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Abstract 

 

 The disasters of extremely responsible objects, such as gas and oil terminals, 

nuclear power stations, aircrafts, railways, bridges, public service buildings, etc., 

nowadays still represents major problem in the world, followed by the financial losses 

and, most importantly, human lives. Therefore it is necessary to deeply develop at 

operation of received by dynamic load defects identification and caused by their 

damages methods of forecasting, definition of risk levels and strength determination at 

all stages of operation. 

In the thesis are developed applied in oil terminal’s pipelines and reservoirs 

strength assessment methods and issues of damages risk-levels determination. 

The full volume of work includes 155 pages, it contains introduction, four 

chapters, conclusion and references that consists of 90 titles. 

 In the introduction is presented theme’s topicality, scientific novelty and 

practical value of work. 

 In the first chapter are considered the current presentations review at oil 

terminal operation. 

 In the second chapter is presented the damages development modeling and 

defects detection methods. 

 In the third chapter has been developed the theoretical strength assessment of 

pipelines and reservoirs.  

 In the fourth chapter presents the apparatus - computer diagnostic complex for 

pipelines and reservoirs to strength control and examples of their application. 

 The practical results of thesis work are implemented in practical researches 

and are given as examples in the dissertation. 
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შესავალი 

 

gansakuTrebiT sapasuxismgeblo obieqtebis, rogoricaa gazis 

da navTobproduqtebis terminalebi, atomuri eleqtrosadgurebi, 

safreni aparatebi, rkinigzebi, xidebi, sazogadoebrivi 

momsaxurebis Senobebi da a.S.,katastrofebi did problemad rCeba 

dResdReobiT mTel msoflioSi, rasac Tan sdevs finansuri 

zarali da rac mTavaria adamianis msxverpli. amitom 

aucilebelia siRrmiseulad damuSavdes konstruqciebis 

eqspluataciis dros dinamikuri datvirTviT miRebuli 

defeqtebis gamocnobis da maTgan gamowveuli avariebis 

prognozirebis meTodebi, risk-doneebis dadgena da simtkicis 

Sefaseba eqspluataciis yvela stadiaze. 

Cveni kvlevis obieqts warmoadgens erT-erTi yvelaze 

sapasuxismgeblo obieqti navTobproduqtebis terminali. 

terminalis calkeuli konstruqciebis rezervuarebis, 

milsadenebis da satumbo sadguris eqspluataciis mciredi 

uwesrigoba-defeqtis gaCena SeiZleba gadaizardos umZimes 

katastrofaSi savalalo SedegebiT. 

rogorc wesi, avariisa da katastrofis ZiriTad mizezs 

warmoadgens bzarebis warmoSoba da ganviTareba, romelTa 

mizezebi umetes SemTxvevaSi sxvadasxva xasiaTis dinamikuri 

datvirTvaa, cveTa, korozia da masalis Tandayolili defeqtebi. 

aqedan gamomdinare aucilebelia calkeuli konstruqciebis 

(rezervuaris da milsadenebis) simtkicis Sefaseba. 

dros saidanac bzarebis ganviTarebis procesi iwyeba rRvevis 

wina mdgomareoba ewodeba. imisTvis, rom aviciloT avariebi da 

katastrofebi, aucilebelia gairkves rRvevis wina mdgomareoba, 

rac miiRweva konstruqciis mocemuli mdgomareobis prognozisa 

da analizis meTodebis saerTo sistemis damuSavebiT. 

yovelive zemoT aRniSnulis gaTvaliswinebiT warmodgenili 

sadisertacio naSromi: “navTobproduqtebis terminalebSi 

gamoyenebuli milsadenebis da rezervuarebis simtkicis Sefaseba 
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maTi usafrTxo eqspluataciis mizniT” warmoadgens metad 

aqtualur problemas. 

naSromis mizania navTobproduqtebis terminalebSi 

gamoyenebuli milsadenebis da rezervuarebis simtkicis Sefasebis 

meTodebis damuSaveba da avariis risk-doneebis dadgena. 

naSromis mecnieruli siaxle mdgomareobs SemdegSi: 

_ navTobterminalis avariuli situaciebis modelireba 

danadgarebidan da sacavebidan feTqebadsaSisi produqtebis 

gafrqvevis dros sxvadasxva scenareebis mixedviT, romlebic 

gamoiyeneba riskebis da avariebis SesaZlo Sedegebis Sefasebisas; 

_ aparaturul-kompiuteruli diagnostikis kompleqsis 

damuSaveba milsadenebis da rezervuarebis simtkicis 

kontrolisTvis da misi informaciul-meToduri uzrunvelyofa; 

_ milsadenebis da rezervuarebis simtkicis maxasiaTeblebis 

dadgena, bzaris msgavsi defeqtebis sqematizacia da saangariSo 

sqemis damuSaveba, zedapiruli bzarebis kritikuli da usafrTxo 

zomebis, milsadenebis avariuli ubnebis rRvevis ganviTarebis 

modelireba; 

_ milsadenis da rezervuaris simtkicis risk-doneebis 

dadgena monacemTa bazis mixedviT. 

naSromi Sedgeba Sesavalis, oTxi Tavis, ZiriTadi daskvnebisa 

da citirebuli literaturisagan. 
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Tavi 1. Tanamedrove warmodgenebis mimoxilva 

navTobproduqtebis terminalis eqspluataciisas 

 

1.1. sawarmos Semadgeneli nagebobebisa da sainJinro 

aRWurvilobis daxasiaTeba 

 

navTobis da navTobproduqtebis saqaCi sazRvao terminali 

gankuTvnilia sarkinigzo cisternebidan mazuTis, navTobis da 

dizelis sawvavis misaRebad, Sualeduri SenaxvisaTvis da maTi 

sazRvao gemebSi CasxmisaTvis. garda amisa, sawarmoSi aris 

warmoebis SesaZlebloba, kerZod tankerebidan samrewvelo 

rezervuarul parkebSi navTobis da navTobproduqtebis miReba da 

navTobproduqtebis serTifikacia. 

sxvadasxva normatiul-teqnikur dokumentebSi miRebuli 

klasifikaciis mixedviT aseTi tipis sawarmoebi miekuTvneba: 

 funqcionaluri daniSnulebis mixedviT – sarkinigzo-sazRvao 

saqaCs (gadasatvirTs); 

 Sesanaxi navTobproduqtebis nomenklaturis mixedviT – 

advilaalebadi da wvadi navTobproduqtebisaTvis; 

 wliuri tvirTbrunvis mixedviT – I klasis. 

samSeneblo normebis da wesebis (СНИП 2.11.03-93) Sesabamisad 

rezervuaruli parkis saerTo tevadobis, gadatvirTvis moculobis, 

da navTobCaRvris sawinaaRmdego RonisZiebebis ganxorcielebis 

dacva. 

sawarmos SemadgenlobSi Sedis teqnologiuri Senobebis da 

mowyobilobebis kompleqsi, romlebic gankuTvnilia navTobis da 

navTobproduqtebis miRebis, Senaxvis da CamosxmisTvis tankerebSi. 

rezervuarSi CasxmisTvis, navTobproduqtebis 

serTifikaciisTvis, agreTve damxmare-sawarmoo, sayofacxovrebo 

da administraciuli Senobebi, romlebic uzrunvelyofen 

sawarmos normalur eqspluatacias. 
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sawarmoSi miRebuli navTobi da navTobproduqtebi 

miekuTvneba adviladaalebad da wvad siTxeebs. ტeqnolოgiur 

procesSi ar xdeba maTi qimiuri gardaqmna. damatebiTi qimiuri 

produqtebi ar warmoiqmneba. miRebuli navTobis da 

navTobproduqtebis fizikur-qimiuri da teqnologiuri Tvisebebi 

unda Seesabamebodes saxelmwifo standartebs da teqnikur 

pirobebs. zemoTxsenebul standartebTan da teqnikur pirobebTan 

Seusabamo nivTierebebze moqceva proeqtiT ar aris 

gaTvaliswinebuli. 

aucilebeli gamtarunarianobis, nagebobebisa da 

teqnologiuri komunikaciebis simZlavris angariSi unda 

Sesruldes ВНТП 5-95-is Sesabamisad. 

zogadad, navTobis da navTobproduqtebis amoqaCvis sazRvao 

terminalis generaluri gegma SemuSavebulia arsebuli ubnis 

sazRvrebis, adgilobrivi reliefis, agreTve navTobproduqtebis 

miRebis, Senaxvis da momxmarebelTan gagzavnis principuli 

teqnologiuri sqemebis gaTvaliswinebiT. 

teqnologiuri procesebis ZiriTadi zonebis ganTavsebisas 

gansakuTrebuli mniSvneloba aqvs saproeqto moednis kavSirs 

gare transportTan, rogoricaa sarkinigzo da saavtomobilo. 

sawarmos ufro moxerxebuli da Seuferxebeli muSaobisaTvis 

generaluri gegmiT gaTvaliswinebuli unda iyos teritoriis 

mkveTri zonireba misi gamoyenebis saxeebis mixedviT: 

 sarkinigzo navTobsatvirTo operaciebis zona; 

 navTobisa da navTobproduqtebis Senaxvis zona; 

 sawarmoo zona; 

 damxmare zona; 

 sameurneo zona; 

 administraciuli zona.  

terminalis teqnologiur xazSi ZiriTad rgols 

warmoadgens navTobisa da navTobproduqtebis Sesanaxi 
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rezervuaruli parki da navTobproduqtebis gadasatani 

milsadenis magistrali. 

Cven CamovayalibeT navTobproduqtebis terminalis 

proeqtirebis, mSeneblobis da arsebuli parametrebis msoflio 

gamocdileba. 

magaliTis saxiT ganvixiloT saqarTveloSi ganxorcielebuli 

navTobproduqtebis terminali, romelic mdebareobs yulevSi. 

nax. 1.1.-ze mocemulia yulevis navTobproduqtebis terminalis 

gen-gegma da saerTo xedi. 

 

 

nax. 1.1. a) gengegma; b) saerTo xedi 

 

a 

b 
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administraciuli TvalsazrisiT sawarmo ganlagebulia 

saqarTvelos xobis raionSi, raionis administraciuli centridan 

q.xobidan ganlagebulia 20 km-iT moSorebiT. 

uaxloesi rkinigzis sadguramde daSoreba 9 km-ia, sazRvao 

portamde – 12 km, dasaxlebul punqtamde, yulevamde – 0,4 km, 

q.foTamde – 10 km. 

terminali ganlagebulia md. civas, xobis da sazRvao 

akvatoriis sanapiro zolebs Soris. 

samxreT-dasavleTiT zRvasa da sawarmos sazRvars Soris 

gadis akumulatoruli qviSis zvinuli, Crdilo-dasavleTiT 

sazRvridan 50 m-is moSorebiT miedineba md. civa da mis Semdeg 

marjvena mxares ganlagebulia dasaxleba yulevi. 

samxreT-aRmosavleTiT 9 km-is moSorebiT ganlagebulia 

rkinigzis sadguri. 

terminalidan Crdilo-dasavleTiT md. xobis SesarTavSi 

ganlagebulia navsabmeli nagebobebis kompleqsi, romlis 

daniSnulebaa navTobis da navTobproduqtebis tankerebSi Casxma. 

dasaxlebis simWidrove 56,1 adamiania kvadratul kilometrze. 

sawarmos ganTavsebis raionis klimati – subtropikuli, 

teniani, xasiaTdeba rbili zamTriT da cxeli zafxuliT. 

mzis radiaciis saSualo wliuri xangrZlivoba 2100-2300 sT 

w-Si. 

moRrubluli da naxevradnaTeli dReebi Seadgens daaxloebiT 

weliwadis 65%.  

teritoria Sedis zomierad – uxvi datenianebis zonaSi. 

naleqebis raodenoba Seadgens 1600-1800 mm-s w-Si. 

naleqebis umetesi raodenoba modis agvisto-seqteმberSi, 

mcire ki gazafxulze. 

sawvimari periodebis xangrZlivoba Seadgens 4-7-10 dRes. 

raionisaTvis saxasiaToa wlis ganmavlobaSi naleqebis metnaklebad 

Tanabari raodenobiT, sagazafxulo periodis gamoklebiT. Tavsxma 

SeiZleba iyos mTeli wlis ganmavlobaSi, magram ufro xSirad 

ivlis-noemberSi. aorTqlebis sidide Seadgens 500-800 mm-s w-Si. 
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qari dRisiT qris zRvidan napirisaken, xolo RamiT piriqiT, 

qaris saSualo siCqare Seadgens 4-6 m/wm-Si. 

teritoria Sedis saqarTvelos kolxeTis dablobis qvezonaSi. 

geologiur agebulebad miRebulia zefaiuruli carcovani, 

paleogenuri, neogenuri, ZvelmeoTxeuli danaleqi CanarTebi. 

Tanamedrove   danaleqi – mdinaris  aluvi,   Waobis  danaleqebi,  

qviSovani danaleqebi, zRvis sanapiro diunuri zolebi. 

aluviuri danaleqebi warmoadgens Tixnars, qviSas, Tixas da 

kenWnars. gruntis wylebi ganlagebulia md. xobis SesarTavTan 

0,5-1 m-is siRrmeze da Semdgom, md. civas dinebis mixedviT 3-5 m-is 

siRrmeze. diunuri zolis Semkrebi saxeobebis wyalgaumtarianobis  

da filtraciis koeficienti  3 m/dRe-RameSi da Sesabamisad 75 m3 

dRe-RameSi. 

gruntis wylebis mineralizacia 0,3-0,5 g/l sazRvrebSi, 

Semadgenloba hidrokarbonatul-kalciumuri da natr-magniumuri. 

teritorias aqvs mcire daxra zRvisken, absoluturi 

niSnuli 0,000-0m3 m niadagi qviSa-Waobi. 

mcenareebi – lerwami, lelqaSi da sxva sanapiro zolze 

mcenareebi ar aris. 

sawarmoo ganTavsebulia seismur raionSi. 

seismuri intensivoba fasdeba seismuri saSiSroebis 3 donis 

mixedviT nagebobis amtanianobaze damokidebulebiT. 

seismur daraionebasTan SesabamisobaSi, seismuri intensivoba 

rixteris Skalis balebSi, saSualo gruntuli ZalvebisaTvis 

Seadgens 9 bals masiuri mSeneblobisaTvis. 

generaluri gegma SemuSavebulia sawarmoos teqnologiuri 

sqemis gaTvaliswinebiT (nax. 1.1). 

nagebobebis gengegmaze ganlagebis ZiriTadi principebia: 

 teritoria dayofilia zonebad – sawarmoo Senaxvis, damxmare 

nagebobebis, administraciul-sameurneo zona; 

 nagebobebis urTierTganlageba miRebulia teqnologiuri 

milgayvanilobis minimaluri sigrZis uzrunvelyofis CaTvliT; 
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 nagebobebs Soris xanZarsawinaaRmdego gasasvlelebis 

uzrunvelyofa. 

sawarmos mSeneblobisaTvis gayvanili moedani ganlagebulia 

sanapiro zonaSi, 3 mxridan gars akravs sazRvao nagebobebi, 

gruntis wylebis done irxeva 0,3-0,7 m. amasTan dakavSirebiT 

gaTvaliswinebulia mTeli teritoriis qviSovani gruntis 

dafarva. 

rezervuarebi mowyobilia jgufurad, oTx-oTx rezervuarad 

(rezervuaruli parkebi). 

SesaZlo avariebis dros akvatoriis navTobproduqtebiT 

dabinZurebisagan dasacavad rezervuarebis jgufis gegmuri 

niSnulebi mimdebare teritoriis niSnulebze qvemoTaa ganTavsebuli. 

rezervuarebis aseTi mowyoba gamoricxavs, rezervuaruli 

parkis teritoriis sazRvrebs gareT navTobis da navTob-

produqtebis avariul Carecxvas da agreTve akvatorSi 

navTobproduqtebis moxvedrisagan dasacavad meore zonis 

Sesrulebis aucileblobas. 

moednis vertikaluri dagegmva Sesrulebulia normatiuli 

daxrilobiT, romlebic uzrunvelyofen wvimis wylebis gadinebas. 

navTobi da navTobproduqtebi sawarmoSi Semodis rkinigziT 

cisternebiT. tvirTbrunvis da teqnikuri pirobebis Sesabamisad. 

gaTvaliswinebulia navTobis da navTobproduqtebis miRebis 

SesaZlebloba tankerebidan (sur. 1.2). 
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sur. 1.2. terminalis fragmenti 

marSrutebis miwodebisa da aRebis formirebisaTvis 

gaTvaliswinebulia gadasayenebeli gzebi. 

navTobproduqtebis CamosxmisaTvis gaTvaliswinebulia ori 

ormxrivi gadaxuruli rkinigzis estakada. 

estakada # 1 (gza # 1 da # 2) gankuTvnilia blanti 

navTobis, romelic Camosxmisas moiTxovs gacxelebas da mazuTis 

CamosxmisaTvis. 

uwesrigo cisternebidan CamosxmisaTvis gaTvaliswinebulia 

zeda Camosxmis gadasatani mowyobilobebi. Camosxma-gadmosxmis 

operaciebisas navTobis da navTobproduqtebis siblantis 

SemcirebisaTvis gaTvaliswinebulia navTobproduqtebis cirkula-

ciuri gacxeleba. 

sarkinigzo cisternebidan dizeluri sawvavis da mcired-

blanti navTobis CamosxmisaTvis da tankerebSi dizsawvavis 

CasxmisaTvis; 
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rkinabetonis cisternebidan mazuTis da swrafad daleqvadi 

navTobis CamosxmisaTvis, romelic moiTxovs Camosxmisas 

gacxelebas; 

tankerebSi da cirkulaciur gamaTbobelSi mazuTisa da 

navTobis CamosxmisaTvis. 

navTobproduqtebis CamosxmisaTvis gamaTboblebis da 

tumboebis raodenoba da mwarmoebloba da nakadi gansazRvrulia 

angariSiT, navTobproduqtebis Camosxmis normatiuli vadebis 

uzrunvelsayofad. damxmare operaciebze daxarjuli drois 

CaTvliT. 

navTobis da navTobproduqtebis Sesanaxad gaTvaliswinebulia 

navTobisa da navTobproduqtebis Sesanaxi foladis vertikaluri 

rezervuarebi (sur. 1.3). 

 

sur. 1.3. foladis vertikaluri rezervuarebi 

teqnologiuri milgayvaniloba mowyobilia miwiszemoT, Ria 

rkinabetonis navebSi (sur. 1.4). 
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sur.1. 4 Ria rkinabetonis navebi 

aseTi Cawyoba gaTvaliswinebulia eqspluataciisas 

milgayvanilobebis mdgomareobis kontrolisa da SesaZlo 

gaJonvebis lokalizaciis SesaZleblobebisaTvis. 

yvela feTqebadsaSiSi sawarmo ganTavsebulia Ria moedanze, 

fardulis qveS, aseTi ganlageba gamoricxavs saTavsoebSi 

feTqebadsaSiSi narevebis warmoqmnas da ar moiTxovs maTi 

dacvisaTvis damatebiT inJinrul sistemas. 

sawarmos aqvs sawarmoo procesebis avtomatizaciis da 

meqanizaciis maRali xarisxi. 

kontrolis eleqtronuli saSualebebis da avtomatikis 

bazaze kompiuteruli teqnikis saSualebebis gamoyenebiT 

gaTvaliswinebulia teqnologiuri procesebis marTvis avtomaturi 

sistema. 

gaTvaliswinebuli sistema Seesabameba ГОСТ 24.104-85 

moTxovnebs da uzrunvelyofs: 

 procesis parametrebze mudmiv kontrols da reJimebis marTva 

maTi reglamentirebuli mniSvnelobebis SenarCunebisaTvis; 
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 cveTis registracias da avariis sawinaaRmdego dacvis 

saSualebebis muSaunarianobis mdgomareobis kontrols; 

 obieqtis sazRvrebSi haeris mdgomareobis mudmiv kontrols; 

 kritikuli mniSvnelobebis mixedviT parametrebis cvlilebebis 

mudmiv analizs da SesaZlo avariebis prognozirebas; 

 marTvis saSualebebis moqmedebas, romlebic aRkveTen saSiSi 

situaciebis ganviTarebas; 

 avariuli situaciis lokalizaciis saSualebebis moqmedebas, 

optimaluri samarTavi zemoqmedebebis arCevas da realizacias; 

 avariis gareSe gaSvebis operaciebis gatarebas, gaCerebebi am 

yoveli aucilebeli gadarTvisaTvis; 

 marTvis sistemaSi obieqtze usafrTxo mdgomareobis 

informaciis miwodebas. 

gaTvaliswinebulia sawarmos SigniT teqnologiuri kavSiri 

saqalaqo qselebze gasvliT. 

gaTvaliswinebulia damcavi signalizacia. 

xanZris kerebis likvidaciis da lokalizaciisaTvis, sawarmo 

aRWurvilia xanZarsaqrobi avtomaturi da araavtomaturi 

sistemebiT. 

gaTvaliswinebulia dayofili sawarmoo sawvimari Casadenebis 

kanalizacia teqnologiuri moednebiT da rezervuaris parkebis 

teritoriiT, lokalur gamwmend nagebobebze Cadinebis gawmendiT 

dabinZurebul nivTierebebis koncentraciamde, romlebic 

Seesabameba zRvrulad dasaSvebs. 

sameurneo-sacxovrebel Casadinebis Sekrebisa da wmendisaTvis 

gaTvaliswinebulia kanalizaciis qseli da biologiuri sawmendi 

nagebobebi. 

TbomomaragebisaTvis gaTvaliswinebulia saqvabe mowyobiloba, 

Sedgenili sruli saqarxno mzadyofnis ori blokisagan. 

terminalis teqnologiur xazSi ZiriTad rgols warmoadgens  
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navTobisa da navTobproduqtebis Sesanaxi rezervuaruli parki, 

romelTa Cadgma Sesrulebulia yvela sanitaruli da xanZarsa-

winaaRmdego moTxovnebis gaTvaliswinebebiT.  

navTobproduqtebis Senaxvis zona warmodgenilia miwiszeda 

vertikaluri cilindruli rezervuarebis, tevadoba 80000 m3. oTxi 

jgufiT, romelic Sedgeba oTxi tevadisagan yovelze 200000 m3. 

mezobel jgufSi ganlagebuli napira rezervuarebis kedlebs 

Soris daSorebad miRebulia 68 m. 

jgufebSi rezervuarebs Soris dacileba 30 m. 

rezervuarebis yoveli jgufi ganTavsebulia calkeul 

TxrilSi, Txrilebis kideebs Soris dacileba 40 m, qvabulis 

simaRle gansazRvrulia rezervuaris xsnaris tevadobis 

angariSis mixedviT da gazrdili 0.2 m-iT. 

amgvarad, gegmasTan kavSirSi rezervuaris parkis qvabulis 

siRrmed miRebulia 1,6-2,2 m. 

rezervuaris kedlebi da qvabulis Siga ferdos Ziramde 

manZili 15 m-ia. 

erTi jgufis sazRvrebSi yoveli rezervuari gamoiyofa 

betonis kedliT, romlis simaRlea 1,3 m. 

rezervuarebis jgufis teritoria Txrilis SigniT 

dagegmilia daxril 0,005 kanalizaciis Webis mimarTulebiT. 

ramdenadac rezervuaruli parkebi ganTavsebulia dreni-

rebuli gruntebis teritoriaze, proeqtSi SemoTavazebulia 

Semdgomi konstruqciis rezervuaris yovel jgufSi filtraciis 

sawinaaRmdego ekranis mowyoba. 

wylis obieqtebis sanapiro zolSi rezervuaruli parkis 

ganTavsebasTan dakavSirebiT, gaTvaliswinebulia damatebiTi 

RonisZiebebi, miwiszeda rezervuarebis avariisas siTxeebis 

daRvris aRmofxvris mixedviT, romelTa saxiTac gamoiyeneba 

sawyobis Siga saavtomobilo gzebi, ZiriTadi Semozvinvidan 10-35 

m-is daSorebiT da mimdebare teritoriis dagegmvis niSnulidan 

0,5 m-ze aweuli, rac uzrunvelyofs didi rezervuaris siTxis 

moculobis 50% Sekavebas. 
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rezervuarebis yoveli jgufis garSemo da maT Soris 

gaTvaliswinebulia xanZarsawinaaRmdego rgolebi gasasvlelSi. 

rezervuarebis jgufSi gasasvlelad da gadasaadgileblad 

mcire teqnikis Sesasvlelebis uzrunvelsayofad qvabulis 

xanZarsawinaaRmdego mxaris oTx kuTxeSi SemoTavazebulia 

pandusis mowyoba 3,5 m siganiT. 

rezervuari da rezervuarSi Siga betonis kedlebis gavliT 

gasasvlelebis da parkebSi CaSvebisaTvis gaTvaliswinebulia 

rezervuarebis yovel jgufSi 12 kibe. 

samrewvelo zona ganTavsebulia Camosxmis sarkinigzo 

frontsa da rezervuaris parks Soris. masSi Sedian: 

 sarkinigzo cisternebidan dizeluri sawvavis da 

mciresiblantis navTobis Camosxmis da tankerebSi dizsawvavis 

Casxmis satumbi sadguri; 

 sarkinigzo cisternebidan mazuTis da blanti navTobis 

CamosxmisaTvis satumbi sadguri; 

 daxurul gamanawilebeli mowyobiloba; 

 saqvabe sawvavis rezervuarebiT; 

 dizelis eleqtrosadguri. 

namdvili zona warmoadgens nagebobebis da milgayvanilobis 

teqnologiur kvanZs inJinruli komunikaciebis minimaluri ganfenis 

gaTvaliswinebiT ganlagebuls. 

sameurneo zona gansazRvrulia rkinigzis Cixze relswina 

gadmosatvirTi moednis SesaZlo ganTavsebis angariSidan, aqve 

SeTavazeba materialur-teqnikuri sawyobis da garaJis 

teqsaxelosnoTi mSenebloba. sacxovrebeli korpusi laboratoriiT 

da sadispetCeroTi asrulebs moculobiT dasagegm kompleqss, 

inJinruli komunikaciebiT da satransporto arteriebiT 

uzrunvelyofili gaerTianebuli erT mTlian sistemaSi. 

 damxmare zona – esaa rigi avtonomiuri kompleqsebisa; 

 xanZarCamqrobi; 

 gamwmendi nagebobebi. 
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xanZarCaqrobis kompleqsi Sedgeba xanZarCaqrobis satumbi 

sadgurisa da xanZarsawinaaRmdego wylis maragis ori 

rezervuarisagan TiToeulis tevadoba 3000 m3. 

milgayvaniloba estakadebsa da satumbi sadgurebis raionebSi 

ganTavsebulia miwiszemoT navebSi. navebi kanalizebulia 

estakadebis koleqtorebidan momavali milgayvaniloba Cawyobilia 

estakadis qveS garsacmebSi specialur sayrdenze. 

dizsawvavis gadasatumbi milgayvaniloba ar aris 

Tboizolirebuli. 

navTobisa da mazuTs gadasatumbSi Camosxmis frontis 

milgayvaniloba Cawyobilia TboizolaciaSi wylis TboTanamgzav-

rebiT milgayvanilobaSi temperaturis kontrolisaTvis 

gaTvaliswinebulia temperaturuli gadamwodebis mowyoba. 

yvela milgayvanilobas aqvs daxra teqnologiuri Webisken 

KT-1, KT-2, KT-3, E-1, E-2 tevadebTan. 

izolirebuli milgayvaniloba iReba bT-177 emaliT F-021 

dagruntebis zedapirze, araizolirebulebi ПФ-513T-iT ГФ-021 

dagruntebis zedapirze. 

obieqtis sanapiro zonaSi da seismurobis gaTvaliswinebiT 

proeqtiT gansazRvrulia SeduRebuli nakrebis 100%-iani kontroli   

aramrRvevi meTodebiT. 

