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amJamad mimdinare maRali energiebis fizikis eqsperimentebi 
ukavSirdeba iseTi sakiTxebis garkvevas, rogoricaa: didi 
afeTqebis gamokvleva, rogor Seiqmna materia, arsebobs Tu ara 
damatebiTi ganzomilebebi, mikroskopuli Savi xvrelebi da a.S. am 
mimarTulebiT SeiZleba gamoiyos birTvuli kvlevebis evropul 
organizaciaSi (CERN) mimdinare ATLAS-is eqsperimenti, romlis 
ZiriTad funqcias warmoadgens protonul-protonuli dajaxebis 
Sedegad warmoqmnili elementaruli nawilakebis dafiqsireba da 
Seswavla. 

realurad mimdinare ATLAS-is eqsperimentis paralelurad 
aseve xorcieldeba aRniSnuli eqsperimentis modelirebis 
procesi. Sedegad miiReba ori saxis monacemi: realuri 
eqsperimentidan da modelirebidan miRebuli monacemebi. zogierT 
SemTxvevaSi isini ar emTxveva erTmaneTs rac problemas 
warmoadgens. erT-erTi mosazrebis Tanaxmad sxvaoba gamowveulia 
geometriuli uzustobebiT. arsebobs geometriuli uzustobebis 
gamowvevis ori hipoteza:  

1. hipoteza I - uzustobebi gamowveulia modelirebis 
infrastruqturaSi arazusti geometriuli transformaciebiT 

2. hipoteza II - uzustobebi gamowveulia realurad arsebul 
da modelirebul geometriebs Soris sxvaobiT.  

aqedan gamomdinare, sadisertacio naSromis kvlevis mizans 
warmoadgens geometriuli uzustobebis gamomwvevi hipotezebis 
Semowmeba. 

pirveli Tavi asaxavs LHC-isa da ATLAS-is eqsperimentis 
daniSnulebas. aRwerilia ATLAS-is eqsperimentTan dakavSirebuli 
IT amocanebi, romlebic dayofilia 4 tipad: 1. monacemTa miReba 
da Segroveba 2. monacemTa bazebis organizacia 3. rekonstruqcia 
4. fizikuri procesebis modelireba. mimoxilulia modelirebis 
paketi Geant4 da misi daniSnuleba maRali energiebis fizikis 
proeqtebsa (BaBar, Borexino, MINOS,) da Tanamedrove medicinaSi. 

meore TavSi mimoxilulia ATLAS-is eqsperimentis 
geometriuli modelirebis infrastruqtura. detalurad aris 
ganxiluli Tu rogor aris SesaZlebeli geometriuli 
modelireba Geant4-is, GeoModel-isa da AGDD/XML-is bazaze. 
aRwerilia CAD sistemebis Geant4-Tan integraciis meTodebi. 
aRwerilia programuli paketis CATIA-s bazaze damuSavebuli 
platforma, romelic saSualebas iZleva moxdes simulaciis 
paketebSi gamoyenebuli sxvadasxva geometriuli aRwerebis erTad 
Tavmoyra.  

aRwerilia geometriuli uzustobebis gamomwvevi ori 
hipoteza da gansazRvrulia maTi SemowmebisaTvis Casatarebeli 
kvlevis etapebi. hipoteza I-is SemowmebisaTvis ganxorcielda: 

ATLAS-is deteqtoris komponentebis tipizacia, daprogramebis 
meTodebis SerCeva, modelirebis sacdeli sesiebis Catareba, 
tranzaqciis operaciebis Seswavla da Sedegebis sistematizacia 
da Seswavla. hipoteza II-is SemowmebisaTvis ganxorcielda: 

ATLAS-is deteqtoris erT-erTi komponentis geometriuli 
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modelis reproducireba, sakvlevi komponentis dekompozicia da 
moculobebisa da masis analizi, reproducirebuli geometriis 
urTierTSedarebiTi analizi modelirebaSi gamoyenebul 
geometriasTan da modelirebaSi gamoyenebuli geometriis 
integraciis konfliqtebis analizi. 

mesame Tavi asaxavs hipoteza I-is SemowmebisTvis Catarebul 
kvlevas. pirveli hipotezis SemowmebisaTvis ganxorcielda 
specialuri satesto magaliTebis SerCeva, risTvisac Seswavlil 
iqna simulaciis paketebSi arsebuli ATLAS-is deteqtoris 
geometriuli modeli. Sedegad, gamoiyo sami klasi: geometriuli 
primitivebi, kombinirebuli obieqtebi da tipiuri SeerTebebi. 
TiToeuli klasisaTvis SemuSavda specialuri amorCevis 
kriteriumebi, romlis mixedviTac SeirCa 84 geometriuli 
primitivi. momdevno etapze ganxorcielda TiToeuli 84 
geometriuli primitivisaTvis SesaZlo daprogramebis varianebis 
SerCeva. Sedegad, miRebul iqna 15’675 varianti. momdevno etapze 
damuSavda 4 SerCevis kriteriumi, romlis saSualebiTac moxda 
miRebuli daprogramebis variantebidan unikaluri SemTxvevebis 
amorCeva. Sedagad SeirCa 77 unikaluri SemTxveva, romelic 
gamoyenebul iqna modelirebis infranstruqrutis 
testirebisaTvis. testirebis Sedegma aCvena, rom 51 
magaliTisaTvis dafiqsirda cdomileba, xolo 26 magaliTis 
SemTxvevaSi cdomilebas adgili ar qonda. momdevno etapze 
ganxorcielda TiToeul cdomilebian magaliTSi Semavali 
tranzaqciis operaciebis Seswavla, risTvisac Catarda 
damatebiTi sacdeli sesiebi da ganxorcielda miRebuli 
Sedegebis sistematizacia da Seswavla.  

Sedegad, gakeTebul iqna Semdegi daskvnebi: 
1. hipoteza I dadasturda: uzustobebi gamowveulia 

modelirebis infrastruqturaSi uzusto geometriuli 
transformaciebiT 

2. Boolean operacia aris cdomilebebis gamomwvevi ZiriTadi 
mizezi 

3. Subtraction Boolean operacia ar iwvevs cdomilebas im 
SemTxvevaSi rodesac Wra mimdinareobs prizmis gamoyenebiT 
da amave dros adgili aqvs Sida Wras 

4. Boolean operacia korelirebs Boolean operaciis Semdeg 
arsebul gadaadgileba/Semobruneba tranzaqciaze 

5. Subtraction Boolean operacia ar korelirebs gadaadgileba/ 
Semobruneba tranzaqciaze im SemTxvevaSi rodesac oTkuTxa 
prizma iWreba oTkuTxa prizmiT da Wris Sedegad miiReba 
gare zedapiri anu adgili aqvs gare Wras. 

6. Subtraction Boolean operacia ar korelirebs gadaadgilebis 
tranzaqciaze im SemTxvevaSi, rodesac Arbitrary Polygon, 
Symmetric Polygon, Cube/Box da Pyramid meTodebis gamoyenebiT 
miRebul geometriuli primitivi iWreba Tube  meTodebis 
gamoyenebiT miRebuli geometriuli primitiT da Wris 
Sedegad miiReba Sida zedapiri (Sida Wra)  
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meoTxe TavSi asaxulia hipoteza II-is SemowmebisTvis 
Catarebul kvleva, risTvisac ganxorcielda ATLAS-is 
deteqtoris magnituri Reros geometriisa da masis Tvisebis 
analizi. Tavdapirvelad magnituri Reros geometriuli modeli 
amoRebul iqna CERN-is sainJinro monacemTa bazidan. momdevno 
etapze ganxorcielda aRniSnuli modelis reproducireba CATIA-
s saSualebiT, damatebiTi 255 sainJinro naxazebidan miRebuli 
informaciis safuZvelze. Sedegad miRebul iqna magnituri Reros 
detaluri geometriuli modeli. ganxorcielda 
reproducirebuli magnituri Reros segmentacia 21 calkeul 
kvanZad da TiToeuli maTganisaTvis daTvlil iqna moculoba da 
masa. momdevno etapze ganxorcielda CATIA-Si reproducirebuli 
da Geant4-Si arsebuli magnituri Reros geometriuli modelis 
urTierTSedareba, risTvisac Geant4-dan amoRebuli geometriuli 
modeli daiyo CATIA-Si reprogucirebuli modelis Sesabamis 
kvanZevbad. Sedegad gamovlinda 11.6 toniani sxvaoba masaSi. bolo 
etapze ganxorcielda Geant4-Si arsebuli magnituri Reros 
pozicionirebis Semowmeba. rogorc Semowmebis Sedegad aRmoCnda, 
manituri Reros centris pozicia 35mm.-iT aris daZruli 
realurad pozicionirebuli Reroebis centrebidan.  

Sedegad, gakeTebul iqna Semdegi daskvnebi: 
1. hipoteza II dadasturda: modelirebuli geometria ar 

Seesabameba realurad arsebuls 
2. magnituri Reros geometriuli modeli funqcionaluri 

daniSnulebis mixedviT daiyo 21 kvanZad 
3. ganxorcielda TiToeuli kvanZis moculobis da masis 

analizi; aseve urTierTSedarebiTi analizi Geant4-is 
Sesabamis kvanZebTan 

4. masebs Soris mniSvnelovani sxvaoba iqna aRmoCenili 
Semdegi kvanZebisaTvis: qveda solenoidi – 1’738 kg.; gare 
miltuCebi – 1’248 kg; Termuli damcavi – 2’020 kg.; magnituri 
Reros Sida komponentebi – 5’297.5 kg. 

5. rogorc aRmoCna Termuli damcavi (2’020 kg.) saerTod ar 
iyo gaTvaliswinebuli modelirebul geometriaSi 

6. magnituri Reros analizis Sedegad aRmoCenil iqna 11.6 
toniani masaTa Soris sxvaoba realurad arsebul da 
modelirebul geometriul obieqtebs Soris 

7. magnituri Reros centris pozicia 35mm.-iT aris daZruli 
realurad pozicionirebuli Reroebis centridan     
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Abstract 

The main objectives of High Energy Physics experiments are to determine and 

explore elementary particles of the Standard Model of particle physics and possible 

extensions like extra dimensions which could occur as, phenomena like black holes, 

etc. Nowadays one of the most known High Energy Physics project is A Toroidal 

LHC ApparatuS (ATLAS) which is an ongoing experiment at CERN (The European 

Organization for Nuclear Research). The main aim of ATLAS the Experiment to 

investigate elementary particles generated in proton-proton collision. 

The simulation of the real experiment is performed in parallel to the real 

experiment at CERN. As a result two kinds of data are processed: data recorded by the 

real experiment and data obtained from its simulation. Sometimes they show 

discrepancies what could result in wrong interpretations. Several investigations 

uncovered that their origin are differences of geometry descriptions in simulation with 

respect to reality. It is possible to formulate two hypotheses why differences exist i8n 

the geometry description: 

1. Hypothesis #01: Inaccuracies added by geometry transactions within the 

simulation software infrastructure 

2. Hypothesis #02: Discrepancies between the design and the geometry 

implementation inside the simulation 

Therefore, the main research goal of this dissertation is the investigation and 

verification of these hypotheses.     

 The First Chapter of the dissertation describes the main aims of the Large 

Hadron Collider (LHC) and the ATLAS experiments. There are four tipes of IT tasks 

carried out within the ATLAS experiment describeds: 1) Data Collection; 2) 

Organization of Databases; 3) Reconstruction; 4) Simulation. The simulation of the 

ATLAS experiment is based on the Geant4 Simulation Toolkit. There are manifold  

applications of Geant4 in High Energy Physics projects like BaBar, Borexino, MINOS 

and Modern Medicine. 

The geometriy software infrastructure of the ATLAS experiment is presented in 

the Second Chapter. There are described: software geometric description based on 

Geant4, GeoModel and AGDD/XML; Integration methods for the CAD Systems and 

Geant4; Platform based on CATIA which allows to incorporate the geometry 

descriptions of the various simulation packages. 

In the same chapter two hypotheses regarding geometrical mismatches and there 

detailed investigation are reviewed. The following researches have been carried out 

for the investigation of Hypothesis #01: Categorization of the geometry of the detector 

components; Selection methods for there description; Validation runs of the test 

examples; Case studies of geometrical transactions; Systematization and interpretation 

of the results. Farthermore researches have been performed for the examination of 

Hypothesis #02: Reproduction of the geometrical model of the barrel toroid COIL in 

CATIA; Decomposition of the COIL geometry with precise volume and mass 

analysis, Comparision of the CATIA model and the simulated geometry; Integration 

conflict checking of the simulated geometry. 

The Third Chapter describes studies of Hypothesis #01. Selections of special 

test examples were undertaken for the verification of Hypothesis #01. For this purpose 

the existing simulated geometrical model of ATLAS detector has been analysed. As a 

result three classes have been separated: Geometrical Primitives, Combined Objects 

and Typical Joining. Afterwards, special selection criteria have been created. 84 

geometrical primitives have been selected according to the selection criteria. At the 
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next stage 15’675 alternative programming ways were adopted for the 84 primitives. 

According to the selection criteria there have been selected 77 unique cases out of the 

15’675 programming possibilities. Subsequently they where used to test the 

simulation infrastructure. As a result 51 test examples with and 26 without 

inaccuracies where found. The next stage was the analysies of transaction operations 

for each test examples. For this purpose additional test scenarios have been examined 

and the obtained results were systematized and studied. 

As a result, the following conclusions have been received: 

1. Hypothesis #01 has been confirmed: The simulation software infrastructure 

introduces geometrical inaccuracies 

2. For all type of detector geometries the faults in dimension, form and 

positioning are caused by Boolean operations 

3. All internal surfaces received by Boolean subtraction of parametrical 

primitives from a Box result in zero faults 

4. Boolean operation inaccuracies are correlated with Moving/Rotation 

transactions in GEANT4 

5. For all external surfaces created by the subtraction of parametrical primitives 

from a Box, Boolean operation Inaccuracies do not correlate with 

Moving/Rotation transactions 

6. For some internal surfaces created by the subtraction of a Polygon methods 

via Tube method, Boolean operation do not correlat with Moving 

transactions 

The Fourth Chapter describes investigation of Hypothesis #02. For this 

purpose the geometry and mass of the COIL geometrical model of ATLAS detector 

were analysed: At the first stage, the COIL geometry has been exported from CERN’s 

engineering database, where all CAD models are situated. According to the 

information retrieved from additional 225 drawings, a reproduction of the COIL has 

been implamanted inside CATIA. As result a detailed model of the COIL geometry 

has been received. It was segmented into 21 individual components, and the volume 

and mass have been determined for each of them. Afterwards, the import of the COIL 

from Geant4 to CATIA was implemented. A detailed comparision between the 

reproduced model of COIL and the Geant4 model has exposed a differences in mass at 

11.6 tone. As next step the placemant of the exiting COIL geometry in the simulation 

was checked. The obtained result shows that the COIL geometry is moved by 35 mm 

with respect to the design position. 

As a result, the following conclusions have been made: 

1. Finally, Hypothesis #02 has been confirmed: The geometry descriptions in the 

simulation are not consistent with design geometry description 

2. The COIL was divided into 21 separate volume 

3. Volume and Weight analyses of the COIL have been implemented; 

Comparision of the volume and weight between CATIA and XML 

descriptions have been implemented 

4. Important differences have been discovered for the following volumes: 

Cryostat Bottom missing 1’738 kg., Rib missing 1’248 kg., Thermal Shielding 

missing 2’020 kg., Inner parts of the COIL missing 5’297.5 kg.   

5. It is was found that there was not Thermal Shielding in the Geant 4 description 

6. 11.6 tonnes missed materials were discovered for Geant 4 geometry  

7. 35mm dispositioning of the COIL has been discovered 
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Sesavali 

problemis aRwera da aqtualoba. dResdReobiT msoflioSi 

mimdinare maRali energiebis fizikis proeqtebs Soris SeiZleba 

gamoiyos birTuli kvlevebis evropul organizaciaSi (European 

Organisation for Nuclear Research (CERN)) mimdinare didi adronuli 

kolaideris (Large Hadron Collider (LHC)) proeqti. LHC-is eqsperimentis 

ZiriTad mizans warmoadges moaxdinos protonebis aCqareba 

erTmaneTis sawinaaRmdego mimarTulebiT. mas Semdeg rac miiRweva 

saWiro energia, xdeba nawilakebis dajaxeba, ris Sedagadac 

warmoiqmneba axali elementaruli nawilakebi. nawilakebis 

dajaxebis procesi warmoebs ATLAS-is deteqtoris geometriul 

centrSi (Z0). deteqtoris ZiriTad funqcias warmoadgens 

protonul-protonuli dajaxebis Sedegad warmoqmnili sxvadasxva 

elementaruli nawilakis dafiqsireba da Seswavla 

aRniSnuli eqsperimentis paralelurad aseve mimdinareobs 

misi simulaciis procesi. ATLAS-is eqsperimentis modelirebis 

programebi dafuZnebulia Geant4 modelirebis paketis 

gamoyenebaze, romelic uzrunvelyofs garkveuli masalis mqone 

obieqtSi nawilakebis gavlis procesis modelirebas. aqedan 

gamomdinare modelirebis procesi saWiroebs erTi mxriv 

Sesabamis elementaruli nawilakebis arsebobas, risTvisac 

gamoiyeneba monte karlos (MC) algoriTmebze momuSave 

generatori, xolo meore mxriv realurad arsebuli ATLAS-is 

deteqtoris identur modelirebul geometriul models. 

