, 100, 200 an 

400 sm/wm2, rac Seesabameba 6, 7, 8 an 9 balian miwisZvrebs (analogiuri SkalebiT: 

ГОСТ 6249-52, ОСТ ВКС 4637, agreTve evropuli merkali-kankani-zibergi-s, 

amerikuli modificirebuli MM da Cinuri). 

• aCqarebis eqstremumis gansazRvra, romelic Seesabameba Senobis zRvrul 

seismomedegobas, gamoiyeneba naxevrad gayofis meTodi aucilebeli sizustiT. 

• W parametri SeiZleba ganisazRvros nagebobis konstruqciuli parametrebiT. 

konstruqciis Sesaxeb dawvrilebiTi monacemebis ararsebobisas winaRobis saangariSo 

sidide W programaSi ganisazRvreba nagebobis sixSiruli da geometriuli 

maxasiaTeblebis mixedviT. amisaTvis, nagebobis zomebis garda saWiroa SemovitanoT 

reduqciuli koeficientis mniSvneloba. am koeficientis mocemis sisworis irib 

kontrols warmoadgens Sesabamisoba kompiuteris ekranze gamotanili 

gamoangariSebuli winaRobis momentisa da normaluri kveTis sixistis sidideebisa. 

• konstruqciis monacemebis dadgenisaTvis saWiroa punqti `konstruqciis tipi~ 

SevavsoT mTeli ricxviT 1-dan 8-s CaTvliT, rac Seesabameba Senobebs amgvari 

maxasiaTeblebiT: 

1. karkasuli, didi blokebiT aSenebuli Senobebi, kompleqsuri konstruqciis 

kedlebiT, roca n>5. 

2. didi panelebiT aSenebuli Senobebi monoliTuri rkinabetonis kedlebiT, roca n<6. 

3. igive, roca n>5. 

4. Senobebi, erTi an ramdenime karkasuli dabali sarTulebiT da zemosarTulebi _ 

wamyvani kedlebiT, diafragmebiT an gamovsebuli karkasiT, Tuki dabla sarTulebze 

gamovseba ararsebobs an umniSvnelod zemoqmedebs maT sixisteze. 
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5. Senobebi mzidi kedlebiT, amoyvanili agurebiT an qvis wyobiT, rac Sesrulebulia 

xeliT, damatebebis gareSe, rac zrdis moWidebas. 

6. karkasuli erTsarTuliani Senobebi simaRliT koWebis qveda piramde an wamweebamde 

araumetes 8 m da sifarTiT 18 m-mde. 

7. sasoflo-sameurneo Senobebi ximinjebze-svetebze, romlebic Sendeba (igeba) III 

kategoriis gruntebze. 

8. Senobebi da nagebobebi, romlebic ar aris miTiTebuli 1...7 punqtebSi. 

• raTa gaviTvaliswinoT Senobis disipatiuri Tvisebebi (Taviseburebebi), punqti 

`dempfirebis parametri~ unda SevafasoT ricxviT: 2 – mcire zomis maRali 

nagebobebisaTvis, rogoricaa koSkebi, anZebi, calke mdgomi liftis Saxtebi, 

sakvamurebi (sakvamuri milebi) da misT., an 1 – sxva Senobebisa da nagebobebisaTvis. 

• nagebobis mdgomareoba, romelic dgindeba misi gamokvleviT, fiqsirdeba punqtSi 

`cveTa da dazianebaTa arseboba~. kapitalurobis dakargvis sididis mocemiT %-Si. 

• eqsperimentalurad miRebuli sixSiris mniSvnelobis Seyvanisas nagebobis cveTis 

procenti ganisazRvreba avtomaturad. es sidide saWiroa SeviyvanoT gaangariSebaSi 

da ganvaxorcieloT programis meored daSveba. Tuki sixSiris eqsperimentaluri 

mniSvneloba aRmoCndeba sawyis saangariSo mniSvnelobaze meti, migveniSneba, rom 

daSvebulia Secdoma sidideebSi an uzustoba sixSiris saangariSo mniSvnelobis 

dadgenaSi. albaT, am SemTxvevaSi nageboba ar xasiaTdeboda SesamCnevi cveTiT. 

• gruntis maxasiaTeblebi fiqsirdeba punqtiT `saZirkvlis gruntis pirobebi~ sami 

cifrebidan 1,2 an 3 erT-erTis SeyvaniT gruntebis Sesabamisi kategoriebisaTvis 

(dawvrilebiT ixileT cxrili 1, СНиП II-7-81): 

• yvela saxis kldovani grunti ara gamofituli da sustad  gamofituli; 

msxvilnatexovani gruntebi, mkvrivi, naklebad teniani magmaturi qanebiT. 

• kldovani gruntebi gamofituli da Zalian gamofituli. qviSebi graveluri msxvili 

da saSualo simsxvilis mkvrivi da saSualod mkvrivi. 