325 mm-ian da met milgayvanilobebze magrdeba silfonuri 

kompensatorebi. silfonuri kompensatorebis kompensirebis unari 

aRebulia milgayvanilobis – 3 (civi xuTdRiani saSualo 

temperatura) Caketvis temperaturis angariSidan da seismuri 

zemoqmedebis gaTvaliswinebiT navTobproduqtis maqsimaluri 

samuSao temperaturebidan. 

seismuri zemoqmedeba gaTvaliswinebulia makompensirebeli 

unari, rogorc 100mm-is damatebiTi gadaxra milgayvanilobis 100 

m-ze. kompensatorebi winaswar gaiWimeba mocemul sidideze 

(milgayvanilobis savaraudo dagrZeleba Tburi zemoqmedebisagan) 

kompensatorebamde da Semdgom magrdeba mimmarTveli sayrdenebi.  
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navTobisa da mazuTis  Casxmis marSruti Semdegia: 

navTobproduqti rezervuaruli parkidan moedineba ori Semsrutavi 

parkidan moedineba ori Semsrutavi xaziT Dy 600 (yovel xazze 

2000 sT) rezervuaruli parkis marTvis kvanZamde da Semdgom 

Semsrutavi milgayvanilobebiT Dy 1000 satumb sadguramde. 

yoveli Semsrutveli mili Dy 1000 saSualebas iZleva gatardes 

blanti navTobproduqti mwarmoeblobiT 4000-mde m3/sT, 

mciredblanti (navTobi) 8000-mde m3/sT. mazuTis milgayvanilobis 

winaswari daSlis da ornakadiani xaziT Dy 10000 mm navmisadgomze 

navTobis gadatumbvis (navmisadgomi -1-8000; navmisadgomi 2-40000 

m3/sT) pirobisas navTobs maqsimaluri mwarmoebloba – 12000 m3/sT 

(2-3 Semsrutveli milgayvaniloba Dy 1000 da 3 tumbo 40000 m3/sT). 

amasTan navTobis aRnusxva xdeba rezervuarebis jgufebze, 

amoqmedebul gansazRvrul tankerebze. 

navTobis milgayvanilobis winaswari daclis da ornakadiani   

xaziT Dy 1000 mm navmisadgomze mazuTis gadatumbvis pirobisas 

mazuTis gadatumbvis maqsimaluri mwarmoebluroba – 8000 m3/sT. 

rezervuaruli parkis wyvilad Semosartyeli saSualebas 

iZleva erTdroulad Catardes navTobis sxvadasxva procesebis 

miReba da gadatumbva parkSi nebismier rezervuarSi da nebismier 

rezervuaridan. 

tankerebSi dizsawvavis Casxma xorcieldeba `Ria~ tipis 

satumbi sadguris poz. 20 meSveobiT. dizsawvavis CasxxmisaTvis 

iyeneben LNN H11-12 tipis 2 satvirTo tumbos, TiToeulis 

mwarmoebluroba 2000 m3/sT. 

saTadarigo tumbo H13 gamoiyeneba rogorc dizsawvavis 

CasxmisaTvis tankerSi, ise estakadidan dizsawvavis (Sigaparkuli 

gadatumbvebis ganxorcielebis SesaZleblobiT). 

dizsawvavis gadatumbvis satvirTo centridanuli tumboebis 

torsuli gamkvrivebebis gacieba xorcieldeba gadasatumbi siTxiT. 

centraluri tumboebis nakaduri maxasiaTeblebis regulireba 

xorcieldeba tumbos sabrunze damagrebuli diskuri sabrunebeli 

CamketebiT). 
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rezervuarul parkebSi teqnologiuri milgayvanilobis 

daxra gaTvaliswinebulia Semozvinvisagan milgayvanilobis 

daclis SesaZleblobebiT gaTvaliswinebuli sferuli onkanebis 

Dy-50 gavliT, romlebic mowyobilia milgayvanilobis boloebze 

milidan milSi navTobproduqtis gadatumbviT ACBH 50A (an U180-

2,1) tipis gadasatani tumboTi. 

milgayvanilobebze rezervuarebis ZiriTadi sakvalTebis 

Semdgom amagreben or-or universalur kompensators sayrdenebiT 

zambarovani sakidebis moxmarebamde da Semdgom, kompensatorebi 

uzrunvelyofen temperaturul, seismur gadaadgilebebs, aseve 

rezervuaris jdenisgan gamowveul Zvrebs. 

mazuTis yoveli milgayvaniloba, mazuTis sakvalTebi 

Tbilizolirebulia da Cawyobilia TboTanamgzavrebiT navTobis 

milgayvanilobac agreTve Tboizolirebilia. 

 

1.2. terminalis avariis riskis xarisxis Sefaseba, usafrTxo 

eqspluataciis analizi 

 

navTobis da navTobproduqtebis terminali gadatumbvis 

sazRvao Semadgenlobis da masSi nivTierebis mimoqcevis 

raodenobis mixedviT miekuTvneba potenciurad saSiS obieqtebs. 

metad saSiSs obieqtis SemadgenlobaSi warmoadgens 

rezervuari PBC-20000 (bloki 1-8) navTobiT. 

ГОСТ 12.1.010-76-is Sesabamisad sawarmoo procesebi ise unda 

SemuSavdes, rom afeTqebis gaCenis albaToba nebismieri wlis 

ganmavlobaSi ar aWarbebdes 10-6. 

sawarmoo procesebi unda SemuSavdes ise, rom adamianebze 

afeTqebis saSiSi faqtorebis zemoqmedebis albaToba ar 

aWarbebdes 10-6. 

navTobis da navTobproduqtebis gadasaqaCi sazRvao terminali 

ganekuTvneba saSiSi sawarmoebis kategorias, radganac iq inaxeba 

da transportirdeba nivTierebebi-siTxeebi, romlebic 
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TviTaalebadi unarisaa, agreTve iwvis cecxlis wyarodan da 

iwvis damoukideblad misi mocilebis Semdegac. 

riskis dazRvevis da saSiSi samrewvelo obieqtebis 

saxelmwifo reestrSi obieqtis registraciis mizniT warmoebulia 

saSiSi warmoebebis identifikacia. 

saSiSi warmoebebis identifikacia xorcieldeba `saSiSi 

sawarmoo obieqtebis identifikaciis meToduri rekomendaciebi~-s 

Sesabamisad PD03-260-99-ГГЕН. 

saSiSroebis kategoriis gansazRvra damokidebulia: 

 potenciurad saSiSi nivTierebebis zRvruli raodenobis 

sidideze; 

 sawarmoze moqmedi potenciurad saSiSi nivTierebebis 

raodenobaze. 

 

1.3. ufro xSirad momxdari avariebi 

 

25 wliani periodis ganmavlobaSi 1970-94 ww. yofil ssrk-s 

teritoriaze rezervuarul parkebSi xanZrebis statistikuri 

monacemebidan. dadgenilia, rom xanZris ZiriTadi wyaro esaa 

cecxlovani da saremonto samuSaoebi (23.8%), 

eleqtromowyobilobebis naperwklebi (14.4%), atmosferul 

eleqtroobis gamovlineba (9.0%), statistikuri eleqtroobis 

ganmuxtva (9.5%). xanZrebis mesamedi moxda piroforuli narCenebis 

TviTaalebiT, cecxlTan gaufrTxilebeli moqceviT, cecxlis 

wakidebiT. 

moyvanili monacemebis mixedviT SesaZlebelia Catardes 

navTobproduqtebis Semnaxvel obieqtebze (gazebze) saSiSi da 

saziano faqtorebis identifikacia. SesaZlebelia gamoiyos 

Semdegi saSiSroebebi: afeTqeba (a), xanZari (x), personalis 

mowamvla (m) toqsikuri nivTierebebiT garemomcveli bunebrivi 

aris (gba) dabinZureba (d). yvela es arasasurveli SemTxveva 

SeiZleba moxdes obieqtebze reglamentirebuli teqnologiuri 

samuSaoebis darRvevis da instruqciidan gadaxris SemTxvevaSi. 
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SeiZleba safuZvlad vivaraudoT, rom miTiTebuli saSiSroebebi 

SeiZleba gamomJRavndes erTdroulad anu afeTqebas Tanaxldeba 

xanZari, personalis mowamvla da gba-is dabinZureba. Tavis mxiv 

xanZarma SeiZleba migviyvanos afeTqebasTan da personalze da 

gba-ze Semdgom zemoqmedebasTan. 

saSiSi samrewvelo obieqtebis riskis analizisas daSvebulia 

gansxvavebuli meTodebis gamoyeneba, maT Soris eqspertuli 

procesebi. ukanasknels safuZvlad udevs subieqturi Sefasebebi, 

romlebic eyrdnobian cnobil eqspert-informacias. 

apriorul informaciebTan muSaoba warmoadgens albaTobiT 

operaciebis gansakuTrebul saxesxvaobas, sadac gaerTianebulia 

subieqturi (personaluri) albaToba. 

araxelsayreli SemTxvevebis dadgomis albaTobis 

gansazRvrisaTvis, magaliTad afeTqebisas, unda vicodeT sawyisi 

SemTxvevebis albaToba-orTqlovani narevebis warmoqmna da 

aalebis wyaros gaCena. 

xanZris gaCenis da gavrcelebis statistika mocemulia 1.1 

cxrilSi. 

cxrili 1.1 

xaZris gaCenis da gavrcelebis statistika 

xanZris dasaxeleba 

x
an
Zr

is
 

r
ao

d
en
o
b
a xanZrebis 

saerTo 

raodenobidan 

% d
aR

u
pu

l
i 

x
al

x
is

 

r
ao

d
en
o
b
a 

daRupuli 

xalxis 

saerTo rao-

denobidan 

procenti 

xanZris gaCena mowyobilo-

bebidan 

2 3,10 0 0 

mowyobilobis gaumarTaoba 58 25,66 6 31,58 

mew.d.    15,79 

eleqtroaRWurviloba 0 0 0 0 

Tbogenetirebuli  

mowyobilobebis 

25 11,06 0 0 

eleqtroSemduRebeli  

samuSaoebis suwd 

1 0,44 0 0 
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afeTqebebi 6 2,65 0 0 

nivT. masalebis  

TviTaaleba 

    

cecxlTan gaufrTxilebe-

li moqceva 

86 38,05 9 47,37 

elva 1 0,44 9 0 

daudgeneli 7 3,01 1 5,26 

sxva 8 7,96 0 0 

 

SeniSvna: mewd-mowyobilobebis da eqspluataciis wesebis darRveva; 

sund-saxanZro usafrTxoebis wesebis darRveva. 

ufro mniSvnelovania aalebis wyaros analizi. Tavisi 

wvlili Seaqvs denis gayvanilobis sistemis gadaxurebas 

naperwklebs, mexis dacemas da xaxuns. 

mniSvnelovani wili SesaZlo avariebSi Seaqvs personalis 

Secdomebs. 

gamokvlevebis Tanaxmad personalis Secdomebis mizezi 

SeiZleba iyos dabneuloba, CveviTi asociaciebi, modunebuli 

sifxizle, funqcionalur-izolirebuli moqmedebebis gamotoveba, 

alternatiuli arqivis Secdomebi, gverdiTi faqtebis da 

aracxadi pirobebis araadekvaturi gaTvaliswineba, sivrcobrivi 

orientacia. mocemul SemTxvevaSi avariis aRkveTisaTvis 

mniSvnelovan saSualebas warmoadgens dargobrivi wesebis, 

normebis da instruqciebis zusti dacva da momuSaveebis 

profesionaluri arCeva, unda aRiniSnos, rom avariebis didi 

procenti dakavSirebuli personalis SecdomebTan yofil ssrk 

navTobbazebze dakavSirebuli imasTan, rom sawarmoebis 

umetesobaSi teqnologiuri procesebis kontroli da marTva 

xorcieldeba xeliT. riskis adamianuri faqtoris Semcireba 

SesaZlebelia sawarmoebis kontrolis eleqtronuli 

saSualebebis bazaze marTvis avtomaturi sistemebis da 

gamoTvliTi teqnikis gamoyenebiT avtomatikis gamoyenebaSi. 
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1.4. damazianebeli faqtorebis savaraudo zonebis 

zomebis monacemebi 

 

avariis gaCenis da ganviTarebis savaraudo scenari. blokebis 

energetikuli maCveneblebis angariSi Sesrulebulia `feTqebad-

xanZarSi qimiuri, navTobqimiuri da navTobgadamamuSavebeli 

feTqebadusafTxoebis saerTo wesebi~. 

ПБ 09-170-97 Sesabamisad Catarebulia teqnologiuri 

blokebis energetikuli Sefaseba. amisaTvis Sesrulebulia 

Semdegi: 

 aorTqlebuli raodenobis Sefaseba; 

 gazhermetizaciisas rezervuarebSi da navTobis daRvris 

zedapiris afeTqebisas feTqebadsaSiSi blokis energopoten-

cialebi; 

 afeTqebis dartymiT talRis moqmedebis zonis gansazRvruli 

radiusi. 

 cxril 1.2-Si moyvanilia sxvadasxva nagebobebis rRvevis 

maxasiaTeblebi dartymiTi talRis wnevis sidideze 

damokidebulebiT.  sawarmos nagebobaze dartymiTi talRis 

zemoqmedebis Sefaseba moyvanilia 1.3 cxrilSi. 

Qcxrili 1.2 

rRvevis zonebis daxasiaTeba 

zona rRvevis xasiaTi 

dartymiTi 

talRis 

wneva (kpa) 

1 mTeli Senobebis Zlieri dazianeba >100 

2 
Senobis saSualo dazianeba masiuri  

CamoqceviT 
70 

3 sawarmos Senobebis saSualo dazianeba 28 

4 qarxnuli milebis msubuqi dazianeba  14 

5 Seminvis da wilobrivi rRveva <2 
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cxrili 1.3 

sawarmos nagebobaze dartymiT talRis zemoqmedebis  

Sefaseba 

obieqti 

rRvevis xarisxis Sesabamisi 

wneva Р 

sruli Zlieri saSualo susti 

1 2 3 4 5 

sacxovrebeli da samrewvelo nagebobebi 

aguris mravalsarTuliani 30...40 20...30 10...20 8...10 

aguris mciresarTuliani  35...46 25...35 15...25 8...15 

xis 20...30 12...20 8...12 6...8 

sawarmoo Senobebi mZime  

liTonuri da rkinabetonis  

karkasiT 

60...10 50...60 40...50 20...40 

samrewvelo Senobebi ukarkaso 

konstruqciiT da msubuqi 

liTonuri karkasiT 

60...80 40...50 30...40 20...30 

saqalaqo komunaluri 

meurneobis, energetikis, 

kavSiris  

nagebobebi da qseli 

    

Tboeleqtrosadgurebi 10...15 15...W 20...25 25...40 

aguris Senobebis saqvabeebi, 

maregulirebeli sadgurebi 
10...15 15...25 25...35 35...45 

komunaluri meurneobis miwis-

qveSa qseli 
1500 1000...1500 600...1000 400...600 

miwiszeda milgayvaniloba 20 50 120 _ 

milgayvaniloba estakadebze 20...30 30...40 40...50 _ 

komunaluri meurneobis  

sakalTeebis qseli 
1500 1000 300 200 

transformatoruli 

qvesadgurebi 
100 40...60 20...40 10...20 

wyaldamwnevi koSkebi 70 40...60 20...40 10...20 

antenuri mowyobilobebi 10...20 20...30 30...40 >40 

eleqtrogadamwodebis  120...200 70...120 50...70 20...40 
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maRalvoltiani xazebi 

kabeluri miwisqveSa xazebi  1500 1000...1500 800...1000 800-mde 

transportis nageboba     

asfalturi da betonuri  

dafarvebis gzebi 
4000 3000 1500 300 

liTonisa da rkinabetonis 

xidebi 50 md-bijiT  
250...300 200...250 150...200 100...500 

aeroportis asafren-dasafreni 

zolebi 
4000 3000 1500 400 

sarkinigzo xazebi 400 250 175 125 

eleqtroficirebuli rkinigzis 

Zaluri xazebi 
120 100 60 40 

transporti gadasaadgilebeli 

teqnika, sacavi 
    

50 t-mde masiT Tbomavali 90 70 50 40 

xis sabargo vagonebi 40 35 30 15 

cisternebi navTobproduqtebis 

da airebis rkinigziT gadazid-

visaTvis 

80 70 50 30 

mTlianliTonuri gadaxuruli 

vagonebi  
150 90 60 35 

gzis samSeneblo manqanebi 300 200 125 80 

saxanZro manqanebi 70 50 35 10 

foladis miwiszeda rezervua-

rebi tevadebi 
90 80 55 35 

airholderebi da sacavebi ГСМ 

qimiuri nivTierebebi 
40 35 24 20 

navTobproduqtebis Sesanaxi 

nawilobriv miwaSi Casmuli 

rezervuarebi 

100 75 40 20 

miwisqveSa rezervuarebi 900 150 75 40 

 

 

afeTqebisas nagebobebis rRvevis xarisxis Sefaseba 

moyvanilia cxril 1.4-Si. 
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cxrili 1.4 

afeTqebisas nagebobebis rRvevis xarisxis Sefaseba 

dartymiTi 

talRis 

saangariSo 

wneva 

zonaSi Semavali nagebobebis nusxa 

bloki 1-8 bloki 13-14 bloki 15-15 

>100 avariuli bloki avariuli bloki avariuli bloki 

70 
rezervuli sivrce 

SemozvinviT 

estakadebi da 

nagebobebi 

teqnologiuri 

milgayvaniloba 

28 Semzvinvis gzebi 
estakadebi da 

nagebobebi 

teqnologiuri 

milgayvaniloba 

14 

satumbo rezerv. 

wylisaTvis kanali-

zaciuri nagebobebi 

rezervuarebi 

navTobiT, mazuTiT 

Satumbebi estakadebi 

2 

administraciuli 

da damxmare  

Senobebi 

gzebi gzebi 

 

angariSis pirobebis mixedviT rRvevis zonaSi ar Sedis 

administraciuli da sacxovrebeli Senobebi, administraciuli 

Senobebi Sesrulebulia liTonuri karkasiT da SeuZliaT 

gauZlon 20-30 atm wnevas. 

 

1.5 adamianze saSiSi faqtorebis zemoqmedebis 

albaTobis Sefaseba 

 

adamianze xanZris saSiSi faqtorebis zemoqmedebis albaToba 

dgindeba ГОСТ 12.1.004-91 da ГОСТ 12.1.010-76-is Tanaxmad ara umetes 

10-6-isa. 

mocemuli obieqtisaTvis adamianze xanZris (afeTqebis) 

zemoqmedebis albaToba Sefasebulia gamomdinare: 

 feTqebadsaxanZro SemTxvevis albaTobidan; 
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 aalebis wyaros gaCenis albaTobidan; 

 kargi amindis pirobebSi wvadi narevis warmoqmnis albaTobidan; 

 obieqtis ubanze adamianis arsebobis albaTobidan. 

ubanze adamianis yofnis albaToba ganisazRvreba 

eqsponenturi ganawilebis donis mixedviT, imis gaTvaliswinebiT, 

rom sawarmos aqvs sawarmoo procesebis avtomatizaciis maRali 

xarisxi da adamianTa raodenoba feTqebadsaSiS danadgarze ara 

umetes 3-5 adamians Seadgens. 

adamianze xanZris saSiSi faqtorebis zemoqmedebis 

albaTobis angariSis Sedegebi moyvanilia cxril 1.5-Si. 

cxrili 1.5 

adamianze xanZris saSiS faqtorebis zemoqmedebis 

albaTobis angariSis Sedegebi 

blokis 

sazRvrebi da 

ganhermetizirebis 

adgilebis 

variantebi  

xanZris gaCenis 

albaToba 

adamianebis 

yofnis 

albaToba 

adamianze sxv. 

zemoqmedebis 

albaToba 

rezervuari PBC 

20000 navTobiT 

0,1110-6 0,91 0,1110-6 

 

 

1.6. milsadenebis da navTobproduqtebis rezervuarebis 

usafrTxo eqspluataciisas  warmoSobili problemebi 

da amocanebi (literaturuli mimoxilva) 

 

feTqebadsaSiSi da momwamvleli Txevadi produqtebis 

Sesanaxi da gadasazidi sxvadasxva WurWlebis daproeqtebisas da 

maTi gamoyenebisas garkveul geologiur da klimatur pirobebSi 

igulisxmeba, rom moqmedi normatiuli moTxovnebis sistemis 

srulad Sesruleba uzrunvelyofs sacavebis eqspluataciis 

usafrTxoebas. 
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Tumca gamocdileba gviCvenebs, rom xSirad warmatebuli 

saproeqto gadawyvetilebebis realizacisas montaJis dros 

daSvebuli umniSvnelo Secdomebi, agreTve gadaxrebi 

eqspluataciis saangariSo reJimebidan iwveven saavario 

situaciebs mZime SedegebiT.  

avariis mizezebi SeiZleba agreTve dakavSirebuli iyos 

daproeqtebasTan, roca obieqtis simtkice mcirdeba kritikul 

donemde damproeqteblis mcdelobisas miaRwios yvelaze 

ekonomiur (optimalur) sakonstruqtoro gadawyvetebi 

gaangariSebis dazustebuli meTodebis    safuZvelze, romlebic 

uSveben "usafrTxo" lokalur narCen deformaciebs. es 

dakavSirebulia imasTan, rom dazianebebis da rRvevebis erT-erT 

ZiriTad mizezs warmoadgens maTi bzarebis magvari defeqtebi, 

radgan nominaluri simtkice ganisazRvreba defeqtebis zomebiT, 

romelTa dadgena sakmaod rTulia. aRniSnulma garemoebebma 

gamoiwvia kontrolis efeqturi sistemebis ¬ damuSaveba da 

praqtikaSi danergva. 

konstruqciebis da nagebobebis rRvevis problemas eZRvneba 

Sromebis didi raodenoba da gamokvlevebi am sferoSi grZeldeba. 

yvelaze mniSvnelovani Sedegebi warmodgenilia [17, 20, 35, 70, 

72...76, 85...90] SromebSi. qimiur, navTobgadamamuSavebel da 

momijnave mrewvelobis dargebSi gamoyenebuli wnevis qveS 

momuSave rezervuarebis, gazholderebis, WurWlebis, aparatebis 

da milsadenebis proeqtireba, damzadeba, montaJi da 

eqspluatacia regulirdeba saxelmwifo da dargobrivi 

standartebis sistemebiT, samSeneblo normebiT da usafrTxoebis 

wesebiT. samrewvelo obieqtze avariebis warmoqmnis safrTxeebis 

da riskebis analizis mizniT gamoyenebisas rekomendirebulia 

normatiuli da meToduri masalebis rigi [32, 37....52].¬ 

aSS-Si navTobprodiqtebis terminalebis eqspluataciis 

usafrTxoebis sakiTxebi gansazRvrulia saxelmwifo, saStato da 

dargobriv normatiul dokumentebSi. aRniSnuli problematikis 

erT-erT ZiriTad dokuments warmoadgens amerikuli navTobis 
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institutis standarti (API Standard 650. Eighth Edition, November 1988. 

Welded Steel Tanks for Oil Storage – navTobproduqtebis Sesanaxi 

SeduRebuli foladis avzebi). rigi standartebi aregulireben 

aalebadobis, xanZris da sxva saavario situaciebis Tavidan 

acilebis da likvidaciis RonisZiebebs. 

 

milsadenebis eqspluataciis usafrTxoeba 

 

milsadenebis usafrTxo eqspluataciis sakiTxebi 

ganxilulia farTo literaturaSi da asaxulia rig normatiul 

dokumentebSi. foladis milsadenebis simtkiceze gaangariSebis 

meTodebi dadgenilia СНиП 2.04.12-86-Si¬ [31] da ganixileba 

cnobarSi [24], sadac aseve moyvanilia milsadenebis 

konstruirebis sakiTxebi. milebis daTvalierebis da gamocdebis 

wesebi reglamentirebulia СНиП 3.06.07-86¬mier. Tburi 

eleqtrosadgurebis da birTvuli energetikuli danadgarebis 

milsadenebis gaangariSebis meTodebi  moyvanilia [11, 18, 19] 

naSromebSi. cxeli, toqsikuri da Txevadi airebis milsadenebis 

mowyobis da usafrTxo eqspluataciis wesebi reglamentirebulia 

СПУГ-69 mier [22]; magistraluri milsadenebis - СНиП 2.05.06-85* 

mier [29], qalaqebisa da sxva dasaxlebuli punqtebis teritoriaze 

gamavali navTobproduqtebis milsadenebisaTvis - СНиП 2.05.13-90 

[30], da orTqlisa da cxeli wylis milsadenebisaTvis 

ganxilulia  [23] naSromSi. 

miwisZvrebisas wyalmomaragebis da kanalizaciis 

sistemebisaTvis miwisqveSa milgayvanilobis SesaZlebeli 

dazianebebis analizi Catarebulia okamotos mier [96], xolo 

gruntSi CaRrmavebuli sxvadasxva konstruqciebis milebisaTvis 

statikuri da afeTqebis datvirTebis zemoqmedebisas – f. 

balsonis mier [95]. wnevis qveS momuSave milsadenebis myife 

rRvevis gaangariSebis praqtikuli magaliTebi da eqsperimentuli 

monacemebi mocemulia [16, 71, 78] naSromebSi.  
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bunebrivi airebiT Warbi wneviT 1.2 mpa-mde,  gaTxevadebuli 

naxSirwyalbadovani airebiT  Warbi wneviT 1.6 mpa-mde, romlebic  

gamoiyenebian rogorc sawvavi, momaragebis sistemebis 

daproeqtebisadmi, mSeneblobisadmi da eqspluataciisadmi 

wayenebuli moTxovnebi dadgenilia "airmeurneobis usafrTxoebis 

weseb"-Si gazis seqtorSi [21], rac vrceldeba qalaqebis, dabebis 

da sasoflo dasaxlebebis,  samrewvelo, soflis meurneobis da 

sxva sawarmoebze, agreTve yvela daniSnulebis Senobebis Sida 

milgayvanilobaze da air-mowyobilobebze.  

miwisqveSa liTonis milsadenebisaTvis gamosadegobis vada 

damokidebulia maTi koroziisagan dacvis xarisxze. yvelaze 

saSiSs warmoadgens moxetiale denebisagan gamowveuli korozia. 

gazsadenebis koroziisagan dacva xorcieldeba kompleqsuri-

saizolacio dafarvebiT da eleqtroqimiuri dacvis 

saSualebebiT. airsadenebis da  eleqtroqimiuri dacvis 

saSualebebis daproeqtebisas, mSeneblobisas da eqspluataciisas 

milsadenebis trasaze xorcieldeba sakontrolo-gazomviTi 

samuSaorbis kompleqsi: niadagis koroziuli aqtivobis 

SefasebisaTvis (kuTri eleqtruli winaRobis mixedviT) da 

moxetiale denebis wyaroebis dadgenisaTvis, dafarvis 

uwyvetobis SefasebisaTvis milis gruntSi Calagebamde da 

defeqtebis gamovlenisaTvis izolaciaSi gruntSi Calagebis 

Semdeg milsadenis gardamavali winaRobis gazomviT kaToduri 

polarizaciis meTodiT. 

bolo dros moZvelebuli niadagSi CaRrmavebuli liTonis, 

milsadenebis modernizaciisa da aRdgenisaTvis, romlebic 

eqspluataciisas warmoadgenen gazrdil (koroziul) safrTxes, 

iyeneben polieTilenis milsadenebs, romlebic gaiyvaneba 

gamowelvis  meTodiT liTonis milebis SigniT. amgvari meTodiT 

ganxorcielda miwisqveSa foladis gazsadenebis rekonstruqcia q. 

moskovSi. “random sopolimer”-is polipropilenisagan 

damzadebuli milsadenebis daproeqtebis da montaJis wesebi 

moyvanilia СП 40-101-96-Si.  
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daniSvnulebis mixedviT milsadenebi daiyofa satransporto 

da teqnologiurebze. teqnologiuri milsadenebis ZiriTad 

daniSnulebas warmoadgens Txevadi da airisebri produqtebis 

transportireba samrewvelo danadgarebis sistemaSi. 

teqnologiuri milsadenebi gamomdinare maTi ganlagebisa 

aparatis an agregatis mimarT, warmoadgenen Siga an gare  

milsadenebs. Sida teqnologiuri milsadenebi erTmaneTTan 

aerTeben aparatis elementebs, xolo gare aerTeben aparatebisa 

da agregatebis sistemas erTian teqnologiur kompleqsSi. 

navTobqomiur mrewvelobaSi teqnologiuri milsadenebis 

Rirebuleba aRwevs mTliani aRWurvilobis Rirebulebis 25%-s 

[27]. 

sawarmoebSi, sadac arsebobs wnevis qveS myofi avzebi 

xanZarsaSiSi produqtebiT, seriozuli avariebi xSirad iqmnebian 

milsadenebis, armaturis da satumbi aRWurvilobis dazianebis 

gamo, romlebzec uwesivrobebi ufro xSirad warmoiqmneba vidre 

TviT WurWlebze. damaxasiaTebel magaliTs warmoadgens 

milsadenis dazianebiT gamowveuli katastrofa mZime SedegebiT 

mexikos gareubanSi 1984 wlis 19 noembers [16]. avaria warmoiqmna 

Txevadi navTobairis sacavSi Tanamedrove sawarmoSi amerikis 

navTobis institutis standartis moTxovnebis Sesabamisad, da 

ZiriTadad amerikis SeerTebul StatebSi damzadebuli 

aRWurvilobiT. sacavSi inaxeboda 14 aTasi m3 Txevadi navTobairi 

(75% sacavis saerTo moculobisagan), romelic Sedgeba 80% 

butani da 20% propanisagan saerTo woniT 6.5 aTasi tona. 

sacavTan erT moedanze imyofeboda ori gazis satumbi sadguri 

(TiToeuls qonda 20 sxvadasxva moculobis rezervuari) gazis 

balonebSi dasaWirxnad. avariis ZiriTad mizezs warmoadgens 

Txevadi navTobairis gaJonva erT-erT milsadenSi ¬ diametriT 0.2 

m sacavis rezvuarebSi Txevadi airis miwodebisaTvis. airis 

gaJonvis Sedegad warmoiqmna air-haeris narevis Rrubeli zomebiT 

200×150×2m, romelic aalda afeTqebiT CiraRdnuli 

mowyobilobisagan (romelic iyo ganlagebuli dazianebidan 100 
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metrSi) gaJonvis Semdeg 5-10 wuTSi. teqnologiuri mulsadenis 

bzaris areSi warmoiqmna aalebuli airis Zlieri CiraRdani 

sferuli rezervuaris mimarTulebiT, romelic afeTqda. avariis 

Sedegad warmoiqmna cecxlovani burTula diametriT 300 m-de. 

saaTnaxevris ganmavlobaSi moxda TiTqmis yvela cilindruli 

rezervuarebis rva Zlieri da bevri naklebad Zlieri afeTqebebi, 

xolo air-balonur sadgurSi – airiani balonebis asobiT 

afeTqebebi. afeTqebebs Tan axlda xanZrebi, romlebic gagrZelda 

daaxloebiT oci saaTis ganmavlobaSi. katastrofis Sedegad 

daiRupa sul mcire 500, travmebi miiRo 7230 adamianma, maTgan 144 

gardaicvala saavadmyofoSi. daaxloebiT 200 aTasi adamiani 

darCa usaxlkarod an iqna evakuirebuli. 

samrewvelo milsadenebis konstruqcia da gaangariSeba 

ganixileba sacnobaro gamocemaSi. samrewvelo sawarmoebis 

miwiszeda milsadenebi, romlebic aerTianebs teqnologiur 

ciklis agregatebs da warmoadgens erTian milgayvanilobis 

sistemas, Cveulebriv gamoiyenebian bunebrivi, brZmedis, koqsis da 

sxva airebis, agreTve haeris Warbi wneviT 10... 500kpa, nedleulis, 

naxevarfabrikatebis, mza produqciis, warmoebis narCenebis da a.S. 

transportirebisaTvis temperaturiT 150 - 200°C-mde.  