Sedegad, ATLAS-is eqsperimentis mimdinareobis procesSi 

warmoebs informaciis miReba erTi mxriv realuri 

eqsperimentidan, xolo meore mxriv simulaciidan. idealur 

SemTxvevaSi aRniSnuli monacemebi unda iyvnen identuri, Tumca 

zogierT SemTxvevaSi arsebobs sxvaoba, rac problemas 

warmoadgens. arsebuli sxvaoba SeiZleba gamowveuli iyos 

sxvadasxva mizeziT. erT-erTi mosazrebis Tanaxmad realur da 

modelirebul monacemebs Soris sxvaoba SeiZleba gamowveuli 
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iyos geometriuli uzustobebiT. amitom imis dadgena aris Tu ara 

realuri eqsperimentidan da modelirebis procesidan miRebul 

monacemebs Soris sxvaobis gamomwvevi mizezi geometriuli 

uzustoba, warmoadgens aqtualur amocanas. 

arsebobs geometriuli uzustobebis gamowvevis  ori 

hipoteza: 

hipoteza I - uzustobebi gamowveulia modelirebis 

infrastruqturaSi uzusto geometriuli transformaciebiT: 

ATLAS-is deteqtoris geometriuli aRwerebi inaxeba monacemTa 

bazaSi XML failisa da Oracle cxrilebis saxiT. modelirebis 

procesis dros isini ganicdian transformacias Geant4-Si. kerZod, 

mimdinareobs ori saxis transformacia: XML -> GeoModel da 

GeoMode -> Geant4. aqedan gamomdinare, TiToeuli transformacia 

SeiZleba iyos uzustobebis gamomwvevi mizezi, radganac 

TiToeuli maTgani iyenebs sakuTar interpretators, romlebic 

muSaoben gansxvavebuli Zravebis gamoyenebiT. 

hipoteza II - uzustobebi gamowveulia realurad arsebul da 

modelirebul geometriebs Soris sxvaobiT. 

zemoTqmulidan gamomdinare kvlevis mizans warmoadgens 

geometriuli uzustobebis gamomwvevi orive hipotezis Semowmeba. 

kvlevis obieqti da meTodebi. kvlevis obieqts warmoadgens 

geometriuli modelirebis infrastruqtura da ATLAS-is 

deteqtoris geometriuli modeli. kvlevis farglebSi damuSavda 

geometriuli primitivebis klasifikaciis meTodi, daprogramebis 

meTodebis seleqciis meTodi, sacdeli sesiebis Catarebis meTodi, 

tranzaqciis operaciebis gamokvlevis meTodi, sistematizaciis 

meTodi, geometriuli modelis reproducirebis meTodi, 

dekompoziciis meTodi, moculobisa da masis analizis meTodi, 

urTierTSedarebiTi analizis meTodi da integraciis 

konfliqtebze Semowmebis meTodi. 
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mecnieruli siaxle. 

1. ganxorcielda ATLAS-is deteqtoris geometriuli 

aRwerebis klasifikacia. Sedegad, gamovlinda 84 tipiuri 

geometriuli primitivi 

2. dadasturda, rom modelirebis infrastruqtura SeiZleba 

iyos geometriuli uzustobebis gamomwvvevi mizezi 

3. dadginda, rom geometriuli cdomilebebis ZiriTad 

gamomwvev mizezs warmoadgens Boolean (logikuri) operacia da 

gamovlenil iqna SemTxvevebi, romlis drosac Boolean operaciebi 

korelirebs gadaadgileba/Semobrunebis geometriul 

tranzaqciebze 

4. dadasturda, rom Geant4-Si gamoyenebuli geometriuli 

aRwerebi ar Seesabameba realurad arsebul ATLAS-is deteqtoris 

geometrias 

praqtikuli mniSvneloba.  

1. kvlevis farglebSi miRebuli Sedegebi SeiZleba 

gamoyenebul iqnas rogorc meToduri miTiTeba geometriuli 

modelirebis dros, rac saSualebas iZleva geometriuli 

modelireba ganxorcieldes cdomilebebis gareSe 

2. programuli paketis CATIA–s bazaze damuSavda 

platforma romelic saSualebas iZleva simulaciis paketebSi 

gamoyenebuli sxvadasxva geometriuli aRwerebi erTad iqnas 

Tavmoyrili. Sedegad SesaZlebeli xdeba sxvadasaxva geometriebis 

urTierTSedarebiTi analizi 

3. gamovlenil iqna geometriuli primitivebis 

daprogramebis SemTxvevebi, romlis drosac Boolean operacia da 

gadaadgileba/Semobrunebis geometriuli tranzaqciebi ar iwveven 

cdomilebebs 

4. gamovlenil iqna 11.6 toniani masaTa Soris sxvaoba 

realurad arsebul da Geant4-Si aRweril ATLAS-is deteqtoris 

magnituri Reros geometriul modelebs Soris. aRniSnuli 
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informaciis safuZvelze ganxorcielda simulaciis paketebSi 

arsebuli magnituri Reros geometriuli modelis modificireba 

5. gamovlenil iqna simulaciis paketebSi arsebuli 

magnituri Reros 35 mm.-iani gadaxra realurad pozicionirebuli 

Reroebis centrebidan da Sesabamisad ganxorcielda misi 

pozicionirebis modificireba. 

samuSaos aprobacia. kvlevis Sedegebi ganxilul iqna 

Semdeg samecniero konferenciebze da simpoziumebze:  

1. “Development of CATIA_2_GEANT Interface for Simulation of High Energy 

Physics Experiments”. Tools and Methods of Competitive Engineering-TMCE 

2016, Aix-en-Provence, France, 9-13 May, 2016 

2. “Simulation Loop between CAD systems, Geant4 and GeoModel: 

Implementation and Results”. XXV International Symposium on Nuclear 

Electronics & Computing-NEC’2015; Montenegro, Budva, Becici, 28 Sep. - 2 

Oct., 2015  

3. “Development of Simulation Loop for the ATLAS Geant4 Packages”. Third 

ATLAS South Caucasus Grid & Cloud Computing Workshop & Tutorial, 

Organized by CERN/European Organization for Nuclear, Tbilisi, Georgia, 20-

25 Oct., 2014 

4. “Modification of G4 geometry baseline according to comparison with CATIA 

reference”. 2nd ATLAS-SouthCaucasus Software/Computing Workshop & 

Tutorial, Tbilisi, Georgia 23-27 Oct., 2012 

aseve Sedegebi ganxilul iqna CERN-Si organizebul Semdeg 

vorqSofebze: 

1. “Investigation of Simulation Infrastructure. Study 2: Systematization and 

Learning of Results”. Simulation Group Meeting, Geneva, Switzerland, 14 

Jun, 2016 

2. “The Results of Precision and Double Checking”. Simulation Group Meeting, 

Geneva, Switzerland, 29 Mar 2016 

3. “Geometry Infrastructure Quality Analyses”. ATLAS-SW-Week: Software & 
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4. “Atlas Geometry Validation – Tools and Case Study”. Simulation Group 

Meeting, Geneva, Switzerland, 12 Jun 2015 

5. “Developmant of Loop for ATLAS Simulation Packages”. Simulation Group 

Meeting, Geneva, Switzerland,  15 Jul 2014 
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Meeting, Geneva, Switzerland, 2 Jul 2014 

7. “Updates on MS geometry including NSW based on CATIA drawings”. 

ATLAS-Muon-Week: Muon/Simulation workshop, Geneva, Switzerland,  8 

Mar 2013 

disertaciis masalebze momzadda da daibeWda 3 statia: 
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2. Sharmazanashvili A., Tsutskiridze N. Development of CATOA_2_Geant 

Interface for Simulation of High Energy Physics Experiments. Proceedings 

of TMCE 2016. 2016, 10, 363-372 

3. SarmazanaSvili a., cucqiriZe n., surmava a., kekelia b., 

ATLAS-is deteqtoris magnituri Reros geometriuli 
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moculoba (danarTis gareSe) Seadgens 152 gverds. 
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Tavi I: ATLAS-is eqsperimentis IT amocanebi 

maRali energiebis fizikis (High Energy Phisics (HEP)) proeqtebs 

Soris SeiZleba gamoiyos birTuli kvlevebis evropul 

organizaciaSi (European Organisation for Nuclear Research (CERN)) 

mimdinare didi adronuli kolaideris (Large Hadron Collider (LHC)) 

proeqti. LHC aris msoflioSi yvelaze didi amaCqarebeli, 

romelic maRali energetikuli nawilakebis aRmoCenas da kvlevas 

emsaxureba [1]. amaCqarebeli miwis qveS 50 dan 175 metramde 

siRrmeSia ganTavsebuli da uWiravs 3.8 metri siganis betoniT 

garSemortymuli gvirabi, romlis rkalis sigrZe 27 kilometria 

[2].  

 

nax. 1. didi adronuli kolaideri (LHC) 

LHC–is temperatura daweulia -271oC–mde. amiT Seqmnilia 

iseTi pirobebi, rogoric didi afeTqebis (Big Bang) dros iyo. 

amaCqareblis gvirabSi ori vakuumuri milia moTavsebuli. 

elementaruli nawilakebi amaCqareblebze erTmaneTis 

sawinaaRmdego mimarTulebiT moZraoben da yovel wreze ufro 

met energias aviTareben. mas Semdeg rac miiRweva saWiro energia, 

xdeba nawilakebis dajaxeba da gaxleCa, ris Sedagadac 
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warmoiqmneba axali/iSviaTi Tvisebis mqone nawilakebi. LHC-is 

eqsperimentis ZiriTad mizans warmoadges dajaxebis Sedegad 

warmoqmnili im axali/iSviaTi nawilakebis aRmoCena, romelTa 

arsebobis xangrZlivoba wamis memilionedze mcirea. 

amaCqarebelze, nawilakebis dajaxebis adgilze, 4 deteqtoria 

ganTavsebuli (ATLAS,  CMS,  ALICE da LHCb), romelTa 

daniSnulebaa sxvadasxva kuTxiT Seiswavlos dajaxebis Sedegad 

warmoqmnili elementaruli nawilakebi [2]. maTgan yvelaze 

kompleqsurs warmoadgens ATLAS-is deteqtori, romelic 

gankuTvnilia LHC-Si protonul-protonuli dajaxebis Sedegad 

warmoqmnili elementaruli nawilakebis dasafiqsireblad. 

dajaxeba warmoebs ATLAS-is deteqtoris geometriul centrSi, 

romelic aRiniSneba Z0–iT. ATLAS–is deteqtori Sedgeba 

qvedeteqtorebis ramdenime Srisagan, romlebic ganlagebulni 

arian Z0–is garSemo. TiToeuli maTganis ZiriTad funqcias 

warmoadgens protonul–protonuli dajaxebis Sedegad 

warmoqmnili nawilakebis dafiqsireba da maTi impulsis gazomva.  

 

nax. 2. ATLAS-is deteqtori 



23 
 

aRsaniSnavia, rom nawilakebis dajaxebisas da misi gaxleCis 

Sedegad ar xdeba mxolod erTi saxis nawilakis warmoqmna, 

aramed am dros warmoiqmneba sxvadasxva saxis nawilaki. swored 

amitom gaaCnia ATLAS–is deteqtors qvedeteqtorebis sxvadasxva 

sistemebi, romlebic axorcieleben elementaruli nawilakebis 

deteqtirebas sxvadasxva SreSi. [3]. 

ATLAS–is deteqtoris funqcionireba dakavSirebulia 

sxvadasxva IT amocanebis ganxorcielebasTan, romelic SeiZleba 

daiyos oTx tipad: 1. monacemTa miReba da Segroveba; 2. monacemTa 

bazebis organizacia; 3. rekonstruqcia; 4. modelireba; 

   

 

1.1 monacemTa miReba da Segroveba 

ATLAS–is eqsperimentis msvlelobisas miiReba didi 

raodenobiT informacia, romelsac deteqtoris komponentebi 

gardaqmnian cifrul informaciad. es informacia gamudmebiT 

saWiroebs dagrovebas, damuSavebasa da Senaxvas Semdgomi 

gamoyenebisaTvis.  

27 km. sigrZis mqone LHC–is amaCqarebelSi 1011 protonisgan 

Semdgari kona kveTs ATLAS–is deteqtoris centrs (Z0) 40 

milionjer wamSi [4]. TiToeuli eseTi gadakveTa ganapirobebs 25 

dajaxebis moments (event). eseigi, sul wamSi ivenTebis raodenoba 

aris 108 (40 MHz). imisaTvis, rom moxdes erTdroulad mosuli 

aseTi didi raodenobis ivenTebis procesireba, ATLAS–is 

deteqtori SemuSavebulia ise, rom mas gaaCnia maRali xarisxis 

speqtometris mqone arxebi. deteqtoridan miRebuli signalebis 

damuSavebisaTvisa da gafiltrisaTvis gamoiyeneba DAQ (Data 

Acquisition) sistema [5].  

 didi intensivobis event–ebi da maT mier warmoebuli 

monacemebi, 1.5 MB TiTo event–ze, moiTxovs Zalian efeqtur DAQ 

sistemas. amisasTvis ATLAS–is deteqtorisaTvis Seiqmna 

samdoniani trigerul sistema [5]: 
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pirveli donis trigeri event–ebis 40 MHz–ian mniSvnelobas 

amcirebs 100 KHz–mde. amis Semdeg miiReba event–is Semcirebuli 

raodenoba, kerZod ki 108 event–dan maTi raodenoba mcirdeba 

daaxloebiT 100 000 event–mde wamSi. 

meore donis trigeri kidev ufro amcirebs event–ebis 

maCvenebels da dahyavs igi 3.5 KHz–mde. aq Semcirebuli event–ebis 

raodenoba daaxloebiT tolia 3 000 wamSi. 

mesame donis trigeri, romelsac event–ebis filtraciis 

trigeri ewodeba, axdens event–ebis filtracias. igi event–ebis 

raodenobas amcirebs 200 Hz–mde. event–ebis filtraciis trigeri 

yovel wamSi 200 “saintereso” event–is Sesabamisi moculobis 

informacias, (daaxloebiT 300 Mbyte/s) mudmivi SenaxvisaTvis, 

sabolood agzavnis monacemTa bazaSi. 

 

nax. 3. Online Software – is funqcionirebis sqema 

meore da mesame donis trigerebi, erTad, qmnian maRali 

donis trigers (High Level Trigger). 

 

 

1.2 monacemTa bazebis organizacia 

tigeruli sistemis Semdeg miRebuli monacemTa nakadidan 

xdeba anabeWdebis anu Tag–ebis aReba (Data Taking), romelic Tavis 
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mxriv, inaxeba ATLAS Tag monacemTa bazaSi, romelic 

organizebulia ORACLE-ze. 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4. deteqtoridan miRebuli informaciis damuSaveba da Senaxva 

ATLAS Tag monacemTa baza aris metamonacemebis (metadata) 

sistema, romelic iZleva masSi informaciis Senaxvis da Semdeg am 

informaciidan saintereso monacemebis SerCevis da amoRebis 

saSualebas, riTac momxmarebels saSualeba eZleva moaxdinos 

misi analizi. 

Tag monacemebi SeiZleba Cawerili iyos ori saxiT [6]: 

1. failis saxiT; 

2. Query;  

failze dafuZnebuli Tag–ebi aris realuri monacemebis 

Semcveli. magaliTad swored aseTi failze dafuZnebuli Tag–ebi 

gamoiyeneba Tier 0–Si. Query warmoadgens egredwodebul 

maCvenebels, romelic miuTiTebs monacemTa bazaSi ganTavsebul 

realur monacemze. 