• fxvieri qviSebi, miuxedavad tenianobisa da simsxvilisa, wyliT gaJRenTili qviSebi, 

wvrili, mtvrovani mkvrivi, saSuali simkvrivis teniani da wyliT gaJRenTili 

qviSebi; Tixa gruntebi konsistenciis maCvenebliT ;5,0>Li  Tixa-gruntebi 

maCvenebliT 5,0≤Li , forovnebis koeficientiT e≤0,9 TixebisaTvis da TixnarebisaTvis 
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e≥0,7 qviSnarebisaTvis. mocemul kategorias ekuTvnis gruntis pirobebi da 

tenianobis Sesaxeb, roca gruntis wylebis done 5 metrze maRalia. 

monitorze Sedegebis gamotana (gamoyvana) SeiZleba sxvadasxva variantSi. saWiro 

variantis gamosatanad fanjaraSi gamotana saWiroa SeviyvanoT erT-erTi cifri 1-dan 8-

is CaTvliT. amasTan, Sesabamisad gamodis Semdegi informacia: 

analizis ZiriTadi Sedegebi: dinamiurobis koeficientis mniSvneloba da nagebobis 

yvela sarTulis mdgomareobis Sesaxeb Setyobineba. Tuki sixSire ar aris mocemuli 

(Seyvanilia rogorc nuli), misi maTematikuri lodinis mniSvneloba, da agreTve 

dispersiis sidide programaSi gamoiTvleba avtomaturad, ekranze gamotaniT. im 

SemTxvevaSi, Tuki nageboba uZlebs mocemul (Seyvanil) seismurobas, gamodis 

deformaciis mniSvneloba (Senobis zeda niSnulis gadaxra) da Setyobineba seismuri 

datvirTvis donis gadidebis (gazrdis) SesaZleblobis da gaangariSebis ganmeorebis 

Sesaxeb. Tuki, nageboba ver uZlebs mocemul (Seyvanil) seismur datvirTvas, programa 

gvatyobinebs Senobis mdgomareobas sarTulebis mixedviT da gvaZlevs SesaZlo Sedegebis 

srul Sefasebas. 

programis muSaobis Sedegad ekranze gamodis: 

• normaluri kumSvadi fibruli dinamiuri daZabulobebis eqstremaluri mniSvnelobebi, 

jamSi, kontrolirebad samSeneblo masalaSi kuTri wonisagan gamowveul 

daZabulobebTan. 

• sarTulebrivi seismuri datvirTvebi. 

• gadaxris momentebis eqstremumebis gadanawileba sarTulebis qveda kveTebSi. 

• ganivi Zalebis eqstremumebis gadanawileba sarTulebis qveda kveTebSi. 

• kuTri rxevebis formebi. 

• kontrolirebad samSeneblo masalaSi normaluri gamWimavi dinamiuri daZabulobebis 

eqstremaluri mniSvnelobebi, sakuTari woniT sawyisi statistikuri SekumSvis 

gaTvaliswinebiT. 

• masalaSi mxebi dinamiuri daZabulobebis eqstremaluri mniSvnelobebi (iribi 

bzarebis mixedviT) ganivi seismuri Zalebidan gamomdinare, 

• mxebi daZabulobebi gamowveuli seismuri mgrexi momentis moqmedebiT. 

• winaRobis (gamZleobis) momentis avtomaturad gamoTvlisas ekranze gamodis misi 

mniSvneloba.   



 

 

.Tavi 5. konstruqciebis avariis riskis Sefaseba da 

saimedoobis Sefasebis kriteriumi 

5.1. saimedoobisASefasebis kriteriumebi 

 
ama Tu im obieqtis da maT Soris strategiuli daniSnulebis obieqtebis 

saimedoobis SefasebaSi mniSvnelovani roli eniWeba mosalodneli riskis faqtorebis 

Seswavlas albaTobis Teoriaze dayrdnobiT. gansakuTrebiT ki yuradsaRebia 

konstruqciebSi sapasuxismgeblo kvanZebis datvirTvisas (mxedvelobaSi gvaqvs rogorc 

statikuri, aseve dinamikuri datvirTvebi) zRvruli mdgomareobis dadgena. am 

SemTxvevaSi saimedoobis Sefasebis kriteriumad miiReba mizanmimarTuli saproeqto 

albaTobis dadgena ama Tu im nagebobis an konstruqciis muSaobis saimedoobis Sesaxeb. 

dadgenili sidide, Tavis mxriv, iTvaliswinebs mosalodneli avariis Sedegebis simZimes. 

es ukanaskneli ki dgindeba analogiuri situaciebis gaanalizebis Sedegad. 

ganvixiloT konstruqciis saimedoobis dakargvis albaTobis kriteriumis 

gansazRvra avariuli dartymiTi zemoqmedebisas. aseTi albaTobis kriteriumi SeiZleba 

mocemuli iqnes Semdegi pirobiT uPP ≤ , sadac P _ aris konstruqciis saimedoobis 

dakargvis mTliani albaToba,  ki aris mizanmimarTuli saproeqto arasaimedoobis 

albaToba. 

uP

P – sidide ganisazRvreba Semdegnairad 321 PPPP = , sadac   aris avariuli 

dartymiTi datvirTvis albaToba; 

1P

−2P aris mocemuli konstruqciebis dazianebis 

albaToba; aris konstruqciis ama Tu im xarisxis dazianebis albaToba, romelic 

Seesabameba zRvrul mdgomareobas. 

−3P

mTeli eqsploataciis periodSi konstruqciis dartymiTi datvirTviT dazianebis 

albaToba SesaZlebelia gamoiTvalos puansonis kanoniT 

)/exp(1 11 ttP −−=  

sadac aris konstruqciis saproeqto vargisunarianoba, t _ aris zemoqmedebis 

gameorebis periodi. 