Cveulebrivad, 100 kpa-mde wnevis qveS momuSave 

milsadenebisaTvis   gamoiyeneba dabal-naxSirbadovani ВСтЗпсб 

markis foladebi ГОСТ 27772-88 mixedviT, xolo 100 kpa meti 

wnevisas - ВСтЗсп5 da ВСтЗГпс5 markis foladebi. metalurgiul 

sawarmoebSi makorozirebel atmosferul garemoSi momuSave 

milsadenebSi gamoiyeneba 10ХНДП markis foladebi. 200°C–mde 

temperaturaze momuSave milsadenebis sistemebisaTvis foladis 

SerCevas awarmoeben СНИП II- 23-81 mixedviT. gazrdili simtkicis 

foladebs (09Г2С, 14Г2, 14Г2Ф, 15Г2АФДпс) iyeneben teqnikur-

ekonomikur  dasabuTebis SemTxvevaSi, Tanac foladis SerCevisas 

200°C maRal temperaturaze momuSave milsadenisaTvis unda iqnes 

miRebuli mxedvelobaSi masalis simtkicis maCveneblebis 

Semcireba masalis gaxurebis gamo. eleqtro SeduRebiT 
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damzadebuli swornakeriani milebis sortamenti 

reglamentirebulia ГОСТ 10704-91-iT, da milebis diapazoni 

Seadgens diametrze 83...426 mm, xolo kedlis sisqeze - 3...9 mm. 

samrewvelo milsadenebis daproeqtebisas saeqspluatacio 

pirobebis gaTvaliswinebiT mxedvelobaSi iReben:  

• makorozirebeli zemoqmedeba rogorc gare, ise Sida garemoSi, 

gansakuTrebiT masSi gogirdis da sxva agresiuli minarevebis 

arsebobisas; 

• airSi Sewonili nawilakebis nakadis abraziuli zemoqmedeba; 

• nagebobaze teqnologiuri da atmosferuli temperaturuli 

reJimebis zemoqmedeba. 

Sida wnevis qveS momuSave grZeli milsadenebis swori 

monakveTebis simtkiceze gaangariSebis meTodebs aqvT bevri 

saerTo arc Tu ise mokle wnevis cilindruli WurWlebis 

gaangariSebasTan. milsadenebis gaangariSebis specifika 

didwilad dakavSirebulia mrudxazovani ubnebis (moRunvebis) 

arsebobasTan, temperaturuli pirobebis zegavleniT, rTuli 

armaturis arsebobiT, muSaobis mZime pirobebiT sxvadasxva 

energetikul danadgarebSi, da a.S. umetes SemTxvevaSi 

milsadenebis simtkiceze gaangariSebas grZiv-ganivi datvirTvis 

zemoqmedebaze  axorcieleben rogorc rgoluri kveTis Rru 

koWisaTvis. 

milsadenebSi gare datvirTvebisagan da temperaturuli 

daZabulobisagan warmoqmnili Zalvebi, agreTve aRWurvilobaze 

gadacemuli Zalvebi unda iyvnen minimaluri, rac miiRweva 

minimaluri sixistis milsadeni sistemis optimaluri ganlagebiT 

da specialuri kompensatoruli rgolebis gamoyenebiT. milsaden 

sistemebs dabali sixistiT (moqnili sistemebi) SeuZlia 

moaxdinos temperaturuli daZabulobis kompensireba moRunvis da 

mobrunebis xarjze sayrdenebis racionaluri ganlagebisas. xist 

sistemebSi gamoiyeneben sxvadasxva tipis kompensatorebs -  

saxsrulebs, grZivad-moZravebs da a.S. milsadenis trasis grZel 

sworxazovan monakveTebs dayofen uZravi sayrdenebiT Lo sigrZis 
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temperaturul blokebze (pirobiTi temperaturuli vardnisaTvis 

At0 = 100°С), rac ganisazRvreba kompensatoris konstruqciiT, 

talRebis raodenobiT da kedlis sisqiT δ. L0 mniSvnelobebi erT 

talRiani kompensatorisaTvis mocemulia cxrilSi 1.6. 

temperaturis vardnisas At blokis sigrZe L ganisazRvreba 

formuliT L = L0-At/At0. 

cxrili 1.6. manZili L0, m, milsadenis sworxazovani monakveTebis 

sayrdenebs Soris erT talRiani kompensatoriT, damokidebuli 

kedlis sisqeze 𝛅 da milis diametrze, mm 

5, mm 630 820 1120 1320 1620 2020 2520 3020 3520 

4 34 32 46 46 44 44 42 40 40 

5 26 26 37 36 35 34 33 32 32 

6 22 21 31 31 29 29 28 27 27 

 

muSa produqtebis nakadebis marTvisaTvis milsadenis 

sistemebSi ¬ gamoiyeneba milgayvanilobis da teqnologiuri 

armatura - saketi, droselis, damcavi mowyobilobebi; 

maregulirebeli armatura, ukuqceviTi moqmedebis armatura 

(produqtis muSa moZraobis uku mimarTulebiT gadaadgilebis 

SesaZleblobis Tavidan acileba), avariuli da gamorTveli 

armatura (avariul ubanTan nakadis avtomaturad gadaketvis an 

gamorTvisaTvis), kondensat-gamomyvani da sxva armatura. 

teqnologiur procesebSi romlebic xorcieldebian maRali 

wnevisa da maRali temperaturis pirobebSi, gamoiyeneba maRali 

wnevis milsadenebi [27]. maRali wnevis milsadenebisadmi 

wayenebuli moTxovnebis maRali done ganisazRvreba aRniSnuli 

faqtorebis garda, milebSi wnevis pulsaciiT, temperaturuli 

reJimebis cvladobiT, vibraciis gazrdili doniT, xSiri 

hidravlikuri dartymebiT da transportirebuli produqtebis 

SesaZlo koroziuli zemoqmedebiT. 

saxelmwifo standartebi adgenen milsadenebis elementebi 

or maxasiaTebels [27]: pirobiTi gavla  da pirobiTi   zewola. 

Dp mm mniSvneloba pirobiTad axasiaTebs Sida diametrs, romelic 
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aucilebeli ar aris emTxveodes namdvil diametrs da romelic 

ganisazRvreba moculobiTi xarjiT V, m3/sT, da nakadis siCqariT 

v, m/s: Dp - [0.785F/(3600v)]1/2. rekomendebuli Semdegi pirobiTi 

gavlis rigi Dp, mm: 10, 15, 20, 25, 40, 50, 65, 80, 100, 125, 150, 200, 250, 

300, 400, 500 da 600.  

pirobiTi wneva – warmoadgens udides Warb wnevas 20°C 

temperaturaze, romlis drosac dasaSvebia teqnologiuri 

milsadenis detalebis xangrZlivi muSaoba mocemuli 

parametrebiT, dasabuTebuli gaangariSebiT simtkiceze SerCeuli 

masalebiTa da 20°C temperaturaze simtkicis maxasiaTeblebiT. 

muSa wneva - warmoadgens udides Warb wnevas, romlis drosac 

uzrunvelyofilia teqnologiuri milsadenis detalebis 

eqspluataciis mocemuli reJimi (cxrili 1.7). 

cxrili 1.7. 

pirobiTi рp da muSa рm maRali wnevis milsadenebi 

foladebisaTvis (ГОСТ 22790-89) 

 

foladi Рp, 

mpa 

wneva рm, mpa, garemos temperaturaze, °С 

 200 300 400 450 510 

20 20 20 15 11,5 7,8 - 

 32 32 24 17,0 11,9 - 

 25 25 19  15   

14ХГС 40 40 36 23  - 

15ГС 50 50 37 29   

 63 63 48 37  - 

ЗОХМА 25  25 22 20. 18 - 

18X3MB 40 40 35 32 30 - 

20X2M 63 63 54 51 47 - 

22X3M 80 80 69 69 62 . 

 32 32 29 26 24 17 

20ХЗМВФ 50 50 46 41 37 29 

 80 80 72 69 60 45 

 100 100 92 82,5 75 58 
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12Х18Н10Т 20 20 18 19 14 11,5 

10X17H13M2T 32 32 28 24 23 17 

08X17H15M3T 40 40 35 30 28 23 

 

teqnologiuri milsadenis detalebis hidravlikur 

gamocdebs atareben 5...70°C temperaturul diapazonSi sacdel 

Warbi wnevis moqmedebaze.  

maRali wnevis milsadenebis eqspluataciis saimedooba da 

usafrTxoeba uzrunvelyofilia gare daTvalierebiT, SerCeviTT 

da generaluri reviziebiT, da agreTve perioduli gamocdebiT 

СПУГ-69 wesebi instruqciebis mixedviT [22]. 
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Tavi 2. avariebis ganviTarebis modelireba da 

defeqtebis gamovlenis meTodebi 

 

2.1. avariis warmoqmnis da ganviTarebis scenarebis 

albaToba 

 

arsebuli terminalebis ganxilvidan Cans, rom usafrTxoebis 

avtomaturi sistema ver iZleva wina avariuli mdgomareobis 

prognozirebas da gansakuTrebuli riskis matarebeli  

mowyobilobebis (rezervuarebis, milsadenebis da satumbo 

sadgurebis) simtkicis Sefasebas da monitorings. 

CavataroT avariuli situaciebis modelireba danadgarebidan 

da sacaveebidan feTqebadsaSiSi produqtebis gafrqvevis dros 

sxvadasxva scenarebis mixedviT, romelic gamoiyeneba riskebis da 

avariebis SesaZlo Sedegebis Sefasebisas. 

modelireba CavataroT yulevis navTobproduqtebis 

terminalis magaliTze. terminalis ganlagebis zogadi sqema 

naCvenebia  nax. 2.1-ze, sadac aRniSnulia sxvadasxva efeqtebis 

zonebi, romlebic dakavSirebulni arian SesaZlo avariebTan 

sawarmoSi. es monacemebi miRebulia avariebis SesaZlo Sedegebis 

yvelaze saxifaTo variantebis gaanalizebis safuZvelze 

navTobisa da gazis warmoebis dargis obieqtebze. nax 2.2-ze 

mocemulia avariis warmoqmnis da ganviTarebis scenaris 

albaToba. 

aqve ganvixiloT navTobisa da gazis Segrovebis, momzadebis 

da transportirebis teqnologiuri kompleqsis blok-sqema, 

romelic mocemulia nax. 2.3-ze. gamomdinare teqnologiur 

procesSi monawile nagebobebis krebulisa da generalur gegmaze 

obieqtebis ganlagebisgan, yvelaze saxifaTo moednad iTvleba 

navTobis momzadebis satumbo sadguri. es ganpirobebulia 

potenciurad saxifaTo nivTierebebis arsebobiT, romlebic 

mniSvnelovnad aRematebian zRvrul mniSvnelobebs. 
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nax. 2.1. terminalis ganlagebis zogadi sqema 
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nax. 2.2. avariis warmoqmnis da ganviTarebis scenaris albaToba 
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nax. 2.3. navTobisa da gazis Segrovebis, momzadebis da transportirebis teqnologiuri  

kompleqsis blok-sqema
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avariebis aRmocenebis da ganviTarebis scenarebis asagebad 

sawarmoo avariebis da katastrofebis prevenciis erT-erT mTavar 

elements warmoadgens maTi prognozireba. maxasiaTeblebi, 

romlebic axasiaTeben saxifaTo da arasasurveli situaciebis 

moaxlobas, umetes SemTxvevaSi, dafiqsirdeba didi xniT adre 

vidre TviT es saxifaTo situaciebi gamovlindeba. Tumca 

gasaTvaliswinebelia, rom navTobisa da gazis terminalebze 

feTqebad da xanZarsaSiSi nivTierebebis arseboba ar gamoricxavs 

avariebis warmoqmnis SesaZleblobas aRWurvilobis uwesrigobis, 

personalis Secdomis bunebrivi xasiaTis zemoqmedebis da a.S. 

gamo. 

mocemuli kompleqsis aRWurvilobis da am moedanze 

ganlagebuli nagebobebis ufro dateluri ganxilvisas 

SesaZlebelia davaskvnaT, rom yvelaze did safrTxes 

warmoadgens satumbo sadguri, rezervuarebis parki, milsadenebi, 

estakadebi da Camosxmis punqtebi. 

navTobis da gazis Segrovebis da transportirebis 

sistemaSi, garda moednis obieqtebisa, eqspluataciaSi imyofeba 

milsadenebi, romelTa sigrZe ramdenime aTas kilometers aRwevs. 

bevri milsadeni Zalian didxans imyofeba eqspluataciaSi da 

ganicdis Sida da gare korozias, ramac SeiZleba gamoiwvios 

saavario situaciebi. avariebs navTobisa da gazis momaragebel 

milsadenebze aqvT gazrdili riskis xarisxi maRali 

saeqspluatacio wnevis gamo, feTqebad da xanZarsaSiSi 

nivTierebebis da personalis qmedebebSi Secdomis gamo. 

sasaqonle navTobis momzadebisas did safrTxes 

warmoadgenen rezervuaruli parkebi navTobis momzadebisa da 

gadatumbvis procesSi. 

moednis obieqtebis damaxasiaTebel Tviseburebas 

warmoadgens personalis mudmivi yofnis aucilebloba. rac 

gamowveulia usafrTxoebis wesebis Sesrulebis saguldagulo 

kontrolis da gazrdili riskis SesaZlo zonebis prognozirebis 

aucileblobiT. 
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Semdgom ganxilulia avariuli situaciebi saproeqto 

moednis yvelaze saxifaTo monakveTebze: satumbo darbazis 

samrewvelo blokSi, navTobis Camosxmis punqtSi, rezervuarebis 

parkSi da milsadenebSi (naxazze 2.4). 

danarCen monakveTebze avariuli situaciebi ar ganxilula, 

radgan SesaZlo avariebis Sedegebi (damazianebeli faqtorebis 

winaswari Sefasebis mixedviT) da SesaZlo riskebi naklebad 

mniSvnelovani iqneba. 

 

scenari #1. navTobis Camosxmis punqti 

 

safrTxeebi Camosxmis estakadis moedanze ganpirobebulia 

Tanamgzavri navTobis, gazis da navTobis orTqlis xanZris 

safrTxiT. saavtomobilo cisternaSi (V=15 m3) navTobis Ria 

Camosxmisas SesaZlebelia afeTqeba statikuri muxtis dagrovebis 

gamo, kerZod, damiwebuli mowyobilobebis arsebobis SemTxvevaSi. 

imitirebulia afeTqeba saavtomobilo cisternidan 12 m3 

navTobis gadmofrqvevis Sedegad,romelic aalebad mdgomareobaSi 

isxmeba teritoriaze. 

navTobis Camosxmis moedani (S=2000 m2) garSemortymulia 

bordiurebis qviT simaRle 0.15 m. daRvrili navTobis farTobi 

Seadgens 1600 m2 (teqnologiuri danadgarebisgan Tavisufali 

farTobi). navTobis fenis sisqe aRwevs 8 mm. ZiriTadad 

damazianebel faqtorebs warmoadgenen sahaero dartymiTi talRa, 

Tburi gamosxiveba da toqsikuri datvirTvebi (mxuTavi gazi). 
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nax. 2.4. avariuli situaciebi saproeqto moednis yvelaze saxifaTo monakveTebze 
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scenari #2. navTobis satumbo sadguri da milsadeni 

 

maRali wnevis qveS myofi mowyobilobis hermetulobis 

darRvevisas xdeba produqtis gaJonva saTavsoSi da misi 

aorTqleba, SesaZlebelia gazrdili wneviT da feTqeba 

xanZarsaSiSi airorTqlhaeris narevebis warmoqmniT. gazis 

Sedroveba saventilacio sistemis mwyobridan gamosvliss 

SesaZloa aRwevdes saTavsos Sida moculobis 5%-s. dagrovili 

gazis narevis mTliani moculobis afeTqeba SesaZlebelia moxdes 

garkveuli drois gasvlis Semdeg SemTxveviTi naperwkalis 

moqmedebiT. aseve SesaZlebelia aaleba afeTqebis Smdeg 

mowyobilobebis dazianebis gamo. am SemTxvevaSi, mTavar 

damazianebel faqtorebs warmoadgenen dartymiTi talRa, Tburi 

gamosxiveba da toqsikuri datvirTvebi. 

 

scenari #3. rezervuari 

 

rezervuarSi PBC-300 (h=15 m) imyofeba navTobis fena 

simaRliT 12.5 m-mde. danarCen moculobaSi imyofeba navTobis 

orTqli h=3.5 m-mde. xanZari SesaZlebelia warmoiqmnas 

produqtebis gadmoRvriT an rezervuaris, sarqvelebis, miltuCa 

SeerTebis hermetizaciis darRvevis gamo, rezervuaris rRvevis da 

a.S. afeTqebis warmoqmna savaraudoa rRvevis adgilebSi. 

ganxilulia avariuli situacia naperwklis SemTxvevaSi 

moxvedriT afeTqebis gamo (elva an eleqtroobis ganmuxtva, Ria 

ali sacecxle samuSaoebis Catarebisas da a.S.) navTobis fenis 

Semdgomi aalebiT. ZiriTad damazianebel faqtorebs warmoadgenen 

dartymiTi talRa, Tburi gamosxiveba navTobis fenis aalebis 

gamo da toqsikuri datvirTvebi (mxuTavi gazi). 
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analizis Sedegebi 

 

modelirebisas gaTvaliswinebulia, rom moedanze 

ganlagebuli aRWurviloba “mibmulia” geometriul 

koordinatebSi realur reliefze. 

 

scenari 1. GVSF programiT modelirebis Sedegebi gviCvenebs,rom 

Warbi wnevebis Semdeg maTi dakvantvis doneebis 

skaliT,  afeTqebis personalze meqanikuri da Tburi 

zegavlenis Sedegad,  dazianebuli faqtorebis 

ganawileba da maTi moqmedeba radiusze, avariuli 

afeTqebis parametrebi detonaciuri da 

deflagraciuli scenarebiT da alis burTis 

parametrebis analiziT, naTelia, rom saavtomobilo 

cisternis avariuli afeTqebis SemTxvevaSi navTobis 

Camosxmis punqtze mniSvnelovani materialuri zarali 

ar iqneba, magram 5 m-is manZilze myofi adamianebi 

miiReben pirveli xarisxis damwvrobas da saxva 

dazianebebs. 

 

scenari 2. afeTqebisas satumbo darbazSi  P=10+50kpa Warbi 

wnevisas mivyavarT satumbo sadguris Senobis Zlier 

dazianebebTan. sxva obieqtebi mniSvnelovnad ar 

daziandebian, radgan imyofebian zonaSi 5-dan 10 kpa-

mde mosalodneli wnevis qveS. naxazze 25. naCvenebia 

teritoriaze personalis dazianebis sxvadasxva 

albaTobis zonebi. personalis satumbo sadgurSi 

yofnisas adamianTa daRupvis albaToba W=0.9...0.99. 17-18 

m. daSorebiT adamianTa daRupvis albaToba satumbo 

sadgurSi afeTqebisas Seadgens W=10-2. 

PROPAN programiT samSeneblo konstruqciebis 

gaangariSebisas satumbo sadgurSi afeTqebis 

SemTxvevaSi Riobebis nulovani koeficientiT obieqti 
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miiRebs rkinabetonis da foladis Zlier dazianebebs 

panelebis da gadaxurvebis ngreviT. 

programa iZleva rekomendacias adamianTa 

usafrTxoebis uzrunvelsayofad moewyos Riobebi 105 

m2 farTobiT, rac Seesabameba Riobebis koeficients 

K=0.14.  

 

scenari 3.  erT-erTi rezervuaris afeTqebisas Sesabamisi 

meTodikis Sesabamisad saSiSi nivTierebebis 

raodenobad miRebulia 100 kg gazi, Tanac afeTqeba 

Semoifargleba erTi rezervuariT. 

 

GVSF programiT gaangariSebisas saSiSi nivTierebebis 

raodenoba gadaTvliT gazrdilia 500 kg gazamde. gaangariSebis 

Sedegebidan naTelia, rom gazis aseTi raodenoba iwvevs 

“dominos” efeqts da iwvevs mimdebare rezervuaris afeTqebas (nax. 

2.6), es mniSvnelovnad zrdis damazianebeli faqtorebis efeqturi 

farTobis zonas, rasac mivyavarT moedanze mniSvnelovan 

rRvevamde da adamianTa daRupvis albaTobis gazrdamde. 

Catarebuli analizi gviCvenebs, rom riskis gamoTvlisas 

gamoyenebuli programebi iZlevian SesaZleblobas mniSvnelovnad 

davaCqaroT gaangariSebis Sesruleba da samrewvelo 

usafrTxoebis deklaraciis ganmartebiTi baraTebis Sedgena 

sizustis sakmaod maRali xarisxiT. mocemuli programebiT 

SesaZlebelia davamuSaoT programuli avariebis da 

katastrofebis mravali scenari, romelic SesaZlebelia 

warmoiqmnas saxifaTo sawarmoo obieqtebis eqsploataciisas. 

magram es meTodi ver uzrunvelyofs avariebis da katastrofebis 

prognozirebas. 
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nax. 2.5. teritoriaze personalis dazianebis sxvadasxva albaTobis zonebi 
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nax. 2.6. avariis Sedegad gamowveuli afeTqebis scenari 

 

 



58 

2.2. milsadenebSi da rezervuarebSi defeqtebis 

gamovlenis meTodebi   

 

masalis sawyisi defeqturoba konstruqciebSi 

dakavSirebulia kristaluri gisosis mikrostruqturis 

araerTgvarovnebasTan, anu wertilovani, xazuri, zedapiruli da 

moculobiTi defeqtiT. konstruqciis datvirTvisas xdeba misi 

deformireba, da datvirTvis zrdasTan erTad drekadi 

deformaciebis Semdeg warmoiqmneba plastikuri deformaciebi. 

struqturis araerTgvarovnebis gamo datvirTvisas Zabvebis veli 

agreTve araerTgvarovania, da defeqtis siaxloves warmoiqmneba 

Zabvebis koncentracia. PliTonebis plastikuroba, ZiriTadad 

ukavSirdeba wrfivi defeqtebis (dislociebis) moZraobas da 

gamravlebas, masalis anizotropiis gamovlenas, uwyvetobis 

darRveviT dislokaciis gverdiT, forebis da bzarebis 

formirebiT [20, 63, 64]. 

erT-erT ZiriTad parametrs, romelic gansazRvravs 

liTonkonstruqciebis mzid Tvisebebs, warmoadgens foladis 

bzarmedegoba statikuri, cikluri da dinamikur datvirTvebis 

qveS. bzarebi rezervuarebis da WurWlebis liTonkonstruqciaSi 

SesaZloa, warmoiSvan da ganviTardnen, transportirebis, 

montaJisa da eqspluataciis stadiebze, romelic didad aris 

damokidebuli mTel rig faqtorebze (liTonis defeqturoba, 

eqspluataciis temperatura, daZabuli mdgomareobis saxeoba, 

Sesanaxi produqtis qimiuri agresiuloba, narCeni Zabvebi da a.S.).  

daRlilobiTi defeqtebis aRmoCenis da daRlilobiTi 

rRvevis momentis prognozirebis sirTule dakavSirebulia 

imasTan, rom bzarebi izrdebian mniSvnelovani plastikuri 

deformaciebis gareSe, xolo TviT rRveva moulodnelad xdeba - 

rodesac defeqtebis zomebi aRweven kritikul mniSvnelobebs. 

rRvevis mizezi SeiZleba agreTve iyos narCeni (sawyisi) 

Zabvebi, anu statikurad gawonasworebuli Zabvebi 
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konstruqciebSi, romlebic Tavisufalni arian gare meqanikuri 

da Termuli zemoqmedebisagan. 