ATLAS–is monacemTa bazis Tag–i Tavisi Sinaarsis mixedviT 

Sedgeba eqvsi tipis atributisagan [6]:  

monacemebi 

monacemTa damuSaveba 

samdoniani trigeruli 

sistemiT 

Tag 

monacemTa 

baza 
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1. Event Quantities–atributebi, romlebic exeba Event–ebs. 

magaliTad: gaSvebebis raodenoba, Event–ebis raodenoba, 

gamosxiveba da a.S. 

2. Data Quality-miuTiTebs qvedeteqtorebis statuss da 

gascems “kargia fizikisaTvis” (“Good for Physics”) signals Tu isini 

akmayofileben moTxovnebs 

3. Physics Objects–eleqtronebi, mionebi, tauebi, jetebi, 

fotonebi da maTi atributebi 

4. Physics or Performance Group Atributes–sivrce TiToeuli 

fizikosTa jgufisaTvis sakuTari atributebis gansazRvrisaTvis; 

5. Triger Information–informacia maRali da dabali donis 

trigerebis Sesaxeb 

6. Pointers to Event Data–AOD (Analysis Object Data), ESD (Event 

Summary Data) da RAW monacemTa failebis misamarTi, romelic 

Seicavs Event–s; gamoyenebuli programuli uzrunvelyofis 

versias da a.S. 

ATLAS–is monacemTa bazebi organizebulia Oracle–is 

serverze, romlis yvela monacemTa bazis aplikacia gaSvebulia 

Oracle RAC (Real Application Cluster)–ze. igi Seicavs oTx ormag CPU 

kvanZs. mas axasiaTebs maRali donis xelmisawvdomoba da 

monacemTa sruli aRdgena. 

deteqtorSi arsebuli statusis (Condition) aRwera xdeba COOL 

monacemTa bazaSi [7], romelic muSaobs Oracle infrastruqturaze. 

garda amisa, COOL monacemTa bazaSi inaxeba Monte Carlo gaTvlebTan 

dakavSirebuli informacia, rogoricaa: modelirebasTan, 

rekonstruqciasTan, pozicionirebis SemowmebasTan da a.S. 

dakavSirebuli informaciebi.  

COOL monacemTa bazaSi ATLAS–is sxvadasxva 

qvedeteqtorebTan dakavSirebuli Tag–ebi dajgufebulia 

specialuri sqemis mixedviT. Tavis mxriv, TiToeuli sqemis 

SigniT monacemebi dajgufebulia calke bazebSi: COMP, CMCP, 

OFLP, TBP, TBMCP. 



27 
 

COOL monacemTa bazaSi aseve arsebobs saqaRaldeebis (Folder) 

cneba, romelsac aqvs xis magvari ierarqiuli struqtura. 

saqaRaldeebi organizebulia foldersets–Si, romelic SeiZleba 

Seicavdes saqaRaldeebis narevs.    

monacemTa bazis organizaciisaTvis COOL–is garda aseve 

gamoiyeneba COndition MetadatA (COMA) metamonacemebis monacemTa 

baza, romelic Seiqmna imisaTvis, rom globaluri mniSvnelobis 

metamonacemebi iyos advilad xelmisawvdomi [8]. zogadad 

metamonacemebi es aris “monacemebi monacemebis Sesaxeb”. 

COMA monacemTa bazaSi arsebobs egredwodebuli cxrilebis 

da svetebis cneba. TiToeul cxrils gaaCnia sakuTari saxeli, 

romelic iwyeba “COMA_” prefiqsiT. COMA monacemTa bazis 

cxrilebi Seicaven informacias Event–ebis Caweris drois Sesaxeb, 

informacias sxva monacemTa bazebis cxrilebisa da svetebis 

Sesaxeb da aseve is saSualebas iZleva damatebuli iqnas 

mogvianebiT ganxorcielebuli analizis Sedegad miRebuli 

monacemebi.  

COMA cxrilebTan wvdoma SesaZlebelia Web interfeisze 

dafuZnebuli aplikaciis saSualebiT, romlis daniSnulebas 

warmoadgens daexmaros momxmarebels ipovos misTvis saWiro 

metamonacemebi COOL monacemTa bazaSi. 

 

 

1.3 rekonstruqcia 

ATLAS-is deteqtoridan informaciis miRebisa da damuSavebis 

Semdeg mimdinareobs rekonstruqcia, risTvisac gamoiyeneba 

rekonstruqciis algoriTmebi. tipiuri rekonstruqciis 

algoriTmis ZiriTad mizans warmoadgens miRebul iqnas erTi an 

ramdenime monacemTa krebulidan, romelic mowodebulia Atlas–is 

deteqtoris sxvadasxva qvedeteqtorebidan, rekonstruqtirebuli 

obieqtebis mTliani nakadi, romelic Tavis mxriv warmoadgens 

nawilakis raRac garkveuli Tvisebebis maxasiaTebel parametrs 
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[9]. rekonstruqciis Sedegad miiReba infromacia, romlis 

saSualebiTac SesaZlebelia konkretuli nawilakis Tvisebebisa 

da traeqtoriis gansazrvra (Track reconstruction). momdevno etapze 

aRniSnuli informacia gamoiyeneba sxvadasxva fizikuri 

analizisaTvis.  

Track reconstruction gansazRvravs damuxtuli nawilakebis 

traeqtorias. swored rekonstruirebuli Track-is saSualebiT 

xdeba nawilakis mimarTulebisa da impulsis gansazRvra [10]. 

Track-is gansazRvra xorcieldeba ATLAS-is deteqtoris 

qvedeteqtorebis-Inner Detector (ID)-sa da Muon Spectometer (MS)-dan 

miRebuli informaciis safuZvelze. damuxtuli nawilakebi gadian 

aRniSnuli deteqtorebis sensorebs, ris Sedegadac xdeba 

sensorSi nawilakis gavlis adgilis (Hit) dafiqsireba. Track 

reconstruction erTmaneTTan akavSirebs deteqtoris mier 

dafiqsirebul Hit-ebs, ris safuZvelzec axdens nawilakebis 

gadaadgilebis traeqtoriis aRdgenas.  

aseve rekonstruqciis kidev erT saxes wamoadgens 

klasteruli rekonstruqcia (Cluster Reconstruction) [10]. klasteruli 

rekonstruqciis dros xdeba energiebis dajgufeba romelic 

fiqsirdeba ATLAS-is deteqtoris kalorimetrebis sxvadasxva 

SreSi elementaruli nawilakebis gavlisas. eleqtromagnituri 

(mag. eleqtroni da fotoni) da adronuli (mag. protoni da 

neitroni) nawilakebi kalorimetrSi gavlisas deteqtoris 

masalasTan urTierTqmedebis gamo warmoSobs damatebiT 

eleqtromagnitur da adronul  nawilakebis Rvars (nawilakebis 

erToblioba). am gziT warmoqmnil RvarSi Semavali nawilakebi 

urTierTqmedebs kalorimetris aqtiur komponentebTan 

(qvedeteqtoris  komponentebi, romlebic emsaxurebian signalis 

dafiqsirebas) rac warmoSobs signals. Sedegad, kalorimetris 

aqtiuri komponentis sxvadasxva SreSi xdeba nawilakebis energiis 

gazomva.  

klasteruli rekonstruqciis dros TiToeuli 

nawilakisaTvis warmoebs aRniSnuli Sreebidan miRebuli 
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signalebis dajgufeba da miRebuli informaciis safuZvelze 

nawilakis sawyisi energiis gazomva. 

klasteruli rekonstruqcia xorcieldeba rogorc 

eleqtromagnituri aseve adronuli kalorimetridan miRebuli 

informaciis safuZvelze. eleqtromagnituri nawilakebi ATLAS-is 

deteqtoris eleqtromagnitur kalorimetrSi (Electormagnetic 

Calorimeter) warmoSobs nawilakebis xSir da viwro Rvars, xolo 

adronuli nawilakebi ki ATLAS-is deteqtoris adronul 

kalorimetrSi (Hadronic Calorimeter) warmoSobs nawilakebis farTo 

Rvars (nax.5.). nawilakis adgilmdebareobis da energiis mixedviT 

klasteruli rekonstruqciis algoriTmi gansazRvravs nawilaki 

eleqtromagnituria Tu adronuli. 

rekonstruirebuli nawilakebis erT-erTi yvelaze 

mniSvnelovan jgufs warmoadgens damuxtuli leptonebi. isini 

uzrunvelyofen sufTa signals, ris gamoc SesaZlebelia 

ganxorcieldes maTi zusti da efeqturi rekonstruqcia. 

leptonis ojaxs miekuTvneba mioni (Muon). es aris nawilaki 

romlis identificirebac yvelaze martivia, ragdanac rogorc 

nax.5.-zea naCvenebi, mioni aris erTaderTi nawilaki romelic 

gadis mTel ATLAS-is deteqtors ise, rom ar miileva. misi Track–

is gansazRvra xdeba Inner deteqtorisa (ID) da Muon deteqtoris 

saSualebiT. 

eleqtroni (Electron) aseve aris leptonis ojaxis 

warmomadgeneli. misi Track–is gansazRvra xdeba Inner deteqtoris 

saSualebiT da qmnis eleqtromagnitur Rvars eleqtormagnitur 

kalorimetrSi, sadac xdeba misi mileva. 

aseve tau leptoni (Tau Lepton) aris damuxtuli lepton, 

magram eqsperimentuli TvalsazrisiT is gansxvavdeba eleqtonisa 

da mionisagan. nax.5.–ze aRniSnuli nawilaki ar aris naCvenebi 

radganac deteqtorSi Sesvlamde xdeba misi Serwyma sxva 

nawilakebTan. warmoqmnili tao leptonebis 40%-is Serwyma xdeba 

eleqtonebTan da mionebTan, xolo darCenili 60%-is ki 
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protonebTan, neitronebTan da neutrinoebTan. Sesabamisad, taus 

Track–is gansazRvra xdeba iseve rogorc im nawilakebis, 

romelTac is Seerwya. 

 

nax. 5. protonul–protonuli dajaxebis Sedegad warmoqmnili 
nawilakebis deteqtireba 

neutrino (Neutrino) aris aseve leptonebis ojaxis 

warmomadgeneli. imis gamo, rom igi deteqtoris komponentebTan 

urTierTqmedebs Zalian mcire ZaliT, ATLAS_is deteqtori mas 

ver afiqsirebs da rogorc nax.5.-zea naCvenebi igi gadis ATLAS_is 

deteqtoris yvela qvedeteqtors. miuxedavad imisa, rom 

aRniSnuli nawilaki ar fiqsirdeba pirdapir deteqtoris mier, 

misi arseboba SeiZleba dadgindes “ivenTis” saerTo ganivi 

impulsis energiis disbalansis gazomviT [10]. aqedan gamomdinare, 

neutrinos rekonstruqcia mimdinareobs ivenTidan miRebuli 

informaciis safuZvelze. 

fotoni (Photon) aris damuxtuli nawilakis sxva tipi, 

romelic SeiZleba identificirebuli da rekonstruirebuli iyos 

ATLAS-Si. deteqtorSi SeiZleba dafiqsirebul iqnas fotonis 2 
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anabeWdi. es damokidebulia imaze Tu rogor xdeba fotonis 

gardaqmna e+ (pozitroni (Positron)) e- (eleqtroni (Electron)) wyvilSi 

deteqtoris masalaSi gavlisas, sanam aRniSnuli nawilaki Seva 

kalorimetrSi. fotonebi, romelic ar ganicdian aseT gardaqmnas 

ewodebaT “ucvleli” (un-converted) fotonebi, xolo isini, 

romlebic ganicdian gardaqmnas gardaqmnili (converted) fotoni. 

swored ucvleli fotonis anabeWdia nax.5.-ze naCvenebi. imis gamo, 

rom aRniSnuli nawilaki ar aris eleqtrulad damuxtuli, misi 

Track-i ver fiqsirdeba ID-is mier, Tumca warmoqmnian 

eleqtromagnitur Rvars kalorimetrSi. Sesabamisad, “ucvleli” 

fotonis rekonstruqcia xdeba eleqtromagnitur kalorimetrSi 

da ar aqvs Track-i. fotonebis gardaqmnisas is gardaiqmneba 

sapirispirod damuxtul eleqtronebis wyvilad. rekonstruqciis 

algoriTmi aRniSnuli nawilakis identificirebas axdens swored 

rekonstruirebuli Track-is wyvilis (dadebiTi da uaryofiTi 

eleqtronis Track-i) mixedviT. 

 

 

1.4 fizikuri procesebis modelireba 

imisaTvis, rom moxdes elementaruli nawilakebis warmoqmna 

da ATLAS-is deteqtoris mier maTi dafiqsireba, Tavdapirvelad 

xorcieldeba protonebis aCqareba amaCqareblis saSualebiT. mas 

Semdeg rac miiRweva saWiro energia, xdeba protonebis nakadis 

erTmaneTTan dajaxeba ATLAS-is deteqtoris geometriul centrSi 

(Z0). dajaxebis Sedegad warmoiqmneba elementaruli nawilakebi, 

romelic vrceldeba deteqtoris qvedeteqtorebSi da fiqsirdeba 

maTi sxvadasxva Sreebis mier. ATLAS-is deteqtoris geometriul 

centrSi nawilakebis dajaxebis da dajaxebis Sedegad 

elementaruli nawilakebis miRebis process ewodeba Event-i. 

amasTan erTad, realuri eqsperimentis paralelurad 

mimdinareobs aRniSnuli eqsperimentis modelirebis procesi. 

modelirebis Sedegad miRebuli informacia, realuri 
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eqsperimentidan miRebul baitebis nakadTan erTad, qmnis Raw Data 

Object (RDO)–s. amrigad, RDO warmoadgens erTi mxriv Atlas–is 

deteqtoridan, xolo meore mxriv generatoridan miRebul da 

modelirebul monacemebis erTobliobas, romelic gamoiyeneba 

rekonstruqciis amocanebis Sesasruleblad. 

aRsaniSnavia, rom modelirebisas ar warmoebs nawilakebis 

aCqarebis procesis modelireba da am gziT event-ebis generireba, 

aramed modelirebisaTvis saWiro event-ebi miiReba event-ebis 

generatoris saSualebiT, risTvisac gamoiyeneba monte karlos 

(MC) algoriTmebi. MC meTodi es aris matematikuri gamoTvliTi 

algoriTmi, romelic eyrdnoba SemTxveviT amorCevis princips [11]. 

generatoris mier generirebuli event-ebi aris realuri event-ebis 

identuri. 

Atlas–is deteqtoris modelirebis programebi dafuZnebulia 

Geant3–is modelirebis paketis gamoyenebaze, romelic Semdeg 

TandaTan ganviTarda da Camoyalibda axali modelirebis paketi 

Geant4 [12]. Geant4 aris programuli paketi, romlic uzrunvelyofs 

garkveuli masalis mqone obieqtSi nawilakebis gavlis procesis 

modelirebas. 

 

 

 

 

 

 

 

 

 

 

 
 

 

nax. 6. Geant4 modelirebis programuli paketis funqcionireba 

Geant4 

masalebis 

biblioTeka 

geometriuli 

aRwerebi 

nawilakebi Sedegebi 
rekonstruqcia 
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magaliTad, rogorc nax.7.-zea naCvenebi, nawilaki geometriul 

primitivSi gavlisas mis masalasTan urTierTqmedebis gamo 

icvlis traeqtorias. Geant4-is saSualebiT SesaZlebelia 

aRniSnuli procesis modelireba da Seswavla Tu ra Sedegi 

miiReba magaliTad igive nawilakis sxva masalis mqone 

geometriul primitivSi gavlis Sedegad. 

 

nax. 7. nawilakis geometriul primitivSi gavlis procesi 

Geant4 aris Ria sistema, rac momxmarebels saSualebas 

aZlevs Seqmnas da daamatos Tavisi sakuTari meTodebi da 

klasebi. 

ATLAS-is eqsperimentSi Geant4 emsaxureba ATLAS-is 

deteqtoris komponentebis geometriul modelirebasa da event-

ebis generatoris mier generirebuli elementaruli nawilakebis 

deteqtoris qvedeteqoris sxvadasxva SreSi gavlis procesis 

modelirebas, ris Sedegadac miiReba informacia Hit (deteqtorSi 

nawilakebis gvlis adgili)-ebis Sesaxeb.  

 
 

nax. 8. nawilakebis ATLAS-is deteqtorSi gavrcelebis procesis 
modelireba [13] 
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Geant4-i gamoiyeneba maRali energiebis fizikis sxvadasxva 

proeqtebSi: 

BaBar Experiment. nawilakebis fizikis eqsperimenti, romlis 

Seqmnis ZiriTad mizans wamoadgens elementaruli nawilakebis 

SeswavliT samyaros Sesaxeb fundamentalur kiTxvebze pasuxis 

gacema, magaliTad iseTze rogoricaa: ra sxvaoba materiasa da 

antimaterias Soris [14]. 