−1t
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−1P albaToba iTvaliswinebs konstruqciis konkretul gadawyvetas da 

mosalodneli zemoqmedebis xasiaTs da SeirCes saeqsploatacio pirobebis mixedviT am 

sididis gansazRvrisaTvis umetes SemTxvevaSi mimarTaven simkvrivis Tanabari ganawilebis 

kanons da gvaqvs 

strstri AAP =2 , 

sadac aris im zedapiris farTobi, romelzec uSualodaa mosalodneli dartymiTi 

zemoqmedeba, xolo ki aris zedapiris mTliani farTi albaToba, romelic 

Seesatyviseba zRvrul mdgomareobas SesaZloa miviRoT 1-is tolad anu 

−srriA

−strA −3P

,13 =P  es im 

SemTxvevaSi Tu aucileblad dadgeba zRvruli mdgomareoba, xolo Tu gamovricxavT 

zRvrul mdgomareobas, maSin 03 =P . 

Tu konstruqcia eqvemdebareba I-zRvrul mdgomareobas, maSin  

koWebisa da ZelebisaTvis  

                          );1)(1(11
3

QppP −−= ϕ
                   (5.1) 

kolonisaTvis 

);1)(1)(1(11
3

FstQ pppP −−−= ϕ
            (5.2) 

ganivad Cadebuli armaturis armqone filebisa da garsebisaTvis 

)1)(1(11
3

sppP ϕϕ −−−=                  (5.3) 

armaturiT aRWurvili filebisa da garsebisaTvis 

)1)(1(1 11
3

γϕ ppP −−−=                  (5.4) 

foladis perangiani filebisa da garsebisaTvis 

)1(1 ,1
3

dupP γ−=                         (5.5) 

−ϕp

−Qp

konstruqciaSi warmoqmnili saxsris gaxsnis zRvruli kuTxis albaTobaa, 

ganivi zRvruli Zalis albaToba; −stFp or daxril bzars Soris SekumSuli 

betonis zRvruli winaaRmdegobis albaToba. 

−spϕ
namzadis gaxvretis albaToba, −1γp ganivad Cawyobili armaturis Reroebis 

garRvevis albaToba; zRvrul deformaciebze gadaWarbebis albaToba liTonis 

perangSi. 

−dup ,γ

ganvixiloT praqtikuli magaliTi. 
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saimedoobis Sefasebis ganxiluli kriteriumebis safuZvelze konkretul 

magaliTad ganvixiloT mravalsarTuliani saxlis bolo sarTulis gadaxurvis filaze 

samSeneblo amwidan tvirTis avariuli dacemis albaTobis gaangariSeba. aseTi saxis 

avaria samSeneblo amwis 50-wliani eqsploataciis manZilze SesaZlebelia moxdes 

erTjer 15 wlis ganmavlobaSi, amdenad gvaqvs 0357,01 =P . sawyisi monacemebis Senobis 

zomebi gegmaSi 18×60 m; gadaxurvis filebis raodenoba 1,5×6 m – 120; erT-erT maTganze 

tvirTis dacemis albaToba gadaxurvis mTel farTze Seadgens  da 

dacemis Sedegad filis rRveva gamoiTvleba Semdegi formuliT: 

0083,0120/12 ==P

1)11)(1(11
3 =−−−= ϕpP  

amrigad miviReT, rom piroba ar sruldeba da e.i. 

410310083,00357,0 −⋅≈⋅⋅=P . 

 

5.2. samrewvelo SenobaSi avariis riskis Sefaseba 

mravalwliani dakvirvebis safuZvelze moyvanilia katastrofis riskis Sefasebis 

magaliTi: 

davuSvaT samrewvelo Senobis funqcionirebisas (drois Sualedad aRebulia 20 

weli), moxda 4 mniSvnelovani avaria, anu avariaTa saSualo ricxvi tolia  

2,020/4 ==λ  weli_1. 

maSin τ = 2 wliani periodisaTvis N = 2 avaria SeiZleba moxdes Semdegi albaTobiT  

[ ] 054,0!2)4,0(exp4,0)22,0;2( =−=⋅Q , 

xolo erTi avaria – albaTobis Q(1; 0,4) = 0.227. 

obieqtis uavario funqcionirebis albaToba  

);0( λτQ ori wlis ganmavlobaSi tolia 67,0)4,0exp()4,0;0( =−=Q , xolo 

erTi wlis ganmavlobaSi 

.82,0)2,0exp()2,0;0( =−=Q  

anu avariebis riski orwliani periodisaTvis Seadgens 1 – 0,67 = 0,33, xolo erTi 

wlisaTvis 0,18. 

aseve mravalwliani dakvirvebis safuZvelze zemoT xsenebuli samrewvelo Senobis 

magaliTze, SeiZleba moyvanili iyos kidev erTi konkretuli magaliTi. kerZod 
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konveieris erT-erTi agregati, romelic dakavSirebulia air-saSemduReblo 

feTqebadsaSiS rgolTan. 

agregatis cveTis siCqarea λ = 0,02 
sT

1 . elementaruli dazianebebis zRvruli 

ricxvi r=6. agregatis funqcionirebis 3 saaTi dRe-RameSi. gansazRvruli iyo avariaTa 

riski erTi kviris ganmavlobaSi. 

miTiTebuli vadisaTvis agregatis muSaobis dro gamoiTvleba 

2137 =×=T  sT. 