Zabvebi gare datvirTebisagan da temperaturis 

zemoqmedebisagan martivad prognozirdeba drekadobis Teoriis, 

Termodrekadobis da masalaTa gamZleobis gaangariSebis 

meTodebiT. Zabvebi datvirTul konstruqciebSi SesaZlebelia 

gakontroldes deformaciebis gazomviT (Zabvaze gadaTvliT). rac 

Seexeba narCen Zabvebs, maTi gansazRvra da gamovlenac ki urRvevi 

meTodebiT rTul amocanas warmoadgens.  

praqtikulad sxvadasxva intensivobis narCeni Zabvebi 

arseboben milsadenebSi da rezervuarebSi. es SeiZleba 

gamowveuli iyos warmoebis teqnologiiT, samontaJo 

operaciebiT, plastikuri deformaciis lokaluri areebis 

gamoCeniT Zabvebis koncentraciis zonebis siaxloves 

ganmeorebiTi datvirTvebisas da a.S. radgan Zabvebi gare 

datvirTvebis da temperaturis zemoqmedebebidan emateba narCen 

Zabvebs, maTi kontroli gansakuTrebiT mniSvnelovania.  

zemoaRniSnulidan gamomdianreobs, rom konstruqciis 

saimedoobis Sefaseba unda xorcieldebodes gare datvirTvebis 

da narCeni Zabvebis gaTvaliswebiT (e.i. datvirTvis win sawyisi 

Zabvebis). mocemuli Zabvebis sistemis mniSvneloba mdebareobs 

imaSi, rom  bzarebis zrdaze, rac warmoadgens konstruqciis 

rRvevis safrTxes, moqmedeben Zabvebi miuxedavad maTi 

warmoSobisa.  

simtkicis uzrunvelyofis amocanis gadawyveta damuSavebis, 

proeqtirebis da eqspluataciis etapze efuZneba saangariSo- 

eqsperimentul meTodebs.  

daproeqtebisas simtkicis saangariSo uzrunvelyofa 

efuZneba samSeneblo meqanikis, drakadobis da plastikuribis 

Teoriebis, da agreTve nagebobebis dinamikis da rxevebis Teoriis 

meTodebze [24, 25, 26, 33, 92, 93]. datvirTuli 

liTonkonstruqciebis saimedoobisa da xangamZleobis 

uzrunvelyofis gadawyveta xorcieldeba bzarebis Teoriis, 
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blanti (deformaciuli) da myife (mciredeformaciuli) 

modelebis safuZvelze [14, 70, 89, 90, 91].  

 eqsperimentuli meTodebi gamoiyeneba masalebis meqanikuri 

da sxva maxasiaTeblebis gansazRvrisaTvis da agreTve 

konstruqciuli elementebis simtkicis kontrolisaTvis. 

naturuli obieqtebis da maTi modelebis simtkice mowmdeba 

gamocdebiT eqspluataciuri tipis datvirTvebis zemoqmedebaze. 

simtkicis da narCeni resursis Sefaseba xorcieldeba 

monitoringiT da perioduli sareglamento daTvalierebiT. 

diagnostikis, xarvezebis povnis, muSaunarianobis 

kontrolisa da aRdgenis optimaluri programebis damuSavebis 

sakiTxebi ganxilulia [56] naSromSi.  

eqspluataciaSi myofi obieqtebis mdgomareobis kontroli 

(defeqtebis tipis, zomebis da simkvrivis gamovlenisaTvis, 

agreTve konstruqciis mdgomareobis parametrebi cvlilebebis 

TvalTvalisaTvis), xorcieldeba ZiriTadad urRvevi kontrolis 

meTodebiT, xolo avariebis, dazianebebis da konstruqciebis 

rRvevis SemTxvevaSi – gamocdebis tradiciuli meTodebiT: 

meqanikuri, teqnologiuri, metalografiuli, 

mikrofraktografiuli da a.S. [56, 57].  

agresiuli produqtebis Sesanaxi rezervuarebis teqnikuri 

mdgomareobis diagnostikisaTvis gamoiyeneba metalografiuli 

gamokvlevebi, liTonis qimiuri Semadgenlobis da meqanikuri 

Tvisebebis SesaZlo cvlilebebis da gamyifebis gamo produqtis 

zegavlenis qveS. amasTan gamoiyeneba rogorc mrRvevi, ise urRvevi 

meTodebi. mrRvevi meTodiT gamosakvlevi rezervuaris rkalidan 

amoiWreba fragmentebi zomebiT aranaklebi  200...300 mm nimuSebis 

dasamzadeblad. urRvevi meTodiT meqanikuri maxasiaTeblebi, 

denadobis zRvari da droebiTi winaaRmdegoba, Tanaxmad ГОСТ 

22761-77 da ГОСТ 22762-77, ganisazRvreba sisalis sazomis 

gamoyenebiT.  liTonkonstruqciebSi bzarebis gamovlenisas 

afaseben masalis dartymiT siblantes. ВсТЗсп4, ВстЗсп5 markebis 

foladebisagan da maTi ucxouri analogebisagan damzadebuli 
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rezervuerebisaTvis dartymiT siblantes gansazRvraven 11 tipis 

nimuSebze ГОСТ 9454-78  mixedviT +20°C temperaturaze da 

rezervuaris ganlagebis raionis haeris minimalur 

temperaturaze. dartymiTi siblante uaryofiT temperaturaze 

unda iyos aranaklebi 0.3 mj/m. dartymiTi siblantis 

gansazRvrisas diagnostikis Camtarebeli  organizaciis 

gadawyvetilebiT, rogorc damatebiTi dasaSvebia mcire nimuSebi 

urRvevi meTodi mikrosinjebis sisqiT, romelic ar aRemateba 

koroziuli Rrmulebis siRrmes, an sisqiT 2.5-5.2% rezervuaris 

kedlis sisqisagan. nimuSebis aReba xorcieldeba  meqanikuri an 

fizikuri meTodebiT liTonze  cecxlis gamoyenebis gareSe. 

liTonis nimuSebis aRebas gamokvlevebis Casatareblad qimiuri 

Semadgenlobis dasadgenad axorcieleben ГОСТ 7122-81 Sesabamisad 

[34]. 

rezervuarebis liTonkonstruqciebis SenaduRi nakerebis 

xarisxis kontrols axorcieleben СНиП 3.03.01-87 Sesabamisad 

Semdegi urRvevi meTodebiT: ultrabgeriTi, akustikuri-emisiuri, 

magnituri fxvnilovani, radiografuri, da a.S. ultrabgeriTi da 

radiografuri kontroli xorcieldeba ГОСТ 14782-86, 20415-82, 

7513-82 da ОСТ 26-2044- 83, 26-11-03-84 Sesabamisad. feradi da 

magnituri fxvnilovani kontrolis meTodebs axorcieleben ГОСТ 

1844-80, 21105-87, 22261-82 da ОСТ 26-5-88, 26-6-88, 26-5-83 Sesabamisad. 

gamocdis meTodis SerCeva damokidebulia obieqtis 

konstruqciul formaze da eqspluataciis pirobebze, e.i. 

datvirTvebis tipze, maT xangrZlovobaze da garemos 

parametrebze. arsebobs sxvadasxva midgoma gamocdis meTodebis 

klasifikaciisaTvis.   

gamocdebiT daRlilobaze cikluri datvirTvis dros 

gansazRvraven masalis gamZleobis zRvars. maRalisixSiriani 

datvirTvisas da ciklebis didi raodenobis dros (Cveulebrivi 

daRliloba) dazianebebi Cveulebriv grovdebian cocvadobis 

dazianebebTan paralelurad. SedarebiT neli cikluri 

datvirTvisa da ciklebis mcire raodenobis dros (ramdenime 



62 

aseuli an aTasi) da sakmaod maRali Zabvebis dros, dazianebebis 

dagroveba, ZiriTadad, warmoadgens cocvadobis Sedegs ¬ (mcire 

cikluri daRliloba). 

 

aramrRvevi kontrolis meTodebi, narCeni Zabvebis 

kontroli 

 

mrewvelobaSi produqciis xarisxis da teqnikuri 

diagnostikis SefasebisaTvis gamoiyeneba defeqtoskopuri 

kontrolis sxvadasxva urRvevi meTodebi. liTonkonstruqciebSi 

defeqtebis da bzarebis gamovlenisaTvis gamoiyeneba radiaciuli 

introskopia, radiometria, eleqtrorentgenografia, rentgenis 

gamoTvliTi tomografia, akustikuri emisiis meTodi, 

ultrabgeriTi meTodi, eleqtromagnituri meTodi da a.S. 

konstruqciebis gamocdebis da kvlevis meTodebs mieZRvna 

naSromebis didi raodenoba, romelTa Soris aRsaniSnavia [12, 15, 

18, 28, 53...60, 79, 80] SromebSi. Semdgom moyvanilia mokle cnobebi 

liTonkonstruqciebis simtkicis mxolod ramdenime kontrolis 

meTodze. ZiriTadi yuradReba gamaxvilebulia yvelaze efeqturi 

liTonis defeqtebis gamovlenis urRvev meTodebze, romlebic 

Tavisi ganviTarebis procesis Sedegad iwveven konstruqciebis 

rRvevas. 

ultrabgeriTi rxevebis wyarod,   ultrabgeriT 

defeqtoskopiaSi, gamoiyeneba piezoeleqtruli da 

magnitostriqciuli gardaqmnelebi. 

gardaqmnelis piezoeleqtruli kristali (gamomsxivebeli), 

romelic ganlagebulia eleqtrodebs Soris, romlebzec 

miewodeba ultrabgeriTi sixSiris cvladi deni, vibrirebs imave 

sixSiriT da gamoasxivebs ultrabgeriT rxevabs, Tanac  

gamosxivebis amplituda proporciulia Zabvisa eleqtrodebs 

Soris. piezo-kristalebis masalad gamoiyeneba  kvarci, bariumis 

titanati, liTiumis sulfati, da sxva. ultrabgeriTi 

gamosxivebis didi amplitudis uzrunvelsayofad gamoiyeneben 



63 

gamomsxiveblis rezonansul sixSires. Н sisqis brtyeli 

gamomsxivebelis sakuTari sixSireebis speqtri fi (i=1, 2, 3...) 

ganisazRvreba gamosaxulebiT ft=С/А=С∙i/2H, sadac C - bgeris 

siCqarea kristalSi, λ - talRis sigrZea, i- harmonikis nomeria. 

ZiriTadi sixSirisaTvis  (i=1) roca C=5600 m/wm-s 2.8 mm sisqis 

kvarcis firfita iwyebs ultrabgeriTi rxevebis gamosxivebas 

sixSiriT 1 mhc. ufro maRali sixSireebis gamoyenebisaTvis 

gamoiyeneba speqtris  ufro maRali komponentebi. 

ultrabgeriTi kontrolis yvelaze gavrcelebul meTodebs 

warmoadgenen meTodebi, romlebic dafuZnebulia intensivobis 

gazomvaze, rezonansuri meTodi da impulsuri eqo-meTodi [306]. 

konstruqciebSi defeqtebis sididis gansazRvra xorcieldeba 

eqosignalis sididis SefasebiT. defeqtis formisa da 

orientaciaze bgeriTi velis RerZis mimarT msjeloben eqo-

signalis formisa da simaRlis mixedviT. amgvar  monacemebs 

iReben impulsuri speqtrometriis gamoyenebiT – defeqtebisagan 

eqo-signalebis analiziT impulsebis  sixSiris da amplitudis 

funqciaSi. 

SenaduRi nakeris ultrabgeriTi kontrolis dros 

gamoiyeneba kuTxuri გამომსხივებელი kuTxuri maZiebeli TavakebiT, 

radgan normaluri maZiebeli Tavakebi ar iZlevian nakeris 

gamrudebul zedapirebTan kontaqtis damyarebis saSualebas. 

gamoiyeneba bgeriTi talRebis Semdegi Semavali kuTxeebi 

foladis furcelis kedlis sisqeze damokidebulebiT: 

furclis sisqe, mm          <30 30 ... 60  >60 

sxivis dacemis kuTxe, grad. 70    60      45 

ultrabgeriTi kontrolis meTodi gansakuTrebiT efeqturia 

liTonis furclebis Semowmebisas ganSrevebaze, rodesac 

araerTgvarovnebebi  liTonSi xasiaTdebian didi sigrZiT  

bgeriTi sxivis normalis mimarTulebiT. 

rezervuarebis kedlebis, fskerisa da gadaxurvis 

koroziuli cveTis sididis gansazRvrisaTvis garedan an SigniT 

iyeneben ultrabgeriT სისქისმზომებს. 
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mrewveloba awarmoebs ultrabgeriTi defeqtoskopebis da 

სისქისმზომების sxvadasxva nairsaxeobebs. განვიხილოთ zogierTi 

მათგანი. 

firma hitaCi-s (Hitachi) portatuli ultrabgeriTi 

defeqtoskopi aRWurvilia Txevadkristaluri ekraniT da 

printeriT. modelis ИТ 1800 muSaobs sixSიreze 0.4...10 mhc. 

gasazomi sisqeebis diapazoni 1.5...1000 mm (sisqeebis 5 - safexuriani 

diapazoni). iZleva saSualebas gamovavlinoT sxvadasxva 

warmoSobis defeqtebi, agreTve gamovavlinoT liTonis ubnebi 

sxvadasxva simkvriviT da struqturiT. gazomvis Sedegebi Cans 

telemonitorze, gadaitaneba cifrul ekranze da amoibeWdeba 

printerze oqmis saxiT. 

F imave firmis ultrabgeriTi defeqtoskopi ДТ-2000 (muSa 

sixSire 0.2...15 mhc, gasazomi sisqeebis diapazoni 0...600 mm, 

garCevadoba 0.1 mm). xelsawyo iZleva saSualebas SevafasoT 

zogierTi maxasiaTeblebi struqturebi da uzrunvelyofs 

koroziuli dazianebebis ruqis miRebas Txevadkristalur 

ekranze. mikrokompiuteris programa saSualebas iZleva 

CavataroT defeqtebis klasifikacia SenaduRi nakeris ganikveTSi, 

SevafasoT Tujis grafitirebis xarisxi da gadavwyvitoT sxva 

struqturuli amocanebi. 

firma kenonis (Cannon) mravalfunqciuri daniSnulebisF 

ultrabgeriTi defeqtoskopi M-60 (2... 50Hmhc, gasazomi sisqeebis 

diapazoni 0.8...5000 mm) uzrunvelyofs koroziuli dazianebis 

adgilebis ferad gamosaxulebas gadamwodis nakeTobis zedapirze 

gadagorebis reJimSi. CamontaJebuli mikrokompiuteri 

uzrunvelyofs defeqtoskopuri kontrolis monacemebis 

maTematikur damuSavebas. defeqtoskopebs M-500, M-600 aqvT 

defeqtoskopis Sedegebis damuSavebis maRali siCqare 

CamontaJebuli maRalefeqturi mikroprocesoris da didi 

moculobis dammaxsovrebeli mowyobilobis xarjze 



65 

gamosaxulebis sxvadasxva indikaciis dros (kveTebis, sibrtyeebis 

indikacia, samganzomilebiani indikacia). 

 ultrabgeriTi sisqis mzomebi saSualebas iZlevian  

gavzomoT sisqeebi 0.2...50 mm intervalSi sizustiT 0.1 mm-de garemo 

haeris temperaturaze minus 10°C-dan plus 40°C-mde  ГОСТ 4787-86 

da ГОСТ 25863-83 mixedviT. firmaKkavatetsu-m (Kawatetsu Advantech) 

daamuSava ramodenime modifikaciis TI-7 seriis mravalmiznobrivi 

sisqis mzomi  CamontaJebuli mikroprocesoriT, romlis 

daniSnulebaa rezervuarebSi, milsadenebSi da sxva 

konstruqciebSi kedlis sisqeebis gazomva da koriziis 

mdgomareobis Sefaseba. gasazomi sisqeebis diapazoni (1...200)±0,1 mm. 

nakeTobis sisqis kontrolis siCqare ¬ 1000...12000 m/wm, xelsawyos 

muSa sixSire 5 mhc, wona 200g, zomebi 68x131x29 mm. 

bzarebis diagnostikis efeqtur meTodebs obieqtebis 

eqspluataciis pirobebSi warmoadgenen kontrolis meTodebi, 

romlebiც efuZnebian daRlilobiTi bzarebis warmoqmnis da 

zrdis Tanmxleb fizikur procesebs. erT-erT aseT process 

warmoadgens konstruqciaSi Zabvebis  drekadi talRebis 

gamosxiveba warmoqmnili bzaris siaxloves masalis 

dislokaciuri struquris lokaluri dinamikuri 

restruqturizaciis gamo [20, 63...69]. masalaSi akustikur 

gamosxivebas dakavSirebuls struqturis gadawyobasTan, ewodeba 

akustikuri emisia [60...62].  

radgan akustikuri talRebi liTonში vrceldebian did 

manZilebze mniSvnelovani TandaTanobiTi Caqrobis gareSe da 

Seicaven informacias mimdinare procesebze, SesaZlebelia 

dafiqsirdes gamosxiveba konstruqciis zedapirebidan specialuri 

aparaturiT. konstruqciis mdgomareobis Seswavlas akustikuri 

emisiis registraciiT da analiziT ewodeba akustikur-emisiuri 

meTodi.  

akustikuri emisiis meTodiს farTomasStabiani danergvis 

sirTuleebi natural konstruqciebSi dazianebebis gamosavlenad 
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ZiriTadad dakavSirebulia xmauriT, romelic warmoiqmneba 

xaxunisagan datvirTvis modebis adgilebSi da SeerTebebSi, sadac 

adgili aqvs SeuRlebuli elementebis damyolobas. amitomac 

jerjerobiT aqtualurad rCeba SenaduRi nakerebSi defeqtebis 

gamovlenis utyuarobis, da TviT meTodis mgrZnobelobis 

gazardis amocana.  

akustikuri emisiis meTodi gamoiyeneba masalebis da 

konstruqciebis meqanikuri gamocdebisaTvis. nimuSebi masalebis 

gamocdisaTvis gamoiyeneba specialuri muSa nawiliT, sadac 

bzarebis warmoqmnis adgilmdebareobebi winaswar aris cnobili 

da SesaZlebelia vizualurad dadgindnen. danadgarebi masalebis 

nimuSebis gamocdisaTvis akustikuri emisiis meTodiT Sedgebian 

nimuSebis damtvirTavi saSualebebisagan da aparaturisagan, 

romelic uzrunvelyofs meqanikuri parametrebis (deformaciebi, 

Zabvebi) da akustikuri emisiis parametrebis gazomvas da 

registracias. akustikuri emisiis meTodis gamoyenebisas 

konstruqciebis simtkicis gamocdisa da kontrolisaTvis maTi 

datvirTva ganisazRvreba realuri saeqspluatacio da 

gamosacdeli datvirTvebiT.  

akustikuri emisiis signalebi warmoiSvebian sakontrolo 

nakeTოbis deformaciisas. aqedan gamomdinare, datvirTvis meTodi 

axdens mniSvnelovan zegavlenas meTodis efeqturobze. naSromSi 

[82] SemoTavazebulia akustikuri emisiis analogebis parametrebi 

uSualod gamoviyenoT maRali wnevis SeduRebuli WurWlebis 

rRvevis albaTobis Sesafaseblad. gansakuTrebulad 

informaciulia akustikuri emisiis monacemebi pasuxismgebeli 

daniSnulebis obieqtebis gamosadegobis vadis sakiTxis 

gadawyvetisas [83].  

 ხmauriს dabali donis dros akustikuri emisia datvirTul 

konstruqciebSi fiqsirdeba impulsebis Tanmimdevruli seriis 

saxiT [60]. akustikuri emisiis impulsebis seriis ZiriTadi 

parametrebs ciklurad datvirTul konstruqciebSi erTi (p-uri) 
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cikli sazRvrebSi warmoadgens datvirTvis impulsebis raodenoba 

pN  , imp/cikli (akustikuri emisiis uwyveti xasiaTisas AE - AE 

akustikuri emisiis jamuri aTvla ciklSi) da r-i impulsis 

amplituda.  

akustikuri emisiis aTvlis saSualo siCqare 𝑵𝒑
 , imp/wm 

(aqtiuroba) ciklSi ganisazRvreba ciklis xangrZlivobis mimarT 

t 

𝑵 𝒑 =
pN 

𝒕
 

. 

bzaris sigrZis sruli nazrdi ciklze ramodenime naxtomis 

registraciis dros ganisazRvreba maTi dajamebiT. bzaris 

sigrZis nazrdis akustikuri-emisiuri analogs warmoadgens 

ciklis eqvivalenturi amplituda, rogorc impulsebis 

amplitudis jami  







pN

r

rpp Aa
1

. 

ciklebis ∆n bazaze parametrebis gasaSualeba iZleva 

impulsebis saSualo raodenobas ciklSi (akustikuri emisiis 

saSualo jamuri aTvla ciklSi) an akustikuri emisiis saSualo 

aqtiurobas (aTvlis saSualo siCqares) cikluri datvirTvisas 








2

1

n

np

pcp N
n

N
N . 

aqtiurobis 𝑵 𝒄𝒑 da eqvivalenturi amplitudis acp saSualo 

mniSvnelobebi   

𝐍 𝐜𝐩 = 𝐓  ∆𝐧𝐭ц   ,  𝒂𝒄𝒑 = 𝒂𝜮 ∆𝒏  

akustikuri emisiis gamoyeneba iTvaliswinebs bzarebis 

parametrebis da Sesabamisi akustikuri signalebis, e.i. 

akustikuri emisiis parametrebis,  damokidebulebebis 

realizaciis obieqturi meTodebis arsebobas. amgvari meTodebis 

damuSavebisas gamoiyeneba rRvevis meqanikaze da drekad-
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plastikurobis dinamikuri Teoriaze dafuZnebuli maTematikuri 

modelebi.  

naSromSi [60] mocemulia erT-erTi amgvari modelebis 

dasabuTeba, romეlic adgens kavSirebs akustikuri emisiis 

meqanikur parametrebsa da  mzard daRlilobiT bzarebs Soris. 

modeli efuZneba rig hipoTezebs, romelTagan mTavars 

warmoadgenen Semdegi hipotezebi. Zabvebis statikuri velebi da 

სxeulis wertilebis gadaadgilebebi bzaris siaxloves aRiwereba 

rRvevis wrfivi meqanikiT, da masalis gadasvla plastikur 

mdgomareobaSi xdeba mizesis denadobis pirobis Sesrulebisas. 

akustikuri emisiis jamuri aTvla plastikuri deformirebis 

dros proporciulia plastikurad deformirebuli masalis 

moculobisa. akustikuri emisiis signalebis amplitudebi bzaris 

napirebis xaxunisagan pirdapir proporciulia maqsimaluri 

Zabvebisa, romlebic viTardebian bzaris napirebis urTierT 

kontaqtis zonaSi, am zonis farTobisa da ukuproporciulia 

kontaqtis xangrZlivobisa.  

konstruqciis elementebZi daRlilobiTi bzaris zrdis 

siCqaris Sefaseba akustikuri emisiis parametrebis mixedviT 

mWidrod ukavSirdeba informaciiuli parametrebis analizis 

aucilebelobas kompiuterze. naSromis [84] Tanaxmad, gansxvavebebi 

akustikuri emisiis impulsebis amplitudebis albaTobebis 

ganawilebis funqciebSi ganviTarebadi daRlilobiTi bzaris 

naxtomebisagan da akustikuri emisiis parametrebis sxva 

Semdgenebisagan daRlilobiTi gamocdebis dros ganapirobebs 

axali informaciuli parametrebis danergvis mizanSewonilobas, 

romlebic ufro mWidrod arian dakavSirebulni daRlilobiTi 

bzaris parametrebTan vidre tradiciuli parametrebi 

(akustikuri emisiis intensivoba, akustikuri emisiis impulsebis 

saSualo amplituda). maT ricxvs SesaZlebelia mivakuTnoT 

datvirTvis erTi ciklis dros akustikuri emisiis impulsebis 

amplitudebis jamis A0 donis gadaWarbebis da akustikuri emisiis 
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impulsebis jamis amave donis Ai sididis gadaWarbebis albaToba 

Q.  

bolo xans akustikuri emisiis kontrolis meTodebi farTod 

gamoiyeneba საpasuxismgeblო konstruqciebis pnevmo-gamocdebis 

dros, rogoricaa wnevis WurWlebi, Txevadi airebis Sesanaxi 

rezervuarebi.  

 akustikuri emisiis kontroli gamoyeneba, rogorc Cans, 

perspeqtiulia grZeli milsadenebis teqnikuri mdgomareobis 

Sefasebisas, gansakuTrebiT im milsadenebisaTvis, sadac 

defeqtebis ganviTareba SesaZlebelia milebis da monaRunebis 

Sida mxares. akustikuri emisiis kontroli mizanSewonilia 

gavaerTianoT daZabul-deformirebuli mdgomareobis gansazRvris 

saSualebebTan rRvevis udidesi saSiSroebis zonebSi, magaliTad, 

tenzometrirebiT an xelsawyo ПИОН-01-იs gamoyenebiT. narCeni 

Zabvebis portatuli indikatori ПИОН-01 gankuTvnilia narCeni  

Zabvebis donis kontrolisaTvis detalebSi feromagnituri 

masalebisagan. warmatebiT gamoiyeneba datvirTvis qveS myofi 

detalebSi da konstruqciebSi lokaluri ubnebis gamosavlenad 

Zabvebis amaRlebuli doniT. xelsawyos muSaoba dafuZnebulia 

zednadebi gardaqmnelis meSveobiT gadamagnitebis  magnituri 

xmauris emZ-is sididis registraciaze, rac funqcinalurad 

dakavSirebulia Zabvebis donesTan kontrolis zonaSi. 

sakontrolo detalebis zedapiris minimaluri zomebia 15×12 mm, 

kontrolirebuli fenis maqsimaluri siRrmea 0.4 mm, mgrZnobeloba 

Zabvebis mimarT 10 mpa.  

akustikuri emisiis parametrebis gasazomad SesaZlebelia 

gamoyenebul iqnas aparatura mgrZnobelobis zRvariT meqanikuri 

gadaadgilebis mimarT aranakleb 10-12 m, sixSiruli zoliT 0,1...2.0 

mhc, romelsac aqvs sixSiruli da amplituduri aparatuli 

seleqciis  mowyobilobebi. nimuSebis standartuli sqemebiT 

gamocdisas gamoyeneba erTarxiani aparatura, romelic axdens 

mxolod ori parametris registracias: aTvlis siCqaris da 

signalebis amplitudas. akustikuri emisiiT naturuli 
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konstruqciebis daRlilobiTi bzarebis detaluri Seswavlisas 

bzaris warmoqmnis zonaSi garTulebuli midgomisas saWiroa  

akustikuri emisiis didi raodenobis parametrebis gazomva. 

konstruqciebis masalebis defeqturobis gansazRvrisaTvis  

gamoiyeneba sxvadasxva eleqtro da magnituri kontrolis 

meTodebi (indukciuri, eleqtruli potencialis gazomvis 

zonduri meTodi, Termoeleqtruli, magnituri, da a.S.).  

masalebis defeqturobis kontrolis magnituri meTodebi 

efuZneba magnitur velis gazomvebs, romlis Zaluri zemoqmedeba 

fiqsirdeba sxvadasxva xerxebiT.  

detalis zedapirul bzarze warmoiqmneba, damokidebuli 

defeqtis ganlagebaze da zomaze,  ganbnevis veli magnituri 

winaaRmdegobis zrdis da magnituri Zaluri xazebis gardatexisას 

(defeqtis areSi Zlierdeba magnituri velis tangencialuri 

daZabuloba). Zaluri xazebis ZiriTadi nawili gverds uvlis 

bzars, xolo mcire nawili aRwevs zedapirze ganbnevis nakadis 

saxiT, Tanac gabnevis velis sigane aRemateba bzaris siganes, rაc 

iZleva misi fiqsirebis saSualebas siganeze 1 mkm-de. ganbnevis 

veli fiqsirdeba magnitur fxvnilTa meTodiT, magnitografiis 

meTodiT an zonduri meTodiT: zedapiruli bzarebis arsebobisas 

afiqsireben Zaluri xazebis gadaxras sawyisi mdebareobidan.  

zedapiruli bzarebis aRmosaCenad rkinisa da foladis 

nakeTobebSi gamoiyeneba magnitur fxvnilTa meTodi Savi, feradi, 

an fero ¬ magnituri mafluorescirebeli feromagnituri 

nawilakebis gamoyenebiT zomiT daaxloebiT 10 mikroni Txevadi 

emulsia.  zedapiruli bzaris zonaSi didi gradientebis gamo, 

fxvnili miizideba და Seqmnis  raime figuras. meTodis 

efeqturoba mcirdeba bzarebis ganlagebis siRrmis zrdasTan 

erTad, ris gamoc ganpirobebulia misi gamoyeneba zedapiruli 

defeqtebis gamosavlenad.  

magnituri velis Sesaqmnelad gamoiyeneba mudmivi magnitebi 

da cvladi da impulsuri Zabvis wyaroebi [56]. ganbnevis velიs 
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daZabulobis mniSvnelobas iReben 100 angstremi/sm defeqtebis 

gareSe detalიs zedapirze magnituri velis daZabulobisas 15÷25 

angstremi/sm. bzarebis kontrols awarmoeben damagnitebis 

procesSi an mis Semdeg. ganmagnitebas awarmoeben dabal-

sixSiriani milevadi amplitudiT cvladi velis modebiT an 

kiuris wertilze maRal temperaturaze gaxurebiT.  

mocemuli meTodis avtomatizaciis SezRuduli 

SesaZleblobebis gamo avtomatizirebul danadgarebSi xSirad 

iyeneben magnitograful meTods, romelic feromagnituri 

nawilakebi imyofebian farTo magnituri lentze CanarTebis 

saxiT, romelzec damagnitebis adgilebi Seesabamebian ganbnevis 

vels.  

magnitur fxvnilTa meTodi iZleva saSualebas gamovavlinoT 

zedapiruli bzarebi gaxsnis minimaluri siganiT 0,001 mm-de da 

siRrmiT 0.01...0.05 mm. meTodi gamoiyeneba liTonis detalebis 

kontrolisaTvis Ria feris zedapiriT da uwyvetobis 

zedapirisqveSa darRveviT siRrmeze 0.1...0.3 mm. magneto-

lumenisiscenruli meTodiT xdeba zedapiruli bzarebis 

gamovlena gaxsnis minimaluri siganiT 0.5 mm da siRrmiT 0,01 mm 

detalebze muqi da Ria zedapirebiT [81].  

msxvilgabarituli detalebis da kvanZebis nebismieri 

orientaciis zedapiruli defeqtebis kontrolisaTvis gamoiyeneba 

gadasatani magnituri defeteqtoskopebi masiT 30 kg-de, 

stacionaruli magnitoluminescenturi defeqtoskopebi magnituri 

velis agznebiT grZivi da cirkularuli magnituri velebiს 

erTdroulი moqmedebiT [81].  

radiaciuli defeqtoskopia warmoadgens konstruqciebis 

xarisxis urRvevi kontrolis erT-erT yvelaze efeqturi meTods, 

romelic uzrunvelyofs sxvadasxva makroskopuri defeqtebis 

gamovlenas (SeudeRebloba, forianoba, bzarebi da niJarebi, gare 

CanarTebi da a.S.)  
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zogierT mrewvelobis dargSi radiaciuli defeqtoskopiis 

wili SeduRebuli, rCiluli da sxva uSleli SeerTebebis, 

agreTve sxmulebis kontrolisas urRvevi kontrolis sxva 

meTodebs Soris aRwevs 80%.  

radiaciuli defeqtoskopia xorcieldeba radiografuli, 

radioskopuri da radiometruli meTodebiT [36]. radiografuli 

da radioskopuri kontrolisas nakeTobas aSuqeben da informaciა 

fiqsirdeba  Sesabamisi defeqtebis gamosaxulebiT rentgenis 

firze da fluorescirebუl ekranze. 

defeqtebis arseboba da maxasiaTeblebi ganisazRvreba 

intensivobis ganawilebiT gaSuqebis Sedegad, romelic 

fiqsirdeba rentgenis firze, romelic ganTavsebulia detalიs 

ukana mxares.  

 sazom mowyobilobad gamoiyeneba fotometrebi da 

densitometrebi fotoeleqtronuli mamrevleblebiT [56].  

rentgenografuli meTodi aseve SeiZleba gamoyenebuli iqnes 

Zabvebis gasazomad masalaSi fiqsirebuli dagrZelebebiT 

gazomvebis bazad atomebs Soris manZilisa an sibrtyeTaSorisi 

manZilis gamoyenebiT. gazomvebi dafuZnebulia difraqciisa da 

rentgenis sxivebis interferenciis efeqtebze.  
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Tavi 3. milsadenebis da rezervuarebis simtkicis 

Teoriuli Sefaseba 

 

3.1. navTobproduqtebis rezervuarebis simtkicis 

uzrunvelyofa 

 

WurWlebis eqspluataciis usafrTxoeba ganisazRvreba maTi 

uzrunvelyofili simtkiciT. Tumca, avariebi aseT obieqtebze 

SeiZleba warmoqimnas konstruqciebis mdgomareobis kontrolisa 

da monitoringis arsebuli sistemis xarvezebis, aseve 

yovlismomcveli normatiuli teqnikuri dokumentiს ararsebobis 

gamo. 

didi moculobis rezervuarebis avariebi iwveven mZime 

Sedegebs, rac dakavSirebulia adamianTa msxverplTan da 

mimdebare samrewvelo da samoqalaqo Senoba-nagebobebis 

rRvevasTan.   

navTobproduqtebis da Txevadi airebis sacavebis 

eqspluataciis usafrTxoeba unda iyos uzrunvelyofili 

proeqtirebisas, agebisas da eqspluataciisas. mniSvnelovan 

amocanas, romlis gadawyveta saSualebas iZleva gaumjobesdes 

sacaveebis saimedooba, warmoadgens maTi mecnierulad 

dasabuTebuli kompleqsuri teqnikuri Semowmebebis Catareba da 

liTonis, saZirkvlis, Tbosaizolacio konstruqciebis da 

teqnologiuri aRWurvilobis mdgomareobis diagnostikis da 

operatiuli kontrolis sistemiT aRWurva. 

qvemoT ganxilulia foladis Txevadi produqtebis Sesanaxad 

gankuTvnili rezervuarebis zogierT statikur datvirTvebze 

konstruqciebis simtkiceze gaangariSebis sainJinro meTodebi. 