 

 

 

 

 

 

 

 
 

BaBar eqsperimenti iyenebs or amaCqarebels (nax.9.): 1. SLAC 

xazovani amaCqarebeli (SLAC linac), sadac xdeba eleqtronebis an 

pozitronebis aCqareba da gadasvla PEP-II amaCqarebelSi. 2. PEP-II, 

romelic Sedgeba ori rgolisagan: maRali energiis rgoli (High 

Energy Ring) 9.0 GeV eleqtronis sxivisaTvis da dabali energiis 

rgoli (Low Energy Ring) 3.1 GeV pozitronis sxivisaTvis. 

aRniSnuli nawilakebi Sesabamis rgolSi moZraoneb erTmaneTis 

sawinaaRmdego mimarTulebiT da ejaxebian erTmaneTs iq, sadac 

BaBar deteqtoria ganTavsebuli (nax.10.). BaBar deteqtori 

emsaxureba nawilakebis dajaxebis Sedegad warmoqmnili droebiTi 

nawilakebis dafiqsirebas. 

BaBar eqsperimentSi modelirebis procesi dafuZnebulia 

Geant4-is modulis - BOGUS (BaBar Object-oriented Geant4-

based Unified Simulation)-is   gamoyenebaze [15].  BOGUS-is saSualebiT 

deteqtoris geometria aRwerilia martivi geometriuli 

primitivebis, masalebisa da Boolean (logikuri) operaciebis 

gamoyenebiT.  

nax. 10. BaBar deteqtori  nax. 10. PEP-II aCqarebeli            
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garda geometriuli modelirebisa, Geant4-is modulis 

funqcias warmoadgens fizikuri procesebis, kerZod ki 

nawilakebis deteqtoris qvedeteqtorebSi gavlis procesis 

modelireba, romlis saSualebiTac miiReba informacia  Hit-ebis 

Sesaxeb. 
 

 

 

 

 
 

nax. 11. modelirebis procesi BaBar eqsperimentSi 

aRniSnuli modelirebis procesisaTvis saWiro event-ebis 

generirebas uzrunvelyofs generatori, romelic warmoadgens e.w. 

Semaval informacias modelirebis procesisaTvis (nax.11.). 

momdevno etapze xorcieldeba nawilakebis deteqtoris 

qvedeteqtorebSi gavlis modeirebis procesi da miRebuli Hit-ebis 

dafiqsireba. Sedegad, modelirebis procesis gamosasvlelze 

miReba modelirebuli Hit-ebis sia, romelic igzavneba monacemTa 

bazaSi da gamoiyeneba rekonstruqciis amocanis 

gansaxorcieleblad. 

Borexino. nawilakebis fizikis eqsperimenti, romelic Borexino-

s deteqtoris saSualebiT realur droSi Seiswavlis mzidan 

momaval dabali energiis mqone neutrinoebs [16]. kosmosuri 

sxivebis nakadis Sesamcireblad deteqtori ganTavsebulia miwis 

qveS. aseve, deteqtoris Sida komponentebisaTvis kidev erT damcav 

fars warmoadgens ultra-sufTa wyali, romelic deteqtors 

akravs garSemo da icavs mis Sida komponentebs neitronebisgan da 

gama gamosxivebisgan, romelic warmoiqmneba laboratoris qvis 

kedlebSi radiaqtiuli daSlis Sedegad. 

Borexino-s deteqtoris birTvs wamoadgens 300 tona Txevadi 

skintilatori, romelic moTavsebulia uJangavi foladis 

sferoSi.  

event-ebis 

generatori 
BOGUS 

DB 

rekonstruqcia 
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nax. 12. Borexino deteqtori 

skintilatoris eleqtronebTan neutrinos urTierTqmedebis gamo 

warmoiqmneba kaSkaSa sinaTle, romelic fiqsirdeba 20 sm. 

diametris mqone fotoeleqtronuli gamamravlebeli milebis 

mier. 

garda amisa, kosmogenuri neutrinos da radioaqtiuri 

izotopebis Seswavla mimdinareobs simulaciis procesis 

saSualebiT, romlisaTvisac gamoiyeneba Geant4 simulaciis paketi. 

simulaciidan miRebuli monacemebi dardeba realuri 

eqsperimentidan miRebul monacemebTan. Geant4–Si deteqtoris 

geometriuli struqtura aRwerilia ise, rom maqsimaluradaa 

SenarCunebuli deteqtoris zomebi da Tvisebebi. aseve 

geometriuli sivrceebi Sevsebulia Sesabamisi masalebiT 

magaliTad iseTiT rogoricaa wyali da skintilatori. imisaTvis, 

rom moxdes simulaciis procesis aCqareba, mimdinareobs 

deteqtoris mxolod im komponentebis modelireba, romelic 

uSualod gamoiyeneba fizikuri procesebis modelirebisaTvis. 

iseve rogorc sxva maRali energiebis fizikis proeqtebis 

SemTxvevaSi Geant4, garda geometriuli modelirebisa, aseve 

uzrunvelyofs fizikuri procesebis modelirebas.  
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nax. 13. event-is modelireba Borexino deteqtorSi 

Borexino-s eqsperimentSi GGeant4 uzrunvelyofs event-ebis 

generirebas da mis marTvas dawyebuli mis warmoqmnidan iqamde 

sanam ar moxdeba misi mileva an gasvla deteqtoris 

qvedeteqtorebis arealidan [17]. aRniSnuli modelirebis 

procesis Sedegad miRebuli informacia gamoiyeneba 

rekonstruqciis amocanis gansaxorcieleblad. 

MINOS Experiment (Main Injector Neutrino Oscillation Search). MINOS 

eqsperimentis ZiriTad mizans wamoadgens neutrinos aRmoCena da 

Seswavla [18]. MINOS eqsperimenti moicavs erTmaneTisgan 735 km.-is 

daSorebiT ganTavsebul or deteqtors: axlo deteqtors (Near 

Detector), romelic ganTavsebulia fermilabSi (ilinoisi, amerika) 

da Sor deteqtors (Far Detector) (minesota, amerika).  

 

nax. 14. MINOS eqsperimenti 
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MINOS eqsperimenti protonebis nakadis aCqarebisaTvis 

iyenebs Main Injector amaCqarebels. amaCqarebelSi protonebis 

karbonTan urTierTqmedeba warmoqmnis mizonebs (Meson – nawilaki, 

romelic Sedgeba 1 kvarkisagan da 1 antikvarkisaqan). momdevno 

etapze mizonebi damSlel milSi (Decay Tunnel) moZraobis gamo 

iSleba  mionebad da neutrinoebad. damSleli milis adronuli 

mSTanTqmeli (Hadron Absorber) axdens nawilakebis nakadSi 

darCenili protonebisa da mizonebis mocilebas. miRebuli 

mionebi Seiwoveba Subsequent Earth Shield-is mier, xolo darCenili 

neutrinoebis nakadi agrZelebs moZraobas MINOS-is Near Detector-

isa da MINOS-is Far Detector-is mimarTulebiT, romelic gamoiyeneba 

neutronebis dafiqsirebisa da SeswavlisaTvis. 

MINOS eqsperimentSi modelirebis procesi dayofilia or 

fazad [19]: pirveli faza aris beamline (igive deteqtoris centri-

Z0) sistemis da deteqtoris komponentebis modelireba. xolo 

meore ki deteqtoris qvedeteqtorebSi nawilakebis gavlisa da 

Sedegad miRebuli energiis modelireba. aRniSnuli procesebis 

modelirebisaTvis gamoiyeneba Geant4. aRsaniSnavia, rom Geant4 ar 

gamoyeneba amaCqarebelSi protonebis aCqarebis procesebis 

modelirebisaTvis. amis nacvlad gamoiyeneba GENIE generatori, 

romelic asrulebs igive funqcias da uzrunvelyofs fizikuri 

procesebis modelirebisaTvis saWiro ivenTebis generirebas. 

momdevni etapze Geant4 iyenebs aRniSnuli ivenTebidan miRebul 

neutrinoebs maTi deteqtoris komponentebSi gavrcelebisaTvis, 

Sedegad ki miiReba informacia Hit-ebis Sesaxeb.  

garda maRali energiebis fizikis proeqtebisa, Geant4 aseve 

gamogiyeneba medicinaSi. GATE  (Geant4 Application for Tomographic 

Emission)     aris Geant4-is Ria programuli uzrunvelyofa, romelic 

damuSavebul iqna saerTaSoriso OpenGATE kolaboraciis mier da 

gamoiyeneba rentgenologiaSi, radioTerapiaSi, sxivuri 

tomografiasa (Positron Emission Tomography - PET da Single Photon Emission 

https://www.google.ge/url?sa=t&rct=j&q=&esrc=s&source=web&cd=13&ved=0ahUKEwjfjsHrrZjMAhUGWhQKHWARC484ChAWCCcwAg&url=https%3A%2F%2Fgeant4.web.cern.ch%2Fgeant4%2Fresults%2Ftalks%2FIPRD02%2FIPRD02-GATE.pps&usg=AFQjCNF6Hu6LOheawS4Hs35hzt7sswYAGQ&sig2=LOBTvXMlM3ksVKVIG4koQw&cad=rja
https://www.google.ge/url?sa=t&rct=j&q=&esrc=s&source=web&cd=13&ved=0ahUKEwjfjsHrrZjMAhUGWhQKHWARC484ChAWCCcwAg&url=https%3A%2F%2Fgeant4.web.cern.ch%2Fgeant4%2Fresults%2Ftalks%2FIPRD02%2FIPRD02-GATE.pps&usg=AFQjCNF6Hu6LOheawS4Hs35hzt7sswYAGQ&sig2=LOBTvXMlM3ksVKVIG4koQw&cad=rja


39 
 

Computed Tomography - SPECT) da kompiuteruli tomografiaSi 

(Computed Tomography-CT) [20]. 

Tanamedrove medicinis ganviTarebam, Tavis mxriv, ganapiroba 

Sesabamis dargSi programuli uzrunvelyofis ganviTarebis 

aucilebloba, romelic moicavs instrumentebs testirebisaTvis, 

miRebuli Sedegebis analizisaTvis 

da SedarebebisaTvis [21]. medicinaSi 

modelirebis procesis aucilebloba 

ganapiroba im faqtma, rom realur 

pacientebze SeuZlebelia 

ganxorcieldes yvela saxis 

klinikuri amocana da testireba 

gansakuTrebiT ki rentgenuli 

sistemebis gamoyenebis dros, 

radganac am dros gamoyenebuli 

radiaciuli gamosxiveba aris Zalian 

maRali. aseve, fizikuri mulaJi 

gamoyeneba aris Sezruduli, 

radganac Zalian ZviradRirebulia 

da misi Seqmnis dros aucilebelia 

pacientis anatomiuri da 

fiziologiuri parametrebis 

SenarCuneba. aqedan gamomdinare, 

erTaderT praqtikul midgomas 

warmoadgens realistikuri 

kompiuteruli modelirebis 

ganxorcieleba. 

medicinaSi kompiuteruli 

modelireba moicavs kompiuteruli 

mulaJebsa da organizmis 

organoebisa da qsovilebis 

funqcionirebis modelirebis da 

vizualizaciis procesis.  

  

nax. 15. XCAT seriis adamianis 
mulaJi. magaliTis saxiT 
warmodgenilia zrdasruli 
qali (zeda), zrdasruli 
kacisa (Sua) da 16 Tvis biWis 
(qveda) mulaJebi 



40 
 

kompiuteruli mulaJebSi SenarCunebulia obieqtis anatomia 

da fiziologiuri parametrebi. aqedan gamomdinare mulajebi 

SeiZleba ganxilul iqnas rogorc cocxali obieqtebi. imisaTvis, 

rom moxdes organizmis organoebisa da qsovilebis 

fuqnqcionirebis modelireba da vizualizacia, saWiroa maRali 

sizustis mulajebis arseboba. dResdreobiT medicinaSi farTod 

gamoiyeneba paul segarsis (Paul Segars) mier Seqmnili Cardiac-Torso 

(XCAT), Mouse Whole-Body (MOBY) da Rat Whole-Body (ROBY) mulajebi. 

XCAT seriis mulajebi (nax.15.) Seicavs adamianis sxeulis 

anatomiur variaciebs sxvadasxva asakisaTvis, romelic 

warmoadgens erTgvar virtualur pacients organizmis 

funqcionirebis modelirebisaTvis. 

MOBY  da ROBY mulaJebi asaxavs laboratoriis anatomiur 

models, romelic gamoiyeneba patara cxovelebis organizmis 

funqcionirebis modelirebisaTvis (nax.16.). 

 

 

 

 

 

 

nax. 16. MOBY (zeda) da ROBY (qveda) mulaJebi. Tagvis da virTxis 
anatomiuri modelebi   

aRniSnuli mulaJebis gamoyenebiT SesaZlebelia 

ganxorcieldes organizmis organoebisa da qsovilebis 

funqcionirebis modelirebisa da miRebuli Sedegis 

vizualizacia. imis gaTvaliswinebiT, rom mulaJebi aris moqnili, 

SesaZlebelia maTi anatomiuri parametrebis cvlileba da 

Secvlil mulaJebze Sesabamisi informaciis gamotana.   
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nax.17.–ze naCvenebia magaliTi, rodesac mimdinareobs 

realuri pacientis gamokvlevis Sedegad miRebuli monacemebis 

Sedareba modelirebidan miRebul monacemebTan. aRniSnul 

magaliTi asaxavs sxivuri tomografiiTa (PED da SPECT) da 

kompiuteruli tomografiiT (CT) gamokvleul zrdasruli kacis 

sxeulis sxvadasxva regionidan miRebul monacems. xolo, nax.18. 

asaxavs realuri kvlevidan da MOBY  mulaJis gamoyenebiT 

miRebul Sedegebs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

nax. 17. realuri gamokvlevidan 
da modelirebis procesidan 
miRebuli monacemebi (sakvlevi 
obieqti: adamiani) 

nax. 18. realuri gamokvlevidan da 
modelirebis procesidan 
miRebuli monacemebi (sakvlevi 
obieqti: Tagvi) 
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Geo2G4 

Geant4 

GeoModel 

pasiuri komponentebi 

AGDD/XML Persint 

VP1 

AGDD2Geo 

aqtiuri komponentebi 

ORACLE 

Muon 

GeoModel 

Calo 

GeoModel 

ID 

GeoModel 

Tavi II: ATLAS-is deteqtoris geometriuli 

modelireba fizikuri procesebis modelirebis 

amocanebSi 

ATLAS-is deteqtoris geometriuli modelireba 

dafuZnebulia Geant4 modelirebis paketis gamoyenebaze, romelsac 

gaaCnia saWiro instrumentebi ATLAS-is deteqtoris komponentebis 

zusti aRwerisaTvis [22] [paragrafi 2.1.].  

imisaTvis, rom Geant4-Tvis miRebul iqnas deteqtoris 

geometriuli aRwerebis erTiani formati, gamoiyeneba GeoModel 

programuli paketi. TiToeuli qvedeteqtoris modelireba 

mimdinareobs GeoModel–is klasebis saSualebiT, romlemic 

Seesabameba Geant4-is klasebs [paragrafi 2.2.]. amrigad, GeoModel–i 

warmoadgens erTgvar rezervuars, sadac xdeba Geant4-Tvis saWiro 

modelirebuli Atlas-is deteqtoris komponentebis Tavmoyra. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 19. geometriuli modelirebis platforma ATLAS-is 
eqsperimentisaTvis 

funqcionaluri daniSnulebis mixedviT ATLAS-is deteqtori 

dayofilia or nawilad: aqtiur da pasiur komponentebad. aqtiur 

komponentebSi moiazreba ATLAS-is deteqtoris is komponentebi, 

romelic uSualod emsaxurebian Z0-Si nawilakebis dajaxebis 
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Sedegad warmoqmnili elementaruli nawilakebis dafiqsirebas. 

xolo, pasiuri komponentebi ki aerTianebs ATLAS-is deteqtoris 

meqanikur struqturebs (mag. servisebi, mionuri sistemis pasiuri 

komponentebi da a.S.). Sesabamisad, GeoModel-Si aRniSnuli 

komponentebis aRwera xdeba sxvadasxva gziT: 

ATLAS-is deteqtoris aqtiuri komponentebi aRwerilia C++ 

programuli enis saSualebiT uSalod GeoModel-Si, romelic 

dayofilia sam nawilad: Muon GeoModel, Calo GeoModel da ID 

GeoModel. magram aRsaniSnvania, rom GeoModel-Si aRiwereba 

aRniSnuli komponentebis mxolod sematikuri nawili, ricxviTi 

parametrebis (mag. geometriuli primitivebis zomebi, 

gadaadgilebebis da Semobrunebebis ricxviTi mniSvnelobebi da 

a.S.) ki Senaxulia Oracle-is monacemTa bazaSi. GeoModel-is kodis 

Geant4-Si konvertaciisaTvis gamoiyeneba Geo2G4 konvertori. 