.42,0=Tλ  

 (3.9)-is gamoyenebiT riskis sididis Sefaseba 

       ++++−−= 642,02)42,042,01()42,0exp(1)42,0( 32R  

   .1033,512042,02442,0 654 −⋅=++  

 

5.3. afeTqebisas avariis riskis Sefaseba 

 
didi wneviT datvirTuli air-avzebis gamoyeneba reglamentirebuli iyo ГОСТ 

20448-80-iT. 

didi wneviT datvirTuli air-avzebis transportireba da Senaxva SesaZlebelia 

sxvadasxva moculobebis 100...500 l WurWlebiT, 500 l meti moculobebisaTvis 

moyvanilia monacemebi 5.1. cxrilSi. cilindruli garsis diametri D, kedlis sisqe S, 

sruli sigrZe H. 

qalaqebisa da mTeli rigi raionebis bunebrivi airiT momarageba yovelTvis 

darCeba aqtualur Temad da kvlevis sagnad. 

mSrali airebi, mopovebuli dedamiwis zedapiruli fenebidan, ZiriTadad Sedgeba 

meTanisa da mciredi mZime naxSirwyalbadisagan (50 g/m3-mde). 

cxrili 5.1 

moculoba, l rezinis masa, kg airis masa, kg D, mm S, mm H, mm 

5 

12 

27 

50 

4 

6 

14,5 

22 

2 

5 

11,4 

21,2 

222 

222 

299 

299 

2 

2 

3 

3 

284 

370 

575 

960 
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80 31,5 34 299 3 1404 

 

mSrali airebis simkvrive 0°C-zeda 101,3 kpa wnevisas meryeobs  kg/m3-is 

farglebSi. wvis siTbo (qveda zRvari)  mj/m3.  

8,06,0 L

4033L
navTobidan miRebuli airebi SeiZleba iyos haerze mZime. naxSirwyalbadi (150 

Γm/m3-ze meti), xolo am SemTxvevaSi wvis siTbo aRwevs 60 mj/m3.  

metnaklebad ufro gavrcelebul air-Jangbadovan naerTebSi, romelic Sedis 

stehiometrul jgufSi, airis moculobiTi koncentracia icvleba 4...10%-mde, xolo 

wvis siTbotevadoba iRebs mniSvnelobebs 3,4...4,3 mpa/m3, xolo 1,3 kg/m3 simkvriveze 

icvleba 2,6…3,3 mpa/m3, rac mxolod 30% naklebia afeTqebis Q siTbotevadobaze 

(trotilisaTvis Q = 4,24 mj/kg). 

metnaklebad ufro gamoyenebad energo matareblebad iTvleba airbutaniani 

naerTebi. es aixsneba imiT, rom propani da butani Cveulebriv mdgomareobidan advilad 

gadadis Txevad mdgomareobaSi mciredi SekumSvisas. 0°C-sas propani ikumSeba 0,47 mpa, 

xolo butani 0,115 mpa, xolo izobutani 0,16 mpa-isas. 

normebis Sesabamisad, mTeli rigi raionebis momaragebisaTvis gamoiyeneba 

SekumSuli naxSirwyalbadiani airebis ramdenime marka: 1) propanisa  da butanis naerTi 

zamTrisaTvis (pbnz); 2) propanisa da butanis naerTi zafxulisaTvis (pbnzf); 3) 

teqnikuri butani (tb) (ix. cxr. 5.2). 

 naxSirwyalbadebis maxasiaTeblebi, romlebic Sedian SekumSuli gazebis 

SemadgenlobaSi, aseve monacemebi im damokidebulebebis Sesaxeb, romlebic myardeba 

SekumSuli airebis wnevas, temperaturas Soris, moyvanilia (5.3) da (5.4) cxrilebSi.  

sxvadasxva moculobis daxurul rezervuarebSi airi imyofeba SekumSul 

mdgomareobaSi, misi wneva damokidebulia ZiriTadad temperaturaze. sarkinigzo 

cisternebiT propanis transportirebisas, misi muSa wneva Seadgens 2 mpa, xolo 

butanisa 0,8 mpa. swored Zaluri damokidebuleba airis parametrebsa da temperaturas 

Soris warmoadgens mTavar saSiSwarmoebas airwarmoebis meurneobaSi. 

cxrili 5.2 

maCveneblebi kbnz kbnzf tb 

propanisa da propilenis jami: aranakleb % 

butanisa da butilenis jami: aranakleb % 

75 

a.n. 

a.n. 

_ 

a.n. 

60 
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                           araumetes % 

meTanis, eTanis, eTilenis jami aranakleb % 

Txevadi narCenebi (mocul.) araumetes 

Warbi wneva    PW  mpa  

              45°C araumetes 

             _45°C aranakleb 

gogirdwyalbadebis masiuri wili + merkaptanuri  

gogirdisa araumetes % 

maT ricxvSi gogirdwyalbadisa araumetes % 

Tavisufali wyali da narevebi 

a.n. 