ZiriTadi yuradReba eTmoba didi moculobis vertikalur 

cilindrul rezervuarebs, romlebic warmoadgenen udides 

safrTxes eqspluataciis dros, gansakuTrebiT seismurad aqtiur 

regionebSi.  
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rezervuarebis dinamikuri gaangariSebisas seismur 

zemoqmedebaze iTvaliswineben konstruqciebSi  Zabvebs statikuri 

datvirTvebidan, anu statikuri gaangariSebis Sedegebi 

warmoadgenen sawyis pirobebs dinamikuri gaangariSebisaTvis. 

masalis drekadi muSaobis daSvebaSi dinamikur Zabvebs ajameben 

statikur ZabvebTan. 

rezervuarebis simtkiceze gaangariSebisas gamoiyeneba 

datvirTvebis  masalebis saangariSo winaRobis Semasworebeli 

koeficientebi. radgan seismur gaangariSebaSi agreTve 

mxedvelobaSi miiReba statikuri datvirTvebi, srul 

gaangariSebas awarmoeben datvirTvebis specialuri kombinaciiT. 

zogierTi koeficienti gadaixedeba ramodenime normatiuli 

dokumentiT, amitom agreTve unda ganvixiloT maTi 

urTierqmedeba. gaTvlebSi gaiTvaliswineba Semdegi faqtorebi:  

nс - datvirTvebis kombinaciis koeficienti СНиП II-7-81 

mixedviT, 𝑛𝑐=0.5÷1.0; 

уп – nagebobis daniSnulebis saimedoobis koeficienti СНиП 

2.01.07-85 mixedviT, 𝑦𝑛=0.95÷1.0;  

yf - datvirTvebis saimedoobis koeficienti СНиП 2.01.07-85 

mixedviT da damatebiTi koeficienti СНиП 2.09.03-85 mixedviT, 

𝑦𝑓=1.1÷1.3;  

ут - masalis saimedoobis koeficienti СНиП Н-23-81* 

mixedviT, 𝑦𝑚=1.025÷1.1;  

ус - muSaobis pirobebis koeficienti СНиП 2.09.03-85 da СНиП 

Н-23-81* mixedviT, 𝑦𝑐=07÷1.0; 

        𝑚𝑠𝑛  - muSaobis pirobebis koeficienti СНиП II-7-81 mixedviT, 

 𝑚𝑠𝑛=1.0÷1.4 

drekadi konstruqciebis simtkiceze gaangariSebisas 

datvirTvebi mravldeba koeficientebze уn, уf da nс , xolo 

masalebis saangariSo winaRobebi mravldeba koeficientebze  ус, 

krm  da iyofa уm -ze. 
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rezervuaris garss angariSoben datvirTvebis mTlian 

sistemaze, maT Soris Txevadi produqtis hidrostatikur 

zemoqmedebaze (sruli Casxmisas). konstruqciaSi Sinagan Zalvebs 

gansazRvraven Rerovani sistemebis samSeneblo meqanikis 

momentebis meTodiT vertikaluri  cilindruli rezervuarebis 

mimarTebaSi. mocemuli meTodi gavrcelebulia Txel-kedliani 

konstruqciebis samSeneblo meqanikaSi da aseve farTod 

gamoiyeneba brunviTi garsebis, rgoluri filebisa da koWebis 

gaangariSebisas. amitomac gamoyvanis gareSe gaTvlebiT 

TanmimdevrobiT mocemulia rezervuaris gamoTvlisas saWiro 

yvela formula, rac warmoadgens angariSis algoriTmis 

safuZvels. 

qvemoT gamoyenebulia Semdegi aRniSvnebi (teqnikuri sistemaSi 

ganzomilebiT: Zala - kgZ, sigrZe - sm, dro - wm): 

    А - rezervuaris garsis radiusi, sm; Н – rezervuaris simaRle, 

sm; n0 – garsis sartyelebis raodenoba; δked – garsis pirveli 

(qveda) sartyelis kedlis sisqe, sm; δc (n0) - sartyelebis kedlis 

sisqeebi (numeracia qvemodan), sm; Нc (n0) - yvela sartyelis 

simaRle; Н*- produqtis Casxmis simaRle, sm; δfs – fskeris sisqe, 

sm; δ0 - furclebis sisqe, sm; JD - dafarvis wona, kgf; Jk - mcuravi 

saxuravi wona, kgf; Gc - Tovlis wona farTobis erTeulze, 

kgZ/sm2; GS - Tboizolaciis wona farTobis erTeulze, kgZ/sm2; Vm 

– garsis masala moculobiTi wona, kgZ/sm3; E – garsis masalis 

drekadobis moduli, kgZ/sm2; μ - garsis masalis puasonis 

koeficienti; Ru - masalis saangariSo winaRoba, kgZ/sm2; Vоб – 

Sesanaxi Txevadi produqtis moculobiTi wona kgZ/sm3; PH - wneva 

(Sida Tanabari wneva), kgZ/sm2; β0 – saZirkvlis sawolis 

koeficienti, (kgZ/sm2)/sm; K0 – gruntis kategoria seismuri 

Tvisebebis mixedviT; K0k – seismurobis ganmeorebadoba 

raionisaTvis; KL0 K- nagebobis  pasuxismgeblobis klasi; ν - 

produqtis siblantis koeficienti, sm2/wm; KT – garsis 

fundamentze xaxunis koeficienti; пп – fundamentTan Camagrebis 
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saankero WanWikebis raodenoba, Кс - seismurobis koeficienti; g  - 

Tavisufali vardnis aCqareba. 

 

Sida Zalvebis gaangariSeba  

 

konstruqciaSi Sida Zalvebis ganawilebas gansazRvraven 

rezervuarSi yvelaze daZabul zonaSi, garsis sartylebSi da 

fskerSi. garsSi Sida Zalvebis sistema konturis erTeul 

sigrZeze moicavs mRunav momentebs, ganiv Zalebs, wriul Zalvebs, 

RerZul Zalebs, kedlis konturul dawnevas fskerze. 

calkeuli Zalvebis eqstremalur mniSvnelobebis Sesabamisi 

Zabvebi ar iZlevian simtkicis amomwurav Sefasebas, da 

konstruqciis saSiSi kveTebi da saSiSi wertilebi 

ganisazRvrebian eqvivalenturi Zabvebis eqstremumebiT. miuxedavad 

amisa Sida Zalvebis da Zabvebis maqsimumebis sistema SeiZleba 

gamoyenebul iqnas konstruqciis mdgomareobis damatebiTi 

sakontrolo SefasebebisaTvis. 

moyvanilia saangariSo formulebi garsSi  Sida Zalvebis 

gamoTvlis TanmimdevrobiT sakuTari wonis zemoqmedebisas, 

sayrdeni da garsis dayrdnobis ori tipis hidrostatiuri 

wnevisaTvis: a) sakuTar konturze, maT Soris saZirkvelSi 

Camagrebuli kedliT, b) brtyeli fskeriT drekad saZirkvelze. 

garsis kedlis pirobiTi dawolis koeficienti kgZ/sm3, 

 β k= E  δk / А
2
.                                 ( 3 . 1 )  

garsis kedlis cilindruli sixiste: 

                  2

3

112 






k

k

E
D .                                           ( 3 . 2 )  

        garsis kedlis moqnilobis koeficienti 1/sm 

           𝛼კ =  𝛽კ  4𝐷კ  
4

.                  ( 3 . 3 )  

garsis kedlis RunviTi sixiste, kgZ, 

        𝑖კ = 𝛽კ  2𝛼კ
3  .                   ( 3 . 4 )  

fskeris cilindruli sixiste: 
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            2

3

112 






f

f

E
D  .                       ( 3 . 5 )  

fskeris moqnilobis koeficienti, 1/sm, 

           𝛼ფ =  𝛽0  4𝐷ფ  
4

.                       ( 3 . 6 )  

fskeris RunviTi sixiste: 

dayrdnobisas drekad saZirkvelze, kgZ, 

𝑖ფ = 𝛽0  4𝛼ფ
3  .                     ( 3 . 7 )  

sakuTar konturze dayrdnobisas, kgZ, 

 






112

3

A

E
i

f

f  .                   ( 3 . 7 ,a )  

kedlis fi  da fi  fskeris sixisteeebis fardobiTi cvlilebi 

ki = 𝑖კ  𝑖კ + 𝑖ფ  ,                  (3.8) 

fi = 𝑖ფ  𝑖კ + 𝑖ფ  .                  (3.9) 

RerZuli Zalva kedelSi Sedgeba zemoTganlagebuli liTonis da 

izolaciis wonisagan, maT Soris konstruqciis cilindruli 

nawilis da Tovliani dafarviT. Zalva qveda sartyelis i–ur 

boWkoSi iqneba  

),2/()()( 542

)(

3

)(

1 AQQQQQXN
i

ii

В 







                  (3.9,a) 

sadac dajameba xorcieldeba garsis zemoTganlagebuli 

sartyelebis raodenobis mixedviT 2
)(

1 ;QQ
i

dafarvis konstruqciis 

wonaa; 
)1(

3Q garsis zemoTganlagebuli Tboizolaciis wonaa; 4Q  

dafarvis Tboizolaciis wonaa; 5Q Tovlis wonaa (gaWimva Sida 

dawnevis xarjze mxedvelobaSi ar miiReba gaangariSebis maragSi). 

 СНиП-is koeficientebis gaTvaliswinebiT formula (3.9,a) 

Semdegnairad Caiwereba 

),2/()()()( 534
1
342

)(
1 AQnQQnQQnXN

i i

fincfncl
i

finclВ 








        (3.9,b) 
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simartivisaTvis СНиП –is koeficientebi formulebSi 

gamotovebulia. 

        konturuli wneva (Zalva garsis sayrdeni kveTis konturis 

sigrZis erTeulze) ganisazRvreba Zalvebis dajamebiT yvela 
0n

sartyelze  





0

1

)()( .)(
2

1
)2(

n

i

sscp

i

c

i

cmc HGGGAAJHVN                 (3.9.g) 

kedlis Camagrebis mRunavi momentebi (Semdgom momentebi) 

dawnevisagan  

)(PM н

21 2 kk                                  (3.10) 

produqtis hidrostatikuri dawnevisagan 

        ,)()H(VM *

32 21 kkgk                        (3.10,ა) 

konturuli dawnevisagan 0)3( сmM . 

fskeris Camagrebis momentebi drekad fuZeze dayrdnobisas, 

konturuli dawnevisagan cN  

)(NM c

)(

ff 23                                             (3.11) 

Tanabari da hidrostatikuri dawnevisagan  021 ),(Mf .                                                                                                          

fskeris Camagrebis momentebi konturze dayrdnobisas, kgZ:  

Tanabari  dawnevisagan  

,APM н

)( 821 f                                               (3.11a) 

hidrostatikuri dawnevisagan    

,AHVM *

)( 822

gf                                              (3.11b) 

konturuli dawnevisagan  03 )(Mf . 

Camagrebis momentebis jami datvirTvis yvela komponentisagan  

)(
3

1

)((
j

дн

j

j
см MMM 



  ).                                        (3.12) 

garsis kedelSi da fskerSi kidis efeqtebis saangariSo 

mRunavi momentebi, tolia: 
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)MiM(M
j

)j(





3

1
kkk ,                                  (3.13) 

 ).MiM(M
j

)j(





3

1
fff                                  (3.14) 

ganmbrjenva pH  garsis dayrdnobis sibrtyeSi, Tanabari 

dawnevisagan ,/)1(
смнp PH  3 

hidrostatikuri dawnevisagan )./()H(VH *

)(

p kkg  2122  3 

hiperbolur-trigonometriuli funqciebi, romlebic 

gamoiyeneba garsSi Sinagani Zalvebis ganawilebis 

gaangariSebisaTvis koordinataze (nax. 3.1):   

),cos()exp(1 XXf сmсm   

),sin()exp(2 XXf сmсm   

,213 fff   

214 fff   . 

 

a)                                   b) 

nax. 3.1. vertikaluri cilindruli rezervuaris sqema (a) da 

garsSi Sinagani Zalebis sistema ganivRaris kvanZis zonaSi (b) 

 

Sinagani Zalebis ganawileba datvirTvis yoveli ( j uri) 

komponentisaTvis (indeqsi gamotovebuli): 

mRunavi momenti, ,)( 2

1

3 fHfMxM сmpсm

 
 

ganivi Zalisagan, 

.2)( 42 fHfMxQ pсмсм  
 

momentgareSe wriuli Zalvebi, 

0);(; )3(
*

)2(1  NXHVNPAN об . 

wriuli Zalis ganawileba datvirTvia yoveli 

komponentisaTvis ( ),,3,2,1j  

.22)( )(

14

2

2

j

pсmсmсm NfHAfMAXN                              (3.15) 
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Zalvebis komponentebi jamdeba. 

amowerili fardobebi ganazogadeben garsis dayrdnobis 

variants misi xistad Camagrebis dros formulebis 

Tanmimdevrulad gamoyenebisas: (51.1)...(51.3) сmсmсm D 
,

, ; (51.10), (51.10a) 

;, )2()1(

сmсm MM (51.15), ;, 2)1(

pp HH 4321 ,,, ffff  gansazRvrisaTvis, da Semdgom, 

romlebSic 
)( j

сmM  icvleba 
)( j

сmM -iTi. 

 fardobebis meore varianti garsis xisti Camagrebis 

SemTxvevisaTvis (qveda sartyelis kedlis δ sisqiT) Semdegnairia: 

garsis CaRunva ganivRaris kvanZis zonaSi,  

                   ,
1

11)(
1

1

2

































pp

m

HH

X

E

AP
XW





 

                      
),/()1(3

),sin()exp(),cos()exp(

2224
1

11111





Av

XXXX




 

sadac 0)(  Xm XPP - hidrostatikuri  wnevis maqsimumia (pontonis an 

mcuravi saxuravis TovliT wonis CaTvliT); 

kidis mRunavi momenti  )(XM , ganivRaris kvanZSi intensiurad 

mcirdeba koordinataze Semdegi formulebis mixedviT   

).1(12;/)(

);/(11);/()(

2
0

11
max













DDPACXM

HCCMXM

om

p

 

ganivi Zalis maqsimaluri mniSvneloba ganivRaris kvanZSi 

0X  kveTaSi konturis sigrZis erTeulze, ,/)2( 0
1

1
max DPAHQ mp 

  

wriuli Zalva,  ./)()( AXWEXN    

wriuli Zalva, kgZ/sm, statikuri wnevisagan (umomento Teoria) 

garsis yvela sartyelisaTvis (sayrdeni zonis garda) 

ganisazRvreba formuliT  .)()(0 AXPXN   

Semdgom Sinagani Zalvebis eqstremumebisaTvis gamoiyeneba 

aRniSvnebi: ,10 cNN  ),0(220 NN  ),0(0 MM   ),0(0 QQ  ),( 2XMMm 

),( 322 XNN m  ).( 4XQQm   
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Zabvebis gaangariSeba  
 

 
Sinagani Zalvebis mniSvnelobebis mixedviT gamoiTvleba 

kidis efeqtis Zabvebi, Zabvebis eqstremaluri komponentis 

mniSvnelobebi ganivRaris kvanZis zonaSi, garsis yvela 

sartyelSi da fskerSi. eqvivalenturi Zabvebi rogorc miznobrivi 

funqciebis eqstremumebi, gamoiTvleba iteraciis meTodiT 

kompiuterze. 

kidis efeqtis Zabvebi (garsis dayrdnobis sibrtyeSi): 

RerZuli fibruli Zabvebi (kumSva) 

2

01010 6  MN                                                                    (3.16) 

wriuli Zabvebi (gaWimva) 

 2020 N                                                                                      (3.17) 

mxebi Zabvebi kedlis centrSi 

 00 2
3 Q                                                                                    (3.18) 

eqvivalenturi fibruli Zabvebi garsis kedelSi  

2010
2
20

2
10  эо                                                                      (3.19) 

Zabvebi fskerSi 

./М/Q 2

0 6 ZirZirZirZir                                                                     (3.20) 

ganivRaris kvanZis zonaSi Zabvebis eqstremumebi: 

RerZuli fibruli Zabvebi (kumSva) 

2

101 6  MNQ max  ,                                                              (3.21) 

wriuli Zabvebi (gaWimva) 

 mmax N22  ,                                                                                        (3.22) 

mxebi Zabvebi 

 mmax Q
2

3
 ,                                                                                       (3.23) 

sadac 
mm NM 2,
 da mQ - Sesabamisi eqstremumebis udidesi 

mniSvnelobebia modulis mixedviT. 
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eqvivalenturi Zabva ganivRaris kvanZis zonaSi gamoiTvelba, 

rogorc miznobrivi funqciis maqsimumi   

X
э max 21

2

2

2

1                                 (3.24) 

sadac 2 - wriuli gamWimavi Zabva – X koordinatis funqciaa; 101   -

mkumSavi fibruli Zabvaa kedelSi 

2

101 6  )X(MN                                    (3.25) 

(
21  namravlis “+” niSani Seesabameba 

1  da 
2  Zabvebis erTnair 

niSnebs) 

j
1 ,

j
2  Zabvebis mdgenelebi da eqvivalenturi Zabvebi 

j

eq  garsis 

yvela ( j х) sartyelSi  

jjjj

21

2

2

2

1 )()(  eq                                     (3.35) 

 1  Zabvis gaangariSebisas mxedvelobaSi miiReba garsis, 

Tboizolaciis, saxuravis da Tovlis wona, xolo 2  

gaangariSebisas – Sinagani dawnevis wneva, siTxis hidrostatikuri 

wneva sakuTari wonisagan, pontonis wonisagan an mcuravi 

saxuraviT TovlisTvis (maTi arsebobisas). 

simtkicis Semowmeba xorcieldeba Zabvebis komponentebis da 

datvirTvebis sruli sistemisagan eqvivalenturi Zabvebis 

SedarebiT dasaSveb Zabvebze.  

 
rezervuarebis siTxiT gaangariSeba 

 

siTxiT srulad Sevsebuli daxuruli rezervuari an sxva 

raime WurWeli SesaZlebelia ganvixiloT rogorc myari sxeuli, 

vinaidan moZraobisas zedapiruli talRebi ar warmoiqmnebian, 

xolo siTxeebis kumSvadoba sakmaod mcirea. 

rezervuarebis nawilobrivi Sevseba – warmoadgens yvelaze 

realur SemTxvevas maTi eqspluataciis dros. WurWlebSi maTi 

nawilobrivi Sevsebis dros aCqarebuli moZraobisas 

warmoiqmnebian zedapiruli talRebi (maT simaRles vertikaluri 
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rezervuarebisaTvis  aqvT 0.1 radiusis Tanrigi), da Tu RreCo 

mSvidi produqtis zedapirsa da saxuravs Soris iqneba mcire, 

SesaZlebelia talRebis dartyma saxuravze, misi dazianeba da 

produqtis gareT amofrqveva. 

hidrodinamikuri dawnevis velebis gamoTvlis problemas 

dinamiurad datvirTul siTxiT nawilobriv Sevsebul WurWlebSi 

eZRvneba b.g.Kkorenevis, g.s. narimanovis, d.e. oxocimskis, b.i. 

rabinovicis, l.n. sretensis, s. jakobsonis, v. hauzneris da 

sxvebis Sromebi. 

 

nax 3.2. blanti siTxiT nawilobriv Sevsebuli WurWlis meqanikuri 

modeli (simetriis erT-erT sibrtyeSi), kinematikuri SeSfoTebis 

moqmedebis dros. siTxe Secvlilia maTematikuri qanqarebis 

nakrebiT (naxazze naCvenebia erT-erTi maTgani). siTxis 

siblantesTan dakavSirebuli disipatiuri momentebi 

modelirebuli aris dempferebis sistemiT: C – carieli WurWelis 

simZimis centri, u - O wertilis gadaadgileba 0*2* RerZze, Ψ – 

WurWlis mobruneba, γn – qanqaras mobruneba о*х* RerZis mimarT. 
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xorcieldeboda WurWlis Txevadi SevsebiT dinamikis 

maTematikuri modelirebis mcdelobebi dinamikaSi meqanikuri 

analogebis meSveobiT. nax. 3.2-ზე naCvenebia erT-erTi am 

modelebisagan (Микишев Г.Н., Рабинович Б.И. Динамика тонкостенных 

конструкций с отсеками, содержащими жидкость. Москва: Машиностроение, 

1971), romlisTvisac Sedgenilia dinamikis gantolebebis sistema 

WurWlis korpusis deformaciis gaTvaliswinebis gareSe misi 

simciris gamo. WurWeli siTxiT imyofeba masuri Zalebis velSi 

gradientiT о*х* RerZis paralelurad. WurWlis kinematikuri 

SeSfoTeba horizontaluri mimarTulebiT o*z* RerZis gaswvriv 

warmoebs o*x*z* sibrtyeze moZravi gareWilibiT, romelic 

saxsrulad dakavSirebulia simetriis RerZTan "о" wertilSi. 

g. hauzneris samuSaoebSi [97] SemoTavazebulia 

aradeformirebadi rezervuaris martivi, magram efeqturi modeli 

mis garsTan mierTebuli xistad siTxis myari mierTebuli masiT 

(romelic saSualebas iZleva gaviTvaliswinoT impulsuri hidro-

dinamikuri efeqti) da garsTan drekadad dakavSirebuli siTxis 

zedapiruli nawilis masiT, romelic konveqtiur (talRur) efeqts 

qmnis. 

rezervuarebis da siTxiT nawilobriv Sevsebuli WurWlebis 

mzidi konstruqciebis seismur datvirTvebze gaangariSebis 

meTodebi SemuSavebulia n.a. nikolaenkos mier. mis mier 

damuSavebuli gaangariSebis meTodika safuZvllad daedo 

rekomendaciebs. meTodikaSi  navaraudevia, rom rezervuarebis 

konstruqcia idealurad xistia (aradeformirebadi), anu garsis 

vibracia ugulvebelyofilia. amgvari mosazreba efuZneba imas, 

rom garsis sakuTari rxevebis sixSireebi  mniSvnelovnad 

aRemateba rezervuarSi siTxis sakuTari rxevebis sixSireebs. 

siTxe iTvleba arakumSvadad da misi siblante gaTvaliswinebulia 

(releis mixedviT) siTxis fardobiTi siCqaris proporciuli 

xaxunis SemoyvaniT, romelic amuxruWebs siTxis moZraobas. siTxis 

rxevebis amplitudebi iTvleba mcired siRrmesTan SedarebiT, 

xolo siTxis rezonansuli rxevebi ar irRveva, e.i. gareSe 
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kinematikuri zegavlenis amplitudur-sixSiruli speqtris 

komponentebi ar aRematebian zRvrul mniSvnelobebs, rac iwvevs 

siTxis rezonansuli rxevebis rRvevas. aseve iTvleba, rom manZili 

mSvidi siTxis sarkidan saxuravamde sakmarisia rom gamoiricxos 

talRis rezervuaris saxuravze dartyma. rezervuaris saangariSo 

sqema SeiZleba warmodgenili iyos gadataniTi moZraobis mqone 

saZirkvelze xistad Camagrebuli vertikaluri konsolis tipis 

drekadi sistemiT Tavisuflebis garkveuli xarisxiT.  

miRebuli winapirobebis farglebSi siTxis aragrigaluri 

moZraoba da rezervuarSi dawnevis veli ganisazRvrebian 

potencialuri Teoriis SefardebebiT. qvemoT mocemulia 

Sefardebebi vertikaluri cilindruli rezervuarisaTvis. 

gadataniTi gadaadgilebisas siCqariT 𝑋 = 𝑣 𝑡 ¬ siTxis 

nawilakebis absoluturi siCqareebis potenciali Φ udris 

      
  
 

 
 

   kk

k

k k
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k
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tv

hch
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fAtA
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
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2

1
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0

1
sin2,,,













 





 , 

sadac  ArJ k1 ,  kJ 1  -Bpirveli gvaris beselis funqciebia, χk – 

gantolebis 𝐽1
′  𝜒𝑘 = 0, 𝑕0 = 𝐻0 𝐴  fesvia da danarCeni aRniSvnebi 

gasagebia nax. 3.3-ze moyvanili sqemidan. 

 

nax. 3.3. vertikaluri cilindruli rezervuaris Txevadi 

produqtiT saangariSo sqema: XY - inerciuli, ξη - rezervuarTan 

dakavSirebuli koordinatTa sistema 
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funqcia 𝑓𝑘 ganisazRvreba diferencialuri gantolebidan 

𝑓 𝑘 𝑡 + 2𝑣 𝑘𝑓 𝑘 𝑡 + 𝜔 𝑘
2𝑓𝑘 𝑡 = −𝑣  𝑡 ,            (3.27) 

sadac 𝑣 𝑘 = 𝛿 𝑘𝜔 𝑘  2𝜋   - dempfirebis parametria; 𝜔 𝑘  - siTxis 

zedapiruli talRebis sakuTari rxevebis sixSireebi tolia 

         𝜔 𝑘 =  
𝑔

𝐴
𝜒𝑘𝑡𝑕 𝜒𝑘𝑕0 ;               (3.28) 

𝑔 - Tavisufali vardnis aCqarebaa; 𝛿 𝑘 – 𝑘-formis talRis 

rxevebis logariTmuli dekrementi, romelic damokidebulia 

reinoldsis ricxvze 𝑅𝑟 . 

gaangariSebisas gaiTvaliswineba siTxis rxevebis mxolod 

ZiriTadi forma erTi sakvnZo diametriT kvanZuri wrewiris 

gareSe: roca 𝑘 =1, koeficienti 𝜒1 =1,8412 (zedapiruli talRebis 

danarCen formebze modis daaxloebiT 2% sruli 

hidrodinamikuri datvirTvisagan). rxevebis ZiriTadi formis 

Sesabamisi rxevebis dekrementis mniSvneloba ganisazRvreba 

gamosaxulebiT 

    𝛿 1 =
0,451𝜋

 𝑅1
 

1,3

𝑠𝑕1,84𝑕0
 

1−𝑕0

𝑠𝑕1,84𝑕0
+ 1 + 4.09  ,      𝑅1 =

𝜔 1 𝐴2

𝑣 1
. 

roca 𝑕0 > 1 rxevebis dekrementi sustad aris damokidebuli 

𝑕0-ze, da miaxloebiT formulas aqvs saxe 𝛿 1 = 1,84𝜋  𝑅1  . 

siCqareebis potencialis mixedviT ganisazRvreba Sefardebebi 

hidrodinamikuri dawnevebisaTvis siTxisTvis simkvriviT ρ, 

garsze hidrodinamikuri jamuri datvirTviT 𝑋 da zedapiruli 

talRis profiliT ξ.  