GeoModel-Si modelirebuli geometriis vizualizaciisaTvis 

gamoiyeneba VP1 (Virtual Point 1), romelic vizualizaciisaTvis 

iyenebs Qt biblioTekas [23]. 

ATLAS-is deteqtoris pasiuri komponentebi modelirebulia 

AGDD (ATLAS Generic Detector Description) programuli enis 

gamoyenebiT da Senaxulia XML formatSi [paragrafi 2.3.]. AGDD 

kodis GeoModel/C++-Si konvertaciisaTvis gamoiyeneba AGDD2Geo 

konvertori, xolo vizualizaciisaTvis ki programa PERSINT [24]. 

 

 

2.1 geometriuli modelirebis meTodi Geant4-is bazaze 

geometriuli modeli, romelic unda momzaddes 

modelirebisTvis, SeiZleba aRiweros sxvadasxva meTodebiT [25]: 

naxevarsivrculi (Half Space), primitiuli myari tanis (Primitive 

solid), baduri (Mesh), CAD modeli da a.S. monte karlo 

geometriuli modelirebis paketebSi geometriis zusti 

modelirebisaTvis ZiriTad SemTxvevaSi gamoiyeneba 
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konstruqciuli myari tanis geometriuli meTodi (Constructive Solid 

Geometry (CSG)), romelic moicavs naxevarsivrcul da primitiul 

myari tanis meTodebs. naxevarsivrcul meTodi solids agebs 

naxevarsivrculi zedapirebis gamoyenebiT, romelic miiReba 

maTematikuri gantolebebiT. primitiuli myari tanis meTodi 

solids agebs Boolean operaciebisa da pozicionirebis da 

Semobrunebis operaciebis saSualebiT. 

Geant4–i geometriuli modelirebisaTvis iyenebs CSG meTods. 

CSG–is saSualebiT myari tanis geometriuli modelebi aRiwereba 

samganzomilebiani geometriuli primitivebis saxiT [26]. 

Sesabamisad, Geant4–Si geometriuli modelireba xorcieldeba aq 

arsebuli standartuli primitivebis gamoyenebiT. CSG meTodis 

gamoyenebiT geometriuli modelebis upiratesoba mdgomareobs 

imaSi, rom raime saxis geometriuli obieqtebis aRwerisaTvis 

moiTxoveba primitivis minimaluri parametrebis codna. 

magaliTad, Geant4–Si cilindruli obieqtis ageba SesaZlebelia 

Tube meTodis gamoyenebiT, risTvisac saWiroa misi Sida da gare 

radiusebis, Tube-is sigrZisa da rkalis dawyenisa da dasrulebis 

kuTxis codna. Tube-is Sesaqmnelad gamoiyeneba konstruqtori, 

romelic aRiwereba Semdegi saxiT: 

G4Tubs(const G4String& pName, G4double pRmin, 

G4double pRmax,G4double pDz, G4double pSPhi, G4double 

pDPhi); 

sadac pName aris geometriis saxeli, pRmin–Tube–is Sida 

radiusi, pRmax–Tube–is gare radiusi, pDz–Tube-is naxevari sigrZe, 

pSPhi da pDPhi ki Sesabamisad Tube–is rkalis dawyebisa da 

dasrulebis kuTxe. magaliTad: 

G4Tubs *Test_Tubs = new G4Tubs (“Test_Tubs”, 400*mm, 

450*mm, 1000*mm, 0., 360*deg); 

am SemTxvevaSi miRebul primitivs eqneba Semdegi saxe: 
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800 mm 
900 mm 

2000 mm 

 

 

 

 

 

 

 

nax. 20. Geant4-Si modelirebuli cilindruli obieqti 

garda Tube meTodisa, Geant4-i geometriuli modelirebisaTvis 

iyenebs Semdegi saxis primitivebs:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Box                 Cone            Tube         Parallelepiped     Trapezoid 

Torus           Polycons        polyhedral         Ellipsoid      Tetrahedra 

Tube Section     Twisted              Box              Trapezoid           Generic 
    Twisted         Trapezoid         Twisted           Twisted           Trapezoid               
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nax. 21. Geant4-Si arsebuli standartuli primitivebi 

garda standartuli primitivebisa, aseve SesaZlebelia 

SedarebiT rTuli geometriuli obieqtebis modelireba Boolean 

operaciebis saSualebiT. Geant4-i iyenebs sami saxis logikur 

operacias: Subtraction (Wra), Union (gaerTianeba) da Intersection 

(TanakveTa). 

Substraction Boolean operaciis saSualebiT SesaZlebelia erTi 

obieqtis Wra meore obieqtis saSualebiT. magaliTad: 

- G4Tubs *Test_Tubs1 = new G4Tubs (“Test_Tubs1”, 0*mm, 

450*mm, 300*mm, 0., 360*deg); 

- G4Tubs *Test_Tubs2 = new G4Tubs (“Test_Tubs2”, 0*mm, 

300*mm, 300*mm, 0., 360*deg); 

- G4VSolid *Test_Substr = new 

G4SubstractionSolid(“Test_Substr”, Test_Tubs1, 

Test_Tubs2); 

am SemTxvevaSi miRebul geometrias eqneba Semdegi saxe: 

 

 

 

 

 

 

                     

nax. 22. Substraction Boolean operaciis magaliTi 

Union Boolean operaciis gamoyenebisaT SesaZlebelia ori 

obieqtis gaerTianeba. magaliTad: 

- = 
Test_Tubs1 Test_Tubs2 Substract 

 Tube with an                   Cone with an       Tube with an 
Elliptical Cross       Spherical         Solid Sphere       Elliptical Cross        Hyperbolic 
     Section           Shell Section                    Section                   Profile 
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- G4Tubs *Test_Tubs1 = new G4Tubs (“Test_Tubs1”, 

300*mm, 450*mm, 300*mm, 0., 360*deg); 

- G4Tubs *Test_Tubs2 = new G4Tubs (“Test_Tubs2”, 0*mm, 

300*mm, 300*mm, 0., 360*deg); 

- G4VSolid *Test_Union = new 

G4UnionSolid(“Test_Union”, Test_Tubs1, Test_Tubs2); 

am SemTxvevaSi miRebul geometrias eqneba Semdegi saxe: 

 

 

 

 

 

 
 

 

nax. 23. Union Boolean operaciis magaliTi 

Intersection Boolean gamoyenebisas rCeba geometriuli 

primitivis mxolod is nawili, romelsac meore geometriuli 

primitivi faravs. magaliTad: 

- G4Tubs *Test_Tubs = new G4Tubs (“Test_Tubs”, 400*mm, 

450*mm, 1000*mm, 0., 360*deg); 

- G4Box *Test_Box = new G4Box (“Test_Box”, 500*mm, 

500*mm, 300*mm); 

- G4VSolid *Test_Intersection = new 

G4IntersectionSolid(“Test_Intersection”, Test_Tubs, 

Test_Box); 

am SemTxvevaSi miRebul geometrias eqneba Semdegi saxe: 

 

   

 

 

   
 

nax. 24. Intersection Boolean operaciis magaliTi  

Geant4–Si SesaZlebelia koordinatTa RerZis mimarT 

geometriis Semobruneba risTvisac gamoiyeneba G4RotationMatrix 

funqcia. Semobruneba SeiZleba ganxorcieldes: 

 erTi konkretuli RerZis mimarT (X, Y an Z):  

- = 
Test_Tubs1 Test_Tubs2 Union 

 

= 
Intersectio

n 

Intersec 

Test_Tubs Test_Box

e 
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G4RotationMatrix *rm = new G4RotationMatrix;   

rm -> rotateX(45*deg); 

am SemTxvevaSi Semotrialeba mimdinareobs X RerZis mimarT; 

 ori RerZis mimarT: 

G4RotationMatrix *rm = new G4RotationMatrix;   

rm -> rotateX(45*deg); 

am SemTxvevaSi Semotrialeba mimdinareobs jer X RerZis 
mimarT, 

rm -> rotateY(45*deg); 

Semdeg ki Y–RerZis mimarT. 

 gansazRvruli veqtoriT:  

G4RotationMatrix *rm = new G4RotationMatrix;  

rm -> rotate(45*deg,Hep3Vector(1.,1.,1.)); 

garda Semobrunebisa, Geant4–i iZleva saSualebas movaxdinoT 

Seqmnili geometriis gadaadgileba, romelic aRiwereba 

Semdegnairad: 

G4TreeVector Test (posX, posY, posZ); 

sadac posX, posY da posZ warmoadgens mniSvnelobebs romelic 

miuTiTebs Tu ra manZiliT unda gaadaadgildes obieqti 

Sesabamisad X, Y da Z – is RerZebis gaswvriv. 

Geant4–Si aseve SesaZlebelia geometriisaTvis raime saxis 

masalis miniWeba. magaliTad, Geant4–Si SeiZleba aRiweros masala, 

romelsac miniWebuli eqneba saxeli, simkvrive, moluri masa da 

atomebis raodenoba: 

G4double density=1.390*g/cm3;            

G4double a=39.95*g/mole;                    

G4double z=18.;                                      

G4String name;                                       

… 

G4Material* MAT = new G4Material(name=“Liquid Argon”, 

z, a, density); 

Sedegad, miRebuli masala (saxeliT MAT) SeiZleba miniWebuli 

iqnas romelime primitivs. 
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2.2 geometriuli modelirebis meTodi GeoModel-is bazaze 

garda Geant4–isa, geometriis modelirebisaTvis gamoiyeneba 

GeoModel modelirebis paketi. aq gansakuTrebuli yuradReba 

eqceva monacemTa optimizacias, radgan miRweul iqnas Zalian 

rTuli geometriis mqone Atlas–is deteqtoris komponentebis 

aRwera, rac SeiZleba minimaluri mexsierebis moxmarebiT [27]. amis 

gaTvaliswinebiT mas gaaCnia srulyofili meqanizmi mTeli Atlas–

is deteqtoris geometriuli aRwerisaTvis ise, rom mexsierebis 

moxmareba minimumamde aris dayvanili. 

radganac Geant4-Si moxvedramde Atlas-is deteqtoris 

komponentebis Tavs iyris GeoModel–Si da Semdeg xdeba aq 

modelirebuli geometriis konvertacia Geant4-Si, amitom 

GeoModel-is klasebi Seesabameba Geant4-Si gamoyenebul klasebs. 

Sesabamisad, GeoModel-Si geometriis arwerisaTvis gamoiyeneba 

iseTive meTodi (CSG) rogoric Geant4-Si, rac gulisxmobs 

geometriuli obieqtebis daprogramebas standartuli myari tanis 

mqone primitivebis gamoyenebiT. magaliTad, GeoModel–Si 

cilindruli obieqti SeiZleba aRiweros Tube Section meTodis 

gamoyenebiT, risTvisac saWiroa misi Sida da gare radiusebis, 

cilindruli obieqtis naxevari sigrZisa da rkalis dawyenisa da 

dasrulebis kuTxis codna. Tube Section-is Sesaqmnelad gamoiyeneba 

konstruqtori, romelic aRiwereba Semdegi saxiT: 

GeoTubs (double pRmin, double pRmax, double pDz, 

double pSPhi, double pDPhi); 

sadac pRmin aris cilindruli obieqtis Sida radiusi, 

pRmax–gare radiusi, pDz–ciliondruli obieqtis naxevari sigrZe, 

pSPhi da pDPhi Sesabamisad ciliondruli obieqtis rkalis 

dawyebis da dasrulebis kuTxe. magaliTad: 

GeoTubs *Test_Tubs = new GeoTubs (400*mm, 450*mm, 

1000*mm, 0., 360*degree); 

am SemTxvevaSi miRebul geometrias eqneba Semdegi saxe: 
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800 mm 
900 mm 

2000 mm 

 

 

 

 

 

 

 

 

nax. 25. GeoModel-Si modelirebuli cilindruli obieqti 

garda Tube Section meTodisa, GeoModel-i geometriuli 

modelirebisaTvis iyenebs Semdegi saxis primitivebs: 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 26. GeoModel-Si arsebuli standartuli primitivebi 

garda standartuli primitivebisa, aseve SesaZlebelia 

rTuli geometriuli obieqtebis modelireba Boolean operaciis 

saSualebiT. GeoModel-i iyenebs sami saxis Boolean operacias: 

Subtraction (Wra), Union (gaerTianeba) da Intersection (TanakveTa). 

Substract Boolean operaciis saSualebiT SesaZlebelia erTi 

obieqtis Wra meore obieqtis saSualebiT. magaliTad: 

- GeoTubs *Test_Tubs1 = new GeoTubs (“Test_Tubs1”, 

0*mm, 450*mm, 300*mm, 0., 360*degree); 

- GeoTubs *Test_Tubs2 = new GeoTubs (“Test_Tubs”, 

0*mm, 300*mm, 300*mm, 0., 360*degree); 

Box               Cone         Parallelepiped  Polycone        Polygon 

 Trapezoid                            Tube               Trapezoid                            
 (Complex)               Tube                 (Section)            (Simple) 



51 
 

- const GeoShapeSubtract& Test_Subtract = Test_Tubs1– 

>add(*Test_Tubs2); 

Sedegad, miiReba nax.22.-ze mocemuli geometriuli obieqti.  

Union Boolean operaciis gamoyenebiT SesaZlebelia ori 

obieqtis gaerTianeba. magaliTad: 

- GeoTubs *Test_Tubs1 = new GeoTubs (“Test_Tubs1”, 

300*mm, 450*mm, 300*mm, 0., 360*degree); 

- GeoTubs *Test_Tubs2 = new GeoTubs (“Test_Tubs”, 

0*mm, 300*mm, 300*mm, 0., 360*degree); 

- const GeoShapeUnion& Test_Union = Test_Tubs1– 

>add(*Test_Tubs2); 

am SemTxvevaSi miRebuli geometriuli obieqti iqneba iseTive, 

rogorc nax.23.-zea naCvenebi. 

Intersection Boolean operaciis gamoyenebisas rCeba pirveli 

geometriuli primitivis mxolod is nawili, romelsac meore 

geometriuli primitive faravs. 

- G4Tubs *Test_Tubs = new G4Tubs (“Test_Tubs”, 400*mm, 

450*mm, 1000*mm, 0., 360*deg); 

- G4Box *Test_Box = new G4Box (“Test_Box”, 500*mm, 

500*mm, 300*mm); 

- const GeoShape& Test_Intersection = Test_Tubs– 

>intersect(*Test_Box);  

Sedegad, miiReba nax.24.-ze mocemuli geometriuli obieqti.  

GeoModel–Si SesaZlebelia koordinatTa RerZis mimarT 

geometriis Semobruneba. Semobruneba SeiZleba ganxorcieldes: 

 erTi konkretuli RerZis mimarT (X, Y an Z):  

HepTransform3D Rot=HepRotateX3D(45*degree); 

am SemTxvevaSi Semotrialeba mimdinareobs X RerZis mimarT; 

 ori RerZis mimarT: 

HepTransform3D Rot=HepRotateX3D(45*degree) * 

HepRotateY3D(90*degree);  

am SemTxvevaSi Semotrialeba mimdinareobs X da Y RerZebis 
mimarT. 

gansazRvruli veqtoriT:  

HepTransform3D Rot=HepRotate3D(1.5, HepVector3D 

(1*mm, 0*mm, 0*mm)); 
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garda Semobrunebisa, GeoModel–i iZleva saSualebas 

movaxdinoT Seqmnili geometriis gadaadgileba, romelic 

aRiwereba Semdegnairad: 

HepTransform3D Tr = HepTranslate(posX*mm, posY*mm, 

posZ*mm); 

sadac posX, posY da posZ warmoadgens mniSvnelobebs romelic 

miuTiTebs Tu ra manZiliT unda gaadaadgildes obieqti 

Sesabamisad X, Y da Z – is RerZebis gaswvriv. 