4 

1 

 

1,6 

0,16 

 

0,015 

0,003 

_ 

60 

6 

2 

 

1,6 

 

 

0,015 

0,003 

_ 

_ 

6 

2 

 

1,6 

 

 

0,015 

0,003 

_ 

 

moculobiTi gafarToebis koeficientis (naxSirwyalbadebisaTvis) maRali sididis 

mniSvnelobasTan dakavSirebiT (am koeficientis mniSvneloba 15...16-jer  aRemateba  

wylisas)  balonebsa  da  rezervuarebs  tvirTaven SekumSuli airiTY0,8...0,9 

moculobiT, radgan uzrunvelyofili iyos orTqlis fazaTa sxvaoba, anu wnevis 

mniSvneloba ar miuaxlovdes saangariSo mniSvnelobas. 

naxSirwyalbadiani SekumSuli airebis miwodebisaTvis, romlebic Seicaven butanis 

sakmao raodenobas, zonebSi sadac temperatura 0°C-ia, SekumSuli S-butanis Warbi wneva 

0-is tolia. wnevis asawevad iyeneben airJangbadovan naerTs, romlisTvisac butanis 

parcialuri wnevis uzrunvelyofa xdeba kondensaciis gareSe, gamoiricxeba aseve 

afeTqebis saSiSroebac. 

cxrili 5.3 

maxasiaTeblebi propan 
C3H8 

S-butan 
C4H10 

izobutani 

izo-C4H10 

molekuluri masa, kg 44,1 58,12 58,12 

mudmiva airebisaTvis, j/kg.k 184,92 140,3 140,3 

temperatura, °C 96,84 152,0 134,98 

wneva, mpa 4,21 3,75 3,6 kritikuli 

parametrebi 
simkvrive, kg/m3 226 225 _ 

molekuluri mocul., m3/kmol 22 21,5 21,74 parametrebi 

roca 0°C 
airuli fazis simkvrive kg/m3 2,0037 2,703 2,668 
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da 101,3 kpa Txevadi fazis simkvrive kg/m3 528 601 582 

SekymSuli airebis drekadoba °C, 0,47 0,115 0,16 

Ta aduRebis temperatura 101,3 kpa-sas 0°C-ze _42,1 _0,5 _10,2 

aorTqlebis siTbo roca T=Ta kj/kg 427,1 385,6 366,4 

 

sxvadasxva hermetuli rezervuarebis Txevadi airiT Sevsebisas katastrofis 

saSiSroeba damokidebulia orTqlis fazis simkvrivis mniSvnelovani gazrdiT, aseve 

gadaxurebis Sedegad gazrdili wneva iwvevs siTxis simkvrivis cvalebadobas. 

parametrebis zemoT aRwerili cvalebadoba SeiZleba warmodgenili iyos Semdeg 

magaliTze. Tu propani imyofeba WurWelSi, rodesac temperatura iRebs mniSvnelobebs 

_20, _10, 0, 10, 25 da 35°C, maSin wneva da siTxis parametrebi 5.4 cxrilis Tanaxmad 

miiReben mniSvnelobebs romelic moyvanilia 5.5 cxrilSi.  

ganvsazRvroT orTqlis fazis kargvis pirobebi, rodesac sawyis momentSi 

SekumSul airiani WurWeli mTlianad ar aris avsebuli. 

 

cxrili 5.4 

propani izobutani S-butani 

T°C ρabs 
mpa 

ρ 
kg/m3 

ρS. 
mpa 

10_3 

Q, 

j/kg 

ρabs 
mpa 

ρTx 
kg/m3 

ρS. 
kg/m3 

10_3 

Q, 

j/kg 

ρabs 
mpa 

ρTx. 
kg/m3 

ρS. 
kg/m3 

_60 

_55 

_50 

_45 

_40 

_35 

_30 

_25 

_20 

_15 

_10 

_5 

0 

5 

10 

15 

20 

25 

39 

0,04 

0,05 

0,06 

0,09 

0,11 

0,14 

0,17 

0,20 

0,24 

0,29 

0,34 

0,41 

0,47 

0,55 

0,63 

0,73 

0,83 

0,95 

1,07 

606 

598 

593 

587 

581 

575 

565 

559 

553 

548 

542 

535 

528 

521 

514 

507 

499 

490 

483 

1,11 

1,36 

1,81 

2,07 

2,61 

3,25 

3,87 

4,62 

5,48 

6,40 

7,57 

9,05 

10,37 

11,90 

13,60 

25,51 

17,74 

20,15 

22,80 

441,7 

435,4 

427,1 

425,0 

419,5 

416,5 

410,3 

404,0

399,9

396,1 

387,7 

383,1 

379,8 

371,4 

364,3 

355,5 

345,4 

339,1 

329,1 

 

 

 

 

 

 

0,054 

0,060

0,073 

0,090

0,110 

0,133 

0,160 

0,192 

0,225 

0,253 

0,306 

0,355 

0,410 

 

 

 

 

 

 

619 

610 

606 

600 

594 

588 

582 

576 

570 

565 

560 

553 

546 

 

 

 

 

 

 

1,49 

1,65 

1,96 

2,50 

3,04 

3,59 

4,31 

5,07 

5,92 

6,95 

7,94 

9,21 

11,50 

 

 

 

 

 

 

386,0 

380,2 

375,2 

371,0 

366,4 

359,7 

355,5 

349,2 

345,0 

339,1 

334,5 

327,0 

322,8 

 

 

 

 

 

 

 

 

 

0,051 

0,080 

0,096 

0,115 

0,138 

0,164 

0,197 

0,230 

0.269 

0,314 

 

 

 

 

 

 

 

 

 

615 

611 

605 

600 

596 

591 

583 

678 

573 

568 

 

 

 

 

 

 

 

 

 