    

 

  k

k
k

k

k dtv

A

H
ch

A

H
ch

f
t

tAp 








































 







1 *

*

sin2,,, 






 ; 

   
 

  k

k k

k
k

ArH

dtv
h

hth
fHAdd

t
X  






 














1 0

0
*

2

0 2

0

2sin

*









,   

1

1
2 


k

kd


; 



87 

            
   kk

k

k

k
J

ArJ
tvtf

g

A

tg
tr






1

2

1

1 1
sin

21
,,







 





  . 

tolqmedi Zalis 𝑋 modebis 𝑦 wertilis koordinata 

   
 

 
   

 
 

 





































1

02

0

1 00

02

0

*

1

21
1

1
11

1

21

2

1

k

k
k

kk

k

k

kk

k

kkC

tv

f
hth

h

tv

f

hchh
hth

h

H

y
















. 

moviyvanoT formulebi nebismieri kinematikuri (seismuri) 

datvirTvisaTvis nulovan sawyis pirobebSi: 

             ,~sin~exp~
1

1

01




dtvttvtf k

t

k

k

k
      

222

1
~~

kkk v ; 

    

     
 

        ;~sin~exp

~2

1
sin2

0

11









































dtvttv

yC
tvyCAt

kik

t

k

k ik

kk

k

k





 

    

 

        ;~sin~exp

~2

1
2

0

11

*

2











































dtvttv

B
tvBHAX

kik

t

k

k ik

kk

k

k





 

             


 dtvttv
a

g

A
kik

t

k

k ik

k  




~sin~exp~sin
2

01

; 

            00 hchAHchyC kkk   ;  

                    2

1

2222

1
~~4~

kkkkk vv   ;    
22

1

1

~~

~~2

kk

kk
k

v

v
tg






 . 

moyvanili Tanafardobebi hidrodinamikuri dawnevebis da 

Sejamebuli dinamikuri Zalebis mixedviT iZlevian saSualebas 

nagebobebis dinamikis cnobili meTodebiT gamovTvaloT 

rezervuaris garsSi da fskerSi gadaadgilebebi da Sinagani 

Zalvebi seismuri datvirTvis moqmedebaze, Tu garsis modelad 

miviRebT vertikalur konsols Runvis an Runvis da Zvris 

ZiriTadi koWuri formis gaTvaliswinebiT. 
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garda simtkiceze gaangariSebisa awarmoeben rezervuaris 

Zvraze da gadayiravebaze mdgradobis angariSs horizontaluri 

seismurobis dros. ankeruli Camagrebebis ararsebobis SemTxvevaSi 

mowmdeba mdgradobis uzrunvelyofis pirobebi: 

Хგ < 𝐹𝑅 ,   Мgad< МSem. 

aq Хგ da Мgad – gadamaაdgilebeli Zala da gadamyiravebeli 

momentia, F𝐹𝑅 da МSem - friqtiuli Zala (gansazRvruli kulanis 

kanonis mixedviT) da Semkavebeli momenti. 

mdgradobis erT-erTi pirobis Seusruleblobis SemTxvevaSi 

igulisxmeva ankerebis Camagreba, romlebic iangariSeba Wraze da 

gaglejaze. 

cilindruli da sferuli rezervuarebis dinamikuri 

gaangariSebis detaluri meToduri miTiTebebi seismurobaze 

navTobproduqtebis madempfirebeli monacemebiT moyvanilia 

rekomendaciebSi. 

vertikaluri rezervuarebis seismurobaze simtkiceze 

dinamikuri gaangariSebisas (horizontaluri da vertikaluri 

mimarTulebebiT) SesaZlebelia programa REZER-is gamoyeneba. 

hidrodinamikuri datvirTvebi programaSi ganisazRvreba zemod 

moyvanili Tanafardobebis mixedviT. gaangariSebisas xdeba 

konstruqciis sakuTari wonisagan, Tboizolaciisagan Tovlisagan, 

hidrostatikuri dawnevisagan da  (vakuumisagan) statikuri 

Zalvebis da Zabvebis gaTvaliswineba. gamoyenebulia normatiuli 

bazis koeficientebis sistema da ganxorcielebulia Sinagani 

dinamikuri Zalvebis da Zabvebis Sejameba statikur ZalvebTan da 

ZabvebTan.  

radgan dinamika Seyvanilia Sesabamisi dinamikurobis 

koeficientebiT jamuri Zabvebi da eqvivalenturi Zabvebi, rogorc 

miznobrivi funqciebis eqstremumebi, gamoiTvleba statikuri 

formulebis mixedviT.  
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3.2. usafrTxo bzarismagvari defeqtebi magistralur 

milsadenebSi 

 

amJamad Seqmnilia winapirobebi bzarebis meqanikis Teoriuli 

safuZvlebis da sainJinro meTodebis, da agreTve teqnikuri 

diagnostikis saSualeba praqtikuli gamoyenebisaTvis, romlebic 

iZlevian saSualebas sakmarisi saimedoobiT ganisazRvros bzaris 

msgavsi defeqtebi dazianebul sistemebSi. amavdroulad unda 

Catardes amgvari defeqtebis safuZvliani analizi, Tu ramdenad 

misaRebia maTi arseboba konstruqciis masalis fizikuri da 

meqanikuri dazianebebis gaTvaliswinebiT misi usafrTxo 

eqspluataciis SenarCunebiT, agreTve damuSavebulia 

regllamentirebuli kontrolis rekomendaciebi. 

bzarebis meqanikis kriterialuri midgomebiw gamoyenebiT 

usafrTxo (dasaSvebi) defeqtebis zomebis prognozirebisaTvis 

unda iyos dafuZnebuli determinirebul an/da albaTur 

gaangariSebebze. albaTuri gaangariSebebis ganxorcielebisaTvis  

SeiZleba gamoyenebuli iqnas saimedoobis Teoria, dafuZnebuli 

masalebis meqanikur Tvisebebis, datvirTvebis, zegavlenebis da 

defeqtoskopuri kontrolis statistikur monacemebze. 

CamovTvaloT bzarebis msgavsi defeqtebis usafrTxo zomebis 

gansazRvris ZiriTadi etapebi magistraluri milsadenebSi. 

1. eqspluataciis pirobebSi magistraluri milsadenebis 

rRvevis Taviseburebebis analizi. 

2. fizikur-meqanikuri modelis formireba, romelic 

iTvaliswinebs dazianebis dagrovebas eqspluataciis procesSi. 

3. bzaris mier dazianebuli milsadenis zRvruli kriteriumis 

SerCeva da dasabuTeba cikluri da koroziuli dazianebebis 

zemoqmedebis pirobebSi. 

4. milis foladis 17Г1С-У ZiriTadi meqanikuri Tvisebebis 

(simyifis kritikuli temperatura koT , rRvevis siblante IcK , 
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simtkicis da denadobis zRvari, deformaciuli ganmtkicebis 

maCveneblebiT) temperaturebis farTo diapazonSi. 

5. eqspluataciisas gamovlenili bzaris msgavsi defeqtebis 

statistikuri monacemebis analizi geometriuli zomebi 

ganawilebaze (siRrme da sigrZe) da saangariSo defeqtis 

sqematizacia. 

6. saangariSo sqemis dasabuTeba da saangariSo SemTxvevebis 

analizi. Zabvebis intensivobis koeficientis analizi da 

saangariSo formulebis SerCeva bzaris msgavsi Sida da gare 

zedapiruli defeqtebisaTvis. 

7. modelis Seqmna usafrTxoebis koeficientis 

dasabuTebisaTvis bzaris msgavsi misaRebi (usafrTxo) defeqtebis 

dadgenis mizniT. 

8. usafrTxo Sida da zedapiruli defeqtebis zomebis 

prognozireba eqspluataciis periodSi. 

magistraluri milsadenebis rRvevis Taviseburebebi. 

magistraluri gazsadenebi samuSao wneviT 5,5-10 mpa da diametri 

1020-1420 mm warmoadgenen  erTaderT liTonkonstruqciebs, 

romlebSic araerTxel aRiniSneboda mniSvnelovani sigrZis myife 

rRvevebi, romlebic zogjer ramodenime kilometrs aRweven. 

magistraluri milsadenebis rRvevebi mtyгnebebis cvlilebebis 

intensivoba xasiaTis mixedviT SesaZleba daiyos or 

nairsaxeobad: 

- FrRvevebi winaswari gaSvebis gamocdebisas da eqspluataciis 

sawyis periodSi, romlebic dakavSirebulni arian sawyisi 

teqnologiuri bzaris msgavsi defeqtebis arsebobasTan da 

agreTve defeqtebi, romlebic gamovlindebian milebis 

transportirebisas da samSeneblo-samontaJo samuSaoebi procesSi; 

- rRvevebi eqspluataciis pirobebSi bzarebis, koroziuli da 

liTonis sxva fizikur-meqanikuri dazianebebis warmoqmnisa da  

zrdis, eqspluataciis reJimebis darRvevis gamo. 
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milsadenebis gamovlenili rRvevebi ar iyvnen 

dakavSirebulni usafrTxoebis arasakmarisi zRvarTan, e.i. ar 

iyvnen gamowveulni moqmedi wriuli Zabvebis gadaWarbebiT 

saangariSo Zabvebze. rRvevebis umravlesoba gamowveuli iyo 

milebis foladis bzarebis warmoqmnis da zrdis arasakmarisi 

simtkiciT, temperaturuli zegavlenisas grZivi mdgradobis 

dakargviT, ganivi RuvniT milebis qveS miwis jdomisas, 

koroziuli dazianebebiT, datvirTvis moqmedi pirobebis 

gadaxriT saangariSosgan. magistraluri milsadenebis rRvevis 

garemoebebis Seswavlisas dadginda, rom bevr SemTxvevaSi 

rRvevebis adgilas aRiniSnebodnen gansxvavebuli sigrZis 

nakawrebi da kawrulebi maqsimaluri siRrmiT 1-1,5 mm. rRvevebis 

adgilebi mdebareobdnen milis zeda an qveda msazRvrelis ares 

(simetriis vertikaluri sibrtyis siaxloves), da ar aRiniSneboda 

dazianebebis mdebareobis SemTxvevebi milebis simetriis 

horizontaluri sibrtyis siaxloves. amavdroulad milsadenebis 

myife rRveva gamowveulia ara mxolod liTonis TvisebebiT 

magram agreTve datvirTvis pirobebiT, eqspluataciis 

temperaturiT, koroziulad aqtiuri garemos zemoqmedebiT.  

zemoTaRniSnulis SemajamebiT da imis gaTvaliswinebiT, rom 

milsadenebis eqspluatacia maTi didi sigrZis gamo xorcieldeba 

mkveTrad gansxvavebul klimatur pirobebSi, Cven SegviZlia 

aRvniSnoT magistralur milsadenebSi liTonis muSaobis Semdegi 

Taviseburebebi: 

1. atmosferuli movlenebis Taviseburebebi (naleqebis 

raodenoba, atmosferoSi sxvadasxva koroziuli minarevebis 

arseboba, da a.S.), da agreTve niadagebis nairsaxeobebis da 

tipebis farTo diapazoni, romlebSic gatarebulia milsadeni 

SeiZleba gamoiwvion sxvadasxva (xasiaTisa da intensivobis 

mixedviT) koroziuli-meqanikuri procesebi maTi realizaciis 

sxvadasxva meqanizmebiT. 

2. milsadenebis liToni muSaobs sxvadasxva klimatur zonebSi 

da farTo temperaturaTa diapazonSi (60℃-dan -40℃-mde). 
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3. milsadenis liTonSi eqspluataciis procesSi grovdeba 

fizikur-meqanikuri dazianebebi, romlebic dakavSirebulni arian 

liTonis daZvelebasTan, koroziul procesebTan, ciklur 

datvirTvebTan da a.S. 

4. milsadenebSi praqtikulad gardauvalia rogorc 

teqnologiuri, satransporto, samSeneblo da agreTve 

saeqspluatacio warmoSobis bzaris msgavsi defeqtebis (milis 

msazRvrelis gaswvriv orientirebuli anaglejebi da nakawrebi) 

arseboba. Tanac zemod aRniSnuli milebis liTonis muSaobis 

Tvisebebi axdenen mniSvnelovan zegavlenas bzaris msgavsi 

defeqtebis warmoqmnaze da ganviTarebaze. 

meqanikuri (statikuri da cikluri) datvirTebis 

zemoqmedebisagan gamowveuli bzaris msgavsi defeqtebis 

kritikulamde neli ganviTarebis problemas unda daeTmos 

gansakuTrebuli yuradReba.  

naTeli xdeba, rom magistraluri milsadenis rRvevis 

modelis Seqmna masSi bzaris msgavsi defeqtebis, statikuri 

datvirTvebis, koroziuli procesebis, liTonis cikluri 

dazianebebis da dinamiuri efeqtebis arsebobisas Zalian rTul 

problemas warmoadgens. garda amisa, praqtikulad SeuZlebelia 

universaluri modelis SemuSaveba, romelSic realizebuli 

iqneba liTonis rRvevis meqanizmebis da procesebis sruli 

mravalferovneba magistralur milsadenebSi liTonis muSaobis 

Taviseburebebis gamo. aucilebelia gamoivyoT meqanikuri 

maxasiaTebeli an maxasiaTeblebi, romlebic iTvaliswineben ara 

dazianebebis dagrovebis da rRveis meqanizmebis sxvadasxva 

procesebis Taviseburebebs, aramed  maT Sedegebs. aseT 

maxasiaTeblad SesaZlebelia gamoviyenoT rRvevis siblantis 

(bzarmedegobis) damokidebuleba liTonis dayvanil 

temperaturaze. am SemTxvevaSi, dayvanili temperatura 

ganisazRvreba, rogorc simkicis kritikuli temperaturiT, 

agreTve magistraluri milsadenis eqspluataciis temperaturiT. 

amgvari modelis gamoyeneba da bzaris msgavsi defeqtebis 
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dasaSvebi zomebis sqemis gansazRvra reglamentirebulia 

birTvul eleqtrosadgurebze aRWurvilobis da milsadenebis 

normebiT. 

 

3.3. milsadenebis da rezervuarebis koroziis 

saSiSroebebi agresiul garemosTan kontaqtSi 

 

korozia warmoadgens masalis  dazianebas, romelic, rogorc 

wesi, iwyeba konstruqciis zedapiridan da gamowveulia 

mravalricxovani procesebiT, kerZod – garemosTan qimiuri da 

eleqtro qimiuri urTierTqmedebiT. korozias xSirad mivyavarT 

sakonstruqcio masalebis mier simtkicis Tvisebebis dakargvamde, 

struqturis dazianebamde da aucilebeli funqciebis Sesrulebis 

unaris dakargvamde. 

korozia warmoadgens process, romelic viTardeba 

SedarebiT xangrZlivi drois diapazonSi. amitom konstruqciebis 

koroziuli cveTis Sedegebis Sefasebas atareben mravalricxovani 

Tanmxlebi faqtorebis gavlenidan gamomdinare, rac 

ganpirobebulia garemos,  statikuri da dinamikuri (cikluri) 

datvirTvebis zemoqmedebiT. 

koroziis sxvadasxva meqanizmebs Soris Dj.Kkolinzis [14] 

mier aRniSnulia yvelaze mniSvnelovnebi: qimiuri, 

eleqtroqimiuri da biologiuri, eroziuli, napralovani, 

wertilovani, kristalTSorisi, kavitaciiiuri, SerCeviTi 

gamotutva, wyalbadovani dazianebebis, koroziuli cveTa, 

korozia Zabviს qveS. konstruqciebis yvelaze gavrcelebuli 

dazianebebi dakavSirebulia koroziuli da daRlilobiTi 

procesebis urTierTqmedebis gamovlinebasTan. 

liTonis Ria an antikoroziuli dacvis dazianebebis mqone 

zedapirebis qimiuri korozia dakavSirebulia qimiurad aqtiur 

siTxeebTan uSualo kontaqtTan da warmoadgens gansakuTrebul 

safrTxes feTqebadsaSiSi produqtebis Senaxvisa da 
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transportirebisas WurWlebisa da milsadenebis eqspluataciis 

dros.  

daCqarebuli koroziuli procesi warmoიqmneba lokaluri 

dazianebebis adgilebSi, magaliTad bzarebSi, romlebic Cndeba 

periodulad datvirTul konstruqciebSi mcire ciklis an 

mravalcikluri daRlilobis zemoqmedebisas. uxarisxo SeduReba 

SeiZleba gaxdes kristalTSorisi koroziis ganviTarebis mizezi 

zogierTi liTonebis marcvlebis sazRvrebze, rac amcirebs maT 

simtkices.  

milsadenebSi moZravi Txevadi garemos, SesaZloa abraziul 

nawilakebTan urTierTqmedebis gamo SeimCneva eroziuli korozia, 

xolo wnevis WurWlebSi temperaturis mniSvnelovani vardnisas 

kavernebis warmoqmnis dros - kavitaciuri korozia. 

 konstruqciebSi cveTis sxvadasxva procesebi (friqciuli, 

adheziuri, deformaciuli, zedapiruli daRlilobiTi, 

dartymiTi), romlebic erTmaneTTan xSirad urTierTqmedeben, 

aCqareben korozias.  

liTonkonstruqciebSi cikluri datvirTvebis zemoqmedebisas 

SesaZlebelia koroziis da daRlilobis araxelsayreli 

movlenebis urTierTqmedeba. daCqarebul korozias xels uwyoben 

mikrodazianebebi, romlebic gzas uxsnian agresiuli garmos 

zemoqmedebis SesaZleblobas liTonis axal adgilebSi. Tavis 

mxriv, korozia xels uwyobs daRlilobis dazianebebis 

daaCqarebas. es erTmaneTis damaCqarebeli procesebi, rasac 

ewodeba koroziuli daRliloba, Zalian saxifaToa, radgan isini 

xels uwyoben konstruqciebis daCqarebul dazianebas da rRvevas. 

yvelaze gavrcelebulia korozia produqtis liTonze 

qimiuri zemoqmedebis Sedegad, Tanac koroziis intensivoba 

damokidebulia  rogorc liTonis struqturaze, aseve mis 

Semadgenlobaze da masTan urTierTmoqmedi garemos Tvisebebze, 

mis temperaturaze da moZraobis fardobiT siCqareze. 

koroziis Sedegad mcirdeba datvirTvis qveS momuSave 

liTonis masa. aqedan gamomdinare, koroziis siRrmis da 
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ganviTarebis Sedegebis prognozs afaseben misi siCqaris R 

mixedviT, rac ganisazRvreba eqsperimentebiT koroziul garemoSi 

moTavsebul nimuSebze. 

garemos kombinirebuli zegavlena, datvirTvebi da korozia 

aucileblad unda iqnes miRebuli mxedvelobaSi avariebis riskis 

Sefasebisas. [94] naSromSi moyvanili monacemebi gviCvenebs, rom 

konstruqciebis foladis elementebis maxasiaTebeli 

xangamZleobis β0 saukeTeso Sefaseba SeiZleba dadgindes i 

elementebis ricxviT dajamebiT, avariebis raodenobis (r = 1), 

muSa Zabvebis donis σi, eqspluataciis vadis ti da koroziisagan 

winaaRmdegobis Di, romelic damokidebulia garemos pirobebze  

Semdegi TanafardobiT: 
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sadac 𝛼 – xangamZleobis ganawilebis formis parametria, 

romelic ganisazRvreba laboratoriulad. 

 

  3.4.   rezervuaris kedlis gaangariSeba simtkiceze da 

mdgradobaze Semowmebis mizniT 

 

rezervuaris kedlis gaangariSeba simtkiceze 

eqspluataciisas Semowmebis mizniT ganvaxorcieleT samSeneblo 

normebis da wesebis СНиП Н-23-81 moTxovnebis Sesabamisad. 

  
   *21

100
yc

u R
rPnxHn





 


 ,                                          (3.30) 

sadac σ – Zabvaa rezervuaris saangariSo sartyelSi, mpa;  

            n1 - gadatvirTvis koeficienti hidrostatikuri 

datvirTvisaTvis n1 =1,0; 

ρ – navTobproduqtis simkvrive, miiReba mocemul 

rezervuarSi Sesabamasi produqtis simkvrivis udidesi 

mniSvneloba, kg/m³; 
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Н - navTobproduqtis Casxmis simaRle, m; 

x – manZili rezervuaris fskeridan saangariSo donemde, m; 

n2 – gadatvirTvis koeficienti Warbi wnevisaTvis da 

vakuumisaTvis, n2 =1,2; 

Рu – rezervuaris gadaxurvis qveS sivrceSi Warbi wnevis 

normatiuli sidide,   Рu =0,2 kpa; 

r – rezervuaris radiusi (miiReba proeqtis mixedviT), m; 

𝛿  – rezervuaris kedlis realuri sisqe saangariSo 

sartyelSi, m; 

γс - muSaobis pirobebis koeficienti, kedlis I-li 

sartylisaTvis  γс =0,7; yvela danarCeni sartylebisaTvis γс 

=0,80;  

𝑅𝑦
∗ - foladis saangariSo winaRoba denadobis zRvarze, mpa. 

rezervuaris kedlis mdgradobaze gaangariSeba Semowmebis 

mizniT, ganvaxorcieloT cnobili formuliT: 

             c









02

2

01

1
,                                                                (3.31) 

sadac σ1 da σ2 – Sesabamisad saangariSo RerZuli da wriuli 

Zabvebia rezervuaris kedelSi, mpa;  

             σ01, σ02 – Sesabamisad kritikuli RerZuli da wriuli 

Zabvebia;  

             γс – muSaobis pirobebis koeficienti, γс =1.  

saangariSo RerZuli Zabvebi ganisazRvreba formuliT: 

 




r

nQnQQQn n

2

243

1̀




vakTsr
,                                            (3.32) 

sadac 𝑛3 – saimedoobis koeficienti sakuTari wonis 

datvirTvisagan, n3 =1,05; 

             Qn – rezervuaris dafarvis wona (miiReba proeqtis 

mixedviT), mn; 

            Qsr - zemoT mdebare kedlis sartylebis wona, mn; 

           QT – dafarvaze Tovlis datvirTvis normatiuli 

mniSvneloba, mn;  
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            Qvak - normatiuli datvirTva dafarvaze vakuumisagan, mn, МН;  

             𝑛4 - saimedoobis koeficienti Tოvlis datvirTvaze. 

dafarvaze Tovlis datvirTvis sruli normatiuli mniSvneloba 

ganisazRvreba formuliT: 

𝑄თ = 𝑞𝜇𝑘1𝜋𝑟2,                                                   (3.33) 

sadac q – miwis 1 m horizontaluri zedapiris Tovlis dafarvis 

wonis normatiuli mniSvnelobaa mn/m; 

μ – miwaze Tovlis dafarvis wonidan dafarvaze Tovlis 

fenaze gadasvlis koeficienti; 

k1 - СНиП 2.01.07-85-is rekomendaciebiT miRebuli 

koeficientia.  

zemoT mdebare rezervuaris kedlis sartylebis wona 

ganisazRvreba formuliT: 

        



b

i
irhQ

1

2  fsr ,                                                         (13.34) 

sadac b – bolo sartylis nomeri (nomeris mniSvneloba), 

sartylebis aTvla unda daiwyos dablidan;  

hi – rezervuaris kedlis i-ri sartylis simaRle, furclebis 

pirapira SeerTebisas miiReba 1.5 m-is toli; 

γფ – foladis kuTri wona, mn/m³. 

vakuumisagan normatiuli datvirTva dafarvaze: 

𝑄ვ = 𝜋𝑟2𝑃𝑚𝑎𝑥 ,                                                       (3.35 

sadac Рv – vakuumis normatiuli mniSvneloba airis sivrceSi. 

RerZuli kritikuli Zabvebi ganisazRvrebian formuliT: 

                       
r

cE


 01
,                                                                  (3.36) 

sadac С – koeficientia, romelic ganisazRvreba cxrilidan 𝐶=0.11;  

              Е – foladis drekadobis moduli, Е = 2 ∙ 10
5
 mpa. 

saangariSo wriuli Zabvebi rezervuaris kedelSi 

ganisazRvrebian formuliT: 




2nPnP BB v

wr


                                                (3.37) 



98 

                                                          

sadac  Рв – rezervuarze qaris dawnevis normatiuli mniSvneloba, 

mpa;  

nв - qaris datvirTvis saimedoobis koeficienti, nн =0,5;  

δ – rezervuaris kedlis sisqise saSualo ariTmetikuli  


b

i

b1


                                                                 (3.46) 

sadac δ – kedlis i –uri sartylis realuri sisqea, sm. 

 qaris dawnevis normatiuli mniSvneloba ganisazRvreba 

formuliT : 

𝑃ქ = 𝜔0𝐾2𝐶0                                                            (3.38) 

sadac С0 – aerodinamikuri koeficientia; 

       ω0 – qaris dawnevis normatiuli mniSvneloba, mpa; 

К2 – koeficienti, romelic iTvaliswinebs qaris dawnevis 

cvlilebas simaRlis mixedviT. kritikuli wriuli Zabvebi 

ganisazRvreba formuliT: 

 

5.1

0

02 55.0 









rh

r
E


                                                    (3.39) 

sadac h0 – rezervuaris simaRlea. 

 

rezervuaris narCeni resursis prognozireba 

 

foladis vertikaluri rezervuarebi muSaoben statikuri 

da mcirecikluri datvirTvis pirobebSi. amitomac maTi 

diagnostirebisaTvis aucilebelia  narCeni resursis 

gaangariSeba rogorc statikuri datvirTvisas liTonis 

koroziis gaTvaliswinebiT, aseve mcirecikluri datvirTvisas. 

rezervuaris kedlis narCeni resursi mcirecikluri 

datvirTvisas SeiZleba ganisazRvros mcirecikluri rRvevis 

meqanikis safuZvelze.  

rezervuaris kedlis narCeni resursi ganisazRvreba 

rogoroc ciklTa jami cikluri rRvevis ori stadiis mixedviT: 
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N C =N 0 + N p                                                     (3.40) 

sadac N0 – ciklebis ricxvia bzarebis warmoqmnamde; 

Np – ciklebis ricxvia kritikuli  bzaris warmoqmnamde. 

 

rezervuaris kedlis resursis gaangariSeba bzarebis 

warmoqmnamde 

 

ciklebis ricxvi bzarebis warmoqmnamde SesaZlebelia 

ganisazRvros formuliT: 

 

           2

1

*

2

1

*

0

1
28,1

1

1
ln28,1

4

1

1
1

28,1

1

1
ln28,1

4

1



































































caN

c

a

E

n

n

E

N ,                              (3.41) 

sadac Е – drekadobis modulia, Е = 2∙10
5
, mpa;  

ψ – fardobiTi Seviwroeba, romelic ganisazRvreba 

eqsperimentalurad an sacnobaro monacemebiT; 

nσ – maragis koeficienti Zabvebis mixedviT, nσ = 2;  

𝜍𝑎
∗- pirobiTi Zabvebis amplituda rezervuaris kedlis 

saangariSo wertilSi, mpa; 

σ-1 – amtanobis zRvari foladisaTvis, mpa; 

φс – koeficienti, romelic iTvaliswinebs maxasiaTeblebis 

Semcirebas SeduRebis Sedegad,  

naxSirbadmcire foladebisaTvis: 

xeliT rkaluri SeduRebisas φс = 0.8; 

avtomaturi rkaluri SeduRebisas φс = 0.9; 

nN – maragis koeficientia xangamZleobis mixedviT, nN =10.  
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pirobiTi Zabvebis amplitudas rezervuaris kedlis 

saangariSo wertilSi gansazRvraven Semdegnairad: 

Tu 2𝜍𝑎 ≤ 𝜍𝑇 , maSin 𝜍𝑎
∗ = 𝜍𝑎 ,                                                 (3.42) 

sadac σт – kedlis liTonis denadobis zRvaria, romelic 

ganisazRvreba meqanikuri gamocdebiT an samSeneblo 

normebiT, mpa; 

𝜍𝑎  – kedlis saangariSo wertilSi Zabvebis ampliltuda: 

𝜍𝑎 = 0.5𝐾𝜍 ∙ 𝜍𝐻 ,                                                                          (3.43) 

sadac σн – nominaluri Zabvaa kedelSi 

         
 






rxHg
H


 max ,                                                       (3.44) 

sadac Hmax -  rezervuarSi navTobproduqtis udidesi done. 