GeoModel–Si aseve SesaZlebeli geometriuli obieqtisaTvis 

raime masalis miniWeba. masalis aRwerisaTvis gamoiyeneba ori 

saxis klasi: 

1. GeoMaterial–Si xdeba masalis saxelisa da simkvrivis 

miniWeba. igi aRiwereba Semdegnairad:  

GeoMaterial (const std::string &Name, double 

Density); 

sadac Name aris saxeli, xolo Density ki simkvrive; 

2. GeoElement–Si xdeba masalis Semadgeneli elementis 

saxelis, qimiur simbolos, atomebis raodenobisa da masis 

miTiTeba. igi aRiwereba Semdegnairad: 

GeoElement (const std::string & Name, const 

std::string & Symbol, double Z, double A); 

sadac Name aris elementis saxeli, Symbol–qimiuri simbolo, 

Z–atomebis raodenoba  da A–masa; 

 

 

2.3 geometriuli modelirebis meTodi AGDD-is bazaze  

AGDD aris programirebis ena, romelic Seiqmna ATLAS-is 

modelirebis jgufis mier specialurad ATLAS-is deteqtoris 

pasiuri komponentebis modelirebisaTvis [22]. 

iseve rogorc Geant4-isa da GeoModel-is SemTxvavaSi, AGDD-Si 

geometriuli modeireba xorcieldeba CSG meTodiT, standartuli 

myari tanis geometriuli primitivebis gamoyenebiT. 
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nax. 27. AGDD-Si modelirebuli ATLAS-is deteqtoris mionuri sistemis 
pasiuri komponentebi 

magaliTad, AGDD–Si cilindruli obieqti SeiZleba 

aRiweros Tubs meTodis gamoyenebiT, risTvisac saWiroa misi Sida 

da gare radiusebis, cilindruli obieqtis sigrZisa da rkalis 

dawyenisa da dasrulebis kuTxis codna. Tubs-is Sesaqmnelad 

gamoiyeneba konstruqtori, romelic aRiwereba Semdegi saxiT: 

<tubs name="Tube" material="Iron" Rio_Z="pRmin; 

pRmax; pDz" profile=" pSPhi; pDPhi"/>  

sadac “Tube” aris cilindruli obieqtis saxeli, “Irno”-

masala, pRmin-ciliondruli obieqtis Sida radiusi, pRmax–gare 

radiusi, pDz–ciliondruli obieqtis sigrZe, pSPhi da pDPhi 

Sesabamisad ciliondruli obieqtis rkalis dawyebis da 

dasrulebis kuTxe. magaliTad: 

<tubs name="Tube" material="Iron" Rio_Z="400.; 450.; 

1000." profile="0.;360." /> 

am SemTxvevaSi miRebul geometrias eqneba Semdegi saxe: 
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800 mm 
900 mm  

2000 mm 

 

 

 

  

 

 
 

 

nax. 28. AGDD-Si modelirebuli cilindruli obieqti 

garda Tubs meTodisa, AGDD geometriuli modelirebisaTvis 

iyenebs Semdegi saxis primitivebs: 

 

nax. 29. AGDD-Si arsebuli standartuli primitivebi 

garda standartuli primitivebisa, aseve SesaZlebelia 

rTuli geometriuli obieqtebis modelireba Boolean (logikuri) 

operaciis saSualebiT. AGDD-i iyenebs sami saxis Boolean 
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operacias: Subtraction (Wra), Union (gaerTianeba) da Intersection 

(TanakveTa). 

Substract Boolean operaciis saSualebiT SesaZlebelia erTi 

obieqtis Wra meore obieqtis saSualebiT. magaliTad: 

- <tubs name="Tube1" material="Iron" Rio_Z="0.; 450.; 

600." profile="0.;360." /> 

- <tubs name="Tube2" material="Iron" Rio_Z="0.; 300.; 

600." profile="0.;360." /> 

- <subtraction name="Subtraction" > 

<posXYZ volume=" Tube1"/> 

<posXYZ volume=" Tube2"/> 

</subtraction> 

Sedegad, miiReba nax.22.-ze mocemuli geometriuli obieqti.  

Union Boolean operaciis gamoyenebiT SesaZlebelia ori 

obieqtis gaerTianeba. magaliTad: 

- <tubs name="Tube1" material="Iron" Rio_Z="300.; 

450.; 600." profile="0.;360." /> 

- <tubs name="Tube2" material="Iron" Rio_Z="0.; 300.; 

600." profile="0.;360." /> 

- <union name="union" > 

<posXYZ volume=" Tube1” /> 

<posXYZ volume=" Tube2"/> 

</union> 

am SemTxvevaSi miRebuli geometriuli obieqti iqneba iseTive, 

rogorc nax.23.-zea naCvenebi. 

Intersection Boolean operaciis gamoyenebisas rCeba pirveli 

geometriuli primitivis mxolod is nawili, romelsac meore 

geometriuli primitive faravs. 

- <tubs name="Tube1" material="Iron" Rio_Z="400.; 

450.; 2000." profile="0.;360." /> 

- <box name="Box" material="Aluminium" X_Y_Z="1000.; 

1000.; 600."/> 

- <intersection name="Hybrid" > 

<posXYZ volume=" Tube1" /> 

<posXYZ volume=" Tube2" /> 

</intersection> 

Sedegad, miiReba nax.24.-ze mocemuli geometriuli obieqti.  
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AGDD–Si SesaZlebelia koordinatTa RerZis mimarT 

geometriis Semobruneba, risTvisac gamoiyeneba Semdegi funqcia: 

<posXYZ volume="Box" rot="XRot; YRot; ZRot"/> 

sadac Box Semosabrunebeli geometriuli primitivis saxelia, 

xolo XRot, YRot da ZRot Sesabamisad X, Y da Z RerZebis mimarT 

Semobrunebis kuTxis mniSvnelobebi. 

garda Semobrunebisa, AGDD saSualebas iZleva movaxdinoT 

Seqmnili geometriis gadaadgileba, romelic aRiwereba 

Semdegnairad: 

<posXYZ volume="Box" X_Y_Z="posX; posY; posZ"/> 

sadac Box Semosabrunebeli geometriuli primitivis saxelia, 

xolo posX, posY da posZ warmoadgens mniSvnelobebs romelic 

miuTiTebs Tu ra manZiliT unda gaadaadgildes obieqti 

Sesabamisad X, Y da Z – is RerZebis gaswvriv. 

 

 

2.4 CAD sistemebis integracia Geant4-Tan 

Geant4-Si geometriuli primitivebis aRweris procesi 

SedarebiT martivia, rodesac arsebobs martivi geometriuli 

modeli, romelsac aqvs mcire raodenobis zedapirebi. situacia 

icvleba, rodesac arsebobs kompleqsuri geometriuli modeli 

didi raodenobis zedapirebiT, radganac am dros saWiroa 

damatebiTi maTematikuri gamoTvlebi, rac zrdis Secdomebis 

daSvebis albaTobas da saWiroebs did dros. 

garda amisa, geometriuli modelirebisaTvis saWiro 3D 

modelebi xelmisawvdomia kompiuteruli daproeqtebis sistemebis 

(Computer Aided Desigh) - CAD failis saxiT. CAD sistemis ZiriTad 

upiratesobas warmoadgens is, rom aq geometriuli obieqtebis 

ageba SedarebiT martivia da aseve CAD modelebi Tavsebadia 

sainJinro analizisaTvis gamoyenebul zogierT programebTan, 

Tumca am etapze SeuZlebelia CAD failebis gamoyeneba rogorc 
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Semavali faili Geant4-Tvis radgan maT 3D geometriebis 

wamogdenisaTvis gaaCniaT gansxvavebuli sqema.  

aRniSnulma faqtebma ganapiroba MCAM (Multi-Physics Coupling 

Analysis Modeling Program)-is Seqmna, romlis saSualebiTac 

SesZlebelia CAD failebis konvertacia Geant4 kodSi [28]. MCAM-

Si Cadebulia zemoT aRwerili konstruqciuli myari sxeulis 

geometriuli meTodi (CSG). meTodis saSualebiT xorcieldeba 

CAD modelebis dekompozicia amozneqil myari sxeulis 

obieqtebad. 

 

nax. 30. CAD modelis dekompozicia 

MCAM-is saSualebiT SesaZlebelia erTi mxriv kompleqsuri 

da maStaburi CAD modelebidan Geant4 kodis Seqmna, xolo meore 

mxriv momxmarebels SeuZlia Geant4 kodis vizualizacia da maTi 

ganaxleba.  

 

 

 

 

 

 

 

 

 

 

 
 

nax. 31. CAD sistemebis integracia Geant4-Tan 

MCAM 

CATIA 

Turbo 
CAD 

 

Acrobat
Cad 

Auto 
CAD 

Geant4 
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MCAM mxars uWers iseT failure sistemebs, rogoricaa: 

STEP (.st[e]p), SAT(.sat) da IGES(.ig[e]s) da Sesabamisad igi Tavsebadia 

yvela im komerciul CAD sistemasTan, romelTac SeuZliaT 

aRniSnuli formatis failebis generireba (mag. CATIA, AutoCAD, 

TurboCAD, Acrobat3D da a.S.). 

MCAM-i Seicavs specialur modulebs, romlebic 

uzrunvelyofen mis funqcionirebas [28]. 
 

 

 

 

 

 
                      

 

 

 

 

nax. 32. MCAM–is funqcionireba  

konvertori (Converter) - erT-erT ZiriTad moduli, romelic 

uzrunvelyofs CAD modelebis Geant4 kodSi konvertacias 

revertori (Revertor) - konvertoris Sebrunebuli funqcia, 

romelic uzrunvelyofs Geant4 kodis wakiTxvas da CAD modelad 

konvertacias 

Secdomebis gamsworebeli (Fixer) – axdens CAD failSi 

arsebuli SesaZlo cdomilebebis Semowmebas da gasworebas. 

magaliTad iseTis, rogoricaa: or obieqts Soris arsebuli 

gadafarvebis (Overlaps) da daSorebebis (Gaps) gasworeba; 

kompleqsuri myari tanis obieqtebis martiv myari tanis 

obieqrebad dekompozicia (sur.30.)  

CAD modelebis Semqmneli (Creator) – msgavsia komerciuli CAD 

sistemebisa da iZleva CAD modelebis Seqmnis SesaZleblobas. 

MCAM-i mxars uWers 3D modelirebas, logikur operaciebis 

ganxorcielebas, geometriuli transformaciebis ganxorcielebas 

CAD 

sistemebis 

modeli 

grafikuli momxmareblis interfeisi 

(GUI Framework) 

Semqmneli 
(Creator) 

analizatori 

(Analyzer) 

vizualizatori 

(Visualizer) 

 

Secdomebis 

gamsworebeli 

(Fixer) 

3D geometriuli 

Zravi  

(3D Geometric Engine) 

konvertori 

(Converter) 

revertori 

(Reverter) 

Geant4 
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magaliTad iseTis rogoricaa arekvla, gadaadgileba, Semobruneba 

da maStabireba 

analizatori (Analyzer) – iZleva informacias 3D geometriasa 

da masTan dakavSirebul atributebis Sesaxeb: informacia 

masalebis Sesaxeb, SeniSvnebis Sesaxeb da a.S. 

vizualizatori (Visualizer) – uzrunvelyofs Seqmnili 3D 

modelebis vizualizacias. 

magram aRniSnul meTods (nax.31.) gaaCnia nakli [29] rac 

ganpirobebulia zogierT SemTxvevaSi MCAM-is araswori 

muSaobiT.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

nax. 33. MCAM–is dekompoziciis problema 

CATIA 
modeli 

dekompozicia CAD modelis vizualizacia MCAM-Si 

MCAM modeli 

Geant4-Tvis saWiro 

Sesabamisi failis 

generireba 
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magaliTad, zogierT SemTxvevaSi MCAM-i ver axdens rTuli 

geometriuli obieqtis swor dekompozicias, rac Tavis mxriv 

ganapirobebs araswori failis generirebas Geant4-Tvis. rogorc 

nax.33.-dan Cans, CAD modeli kargad aisaxeba MCAM-Si, Tumca misi 

dekompozicia mimdinareobs arasworad, rac Tavis mxriv 

ganaporobebs araswori Geant4 kodis generirebas. 

garda amisa, aris SemTxvevebi rodesac CAD modeli kargad 

aisaxeba MCAM-Si da aseve xdeba misi swori dekompozicia, Tumca 

MCAM-is Sesabamisi moduli ver uzrunvelyofs Sesabamisi Geant4 

kodis generirebas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 34. MCAM–is saSualebiT Geant4-Tvis saWiro failis generirebis 
problema 

dekompozicia CAD modelis vizualizacia MCAM-Si 

MCAM modeli 

CATIA 
modeli 

Geant4-Tvis saWiro 

Sesabamisi failis 

generireba 
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aRniSnuli naklovanebidan gamomdinare MCAM-is saSualebiT  

Geant4 kodis generirebisas aucilebelia miRebuli Sedegis 

gadamowmeba, raTa gamoricxul iqnas MCAM-is mier gamowveuli 

cdomilebebi. 

 

 

2.5 modelirebis platforma CATIA-s bazaze 

saqarTvelos teqnikuri universitetis birTvuli inJineriic 

centris mier, Seqmnili iqna modelirebis platforma [30].  

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 35. modelirebis platforma 

modelirebis platformaSi grafikuli programa CATIA [31] 

gamoyenebulia rogorc SemakavSirebeli kvanZi (Hub). am mizniT 

Seiqmna interfeisebi: 

1. CATIA -> XML/Persint 

CATIA 

Smarteam 
  CDD 

Geo2G4 

Geant4 

GeoModel 

pasiuri komponentebi 

AGDD/XML Persint 

VP1 

AGDD2Geo 

aqtiuri komponentebi 

ORACLE 

Muon 

GeoModel 

Calo 

GeoModel 

ID 

GeoModel 
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ADGG/XML CATIA Persint 

GeoModel CATIA VP1 

CATIA GeoModel/VP1 

 

aRniSnuli interfeisis muSaobis proncipi Semdegia: 

Tavdapirvelad xorcieldeba geometriuli modelireba 

programuli paketis - CATIA-s gamoyenebiT, risTvisac saWiro 

parametrebi aiReba Smarteam (sainJinro monacemTa baza, sadac 

Senaxulia ATLAS–is deteqtoris 3D modelebi) da CDD (Teoriul 

monacemTa baza, sadac Senaxulia ATLAS–is deteqtoris 

komponentis 2D naxazebi [32]) monacemTa bazebidan. momdevno etapze 

xorcieldeba geometriuli primitevebis daprogrameba AGDD/XML 

bazaze CATIA-dan aRebuli primitivebis ricxviTi parametrebis 

gamoyenebiT. AGDD/XML-Si daprogramebuli geometriuli 

primitivebis vizualizaciisaTvis gamoiyeneba programa Persint-i. 

2. CATIA -> GeoModel/VP1 

 

iseve rogorc CATIA -> XML/Persint interfeisi SemTxvevaSi, aqac 

CATIA-Si geometriuli modelirebisaTvis saWiro parametrebi 

aiReba Smarteam da CDD monacemTa bazidan. momdevno etapze 

xorcieldeba geometriuli primitevebis daprogrameba GeoModel-is 

bazaze CATIA-dan aRebuli primitivebis ricxviTi parametrebis 

gamoyenebiT. aRniSnuli gziT modelirebuli primitivebis 

vizualizaciisaTvis gamoiyeneba Virtual Point 1 (VP1).  

3. GeoModel/VP1 -> CATIA 

 

 

aRniSnuli interfeisis saSualebiT SesaZlebelia 

AGDD/XML-sa da GeoModel-Si daprogramebuli geometriuli 

primitivebis eqsporti VP1-is gavliT .iv failis (teqsturi faili, 

romelic gamoiyeneba 3D elementebis aRwerisaTvis. magaliTad 

iseTis, rogoricaa geometriuli primitivebi, ganaTeba, 

teqsturebi, ferebi da a.S. [33]) saxiT. iqedan gamomdinare, rom 
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CATIA Geant4 

gadmowerili faili sabolood Setanil unda iqnebs CATIA-Si 

Semdgomi analizisaTvis da CATIA-s ar gaaCnia .iv failis 

mxardaWera, momdevno etapze mimdinareobs .iv failis konvertacia 

.wrl failSi (teqsturi formatis faili samganzomilebiani 

geometriuli obieqtis warmodgebnisaTvis [34]). Semdeg ukve 

SesaZlebelia .wrl failis Setana CATIA-Si da masze analizis 

Catareba. 

4. Geant4 -> CATIA 

 

Geant4->CATIA interfeisi saSualebiT warmoebs 

mexsierebidan modelirebuli geometriuli obieqtebis gadmowera 

Geant4 failur formaSi-.gdml, ris Semdegac xorcieldeba .gdml 

failis .wrl failSi konvertacia da Setana CATIA-Si Semdgomi 

analizisaTvis. 