1,602 

1,947 

2,100 

2,820 

3,350 

3,940

4,650

5,390

6,180 

7,190 
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35 

40 

45 

50 

55 

60 

1,21 

1,37 

1,53 

1,70 

1,89 

2,10 

474 

464 

451 

446 

437 

434 

25,30 

28,60 

34,50 

36,80 

40,22 

44,60 

320,2 

311,5 

301,5 

284,7 

270,1 

262,1 

0,471 

0,639

0,606

0,695

0,781 

0,869

540 

534 

527 

520 

513 

505 

13,00 

14,70 

16,80 

18,94 

20,56

24,20

316,1 

310,3 

301,5 

296,4 

285,1 

275,1 

0,360 

0,408 

0,477 

0,536 

0,608 

0,690 

560 

556 

549 

542 

536 

532 

8,170 

9.334 

10,57 

12,10 

12,38 

15,40 

 

cxrili 5.5 

T°C _20 _10 0 10 25 35 

Pabs Mpa 

Pabs Mpa 

ρsiTxe kg/m3 

ρorTq. kg/m3 

0,24 

0,14 

0,553 

5,48 

0,34 

0,24 

0,542 

7,57 

0,47 

0,37 

0,528 

10,37 

0,63 

0,53 

0,514 

13,6 

0,95 

0,85 

0,49 

20,15 

1.21 

1.11 

0,474 

25,3 

 

−0K Txevadi airiT pirveladi avsebadobis koeficientia; 

V _ moculobaa; 

  −0T temperaturaa (mxedvelobaSi miiReba Termodinamiuri wonasworobis momenti). 

am temperaturisas fazaTa ρsiTxe da ρorTq. simkvriveebi SeiZleba gamoiTvalos 5.5 

cxrilis saSualebiT.  

airis sruli masa tolia 

[ ])1( 00 KKVM −+=
orTql.siTxe

ρρ , 

xolo sruli kondensaciisas (V moculobis sruli aTvisebisas, misi simkvrive Seadgens 

,/* VM=ρ  rasac Seesabameba  wneva, 3.7 cxrilis mixedviT. *P

mag. propanisaTvis, roca 9,00 =K ; CT °= 100
, 

310514,0 ⋅=
siTx.

ρ  kg/m3; 

ρorTq. = 13,6 kg/m3; 

[ ] 464)9,01(6,143,010514,0 3 ⋅=−+⋅⋅⋅= VVM  kg, 

xolo VM /* =ρ kg/m3. 

3.7 cxrilidan miRebul simkvrivis mniSvnelobas Seesabameba  da wneva 

 mpa (Warbi wneva 1,27 mpa). 

CT °= 40*

37,1* =P

temperaturis Semdgomi zrdisa da Txevadi, fazis gafarToebisas moxdeba wnevis 

mkveTri zrda, rezervuaris kedlebze Zabvis mniSvnelobebis sagrZnobi momateba da 

uecari rRveva Txevadi propanis amofrqveviT. 

    134



 radgan rezervuarSi parametrebis pirveladi (sawyisi) mniSvnelobebi icvleba 

temperaturis cvlilebisas, wnevis SesaZlo zrdisa da orTqlis fazis mniSvnelobani 

SemcirebiT gamowveuli saSiSroebebi SeiZleba ganxorcieldes angariSiT. 

mocemulia V moculobis rezervuari, romelic sawyisi momentisaTvis  

Sevsebulia Txevadi airiT, romlis masaa M, garemos temperaturaa T0.  

savaraudod orTqlis fazis nairsaxeobis mixedviT, airis parametrebi , ρTx, 

ρorT. gamoiTvleba 5.4 cxrilidan. 

*P

masis balansis formulidan 

)(
siTxeorT.orT.siTxe

VVVM −+= ρρ  

gamoiTvleba VsiTxe, VorTq. moculobebi: 

ρsiTxe = siTxeorTq.orTq.siTxeorT.
VVVVM −=−−    ),()( ρρρ . 

es varaudi marTebulia, Tu aRmoCndeba, rom VV <
siTxe

, anu   .0 >
orTq.

V

am SemTxvevisaTvis  da  masebi  
siTxe

M
orTq.

M 

siTxesiTxesiTxe.
VM ⋅= ρ ; 

orTq.orTq.orTq.
VM ⋅= ρ . 

magaliTisaTvis, 50 litrian (V= 0,05 m3) rezervuarSi CatvirTulia M= 40 kg 

propani, garemo haeris temperatura CT °= 250 , 3.7 cxrilis mixedviT 95,0* =P  mpa, 

490 =
siTxe.

ρ  kg/m3, 15,20 =
orTq.

ρ  kg/m3, xolo moculoba 

050061701520490)05,015,2030( ,V,),(V =>=−⋅−=
siTxe

 m3. 

anu varaudi orTqlovani baliSis Sesaxeb ar marTldeba, realuri wneva gacilebiT 

metia gajerebul orTqlis  wnevaze. *P

zRvruli CatvirTvis SemTxvevaSi, roca orTqlis faza gaqreba, am process 

Seesabameba SekumSuli propanis masa 

5,2405,0490 =⋅=⋅= VM
S

ρ  kg. 

sadac −
siTxe

ρ Txevadi energomatareblis simkvrive Termodinamikuri wonasworobis dros 

bolo martivi damokidebulebis gamoyeneba SeiZleba rezervuarebSi CatvirTuli 

SekumSuli airis dasaSvebi masis swrafi SefasebisaTvis. 