Tu ki 2𝜍𝑎 > 𝜍𝑇 , 

   maSin 𝝈𝒂 = 𝑲𝝈 ∙ 𝝈𝑯 𝟐 ,                                                          (3.45) 

sadac  Ке – deformaciebis koncentraciis koeficienti drekad-

plastikur zonaSi, romelic ganisazRvreba noiberis 

damokidebulebiT        

               Kσ∙Ke=𝛼0
2,                                                                   (3.46) 

sadac α0 – Zabvebis koncentraciis Teoriuli koeficienti, 𝛼0=1.9÷5; 

              Кσ - Zabvebis koncentraciis koeficienti drekadplastikur 

zonaSi, 

         
H

TK



  .                                      (3.47) 

denadobis zRvaris σт da amtanobis zRvaris σв 

mniSvnelobebi unda iqnas miRebuli: 

Tu gamocdebisas σт da σв mniSvnelobebi Seesabamebian 

mSeneblobis periodSi moqmedi saxelmwifo standartebis da 

foladze teqnikur moTxovnebs – am dokumentebSi aRniSnul 

minimaluri mniSvnelobebiT; 

Tu gamocdebisas σт da σв mniSvnelobebi naklebia, vidre es 

gaTvaliswinebulia mSeneblobis periodSi moqmedi saxelmwifo 
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standartebiT da foladze teqnikur moTxovnebiT - gamocdebisas 

miRebuli minimaluri  mniSvnelobebiT. 

formulaSi (3.41) ar iTvaliswineba rezervuaris koroziuli 

cveTa. rezervuaris kedlis narCeni resursi koroziis 

gaTvaliswinebiT unda iqnes gaangariSebuli formuliT: 

Nnar = N 0 ∙ ( l -β ) ,                                                            (3.48) 

sadac N0 – rezervuaris kedlis resursia koroziuli zemoqmedebis 

gaTvaliswinebis gareSe formula (19) mixedviT; 

β – garemos zemoqmedebis koeficienti, sixSireebisaTvis 1.0 

hercamde. 

β= λl gN ,                                                               (3.49) 

sadac λ – koroziis koeficientia, 𝜆=0.02÷0.1 

(sixSiris Semcireba erTi TanrigiT iwvevs gazrdas 10-15%-iT). 

Tu viciT rezervuaris narCeni resursi, maSin darCenili 

eqspluataciis vada SesaZlebelia gamoiTvalos formuliT: 

0n

N
T oc ,                                                               (3.50) 

sadac n0 –rezervuaris Sevsebis mTliani ciklebis ricxvi, 1/weli. 

 

rezervuaris kedlis resursis gaangariSeba bzaris warmoqmnis 

Semdeg 

 

rekomendirebulia narCeni resursis ciklebis ricxvis 

mixedviT gaangariSebis Semdegi Tanmimdevroba bzaris zrdasTan 

dakavSirebiT. 

 kontrolis urRvevi meTodebiT avlenen sawyisi bzaris L0 

maqsimalur sigrZes (siRrmes) da gansazRvraven Zabvebis 

intensivobis Kic kritikuli koeficientis mniSvnelobas 

eqsperimentalurad an gaangariSebis meTodiT. 

 gansazRvraven bzaris kritikul sigrZes Lkr formuliT: 



22 icK
L kr

.                                                                (3.51) 
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 angariSoben Zabvebis koncentraciis koeficientis nazrds 

formuliT: 

∆𝐾 = ∆𝜍 0.5𝜋𝐿კრ,                                                (3.52) 

sadac ∆σ=σmax−σmin. 

 eqsperimentalurad gansazRvraven masalis mudmivebis А da n 

mniSvnelobebs (mocemulia sn da w cxrilebSi) f-3-is mixedviT 

𝐴=2∙10-10; 𝑛=3.85. 

 rezervuaris kedlis narCeni resursi bzaris ganviTarebis 

stadiaze ganisazRvreba ciklebis ricxviT, romelic Seesabameba 

bzaris zrdas sawyisi sigrZidan (L0) kritikul sigrZemde (Lkr) da 

ganisazRvreba formuliT: 

                         
   

    nn

nn

p
An

LL
N

 






5,0

5,015,01

0

5.015.0

kr .                                 (3.53) 

rezervuaris narCeni eqspluataciis vada ganisazRvreba 

formuliT: 

0n

N
T

p
                                                         (3.54) 

 

rezervuaris narCeni resursis prognozireba koroziuli 

cveTis kriteriumis mixedviT 

 

prognozirebis Tanmimdevroba. 

narCeni resursis prognozireba xorcieldeba rezervuaris 

perioduli daTvalierebis, kedlis, fskeris, dafarvis (mcuravi 

saxuravis) konstruqciis faqtiuri sisqeebis gazomvis, gazomvis 

Sedegebis statistikuri damuSavebi da narCeni resursis Semdgomi 

gaangariSebis gziT yoveli konstruqciul elementze calcalke. 

rezervuaris daTvalierebisas unda ganisazRvros: 

koroziuli zedapiris farTobi, erT damoukidebel gazomvaze 

mosuli zedapiris farTobi, koroziis araerTgvarovnobis 

xarisxi da gazomvebis aucilebeli raodenoba. 

 gazomvebis Sedegebis damuSavebis meTodi. 
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 gazomvebis Sedegebis statistikuri damuSaveba Seicavs: 

- gazomvebis minimaluri aucilebeli raodenobis 

gansazRvras (amokrebis moculoba); 

- miRebuli amokrebis erTgvarovnobis Sefaseba; 

- variaciis koeficientis da koroziis siRrmis 

ganawilebis parametrebis gansazRvra; 

- koroziis maqsimaluri siRrmis gansazRvra konstruqciis 

elementebis mixedviT. 

gazomvebis wertilebis aucilebeli minimaluri raodenobis 

SerCeva rezervuaris korpusis elementis zedapirze (kedeli, 

gadaxurva, fskeri, saxuravi) unda ganxorcieldes saWiro 

Sefasebis sarwmunoobis albaTobidan γ, dasaSvebi cdomilebis ∆ 

da koroziis araerTgvarovnebis xarisxis, romelic xasiaTdeba 

koroziis siRrmis variaciis koeficientidan gamomdinare. 

variaciis koeficientis mniSvneloba ν saorientaciod 

SeiZleba iyos SerCeuli: 

- koroziis mcire araerTgvarovnobamde < 0,2; 

- koroziis mniSvnelovan araerTgvarovnobamde 0,3+0,5; 

- koroziis Zlieri araerTgvarovnobamde >0,5. 

albaTobas γ irCeven aranakleb 0,90, maqsimalur dasaSvebi 

cdomilebas ∆ - 0,10. 

 

 rezervuaris narCeni eqspluataciis vadis prognozireba. 

 

rezervuaris narCeni eqspluataciis vadis prognozirebas 

axorcieleben rezervuaris yvela elementis (kedlis i–uri 

sartyeli, fskeri, saxuravi) narCeni eqspluataciis vadis 

gaangariSebiT da am sididis minimaluri mniSvnelobis 

gansazRvriT: 

iTT min .                                                 (3.55) 

rezervuaris elementis narCeni eqspluataciis vadis 

Sefaseba xdeba formuliT: 
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  
i

i

m

i
i

C
T

 
 ,                                              (3.56) 

sadac δ i  - i-uri elementis saSualo sisqe, mm; 

       [δ]'т - i-uri elementis minimaluri dasaSvebi sisqe, mm;  

       C i  - i-uri elementis koroziis saSualo siCqare, mm/weli 
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Tavi 4. aparaturul-kompiuteruli diagnistikis kompleqsi 

milsadenebis da rezervuarebis simtkicis 

kontrolisaTvis da maTi gamoyenebis magaliTebi 

 

4.1. informaciuli sistemis Seqmnis Taviseburebani 

milsadenebis da rezervuarebis diagnostikis 

amocanisaTvis 

 

saerTo principebis mqone efeqturi informaciuli sistemebis 

Seqmnis problema aqtualuria praqtikuli programirebis 

sferosaTvis. 

am SemTxvevaSi efeqturobaSi igulisxmeba: 

 unari adekvaturad gasces pasuxi, momxmareblis moTxovnas; 

 muSaobis uzrunvelyofa mocemul sferoSi arsebuli 

moTxovnebiTa da meqanizmebis gamoyenebiT; 

 Senaxvisa da gamoyenebis minimaluri xarjebi. 

samwuxarod wayenebul moTxovnebs Soris principuli 

gansxvavebebi, SeuZlebels xdis Seiqmnas msgavsi sistema. magram 

diagnostikis informaciuli sistemebisaTvis SeiZleba gamoyofil 

iqnas rigi Taviseburebani, romlebic saSualebas gvaZleven 

gavaerTianoT isini erTnairi amocanebis klasSi. 

informaciuli sistema diagnostikaSi ZiriTadad emsaxureba:  

pirveladi informaciis miRebas, Tavdapirvel damuSavebas da 

Senaxvas, saboloo damuSavebasa da Sedegebis moTxovnil formaSi 

gadacemas. msgavsi sistemebi SeiZleba Seiqmnas damoukidebeli 

(TviTmomsaxurebadi) saxiT, romelsac gaaCnia damasrulebeli 

funqcia, Sesrulebuli standartuli gamomTvleli kompleqsis 

bazaze. an iyos dayofili ramodenime damoukidebel funqcionalur 

kompleqsad, romelTac gaaCniaT informaciis urTierT gacvlis 

unari. 

realizebasTan damokidebulebiT, sistemebisaTvis SeiZleba 

gamovyoT momxmarebelTan urTierTobis ramodenime wertili. 
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TiToeuli interfeisis Seqmnis dros gaTvaliswinebuli unda 

iqnas momxmareblis kvalifikacia. amasTan mniSvnelovania 

gaTvaliswinebul iqnas, rogorc mocemuli sistemis momxmareblis 

kvalifikacia, aseve diagnostikis sakiTxebSi misi kvalifikacia. 

aqedan gamomdinare informaciis gadacemis forma SesaZlebelia 

miaxloebuli iyos, rogorc fizikuri sidideebis gazomvebis 

SedegebTan, aseve abstraqtul maCveneblebTan romelic asaxavs, 

kontrolis Sedegebs. rigi gansakuTrebulebani gamowveulia 

programuli uzrunvelyofis specifikiT, diagnostikisaTvis. msgavsi 

sistemebis interfeiss waeyeneba gamZleobisa da saimedoobis   

maRali moTxovnebi. amasTan xarjebi sistemuri nawilis 

Sesaqmnelad gacilebiT mcirea, vidre farTo moxmarebis 

programirebisaTvis. es gamowveulia imiT, rom ZiriTadi aqcenti 

programirebisas gadatanilia, informaciis damuSavebis maTemati-

kuri algoriTmebis Seqmnasa da aparatul interfeisebze. aseve 

unda aRiniSnos, rom interfeisebze praqtikulad ar arsebobs, 

aramrRvev kontrolSi gamoyenebuli damuSavebis meTodebisa da 

monacemTa formatis standartebi. radganac programuli 

uzrunvelyofa aramrRvev kontrolis sistemebisaTvis saWiroa 

mivakuTvnoT saSualo sirTulis sistemebs, mizanSewonilia 

Tanamedrove maRalwarmoebadi programirebis meTodis gamoyeneba, 

proeqtis sistemuri nawilis SemuSavebisas. 

diagnostikis sistemebSi, rogorc wesi gamoiyeneba 

informaciis damuSavebis rTuli meTodebi, rac kompleqsis 

safuZvels warmoadgens. programis am nawilisaTvis Zalze 

mniSvnelovania gadatanis unarianoba. gadatanis unarianobaSi 

igulisxmeba, damuSavebis algoriTmebis gadatana kompleqsis 

gadatana Zveli sistemidan axalSi. es sakiTxebi gansakuTrebiT 

aqtualuria didi kompleqsebis Seqmnisa, sadac aman SesaZloa 

didi roli iTamaSos arqiteqturuli sistemebis SerCevaSi. 
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4.2. aparatul-kompiuteruli  diagnostikis 

kompleqsis blok-sqema 

 

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 gardamqmnelis 

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. 

ganvixiloT es procesi dawvrilebiT. gardamqmnelebSi 

SeiZleba igulisxmebodes nebismieri mowyobiloba, rogorc 

aqtiuri, aseve pasiuri moqmedebis principiT, romlebic 

uzrunvelyofen urTierTkavSirs kontrolirebad fizikur 

parametrsa (ramodenime parametrsa) da gardamqmnelidan gamosul 

registrirebad parametrs Soris. mTel rig aramrRvevi kontrolis 

meTodSi `gamoZaxili~ SeiZleba registrirdebodes iseTi formiT, 

romelic SeiZleba uSualod iqnas gaanalizebuli sxvadasxva 

nawilebs Soris, romelTa aparatuli realizacia SeiZleba 

principulad gansxvavdebodes. 

Tanamedrove specializirebuli aparatuli saSualebebis 

done orientirebuli msgavs sistemebze (rogoricaa java – 

procesori) saSualebas gvaZlevs, mivaRwioT srul integracias, 

informaciuli sistemebis sxvadasxva nawilSi. 

java-s   gamoyenebiT  momxmarebeli   mTlianad   gadawyvets  
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gadasatani interfeisis problemas, rac arsebiTad gaadvilebs 

momxmareblisaTvis sistemis aTvisebas da SesaZleblobas miscems 

gamoiyenos maRalxarisxovani platformirebis farTo speqtri. 

problemis am gziT gadawyvetis uaryofiT mxared SeiZleba 

CaiTvalos, dabali mwarmoebloba, java sistemis tradiciuli 

moxmarebis dros. magram amavdroulad es arc ise Zviria 

dRevandeli dRis SesaZleblobebis maqsimumisaTvis, gadatanis 

unarianobisa da xangrZlivi moqmedebis mxriv. samwuxarod 

dReisaTvis java procesorebi mwirad aris warmodgenili bazarze 

da maTi gamoyeneba sistemis aparatul nawilSi momavlis saqmea.  

unda aRiniSnos, rom diagnostikis sistemebs gaaCniaT 

xangrZlivi zemoqmedebis vada, SesaZlebelia gadaaWarbos 10 

weliwadsac. am xnis ganmavlobaSi SeiZleba warmoiqmnas Zveli 

sistemis adaptaciis sakiTxi axal aparatul platformebze, an 

moralurad moZvelebuli komponentebis Secvlis sakiTxi. aseve 

SesaZlebelia saWiro gaxdes gamoviyenoT mxolod kapilaruli, 

ultrabgeriTi, optikuri meTodebi. sxva meTodebSi gamoiyeneba 

`gamoZaxili~ eleqtruli signalis saxiT, romelic gacilebiT 

misaRebia registrirebisTvis 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 

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, 
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sqematurad an sam ganzomilebaSi, romelzec datanilia saZiebeli 

fizikuri sididis ganlageba. 

vgulisxmobT, rom saZiebeli sididis mniSvneloba sakmaod 

rekonstruirebadia, miRebul pirvelad informaciaze dayrdobiT. 

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. 

dReisaTvis 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 

obieqtisaTvis Seqmnilia meToduri rekomendaciebi, romlebic 

formulirebas ukeTeben gadawyvetilebis miRebis process. sxva 

SemTxvevebisaTvis saWiroa evoluciuri midgoma, an gamoiyvaneba 

asocirebuli gadawyvetilebebi. xSirad gadawyvetilebebi miiReba 
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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. am 

mimarTulebiT sayuradReboa gadawyvetilebis avtomaturi 

formulireba, 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 
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Soris ucxouris), statistikuri informaciis Segroveba. msgavsi 

centris Seqmna SesaZlebelia mZlavr kvleviT organizaciaSi, 

romelic dakavebulia aramrRvevi kontrolis sakiTxebiT da 

gaaCnia   didi  saswavlo  potenciali.  amasTan,  ra  Tqma  unda  

praqtikuli gamocdileba msgavs sakiTxebSi. 

yoveli zemoTqmulidan gamomdinare, davamuSaveT aparaturul- 

kompiyeruli diagnostikis blok-sqema (nax. 4.1), romelic 

saSualebas iZleva SevafasoT konstruqciebis muSaunarianoba 

realur droSi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.1. aparaturul-kompiuteruli diagnostikis blok-sqema 

milsadenebis da rezervuarebis simtkicis kontrolisaTvis 

konstruqciebis muSaunarianobis 
Sefaseba (daZabul-deformirebuli  

mdgomareobisas) 

magnitur-fxvrilovani, 
ultrabgeriTi, boWkovan-
optikuri temperaturis 

gadamwodi da sxva 
milsadenebis da rezer-

vuarebis kontrolisaTvis 

 

sxva aparatebi 
kontrolisaTvis: 

simtkicis mzomi; sisqis 
mzomi 

kontrolis 
meTodika 
urRvevi 

kontrolis 
meTodebi 

gamoyenebiT 

programuli 
produqti 

diagnostikis 
monacemTa 
damuSaveba 

teqnikur 
grafikuli 
redaqtori 

simtkiceze 
angariSis 
meTodika 

printeris 
kontrolis 
Sedegebis 
dasabeWdad 

programuli 
produqti 

angariSisa da 
kontrolis 
Sedegebis 
analizi 

kontrolis 
Sedegebis 
arqivi 
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SevCerdeT erT mniSvnelovan problemaze, milsadenebis da 

rezervuarebis yovel mdgomareobas Seesabameba gansazRvruli 

signali, romelic saWiroa diagnostirebis procesSi gavarCioT, 

amasTan ZiriTadi problema mdgomareobs im mizezebis aRmofxvraSi, 

romlebic amaxinjeben signals da aZnelebeb 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, rezervuari an milsadeni 

imyofeba erTidaigive mdgomareobaSi, e.i mdgomareobis erT 

klasSi Rebuloben sxvadasxva signalebs, Tu maTi arsebuli 

mdgomareoba ramdenadme gansxvavebulia. 

mdgomareobis yvela simravle SeiZleba davyoT or klasad: 

Sromisunarian da Sromisuunarod. magram orive klass gaaCnia 

gradaciis didi ricxvi da SedegSi ar SeuZliaT mkveTrad 

gansazRvruli signalis dabruneba. signalis variacia erTi 

mdgomareobis klasis farglebSi Semaferxebelia diagnostirebi-

saTvis. 

diagnostirebis amocana daiyvaneba signalis amocnobaze, 

romelsac vRebulobT gamosakvlevi obieqtidan da miekuTvneba 

erT-erTs aRniSnuli klasebidan. amitom diagnostikis mowyobiloba, 

apriorul xarisxSi unda Seicavdes informacias signalebis 

Sesaxeb, romlebic Seesabamebian milsadenebis da rezervuarebis 

sxvadasxva mdgomareobas. 
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4.3. pirveladi, meoradi da mesameuli 

diagnistikis meTodebi 

  

diagnostikis ZiriTadi principi moicavs: gansazRvruli 

parametrebis TanmimdevrobiT da sistemur gazomvebs da sawyisTan 

SedarebiT am parametrebis cvlilebis gamovlenas. 

amasTan dakavSirebiT gansakuTrebuli mniSvneloba eniWeba 

e.w. `sensorizacias~ anu adamianis grZnobiTi organoebis Secvlas 

gadamwodebiT. es ukanaskneli ara Tu cvlis adamianis grZnobiT 

organoebs, aramed ufro efeqturad asrulebs maT funqciebs. 

gadamwodebis mgrZnobeloba gacilebiT metia adamianis grZnobis 

organoebze. garda amisa, maT SeuZliaT aRiqvan da Semdeg 

mogvawodon CvenTvis gasagebi iseTi efeqtebi, romelTa aRqmac 

adamianis grZnobis organoebs ar ZaluZT. 

diagnostikis teqnikuri xerxebi da meTodebi SeiZleba 

davajgufoT sam tipad: 

a) naxevrad kvalificiuri roca xdeba romelime parametris 

fiqsireba. magaliTad, temperaturis, wnevis, saerTo 

vibraciis, gadaadgilebisa da a.S. 

b) kvalificiuri – vibraciis sixSiris analizi, saeqspluatacio 

maxasiaTeblebis uwyveti registracia, vizualuri 

daTvaliereba, deformaciis gadamwodebis gamoyeneba. 

g) maRalkvalificiuri – modelebis analizi, ultrabgeriTi 

defeqtoskopiis, magnitografiis, holografiis, akustikuri 

emisiis gamoyeneba.   

zogadad, rac ufro martivia gazomvis meTodebi da 

dabalkvalificiuri xerxebi, miT ufro uxeS anu 

cvlilebebisadmi ufro naklebad mgrZnobiare informacias 

viRebT da viyenebT. aqedan, miT ufro mcirea prognozirebis dro. 

gasazomi parametrebis mixedviT diagnostikis meTodebi 

SeiZleba daiyos sam jgufad: 

1. pirveladi meTodebi. am meTodebiT ganisazRvreba mTavari 

saeqspluatacio parametrebi. magaliTad, liandagis konstruqciis 
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daniSnulebaa aitanos raRac gansazRvruli datvirTva da 

kontroli warmoadgens diagnostikis pirvelad meTods. 

2. meoradi meTodebi. am meTodebiT xdeba im parametrebis 

gazomva, romlebic axasiaTeben konstruqciis ZiriTad 

daniSnulebasTan SedarebiT meoreul efeqts. magaliTad, 

datvirTvebis moqmedeba konstruqciebis kveTebSi aRZravs 

Zabvebs da iwvevs CaRunvebs. amitom Zabvebis da CaRunvebis 

kontroli maTSi akustikuri emisiis, tenzogadamwodebis da 

CaRunvmzomebis meSveobiT warmoadgens meoreul meTods. 

3. mesameuli meTodebi. am meTodebiT xdeba defeqtebis mizezis 

da Sedegis niSnebis kontroli. magaliTad, konstruqciebSi 

Zabvebis da deformaciebis gazrdiT gamowveuli bzarebis 

defeqtebis daTvaliereba da kontroli. 

navTobproduqtebis terminalis kontroli eqspluataciisas 

gulisxmobs, rom ganisazRvros parametrebis didi raodenoba, 

romelic SeiZleba damuSavdes kompiuterze. radgan Sesabamisi 

TeoriiT da programuli uzrunvelyofiT SeiZleba ganisazRvros 

dazianebis xarisxi. 

ganvixiloT magaliTi, sadac movaxdinoT milsadenis da 

rezervuaris diagnostikis da mTlianobis kontrolis meTodebis 

klasifikacia, romelic sqematurad mocemulia nax. 4.2-ze. 

amrigad, pirveladi meTodebi axdenen konstruqciis 

daniSnulebis, mizezis parametrebis kontrols, meoradi – maTi 

Sedegebis, xolo mesameuli – am mizezis da Sedegis niSnebis 

kontrols. 
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nax. 4.2. diagnostikis da kontrolis meTodebis klasifikacia 

vizualuri 

ultrabgera 

infrawiTeli 

zedapiruli 
bzarebi 

garegani 
dazianebebi 

mosuli 
datvirTva 

defeqtebi 

pirveladi 
meTodebi 
(mizani) 

koroziis kontroli 

 

meoradi 
meTodebi 

mesameuli 
meTodebi 
(niSnebis 

kontroli) 

tenzogadamwodebis gamoyeneba 

vizualuri saSualebebiT 
daTvaliereba 

temperaturuli analizi 

dinamikuri (vibraciuli, 
xmovani) analizis meTodebi 

sxva meTodebi 

ultrabgeriTi meTodebi 

magnituri meTodebi 

cveTis gansazRvra 

akustikuri emisia 

boWkovan-optikuri meTodebi 

sxva meTodebi 
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4.4. diagnostikis meTodebis arCeviTi 

mgrZnobeloba 

 

milgayvanilobis da rezervuaris simtkicis dakargvis 

gamomwvevu faqtorebis mravalferovneba naCvenebia nax. 4.3-ze. 

rogorc Cans, konstruqciebis simtkicis dakargvis mizezi 

umetes SemTxvevaSi gadatvirTvaa, romelic SeiZleba gamowveul 

iqnas garemo pirobebiT, aseve araswori proeqtirebiTa da 

damzadebiT. 

garda amisa, rRvevis mizezi SeiZleba gaxdes masalis 

simtkicis Tvisebebis Secvla, agreTve datvirTuli zedapiris 

farTis Semcireba gamowveuli defeqtebiTa da bzaris zrdiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.3. konstruqciis rRvevis gamomwvevi faqtorebi 

diversiu-
li aqti 

stiqiuri 
zemoqme-
deba 

araswori 
eqsplua-
tacia 

 

gruntis 
jdoma 

araswori 
proeqti-

reba 

 

araswori 
damzadeba 

garemos pirobebi gadatvirTva 

masalis Tvisebebis 
cvlileba 

 

rRveva 

daRliloba 

bzarebis zrda 

cocvadoba 

masalisa da konstruqciis 
Tandayolili defeqtebi 

datvirTuli kveTis 
farTobis Semcireba 
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aqedan gamomdinare, konstruqciebis diagnostika gare 

datvirTvebis   kontrolis   (pirveladi   meTodebi)   meSveobiT 

yovelTvis efeqturi ver iqneba. igi ver aRricxavs iseT 

saSiSroebebs, romelic mosalodnelia bzaris gaxsnis, masalis 

cocvadobis, Sinagani defeqtebis arsebobis gamo. 

konstruqciebis dazianebis diagnostikisas ufro efeqturia 

meoradi da mesameuli meTodebis gamoyeneba, vinaidan isini 

iTvaliswineben iseTi parametrebis kontrols (Sedegi da niSani 

Zabva, deformacia, defeqtis zoma), romelTac rRvevis meqanizmSi 

gadamwyveti mniSvneloba eniWeba. 

diagnostikis  Sesabamisi  meTodis  amorCevisas, dasawyisSi 

aucilebelia gamoviyeniT iseTi xerxebi, romlebic rac SeiZleba 

adre Segvatyobineben safrTxes, xolo Semdeg dazianebaTa 

zrdasTan erTad unda gamoviyenoT sxva meTodebi. 

es meTodebi konstruqciis eqspluataciis ganmavlobaSi 

sxvadasxva mgrZnobelobiT (efeqturobiT) xasiaTdebian. 

magaliTad, konstruqciebis eqspluataciis dasawyisSi, sanam araa 

dagrovili sakmarisi zomis defeqtebi, ufro efeqturi iqneboda 

datvirTvebis, Zabvis da gadaadgilebis kontrolis meTodebis 

gamoyeneba, agreTve defeqtebis vizualuri daTvalierebis 

perioduli Catareba, xolo eqspluataciis garkveuli xangrZlivi 

periodis Semdeg, rodesac zemoT CamoTvlili meTodebiT 

dafiqsirebuli iqneba mniSvnelovani defeqtebi, upiratesoba unda 

mieniWos mesameul meTodebs, defeqtoskopias, bzarebis analizs 

da sxva. 

nax. 4.4-ze mocemulia milsadenebis da rezervuarebis 

dazianebaTa diagnostikis sqema, nax. 4.5-ze sxvadasxva wesiT maTi 

rRveva, xolo nax. 4.6-ze saorientacio SerCeviTi mgrZnobeloba 

sxvadasxva kontrolis mowyobilobisaTvis. 
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4.5. terminalis sapasuxismgeblo konstruqciebis 

 muSaunarianobis mTlianobis monitoringis 

procesi 

 

rogorc ukve aRvniSneT Tanamedrove navTobproduqtebis 

terminalebi da sxva sapasuxismgeblo obieqtebi 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 sakiTxis gadawyvetaSi, rogorc wina paragrafebSi iyo 

aRniSnuli (nax. 4.2) gansakuTrebuli prioriteti milsadenebis da 

rezervuarebis kontrolisas eniWeba ultrabgeriT boWkovan-

optikur gadamwodebs da magnitur-induqciur defeqtoskopebs, 

radgan maTi gamoyenebiT SeiZleba kontrolis procesis marTva 

da sasurveli informaciis miReba. 