 

 

2.6 problemis dasma 

ATLAS-is eqsperimentis mimdinareobis procesSi warmoebs 

informaciis miReba erTi mxriv realuri eqsperimentidan, xolo 

meore mxriv modelirebis procesidan. idealur SemTxvevaSi 

aRniSnuli monacemebi unda iyvnen identuri, Tumca zogierT 

SemTxvevaSi am monacemebs Sori arsebobs sxvaoba, rac problemas 

warmoadgens.  

nax.36-ze naCvenebia 2015 wels ATLAS-is deteqtoris 

sxvadasxva ubanze dafiqsirebuli monacemebi. rogorc mocemuli 

SemTxvevidan Cans, realuri eqsperimentidan da modelirebidan 

miRebul monacemebs Soris aris sxvaoba. 

arsebuli sxvaoba SeiZleba gamowveuli iyos sxvadasxva 

mizeziT. erT-erTi mosazrebis Tanaxmad realur da modelirebul 

monacemebs Soris sxvaoba SeiZleba gamowveuli iyos 

geometriuli uzustobebiT. 
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nax. 36. realuri eqsperimentidan da modelirebidan miRebul monacemebs 
Soris sxvaoba 

am mimarTulebiT SeiZleba ganxilul iqnas ori hipoteza: 

hipoteza I. uzustobebi gamowveulia modelirebis 

infrastruqturaSi uzusto geometriuli transformaciebiT. 

hipoteza II. uzustobebi gamowveulia realurad arsebul da 

modelirebul geometriebs Soris sxvaobiT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 37. modelirebis infrastruqturis geometriuli transformaciebi 
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pirveli hipotezis farglebSi SeiZleba iTqvas, rom 

geometriuli modelirebis programul infrastruqturaSi 

geometriuli modelebi ganicdian 2 tipis transformacias: XML -

> GeoModel da GeoMode->Geant4 [35]. TiToeuli transformacia 

SeiZleba iyos uzustobebis gamomwvevi mizezi, radganac 

TiToeuli maTgani iyenebs sakuTar interpretators, romlebic 

muSaoben gansxvavebuli Zravebis gamoyenebiT. aqedan gamomdinare, 

imisaTvis, rom dadgindes uzustobebis gamomwvevi mizezi, unda 

ganxorcieldes modelirebis infrastruqturaSi geometriuli 

transformaciebis gamokvleva, risTvisac saWiroa modelirebis 

sacdeli sesiebis Catareba, Sedegebis Segroveba da maTi 

urTierTSedareba. 

modelirebis sacdelis sesiebis CatarebisaTvis saWiroa 

Sesabamisi satesto magaliTebis arseboba, rac Tavis mxriv 

gulisxmobs ATLAS-is deteqtoris geometriis klasifikacias, 

tipiuri geometriuli primitivebis amorCevs da TiToeuli 

geometriuli primitivisaTvis daprogramebis meTodebis SerCevas. 

satesto magaliTebis SerCevis Semdeg, unda ganxorcieldes 

modelirebis programuli infrastruqturis testireba. 

sabolood, miRebuli Sedegebidan gamomdinare unda 

ganxorcieldes geometriuli transformaciebis gamokvleva, 

miRebuli Sedegebis sistematizacia da Seswavla. 

aRniSnulidan gamomdinare, pirveli hipotezis Tanaxmad 

ganxorcielda Semdegi saxis amocanebi: 

1. ATLAS-is deteqtoris komponentebis tipizacia 

2. daprogramebis meTodebis SerCeva 

3. modelirebis sacdeli sesiebis Catareba 

4. tranzaqciis operaciebis Seswavla 

5. Sedegebis sistematizacia da Seswavla 

meore hipotezis Tanaxmad aris SemTxvevebi, rodesac  ATLAS-

is deteqtoris geometriuli aRwerebi ar Seesabameba realurad 

arsebul deteqtoris geometrias. amitom, aRniSnuli hipotezis 
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SeswavlisaTvis saWiroa realurad arsebuli da modelirebuli 

geometriebis urTierTSedareba da maT Soris sxvaobebis dadgena.  

meore hipotezis Sesamowmeblad gansaxorcielebel sakvlev 

amocanebs warmoadgens: 

1. ATLAS-is deteqtoris erTerTi komponentis geometriuli 

modelis reproducireba 

2. sakvlevi komponentis dekompozicia da moculobebisa da 

masis analizi 

3. reproducirebuli geometriis urTierTSedarebiTi 

analizi modelirebaSi gamoyenebul geometriasTan 

4. modelirebaSi gamoyenebuli geometriis integraciis 

konfliqtebis analizi. 
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Tavi III: I hipotezis Semowmeba. modelirebis 

infrastruqturis analizi 

3.1 ATLAS-is deteqtoris komponentebis tipizacia 

hipoteza I-is Semowmebis pirvel etapze, rac gulisxmobs 

ATLAS-is deteqtoris komponentebis tipizacias, ganxorcielda 

modelirebuli ATLAS-is deteqtoris geometriuli modelis 

analizi. tipizaciis ZiriTad mizans warmoadgens modelirebuli 

ATLAS-is deteqtoridan geometriuli msgavsebadbis mixedviT 

erTnairi geometriuli primitivebis amorCeva da gaerTianeba 

Sesabamis jgufebSi. 

 

nax. 38. ATLAS-is deteqtoris modelirebuli geometria 

rogorc analizis Sedegad gamoCnda, ATLAS-is deteqtoris 

modelirebuli geomeria warmodgenilia sxvadasxva geometriuli 

primitivis saxiT, amitom geometriuli analizi Catarda 

etapobrivad: 

pirveladi geometriuli analizis dros dafiqsirda is 

SemTxvevebi, rodesac ATLAS-is deteqtoris komponentebi 

warmodgenilia martivi geometriuli primitivebis saxiT. 

konstruqciuli myari tanis geometriaSi (CSG) martiv 

geometriuli primitivs ganekuTvneba: kubi, cilindri, sfero, 

konusi, piramida da torusi [36]. Sedegad, Camoyalibda 
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“geometriuli primitivebi” klasi. aRniSnul klasSi geometriuli 

primitivebis gaerTianebisaTvis, SemuSavda specialuri SerCevis 

kriteriumebi, romlis mixedviTac moxda deteqtoris 

modelirebuli geometriis analizi da Sesabamisi primitivebis 

SerCeva. 

“geometriuli primitivebi” klasi aerTianebs primitivebs, 

romlebsac gaaCniaT Semdegi maxasiaTeblebi: 

 geometriuli primitivebi, romlebzec ar sruldeba Boolean 

operaciebi  

 primitivebi, romlis zedapirebi warmoadgenen wesier an 

arawesier poligonebs  

 primitivebi, romlis zedapirebi warmoadgenen amozneqil an 

Cazneqil poligonebs 

mocemuli amorCevis kriteriumebis mixedviT analizis 

Sedegad deteqtoris modelirebuli geometriidan amorCeul iqna 

22 unikaluri geometriuli obieqti. aqedan 19 geometriuli 

obieqti SeirCa ATLAS-is deteqtoris pasiuri komponentebidan, 

xolo 3 ki aqtiuri komponentebidan.  

 

 

 

 

 
 

nax. 39. klasi I. geometriuli primitivebi 

iqedan gamomdinare, rom ATLAS-is deteqtori warmoadgens 

rTul da kompleqsur mowyobilobas, misi geometriuli 

modelirebisaTvis deteqtoris komponentebis martivi 

geometriuli primitivebis saxiT warmodgena ar aris sakmarisi. 

amitom, deteqtoris geometriuli modelirebisaTvis aseve 

gamoyenebulia SedarebiT rTuli geometriuli primitivebi, 

romelic miiReba martivi geometriuli primitivebis kombinaciiT- 

magaliTad erTi martivi geometriuli primitivis meore 
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geometriluli primitiviT amoWriT (Subtraction Boolean operacia). 

Sesabamisad, geometriuli analizis momdevno etapze 

ganxorcielda ATLAS-is dedeqtoridan iseTi geometriuli 

primitivebis SerCeva, romlebic miiRebian martiv geometriuli 

primitivze Boolean operaciebis ganxorcielebiT. Sedegad 

Camoyalibda “kombinirebuli obieqtebi” klasi.   

 

 

 

 

 

 

 nax. 40. klasi II. kombinirebuli obieqtebi 

aRniSnuli SerCevis kriteriumis mixedviT ATLAS-is 

deteqtoris modelirebuli geometriidan SeirCa 33 unikaluri 

primitivi, romelic gaerTianda “kombinirebuli obieqtebi” 

klasSi. aqedan 26 geometriuli obieqti SeirCa ATLAS-is 

deteqtoris pasiuri komponentebidan, xolo 7 ki aqtiuri 

komponentebidan.  

ATLAS-is deteqtoris komponentebis modelirebisaTvis 

gamoyenebuli martivi Tu rTuli geometriuli primitivebi 

erTmaneTis mimarT ganlagebulni arian ise, rom qmnian garkveuli 

saxis tipiur SeerTebebs. amitom, tipizaciis bolo etapze 

ganxorcielda modelirebul geometriaSi arsebuli unikaluri 

tipiuri SeerTebebis SerCeva da gaerTianeba “tipiuri SeerTebebi” 

klasSi. Sedegad, ATLAS-is deteqtoris modelirebuli 

geometriidan SeirCa 29 unikaluri tipiuri SeerTeba. aqedan 13 

tipiuri SeerTeba SeirCa ATLAS-is deteqtoris pasiuri 

komponentebidan, xolo 16 ki aqtiuri komponentebidan.  

 



70 
 

nax. 41. klasi III. tipiuri SeerTebebi 

Sedegad, amorCevis kriteriumebis mixedviT deteqtoris 

modelirebuli geometriidan sul amorCeul iqna 84 unikaluri 

geometriuli primitivi, romlebic gadanawilda Sesabamis 

klasebSi. aqedan 56 primitivi SeirCa ATLAS-is deteqtoris 

pasiuri komponentebidan, xolo 26 ki aqtiuri komponentebidan. 

pa
s
iu

r
i 

ko
mp
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nt

eb
i geometriuli primitivebi 19 

 

სულ: 

58 

kombinirebuli obieqtebi 13 

tipiuri SeerTebebi 26 

  

aq
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i 
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i 

geometriuli primitivebi 3 

სულ: 

26 

kombinirebuli obieqtebi 16 

tipiuri SeerTebebi 7 

 

cx. 1. klasebSi Semavali geometriuli primitivebis raodenoba 

 

 

3.2 satesto magaliTebis formireba 

satesto magaliTebis SerCevis momdevno etapze ganxorcielda 

AGDD-Si da GeoModel-Si arsebuli daprogramebis meTodebis 

analizi, ris Semdegadac moxda TiToeuli 84 SemTxvevisaTvis 

yvela SesaZlo daprogramebis gzis formireba, romelic SeiZleba 
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ganxorcieldes AGDD-Si da GeoModel-Si arsebuli daprogramebis 

meTodebis gamoyenebiT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 42. eqvskuTxa prizmis daprogramebis ori SesaZlo varianti 

b. 

varianti 01 

gamoyenebuli  
meTodebi 

grafikuli gamosaxuleba 

g. 

varianti 02 

grafikuli gamosaxuleba 

gamoyenebuli  
meTodebi 

a. 



72 
 

magaliTad, nax.42.-ze mocemula eqvskuTxa prizma (Pentagonal 

Prism) (a) da misi AGDD-is bazaze daprogramebis ori SesaZlo 

varianti (b, g). pirvel SemTxvevaSi (nax.42.b.) eqvskuTxa prizmis 

(nax.42.a.) daprogramebisaTvis Tavdapirvelad warmoebs oTkuTxa 

prizmis ageba Cube meTodis gamoyenebiT (nax.42.b.I.). momdevno 

etapze xorcieldeba damxmare xuTkuTxa prizmis formireba 

Arbitrary Polygon meTodis saSualebiT (nax.42.b.II.), romelic 

gamoiyeneba Subtraction Boolean operaciisaTvis (nax.42.b.III.). Sedegad 

miiReba eqvskuTxa geometriuli primitivi, romlis saboloo 

pozicionirebisaTvis gamoiyeneba gadaagdilebis (nax.42.b.IV.) da 

Semobrunebis (nax.42.b.V.) tranzaqciis operaciebi. 

meore SemTxvevaSi (nax.42.g.) eqvskuTxa prizmis (nax.42.a.) 

daprogrameba xorcieldeba Arbitrary Polygon meTodisa (nax.42.g.I) da 

gadaadgilebis (nax.42.g.II) da Semobrunebis (nax.42.g.III) tranzaqciis 

operaciebis saSualebiT. 

garda aRwerili ori variantisa, aseve mocemuli eqvskuTxa 

prizmis daprogrameba SesaZlebelia kidev 11 sxvadasxva gzis 

saSualebiT. 

zemoT aRwerili SemTxvevis msgavsad ganxorcielda yvela-84 

geometriuli primitivisaTvis SesaZlo daprogramebis gzebis 

formireba, ris Sedegadac miRebul iqna daprogramebis 15’675 

SesaZlo variani. 

klasebi  
geometriuli 
primitivebis 
raodenoba 

daprogramebis 
variantebis 
raodenoba 

geometriuli 
primitivebi  22 4’460 

tipiuri 
SeerTebebi  29 4’636 

kombinirebuli 
obieqtebi  33 6’579 

 sul: 84 15’675 

cx. 2. geometriuli primitivebis Sesabamisi daprogramebis variantebi 
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satesto magaliTebis SerCevis momdevno etapze 

ganxorcielda 15’675 daprogramebis variantidan unikaluri 

SemTxvevebis amorCeva, risTvisac damuSavebuli iqna 4 specialuri 

amorCevis kriteriumi: 

kriteriumi I: Arbitrary Polygon meTodi gamoiyo rogorc 

unikaluri meTodi. 

geometriuli daprogramebisas Boolean operaciebis gamoyeneba 

amcirebis sistemis warmadobas, amitom programirebisas 

gamoyenebuli unda iyos rac SeiZleba cota Boolean operacia. 

Arbitrary Polygon meTodiT geometriuli primitivis daprogramebisas 

saWiro Boolean operaciebis raodenoba minimumamdea dayvanili, 

radganac Arbitrary Polygon meTodi warmoadgens erTaderT meTods, 

romlis saSualebiTac SesaZlebelia nebismieri mravalkuTxa 

prizmis ageba. aRniSnuli faqti Tavis mxriv amcirebs 

programirebisas gamoyenebuli gadaadgilebisa da Semobrunebis 

tranzaqciis operaciebis raodenobas.  

garda amisa, zogadad AGDD-sa da GeoModel-Si arsebuli 

daprogramebis meTodebis gamoyenebiT geometriuli primitivebis 

aRwerisas warmoebs maTi avtomaturi ageba koordinatTa sistmis 

centrSi. Arbitrary Polygon meTodi aris erTaderTi meTodi, romlis 

saSualeiTac SesaZlebelia mravalkuTxa prizmis ageba 

koordinatTa sistebis centridan moSorebiT ise, rom miRebuli 

primitivi saboloo pozicionirebisaTvis saWiroebs mxolod Z 

koordinatTa RerZis mimarT gadaagdilebas da Semobrunebas. 

magaliTad nax.43.-ze mocemulia SemTxveva, rodesac 

TvrametkuTxa prizmis dapogrameba xorcieldeba 3 sxvadasxva 

gziT. rogorc mocemuli suraTidan Cans, Arbitrary Polygon meTodiT 

TvrametkuTxa prizmis daprogramebisas saWiroa mxolod erTi 

meTodis (Arbitrary Polygon meTodi), gadaadgilebisa (mxolod Z 

RerZze) da Semobrunebis tranzaqciis operaciebi ganxorcieleba 

(nax.43.I.), maSin rodesac danarCeni ori gziT prizmis ageba 

moiTxovs ufro meti meTodebis, Boolean operaciebisa da 
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gadaadgileba/Semobruneba tranzaqciebis operaciebis gamoyenebis 

aucileblobas (nax.43.II. da nax.43.III.). amasTan erTad aRsaniSnavia, 

rom am konkretuli magaliTisaTvis, Arbitrary Polygon meTodiT, 

TvrametkuTxa prizmis agebisas Boolean operaciis gamoyeneba 

saerTod ar aris saWiro, maSin rodesac magaliTad mesame gziT 

(nax.43.III) igive geometriuli primitivis agebisas saWiroa 3 

Subtraction Boolean operaciis ganxorcieleba. 