ganxilvisaTvis, 80%-iani butanis SemTxvevaSi propanbutanis naerTis kondensacia 

xdeba 0,1043 mpa wnevis qveS, _4°C temperaturisas. 
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magaliTisaTvis SeiZleba analizi Cautardes q. TbilisSi, 2006 wlis agvistoSi 

erT-erT quCaze momxdar avariul afeTqebas, romlis drosac moxda 50 l airis 

WurWlidan CatvirTuli airis avariuli amofrqveva. 

afeTqeba moxda avtoSemkeTebel saamqroSi. vizualuri gamokvlevis Sedegad 

SeiZleba iTqvas, rom situacia Seesabameba `konstruqciis Zlier dazianebas~. savaraudo 

iyo, rom afeTqeba moxda V = 50 litriani rezervuaris rRvevis Sedegad, romelSic 

moTavsebuli iyo propan-butanis SekumSuli naerTi. 

parametrebis angariSi SeiZleba Catardes rezervuaris rRvevisa da sawvavis 

amotyorcnis safuZvelze. 

savaraudo iyo, rom Txevadi airis amotyorcnis Sedegad, saTavsoSi sadac is iyo 

ganTavsebuli, warmoiqmna airJangbadovani Rrubeli (steqiometruli naerTi simkvriviT 

ρsteq.= 1,315 kg/m3, sruli masa 

0,2022198,0315,1   , =⋅⋅⋅=⋅= VKM
steq.steq

ρ    kg. 

 haeris sawyisi masa, roca misi simkvrive ρ = 1,225 kg/m3 tolia Mh=188,2 kg. 

amofrqvevis masa Seadgens 

M = 202,0 – 188,2 = 13,8 kg. 

afeTqebis win balonSi airi imyofeboda wnevis qveS, damokidebuli 

temperaturaze. savaraudoa rom. rezervuaris rRveva moxda wnevis damwevi mcveli 

sarqvelis mwyobridan gamosvlis gamo, xolo gadaxureba gare siTburi wyarosagan.  

Tu garemos temperaturaa T, Warbi wneva ΔP, xolo airis fazebis ρsiTxe da 

ρorTql. simkvriveebia. zafxulis SemTxvevaSi miiReba Semdegi mniSvnelobebi, romlebic 

mocemulia cxril 5.6-Si. 

saSiSi situacia myardeba, rodesac xdeba gadaxureba, ris Sedegadac xdeba 

Txevadi fazis gafarToeba, xolo airis faza saerTod qreba. es SeiZleba moxdes 

rezervuaris 100%-iani gadavsebis Sedegad, anu 48,27605,08,13 ===
rez.siTxe

VMρ  

kg/m3, rac ararealuria. 

cxrili 5.6 

T°C 10 25 35 45 55 

ΔP mpa  

ρsiTxe kg/m3 

0,53 

514 

0,85 

490 

1,11 

474 

1,43 

451 

1.79 

437 
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ρorTq. kg/m3 13,6 20,15 25,3 34,5 40,22 

 

45°C temperaturisas simkvrive ρsiTxe= 451 kg/m3, romelic Seesabameba 

 kg. es sidide TiTqmis zustad Seesabameba saxelmwifo 

standartebiT miRebul normebs. rezervuaris avsebis norma Seadgens 0,425 kg/l, anu 50 

litriani rezervuarisaTvis 

55,2205,0451* =⋅=M

2,2150425,0** =⋅=M  kg ≈  *M

radgan , anu naerTis koncentracia iwvevs sawvavis Tanabari 

gadanawilebis pirobebSi aRemateba steqiometrul mniSvnelobas. 

MM >*

afeTqebis albaToba Zalian maRalia, radgan koncentraciis qveda zRvari da 

steqiometruli naerTis Semadgenloba miiRweva aorTqlebisa da airhaeris difuziis 

adreul stadiaSi (etapze).  

analizidan Cans, rom afeTqebis momentSi sakontaqto airis raodenoba ar iyo 

naklebi steqiometrul naerTze, amasTan erTad afeTqebis mTavari gamomwvevi mizezi iyo 

rezervuaris 45°C-mde gadaxureba. 

miRebuli Sedegidan Cans, rom Sesabamisad gaTxevadebuli airiT rezervuarebis 

avseba warmoadgens saSiSrobas, Tu mosalodnelia temperaturis gazrda 45°C-mde. 

miTiTebul temperaturaze najeri orTqlis (propanisaTvis) wneva 1,43 mpa naklebia 

saangariSo 1,6 mpa wnevaze, magram temperaturis umniSvnelo zrdis SemTxvevaSi siTxis 

gafarToebis Sedegad orTqlis fazis gaqrobisas wneva SeiZleba myisierad gaizardos, 

rac warmoadgens rRvevis mizezs.  

avariuli afeTqebis Sedegebis analizi Catarebulia steqiometriuli 

Semadgenlobis airhaeriani naerTis aalebis pirobis safuZvelze, anu amofrqvevis 

masisaTvis M= 13,8 kg. miRebulia Warbi wnevis maqsimaluri 56=Δ
maqs.

P  kpa, romlis 

drosac wnevis zrdis siCqarea 1,63 mpa/wm-Si, xolo drois Sualedad aiReba nazrdi 

maqsimumamde, romelic tolia 69 mwm. 

parametrebis miTiTebuli mniSvnelobebis dros adgili aqvs Zlier dazianebebs, 

rogorc rkinabetonis, aseve liTonis karkasis rRvevas, panelebis Camongrevas, rasac 

adgili hqonda zemoT moyvanili katastrofis dros. 