Cvens mizans warmoadgenda milsadenebis da rezervuarebis 

muSaunarianobis da struqturuli mTlianobis monitoringis 

procesis mkacrad Camoyalibebuli modelis Seqmna. risTvisac 

damuSavebulia blok-sqema sakvlevi obieqtebis struqturuli 

mTianobis monitoringisaTvis, rac mocemulia nax. 4.7-ze. 
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nax. 4.4. milsadenebis da rezervuarebis dazianebaTa diagnostika 

dazianebaTa diagnostika 

zedapiris 
wataceba 

cveTa dinamikuri 
pirobebi 

temperaturuli 
zemoqmedeba 

 

xaoianoba savali zedapiris 
kveTis Semcireba 

formis 
dakargva 

kveTis 
Semcireba 

 

vibracia 
 

rRveva 

daRlilobis 
Casaxva 

mwyobridan 
gamosvla 

 

daRliloba 
mwyobridan 
gamosvla 

manZilebis Tvisebebis cvlileba 
TermodamuSavebis zemoqmedebiT 

Tburi gafarToeba da 
temperaturuli Zabvebi 

mwyobridan 
gamosvla 

mwyobridan 
gamosvla 
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nax. 4.5. sxvadasxva wesis milis da rezervuaris rRveva 

____ defeqtebis Casaxva; ------ bzaris zrda;       rRveva; 

I defeqtis Casaxvis zona; II bzaris zrdis zona III rRvevis dawyebis 

zona; IV rRveva 

 

nax. 4.6. saorientacio SerCeviTi mgrZnobeloba sxvadasxva 

kontrolis mowyobilobisaTvis I ultrabgera; II magnituri 

defeqtoskopi; III vibrogadamwodi; IV koroziis registratori; V 

akustikuri emisia; VI temperaturis gadamwodi; VII tenzogadamwodi; VIII 

grigalurdeniani; IX boWkovan-optikuri gadamwodebi 

r
R
ve
vi
s
 

al
b
aT

o
b
a 
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nax. 4.7. blok-sqema sakvlevi obieqtebis struqturuli 

mTlianobis monitoringisaTvis 

mowyobilobebi 
monacemebis 

eqspetimentulad 
gansazRvrisaTvis 

milsadenebis da rezervuarebis 
struqturuli mTlianobis 

monitoringi 

sistemis maTematikuri 
modeli ganawilebuli 

(sem) 

sistemis maTematikuri 
modeli ganawilebuli 

(sem) 

eqsperimentiY 
miRebuli  
monacemTa 

krebuli maT 
Soris realurad 
moqmedi Zalebi 

sakvlevi elementebis (milsadeni, 
rezervuari da sxv.) daZabul-
deformirebuli mdgomareobis 

analizi 

analizis safuZvelze sakvlevi 
elementebis muSaunarianobis 

Sefaseba 

daskvnis gamotana sakvlevi 
elementebis eqspluataciis 

gagrZelebis an ar gagrZelebis 
Sesaxeb. risk-doneebis dadgena 
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warmodgenil blok-sqemaSi Semotanilia sasrul-elementTa 

meTodi. monacemebi Semodis sakvlev obieqtebze ganlagebuli 

sensorebidan, miRebuli monacemebi muSavdeba, ganisazRvreba 

realurad moqmedi Zalebi. miRebuli Zalebis SetaniT 

maTematikur modelSi xdeba gaangariSeba sakvlevi elementebis 

milsadenebis da rezervuarebis da daZabul-deformirebuli 

mdgomareobis analizi. analizis safuZvelze mimdinareobs 

sakvlevi elementebis muSaunarianobis Sefaseba. ris Semdegac 

keTdeba daskvna am elementebis eqspluataciis gagrZelebis an ar 

gagrZelebis Sesaxeb. amavdroulad xdeba risk-doneebis dadgena. 

 

4.6. milsadenis da rezervuaris simtkicis risk- 

   doneebis dadgena monacemTa bazis mixedviT 

 

milsadenis da rezervuarebis simtkicis risk-doneebis 

dadgena SeiZleba maTze ganlagebuli gadamwodebidan miRebuli 

informaciis damuSavebiT, romelic xdeba aparatul-

kompiuteruli  diagnostikis  kompleqsis  gamoyenebiT da wina 

paragrafebSi Camoyalibebuli simtkicis angariSis mixedviT. 

mocemuli meqanizmi Semdegnairad mySaobs: kontrolis 

sistemis mexsierebaSi inaxeba miRebuli signalebis drois 

mixedviT n sxvadasxva mdgomareoba. diagnostirebis procesSi 

gamoiTvleba urTierTkorelaciuri funqcia yvela am signalebidan 

signalTan, romelsac vRebulobT sakvlevi konstruqciidan. 

konstruqciis mdgomareoba miekuTvneba im k mdgomareobidan signals, 

romelsac gamomsxivebel signalTan aqvs metwili korelacia. 

SesaZlebelia diagnostikis meore varianti. kontrolis 

sistemis mexsierebaSi inaxeba tipiuri signalebis realizaciis 

statistikuri maxasiaTeblebi, e.i. mocemuli gansazRvruli 

mdgomareobisas gavrcelebuli kanoni, korelaciuri an 

energetikuli speqtri (furies speqtri). diagnostirebis procesSi 

gamoiTvleba erT-erTi im miTiTebuli statistikuri 

maxasiaTeblebidan, romelsac vRebulobT signalis saxiT 
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konstruqciidan da es maxasiaTeblebi edareba rig-rigobiT 

monacemTa krebuls, romelic inaxeba mexsierebaSi. maxasiaTeblis 

siaxlovis kriteriums warmoadgens an saSualo kvadratuli 

gadaxra erTi funqciisa meorisagan, an maqsimaluri gadaxra an 

furies speqtrebis Sedareba, pikebis sixSire da ganlageba. 

Tu dadgenilia sxvadasxva doneebis signalebi, rogoricaa 

winaavariuli, avariuli da zeavariuli dazianebebi. aseTi 

signalebi warmoadgens risk doneebs (I, II, III), yvelaze did risk 

dones warmoadgens III done. 

ganvixiloT miRebuli signalebis damuSavebis principebi 

signalis donis ganawilebis da misi korelaciuri funqciis 

kanonis miRebis mizniT. rogorc gamokvlevebi gviCveneben, Tu 

konstruqciis eqspluataciisas muSaobis pirobebi ar icvlebian, 

maSin misi signali SeiZleba CaiTvalos energetikul SemTxveviT 

procesad. yvela misi maxasiaTebeli SeiZleba miviRoT 

refleqtogramidan. drois RerZis paralelurad da erTmaneTisgan 

Tanabrad dacilebuli manZilebiT nk xxxxx  321  n 

xazebi Seesabamebian saTanado signalebs. 

refleqtogramis kx  diapazonSi yofnis dro tolia droTa 

jamisa:  

 



km

i
kiknkk xxxx

1
21  ,                 (4.1) 

sadac k _ gansaxilveli diapazonis signalis nomeria; i _ signalis 

mdebareobis rigiTi nomeria gansaxilvel diapazonSi; kk xm   

diapazonSi signalebis ricxvia. 

miRebuli jamis SefardebiT, mTeli refleqtogramebis T 

xangrZlivobaze ganisazRvreba signalis mniSvnelobis albaToba 

k da 1k  doneebs Soris: 





km

i
kikMk TtxtxxP

1

))(( ,                   (4.2) 
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saidanac, signalis k diapazonis albaTobis simkvrivis saSualo 

mniSvneloba toli iqneba: 

xxtxxPxf kMkk  ))(()( .                    (4.3) 

am mniSvnelobebiT igeba histograma da signalis 

mniSvnelobis albaTobis simWidrovis mrudi. 

)(xf  funqciis xeliT gamoTvlis procesi sakmarisad 

rTulia, Sromatevadia da amis gamo aucilebelia avtomaturi 

gamoTvliTi procesis gamoyeneba (rasac anxorcielebs me-3 TavSi 

mocemuli aparaturul-kompiuteruli diagnostikis kompleqsi). 

signalis dispersia toli iqneba 


T

x dttx
T 0

22 )(
1

 .                          (4.4) 

dispersia SeiZleba gansazRvruli iqnas erTdroulad 

ganawilebis kanonis agebasTan erTad. Tu ganawilebis kanonis 

ageba saWiro ar xdeba, maSin aparatuli gadawyvetileba 

mowyobilobisa dispersiis gamoTvlisaTvis bevrad advilia. 

korelaciuri funqcia SeiZleba gamovTvaloT formulidan: 





N

j
ii txtx

M
R

1

)()(
1

)(  .                       (4.5) 

signalis korelaciuri funqcia ganisazRvreba ubralo, 

magram Sromatevadi operaciebiT. amis gamo amocana unda 

gadawydes kompiuterze. amasTan gamoTvla warmoebs formuliT: 





N

j
ii txtx

M
R

1

)()(
1

)(  .                        (4.6) 

sadac )( itxN   asarCevi mniSvnelobebis ricxvia. 

)(tx  uwyveti procesis gadawyvetisaTvis t  drois 

ontervalSi aiReba arCeviTi mniSvneloba, ris Sedegadac 

angariSis procesi mimdinareobs (4.6) gamosaxulebis analogiurad. 
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4.7. fizikuri da ricxviTi eqsperimentebi aparatul-

kompiuteruli diagnostikis kompleqsis 

realizaciisaTvis 

 

 aparatul-kompiuteruli diagnostikis kompleqsiT, romelic 

ganlagebulia terminalze, SesaZlebelia ganisazRvros 

milsadenebis satumbi sadgurebis da rezervuarebis dazianeba, 

cveTa, korozia da avariis wina mdgomareoba. 

 kompleqsis SemadgenlobaSi Sedis Semdegi mowyobilobebi: 

savele kamerebi, ultrabgeriTi, magnituri, tenzo da boWkovan-

optikuri gadamwodebi. avtomaturi mowyobiloba uwesrigobis 

gamovlenis SemTxvevaSi iZleva signals – informacias, romelic 

gadaecema specialuri platiT (analogiur-cifruli 

gardamqmneli). sakontrolebel diagnostikur centrSi Sedis 

sainformacio koncentratori, personaluri kompiuteri da 

mowyobiloba. eqsperimentuli danadgaris saerTo xedi mocemulia 

nax. 4.8-ze. 

 kompiuterSi gadamwodebidan miRebuli informaciis 

amokiTxva da damuSaveba mimdinareobs specialuri programis 

mixedviT, sadac xdeba risk-doneebis dadgena da im adgilebis 

(milsadenebis da rezervuaris rigi nomris) dafiqsireba, 

romlebSic gadaWarbebulia sakontrolebeli parametrebis 

zRvruli mdgomareoba. agreTve monitorze gamodis mTliani 

sakontrolebeli ubani da vizualurad gviCvenebs im adgils 

sadac aris dazianeba. 
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nax. 4.8. eqsperimentuli danadgari 
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fizikuri eqsperimenti 

 

 milsadenis rezervuaris kontroli xorcieldeboda 

ultrabgeriTi defeqtoskopiT NSN-52, sisqis mzomiT Elcometer 252 

da kapilruli meTodiT penetrantebis gamoyenebiT. 

 nax. 4.9-ze warmodgenlia milsadenis da rezervuaris 

kontrolis fragmenti. uecari lokaluri cvlileba 

ultrabgeriTi defeqtoskopis ekranze Seesabameba defeqtis 

ganviTarebis zonas. SeiZleba SevniSnoT, rom Zabvis 

koncentraciis zona uCvenebs gamovlenili bzarebis ganviTarebis 

mimarTulebas. 
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nax. 4.9. milsadenis da rezervuaris kontrolis fragmentebi 

 

ricxviTi eqsperimenti 

 

 nax. 4.7-ze mocemulia milsadenebis da rezervuarebis 

mdgomareobis Sefasebis blok-sqema, romelSic Cadebulia sasrul 

elementTa angariSis modeli. am models miewodeba sakvlev 

elementze ganlagebuli gadamwodebidan yvela saWiro da 

realuri maxasiaTeblebi (datvirTvebi, kveTis Semcireba, 

gadaadgilebebi, temperatura da a.S.), ris Sedegadac modeli 

axdens daZabul-deformirebuli mdgomareobis analizis. aq 

gamoiyeneba serTificirebuli universaluri programis Nastran-is, 

Ansysis-is da `Лира~-s kompleqsebi. ganxiluli gvaqvs rezervuaris 

gaangariSebis magaliTi sasrul elementTa meTodiT (nax. 4.10). 

 

nax. 4.10. rezervuaris modeli sasrul elementTa meTodiT 
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 warmodgenili ricxviTi eqsperimentidan gamoikveTa risk-

doneebis sami done: I – roca elementSi 𝜍1,2,3 mTavari Zabva 𝜍დრ 

drekadobis zRvars utoldeba; II – roca elementSi 𝜍𝑖 mTavari 

denadobis Zabva 𝜍დენ zRvars utoldeba da III – roca elementSi 

𝜍𝑖 simtkicis mTavari Zabva 𝜍სიმტ zRvars utoldeba. 

 I done aris gamafrTxilebeli; II done – avariis wina 

mdgomareoba; III done – avariis dasawyisi. 

 I doneze anu gamafrTxilebel doneze unda moxdes 

rezervuaris an milsadenis gadaangariSeba simtkiceze da 

mdgradobaze.aseve unda ganvaxorcieloT narCeni resursis 

prognozirebisa da rezervuaris calkeuli elementebis 

kritikuli mdgomareobis Sefaseba (me-3 TavSi mocemulia 

gaangariSebis modelebis  mixedviT). 

 

4.8.  gaangariSebis magaliTebi 

 

magaliTi. gaviangariSoT yulevis terminalSi ganlagebuli 

rezervuarebidan erT-erTi, romlis saZirkvlis mowyobis sqemebi 

mocemulia naxazebze (ix. nax. 4.11, 4.12, 4.13). 

 sayrdeni monacemebi: 
41035,3 pJ kgZ; 0kJ ; sm; 

3
* 1053,1 H sm; 3102435,1 A sm; 

4106,5 обV kgZ/sm3; 28,0v sm2
/wm; 

310,7 нP

kgZ/sm2; 4,0cK ; 981g  sm/wm 2
; 

31085,7 mV kgZ/sm3; 6101,2 E kgZ/sm2; 

2105,2;3,0  cG  kgZ/sm2; .11;1;1;3;0 0000  nKKKG Lks  sartyelebis 

liTonis sisqe: 0,192,1)( 0 nc  sm; yvela sartyelebis simaRleebi 

200)...( 0nHc sm; 25,0pk sm; 1дн sm; 4500yR  kgZ/sm2; 1;10 0  nn sm; 

3;5,0 0  TK . 

 angariSi ganxorcielda me-3 TavSi mocemuli modelis 

mixedviT. 

 

 

),( VtT Ny 
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nax. 4.11. saZirkvlis mowyobis sqema 
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nax. 4.12. saZirkvlis mowyobis sqema 



133 

 

nax. 4.13. saZirkvlis mowyobis sqema 
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Sinagani Zalvebis gansazRvra  

;03328,0;10323,3;6297,1 5  cmcmcm D   

;1021,2)03328,02/(6297,1 43 cmi  

  ;10923,1)3,01(12/1101,2 5236 cmD  

;0444,0)10923,14/(34 5 дн  

;108569,0)0444,04/(3 43 днi  

  ;7206,010)8569,021,2(/1021,2 44 cmi  

  ;2794,010)8569,021,2(/108569,0 44 cmi  

;0;2,379;161,3;73,37 )3()2()1(  cmcmcmc MMMN  

;89,424)0444,02/(73,37 33 днM ;0
)2()1(
 дндн MM  

25,80789,42436,382

89,42489,42400

36,38202,379161,3

3

1

)(

3

1

)(

















днcm

j

j
дндн

j

j
cmcm

MMM

MM

MM

 

;34,19925,8077206,036,382 cmM  

;34,19925,8072794,089,424 днM  

;70,2549,252103,0;49,25;2103,0 )2()1(  ppp HHH  

Zalvebi sayrden sibrtyeSi  0x : 

;1,0,1 4321  ffff  

mRunavi momentebi 

;34,1990
03328,0

7,25
134,199)0( 


M  

;70,2570,250)0( Q  

;705,8102435,1007,0)0( 3)1( N  

;10065,1102435,1)01053,1(106,5)0( 3334)2(  N  

;10074,1)0()0( 3)2()1(  NN  

wriuli Zala  
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 )34,1999(03328,0102435,12)0( 23

2N
       

;10602,110074,1)7,25(03328,0102435,12 333 
 

momentis maqsimumi (moduliT) roca 2,192 X sm, gamWimavi 

wriuli Zalis dadebiTi eqstremumi roca 2,673 X см: 

;424,0)2,1903328,0cos()2,1903328,0exp()( 21 Xf  

;315,0)2,1903328,0sin()2,1903328,0exp()( 22 Xf  

;109,0)(;739,0)( 2423  XfXf  

;56,39003328,0/315,0)7,25(739,034,199)( 2 XM  

;0607,0)4,6203328,0cos()4,6203328,0exp()( 31 Xf  

;1096,0)4,6203328,0sin()4,6203328,0exp()( 32 Xf  

;0489,01096,00607,0)( 33 Xf  

;17,01096,00607,0)( 34 Xf  

.10031,1102435,1)4,621053,1(106,5705,8)0()0( 3334)2()1(  NN  

 )17,0()34,199(03328,0102435,12)( 23

32 XN
 

333 10253,110031,1)0607,0)(7,25(03328,0102435,12   

ganivi Zalis maqsimumi 03,8)( 4 XQ  roca 2,434 X sm. 

garsSi Sinagani Zalvebis gaangariSebis Sedegebi konturis 

sigrZis erTeulze: 

sayrden sibrtyeSi (kidis efeqti) 

mRunavi momenti- 199,34 kgZ/sm,  

ganivi Zala -25,7 kgZ/sm, 

wriuli Zala (konturuli wneva) 37,73 kgZ/sm, 

wriuli Zala -1,602 310  kgZ/sm, 

mRunavi momenti fskerSi 199,34 kgZ/sm, 

eqstremumebi: 

mRunavi momenti -390,6 kgZ/sm roca 2,192 X  sm, ganivi Zala +8,37 

kgZ/sm roca 2,434 X sm, 

wriuli Zala +1,253 310  kgZ/m roca 2,673 X  sm. 
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nax.  4.14.  mRunavi momentebis М, ganivi Q  
  da wriuli 2N

 
Zalebis da 

eqvivalenturi Zabvebis eq
 
ganawileba rezervuaris garsis kedelSi 

drekad fuZeze dayrdnobili fskeriT    

 

Zabvebis gansazRvra, kgZ/sm2.  

kidis efeqtis Zabva. 

kumSvis normaluri RerZuli (mTavari) Zabva  

.0,8622,1/34,19962,1/73,37 2
10   

wriuli (mTavari) gamWimavi Zabva  

.10335,12,1/10602,1 33
20   

mxebi Zabva 

.14,322,1/7,255,10   

ekvivalenturi Zabva 

33232 10172110335108621033510862  ,,,),(,eq . 

Zabva fskerSi 

.10222,1)sgn()1/34,19961/7,25( 3
0

2  Q  

Zabvis komponentebis eqstremaluri mniSvnelobebi  

.10659,12,1/6,39062,1/73,37 32
max1   
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.10335,12,1/10602,1 33
max2   

.13,322,1/7,255,1max   

1810утор
э  roca 8,28x  sm. 

bolos SeiZleba iTqvas, rom miRebuli ekvivalenturi 

Zabvebis da komponentebis mniSvnelobebi ar aRemateba dasaSvebi 

Zabvis sidides.  

moviyvanoT vertikaluri cilindruli rezervuaris 

gaangariSebis magaliTi moculobiT 20 aTasi m3 7 balian 

seismurobaze.  

rezervuaris zomebia: radiusi 15 m, simaRle 18 m. Senaxvis 

produqtis simkvrive 900 kg/m3, Casxmis simaRle 16 m. 

garss aqvs 12 sartyeli TiToeuli 1,5 m simaRlis kedlis 

sisqiT δ:     

sartyeli 1   2   3   4   5   6   7   8   9   10  11 12  

δ mm      17 16 14  14 13 13 11 11 10  10  10 10 

Semorkalvis sisqe 14 mm, foladi 09Г2С. garsis masalebi: 1...8 

sartylebis foladi 16Г2АФ-12, 9...12 sartylebis - ВСтЗспб. 

mcuravi saxuravis masam Seadgina 350 t. rezervuari Tavsdeba me-2 

kategoriis naxevradkldeur gruntze: simkvrive 1800 kg/m3, 

drekadi talRebis siCqare 600 m/wm, drekad-plastikuri talRebis 

siCqare 300 m/wm.  

dinamikuri gaangariSeba seismuribaze Sesrulebulia 

hidrostatikuri datvirTvebis gaTvaliswinebiT 7 balze 

normirebuli (aCqarebebis maqsimumiT 100 sm/wm2) aqselerogramebis 

SeyvaniT (geofizikis institutis) monacemTa bankidan. 

gaangariSebaSi miRebuli Sesanaxi produqtis parametrebi: 

moculobiTi kumSvis sawyisi moduli 2,16∙10
3
 mpa, moculobiTI da 

Zvris siblante Sesabamisad 0,15 da 1,14 sm2/wm, kumSvis diagram 

miRebulia Teta gantolebis mixedviT. mcuravi saxuravsa da 

garsis kedlebs Soris dadgenilia dartymebis gamomricxavi 

RreCo. programam avtomaturad gaiTvaliswina mcuravi 

saxuravismasis  sTxis damatebuli masiT inerciis centraluri 
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momenti, wnevis momateba mcuravi saxuravis wonisagan, wyalwyva 

da siTxesi CAweva sakuTari winisagan. miRebulia siTxeSi wnevis 

velebi, Txevadi garemos nawilakebis masuri siCqareebi ori 

mimarTulebiT, datvirTvebi rezervuaris kedelze, mcuravi 

saxuravis moZraobis parametrebi – wrfivi da kuTxuri 

gadaadgilebebi, siCqareebi da aCqarebebi.          

 

 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 4.15. rezervuarSi jamuri dawnevebis epiurebi 7 baliani 

horizontaluri seismurobisas  

 
nax. 4.15-ze naCvenebia dawnevis epiurebi garsze, fskerze da 

mcurav saxuravze roca t=1,45 wm (TvalsaCinoebisTvis wneva 

siTxidan saxuravze naCvenebia gazrdili mudmivaTi  K =8 kpa).  

drois imave momentisaTvis saxuravebis moZraobis 

parametrebia: masaTa centris gadaadgileba horizontalurad Ux 

=6,4 sm, vertikalurad Uy=-0,17 sm, siCqareebi 𝑈 𝑥 -8,7 sm/wm, 𝑈 𝑦=-0,11 

sm/wm, aCqarebebi 𝑈 𝑥= 40,8 sm/wm2, 𝑈 𝑦= 0.195 sm/wm2, mobrunebis kuTxe 

φ=1,4∙103 rad, kuTxur siCqare 𝜑 =3,1∙103 rad/wm, kuTxuri aCqareba 

𝜑 =  2,54∙102 rad/wm2. hidrodinamikuri dawnevis maqsimumma garsis 

yvelaze datvirTul frontalur wertilSi уторного kvanZis 

zonaSi Seadgina  38.4 kpa roca t=12 wm. siTxis nawilakebis 

siCqareebis izoxazebi naCvenebia nax. 4.16-ze. 
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nax. 4.16. Txevadi produqtis masuri siCqareebis izoxazebi 

rezervuarSi 7 baliani seismuribis dros  
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 rezervuaris kedlis resursis angariSis magaliTi bzarebis 

warmoqmnamde (koroziis gaTvaliswinebiT). 

 angariSiT ganisazRvros 20 000 m3 moculobis rezervuaris 

resursi (datvirTvis ciklebis ricxvi). 

sawyisi monacemebi: 

 diametri 𝐷=22.8 m 

 simaRle 𝐻=12 m 

 Casxmis simaRle 𝐻𝑚𝑎𝑥 =10.4 m 

 navTobproduqtebis saangariSo simkvrive 𝜌=1000 kg/m3 

masala CT3, romlisTvisac: 

 fardobiTi Sekleba (Seviwroeba) 𝜓=0.31 

 amtanobis zRvari 𝜍−1=100 mpa 

 denadobis zRvari 𝜍𝑇=230 mpa 

 kedlis narCeni sisqe – 8 mm 

 1) formula (3.44) mixedviT ganvsazRvroT Zabva kedelSi 

maqsimaluri datvirTvisas 

𝜍𝐻 =
𝜌𝑔  𝐻𝑚𝑎𝑥 −𝑋 ∙𝑟

𝛿
=1000∙9.8(10.4-0)∙11.4/0.008=144.4 mpa 

 2) formula (3.47)-is mixedviT vpoulobT 

𝐾𝑎 =
𝜍𝑇

𝜍𝐻
230/144.4=1.59 

 3) saangariSo wertilSi vpoulobT Zabvis amplitudas 

formulis mixedviT 

𝜍𝑎 = 0.5𝐾𝜍 ∙ 𝜍𝐻 = 115 mpa; 2𝜍𝑎 = 2 ∙ 115 = 230 = 𝜍𝑇 , 

Sesabamisad, 𝜍𝑎
0 = 𝜍𝑎 = 230 mpa. 

 4) (3.41) formulis mixedviT gamovTvaloT rezervuaris 

muSaobis ciklis ricxvi bzarebis warmoqmnamde 

 pirveli (3.41) formulis mixedviT 

𝑁0 =
1

4
 

1.28∙2∙105∙𝑙𝑛
1

1−0.31

1.28∙2∙230∙
1

0.8
−100

− 1 

2

=5476. 

 meore (3.41) formulis mixedviT 

𝑁0 =
1

4𝑛𝑁
 

1.28∙2∙105∙𝑙𝑛
1

1−0.31

1.28∙
230

0.8
−100

− 1 

2

=3122. 

 miRebuli Sedegebidan viRebT umciress: 
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𝑁0=3122. 

 rezervuaris kedlis narCen resurss koroziis 

gaTvaliswinebiT vpoulobT (3.50) formuliT. 

 winaswar gamovTvaloT: 

𝛽კორ = 𝜆𝑙𝑔𝑁0 = 0.1 ∙ 𝑙𝑔3122=0.349. 

 (koroziuli zemoqmedebis SemcirebisaTvis RonisZiebebis 

miRebis gareSe 𝜆=0.1). 

𝑁ნარ = 𝑁𝑜 1 − 𝛽კორ =3122(1-0.349)=2032. 

 weliwadSi 100-jer Sevsebis ciklis sixSirisas muSaobis 

narCeni vada Seadgens: 

𝑇 =
𝑁ნარ

𝑛
=

2032

100
=20,32 weli. 

 avagoT grafiki. 

 

 rezervuaris kedlis resursis angariSis magaliTi bzarebis 

warmoqmnis Semdeg. 

 angariSisaTvis monacemebs viRebT zemoT moyvanili 

magaliTidan. 

 liTolografiuli kvlevebis monacemebis mixedviT folads 

Cт3 aqvs: 

𝐷 = 4 ∙ 105 m; 𝑓=0.05 

 𝐾𝑖𝑐 gamovTvaloT formuliT 

𝐾𝑖𝑐 =  2𝜍𝑇𝐸  
𝜋

6
 

1
3 

∙ 𝐷 

0.5

∙ 𝑓−1
6 =  2 ∙ 230 ∙ 2 ∙ 105  

𝜋

6
 

1
3 

∙ 4 ∙ 105 

0.5

∙

0.05−1
6 =33.05. 

 (3.51) fomulis mixedviT vpoulobT 𝐿კრ 

𝐿კრ =
2∙33.052

𝜋∙144.42=33.6 mm. 

 minimalur Casxmas viRebT 1 m, maSin 

𝜍𝑚𝑖𝑛 =
1000∙9.8∙ 1−0 ∙4

0.008
=13.9 mpa 

 aRmoCenili bzarebis minimaluri pirobiTi sigrZe miviRoT 

𝐿0=5 mm, (3.53) formulis mixedviT vpoulobT rezervuaris narCen 

resurss 
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𝑁𝑝 =
0.005 1−0.5∙3.86 −0.033 1−0.5∙3.86 

 0.5𝑛−1 ∙2.8∙10−10  0.5∙3.14 0.5∙3.86 ∙130.53.86=1266. 

 Tu miviRebT, rom 𝑛=100, vpoulobT muSaobis narCen vadas 

𝑇 =
1266

100
=12,66 weli. 

 

 Catarebuli kvlevebis safuZvelze mizanSewonilad migvaCnia 

navTobterminalebSi gamoyenebuli liTonis rezervuarebis 

diagnostirebis instruqciis Camoyalibeba. 
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