 

    137



5.4. qalaqebis dayofa zonebad, riskis xarisxis mixedviT 

 
teqnologiur sistemebSi saimedoobis gazrdis mimarTulebiT miRebuli zomebis 

miuxedavad, statistikuri monacemebi metyvelebs imaze, rom sxvadasxva obieqtze 

katastrofaTa ricxvi izrdeba. 

avariis riskis koeficientis Semcirebis mizniT ufro efeqturi meTodis an 

saSualebis asarCevad saWiroa qalaqis nebismier adgilze sawarmoTa sxvadasxva 

variantebis arsebobisas saWiroa saSiSroebis maqsimaluri Seswavla da analizi. erT-

erTi sasurveli formaa qalaqis teritoriis zonebad dayofa. am mizniTY qalaqis 

rukaze izoxazebiT gamoiyofa zonebi, avariis riskis sxvadasxva saSiSroebiT. 

mTel  rig  qveynebSi  qalaqis  zonebad dayofa emsaxureba, rogorc  

xalxis sicocxlis dacvas, aseve qalaqis mizanmimarTuli dagegmarebis katastrofaTa 

riskis xarisxis Sesamcireblad. 

magaliTad, holandiaSi individualuri (katastrofis albaToba) riskis done 

kanoniT aris gansazRvruli: I. umciresi (10_8) done da II.maqsimalurad misaRebi (10_6). 

I donis SemTxvevaSi ar aris saWiro raime RonisZiebebis Catareba saSiSroebis 

riskis xarisxis Sesamcireblad. 

II donis SemTxvevaSi ar SeiZleba aranairi Tanxebis dazogva, imisaTvis rom ar 

moxdes am donis gadaWarbeba. 

am or dones Soris warmodgenili mniSvnelobaTa are saSualebas iZleva 

Semcirdes riskis xarisxis done, im kompromisis safuZvelze, romelic aris daSveba 

socialur mogebasa da finansur SesaZleblobebs Soris. 

rodesac riski aRemateba I dones, warmoiSveba aucilebloba saSiSroebis 

Semcirebisa, rac SeiZleba ganxorcieldes ramdenime meTodiT: 

• qimiurad saSiS obieqtSi, romelic mdebareobs saSiS zonasTan axlos amaRldes 

teqnologiuri danadgarebis saimedooba; 

• sasurvelia aseTi obieqtis qalaqis farglebs gareT gadatana; 

• obieqtSi Seicvalos teqnologiuri cikli, saSiSroebis riskis xarisxis 

Sesamcireblad; 

• amaRldes mosaxleobis dacvis done da aikrZalos saSiS zonaSi Senobebisa da 

nagebobebis mSenebloba.   
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katastrofebis riskis xarisxis Sesamcireblad ufro misaRebi meTodis saboloo 

SerCevisas, unda moxdes danaxarjebis sruli analizi, zemoT ganxiluli TiToeuli 

variantisaTvis. danaxarjebis sruli analizisaTvis, yvelaze misaReb formas 

warmoadgens qalaqebis zonebad dayofa, saSiSroebis riskis xarisxis mixedviT. 
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ZiriTadi daskvnebi 

 

1. SemuSavebulia konstruqciebis da maTi calkeuli elementebis rRvevis, avariis 

riskis Tvisobrivi da raodenobrivi faqtorebis gansazRvris meTodika, 

Camoyalibebulia sagangebo situaciebis da zaralis saxeebi. 

2. Seswavlilia sxvadasxva konstruqciebis qceva dartymisas da gakeTebulia maTi 

zRvruli mdgomareobis normireba. 

3. damuSavebulia saangariSo modelebi nagebobebis struqturuli mTlianobis 

monitoringis mobiluri kompleqsuri saimedobis Teoriaze dayrdnobiT. 

4. dadgenilia Senobis cveTis maCvenebeli da sixSiruli maxasiaTebeli, gakeTebulia 

Senobis sakuTari rxevis sixSiris angariSi, dadgenilia rTuli konstruqciebis 

kveTis parametrebi. 

5. damuSavebulia konstruqciebis avariis riskis Sefasebis meTodebi da dayofilia 

dasaxlebuli punqtebi riskis xarisxis mixedviT. 

6. saimedoobis Sefasebis kriteriumad miRebulia mizanmimarTuli saproeqto albaTobis 

dadgena ama Tu im nagebobis an konstruqciis muSaobis saimedoobis Sesaxeb. igi 

iTvaliswinebs Tavis mxriv, mosalodneli avariis Sedegebis simZimes, rac dgindeba 

analogiuri situaciebis gaanalizebis Sedegad. 
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მადლიერება 

 

madlobas vuxdi mecnier-xelmZRvanelebs teqnikis mecnierebaTa 

doqtors paata rekvavas da  teqnikis mecnierebaTa kandidats nodar 

axvledians didi Sromisa da RvawlisaTvis, romelic maT gawies Cems 

mimarT, agreTve madlobas vuxdi tenikis mecnierebaTa doqtors profesor 

revaz cxvedaZes da teqnikis mecnierebaTa doqtors profesor malxaz 

wiqariSvils gaweuli daxmarebisa da konsultaciebisaTvis. 
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