 

 

 

 

 

 

 

 

 

 

nax. 43. TvrametkuTxa prizma rogorc kriterium I-is magaliTi 

aRniSnuli maxasiaTeblebi Arbitrary Polygon meTods xdis 

unikalurs da gamoarCevs sxva meTodebisgan. aqedan gamomdinare, 

kriterium I-is Tanaxmad, Arbitrary Polygon meTodi gamoiyo sxva 

meTodebisgan rogorc unikaluri meTodi radganac: 

1. Arbitrary Polygon meTodiT geometriuli primitivis aRwera 

moiTxovs Boolean operaciebisa da 

gadaadgileba/Semobruneba tranzaqciis operaciebis 

minimalur raodenobas 

2. geometriuli primitivis saboloo poziciaze agebisaTvis 

saWiroa mxolod Z koordinatTa RerZis mimarT misi 

gadaadgileba       

kriteriumi II: geometriuli obieqtebis aRwerisaTvis 

gamoyenebuli meTodebis minimizacia. 

I. II. III. 
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geometriuli modelirebisas primitivebs Soris adgili 

SeiZleba hqondes 3 SemTxvevas: 1. SemTxveva, rodesac or obieqts 

Soris arsebobs daSoreba (Gap); 2. SemTxveva, rodesac ori 

obieqti exeba erTmaneTs (Contact); 3. SemTxveva, rodesac ori 

geometriuli primitivi SeWrilia erTmaneTSi anu adgili aqvs or 

obieqts Soris TanakveTas (Clash). TiToeuli maTgani uaryofiTad 

moqmedebs modelirebis procesze Tumca modelirebisaTvis 

gansakuTrebul kritikulia, rodesac or geometriuli primitivs 

Soris aris kontaqti an TanakveTa. modelirebis dros aRniSnul 

monakveTebSi nawilakis gavlisas modelirebis paketebi ver 

axdenen identificirebas Tu romel geometriuli primitivSi 

gaiara nawilakma, rac Tavis mxriv iwvevs modelirebis 

infrastruqturis muSaobis Seferxebas. modelirebisaTvis 

SedarebiT ufro misaReb SemTxvevas warmoadgens rodesac or 

obieqts Soris aris daSoreba, Tumca am SemTxvevasac gaaCnia 

nakli: nawilakebis gadaadgilebis modelirebis dros rac ufro 

dida geometriul primitivebs Soris daSoreba miT ufro meti 

nawilaki gaiZvreba maT Soris ise, rom ver moxdeba maTi 

dafiqsireba. Sesabamisad, geometriuli modelirebisas obieqtebs 

Soris aiReba daSoreba, Tumca rac SeiZleba minimaluri 

manZiliT. 

iqedan gamomdinare, rom samive aRniSnul SemTxvevas gaaCnia 

nakli, idealur SemTxvevas warmoagdens Tu samive maTgani 

acilebuli iqneba Tavidan. magaliTad, nax.42.-ze mocemulia 

SemTxveva, rodesac Signidan amoWrili kubis daprogrameba 

mimdinareobs ori sxvadasxva gziT. 

pirvel SemTxvevaSi (nax.44.I.) Sesabamisi primitivis miReba 

xorcieldeba ori kubis saSualebiT, rodesac erTi kubi 

Signidan iWreba meore kubiT. meore SemTxvevaSi (nax.44.II.) 

Sesabamisi primitivis miReba xorcieldeba 4 kubis agebiT, maTi 

Sesabamis adgilze poziconirebiT da Union Boolean operaciis 

saSualebiT. Sesabamisad am SemTxvevaSi Signidan amoWrili kubis 
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daprogramebisas gasaTvaliswinebelia zemoT aRwerili 

SemTxvevebi-daSoreba, kontaqtisa da TanakveTis Sesaxeb, maSin 

rodesac pirvel SemTxvevaSi aRniSnuli problema saerTod 

SeiZleba iqnas acilebuli. 

 

 

 

  

 

 

 

 

 

 

nax. 44. kubis rogorc kriterium II-is magaliTi 

aqedan gamomdinare, kriterium II-is Tanaxmad, rac 

gulisxmobs gamoyenebuli meTodebis minimiacias, nax.44.I.-ze 

mocemuli SemTxvevis msgavsi SemTxvevebi gamoiyo nax.44.II.-ze 

mocemuli SemTxvevisgan radganac: 

1. miRebuli kodi aris kompaqturi 

2. obieqtebs Soris daSorebebs, kontaqtebs da gadafarvebs 

adgili ar aqvs 

3. daSorebebs, kontaqtebs da gadafarvebs ararsebobis gamo 

maRalia sistemis warmadoba. 

kriteriumi III: daprogramebisas gamoyenebuli meTodebis 

msgavseba. 

kriteriumi III Seexeba SemTxvevas, rodesac dasaprogramebeli 

geometriuli primitivis asagebad gamoyenebul meTodebs Soris 

aris msgavseba. magaliTad nax.45.-ze mocemulia eqvskuTxa prizma 

(a) da mis AGDD-is bazaze daprogramebis ori SesaZlo variani 

(b). 

 

I. 

II. 
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nax. 45. eqvskuTxa prizma rogorc kriterium III-is magaliTi 

aRniSnuli magaliTis ZiriTadi idea mdgomareobs imaSi, rom 

eqvskuTxa prizmis dasaprogrameblad Tavdapirvelad unda moxdes 

kub geometriuli primitivis ageba (nax.45.g.I.), risTvisac erT 

SemTxvevaSi gamoiyeneba Cube meTodi (nax.45.b.I.), xolo meore 

SemTxvevaSi Pyramid meTodi (nax.45.b.II.). yvela danarCeni 

transformaciis operaciebi orive variantisatvis aris identuri.  

kriteriumi III-is Tanaxmad, rac gulisxmobs gamoyenebuli 

meTodebis msgavsebas, ganxiluli SemTxvevebi SeiZleba CaiTvalos 

rogorc identuri da is meTodi sadac kub geometriuli 

primitivis asagebad gamoiyeneba Cube meTodi (nax.45.b.I.) gamoiyos 

sxva SemTxvevebisgan, radganac: 

1. kub geometriuli primitivis asagebad AGDD-Si arsebobs 

ukve mza Cube meTodi 

a. 

I II 

nax.19. 

geomet

riuli 

modeli

rebis 

platf

orma 

ATLAS-

is 

eqsperi

mentisT

vis 

b. 

g. 
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2. orive meTodis gamoyenebisas (Cune da Pyramid) xdeba erTi da 

igive geometriuli primitivis (kubi) ageba 

kriteriumi IV: kodis struqturis msgavseba. 

kriteriumi IV Seexeba SemTxvevas, rodesac geometriuli 

primitivis asagebad gamoiyeneba erTi da igive raodenobis meTodi 

da tranzaqciis operacia. magaliTad, nax.46.-ze mocemulia 

ocdaoTkuTxa prizma (a) da misi AGDD-is bazaze daprogramebis 2 

SesaZlo varianti (b).   

 

 

 

 

 

 

 

 

  

nax. 46. ocdaoTxkuTxa prizma rogorc kriterium IV-is magaliTi 

rogorc mocemuli suraTidan Cans, ocdaoTkuTxa prizmis 

daprogramebis orive SesaZlo variantis SemTxvevaSi gamoiyeneba 

erTi da igive raodenobis meTodi, tranzaqciisa da Boolean 

operaciebi. Sesabamisad, kriterium IV-is Tanaxmad aRniSnuli 

SemTxvevebi SeiZleba CaiTvalos erTi da igive SemTxvevad da 

satesto magaliTad SeiZleba gamoyenebuli iqnas erTerTi 

maTgani. 

satesto magaliTebis SerCevis momdevno etapze 

ganxorcielda aRwerili 4 kriteriumis gamoyenebiT 15’675 

daprogramebis SemTxvevis analizi da maTgan unikaluri 

SemTxvevebis amorCeva.  

magaliTad, nax.47.-ze mocemuli kub geometriuli primitivis 

AGDD-is bazaze daprogramebis 16 SesaZlo variantidan SerCeul 

iqna 2 unikaluri SemTxveva: kriteriumi I – is Tanaxmad SeirCa is 

II I 

a. b. 
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SemTxveva sadac kubis asagebad gamoiyeneboda Arbitrary Poligon 

meTodi, xolo danarCeni 3 kriteriumis safuZvelze ki SemTxveva, 

rodesac kubis asagebad gamoiyeneba nax.47.I.-ze mocemuli varianti. 

 

 

 

 

 

 

 

 

nax. 47. kubis daprogramebis ori SesaZlo varianti 

unikaluri SemTxvevebis amorCevis Sedegad sabolood 

SerCeul iqna 77 SemTxveva (danarTi 1), romlebic gamoyenebul 

iqna rogorc satesto magaliTebi modelirebis infrastruqturis 

testirebisaTvis.  
 

klasebi  

daprogramebis 

variantebis 

raodenoba 

unikaluri 

SemTxvevebis 

raodenoba 

geometriuli 

primitivebi 
 4’460 11 

tipiuri 

SeerTebebi 
 4’636 28 

kombinirebuli 

obieqtebi 
 6’579 38 

 sul: 15’675 77 

cx. 3. SerCeuli unikaluri SemTxvevebis raodenoba 

 

 

I             II 
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3.3 modelirebis sacdeli sesiebis Catareba 

pirveli hipotezis Semowmebis momdevno etapze ganxorcielda 

SerCeuli 77 unikaluri SemTxvevis gamoyebiT modelirebis 

infrastruqturis testireba. infrastruqturis testirebisaTvis 

gamoyenebul iqna modelirebis platforma (nax.35), sadac moxda 

TiToeuli satesto magaliTis gatareba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 48. Signidan amoWrili kubis daprogrameba AGDD/GeoModel-is bazaze 

modelirebis platformis mixedviT Tavdapirvelad 

ganxorcielda SerCeuli unikaluri SemTxvevebis Sesabamisi 

geometriuli primitivebis ageba CATIA-s bazaze. momdevno etapze 

T1 

T2 
T3 

a. 

b. 

g. 
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CATIA-dan aRebul iqna geometriuli primitivebis ricxviTi 

parametrebi (mag. primitivis sigrZe, sigane, sisqe da a.S.), romlis 

saSualebiTac moxda Sesabamisi programuli kodis momzadeba: 

ATLAS-is deteqtoris aqtiuri komponentebidan SerCeuli 

unikaluri SemTxvevebi aRiwera GeoModel-is bazaze, xolo pasiuri 

komponentebidan SerCeuli ki AGDD-is bazaze.  

magaliTad nax.48.a.-ze mocemulia Signidan amoWrili kubi da 

misi aRwerebi AGDD (nax.48.b.) da GeoModel-is (nax.48.g.) bazaze. 

aRniSnuli SemTxvevis msgavsad ganxorcielda yvela 

danarCeni 76 SemTxvevisaTis Sesabamisi programuli kodis 

momzadeba, ris Semdegadac TiToeulma maTganma gaiara 

modelirebis platformiT gansazRvruli transformaciebi da 

sabolood CATIA-s bazaze agebuli geometriuli primitivebis 

Sesabamisi modelirebuli geometriebi amoRebul iqna Geant4-dan 

da GeoModel-dan. Sedegad TiToeuli satesto magaliTisaTvis 

miRebul iqna 3 saxis geometriuli obieqti: 1. CATIA-s bazaze 

agebuli geometriuli obieqti; 2. GeoModel-dan amoRebuli 

geometriuli obieqti; 3. Geant4-dan amoRebuli geometriuli 

obieqti. 

 

 

 

 

 

 

 

 

 

 

 

 
 

nax. 49. CATIA-s, GeoModel-sa da Geant4-is bazaze agebuli kubi 

7 

6 
1 2 

3 4 

5 

8 

a) CATIA modeli 
b) GeoModel  modeli 

g) Geant4  modeli 
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momdevno etapze CATIA gamoyenebul iqna TiToeul maTganze 

analizis Casatareblad. amisTvis CATIA–s saSualebiT daTvlili 

iqna TiToeuli geometriuli obieqtis sayrdeni wertilebis X, Y 

da Z  koordinatebis mniSvnelobebi da miRebuli Sedegebi aisaxa 

cxrilis saxiT. 

iqedan gamomdinare, rom CATIA-s bazaze agebuli 

geometriuli obieqtis analizis Sedegad miRebuli informacia 

asaxavs Sesasvlel informacias modelirebis 

infrastruqturisaTvis, xolo Geant4–dan da GeoModel-dan 

amoRebuli geometriuli obieqtis analizis Sedegad miRebuli 

informacia ki modelirebis infrastruqturidan gamomaval 

informacias, amitom modelirebis infrastruqturis cdomilebebi 

daTvlili iqna Semdegi formulebiT: 

GeoModel-is cdomileba:   ∆GMod.=ACat. - BGMod. 

Geant4-is cdomileba:          ∆G4=ACat. - BG4 

rac gulisxmobs imas, rom GeoModel-is cdomilebebi gamoiTvleba 

CATIA-Si agebuli geometriuli primitivis sayrdeni wertilebis 

koordinatebis mniSvnelobebs gamoklebuli GeoModel-dan 

amoRebuli identuri geometriuli primitivis sayrdeni 

wertilebis koordinatebis mniSvnelobebi. Geant4-is cdomilebebi 

ki gamoiTvleba CATIA-Si agebuli geometriuli primitivis 

sayrdeni wertilebis koordinatebis mniSvnelobebs gamoklebuli 

Geant4-dan amoRebuli identuri geometriuli primitivis sayrdeni 

wertilebis koordinatebis mniSvnelobebi. 

  
CATIA  

(mm) 
G4           
(mm) 

GeoModel 
(mm) ∆G4        (mm) ∆GMod. (mm) 

  
     

1 

x -5836.72 -5836.72 -5836.72 0 0 

y 9147.71 9147.71 9147.71 0 0 

z -490.00 -490.00 -490.00 0 0 

2 

x -5836.72 -5836.72 -5836.72 0 0 

y 9147.71 9147.71 9147.71 0 0 

z -540.00 -540.00 -540.00 0 0 

3 x -5748.70 -5748.70 -5748.70 0 0 
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y 8935.22 8935.22 8935.22 0 0 

z -540.00 -540.00 -540.00 0 0 

4 

x -5748.70 -5748.70 -5748.70 0 0 

y 8935.22 8935.22 8935.22 0 0 

z -490.00 -490.00 -490.00 0 0 

5 

x -5833.28 -5833.31 -5833.31 0.03 0.03 

y 9139.40 9139.48 9139.48 -0.08 -0.08 

z -493.50 -493.44 -493.44 -0.06 -0.06 

6 

x -5833.28 -5833.31 -5833.31 0.03 0.03 

y 9139.40 9139.48 9139.48 -0.08 -0.08 

z -536.50 -536.44 -536.44 -0.06 -0.06 

7 

x -5752.15 -5752.18 -5752.18 0.03 0.03 

y 8943.53 8943.61 8943.61 -0.08 -0.08 

z -536.50 -536.44 -536.44 -0.06 -0.06 

8 

x -5752.15 -5752.18 -5752.18 0.03 0.03 

y 8943.53 8943.61 8943.61 -0.08 -0.08 

z -493.50 -493.44 -493.44 -0.06 -0.06 
 

cx. 4. kubis testirebis Sedegi 

magaliTad cx.4.-Si mocemulia kub geometriuli primitivis 

testirebis Sedegebi TiToeuli 8 sayrdeni wertilisaTvis 

(sayrdeni wertilebi naCvenebia nax.49.a.-ze). rogorc mocemuli 

cxilidan Cans kub geometriuli primitivsaTvis modelirebis 

infrastruqtura marTlac aris cdomilebebs gamomwvevi mizezi 

(∆G4, ∆Gmod). SedegebSi dafiqsirebuli ricxviTi parametrebis 

sizusted aRebul iqna wertilis Semdeg ori Tanrigi. aRniSnuli 

sizustis gansazRvra moxda CERN-is oficialuri 2D sainJinro 

monacemTa bazaza-CDD-ze dayrdnobiT, sadac ganTavsebul 

sainJinro naxazebze zomebi datanilia swored aRniSnuli 

sizustiT [32]. 

 

 

 

 

 
 

nax. 50. satesto magaliTebis testirebis Sedegebi 

77  satesto 
magaliTi 

modelirebis 
platforma 

51 cdomilebiani 
magaliTi 

26 magaliTi cdomi-
lebis gare 
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sabolood, 77 satesto magaliTis testirebis Sedegad cxr.4.-

Si mocemuli SemTxvevis msgavsad 51 magaliTisaTvis dafiqsirda 

cdomilebebi, xolo danarCeni 26 magaliTis SemTxvevaSi 

cdomilebas adgili ar aqvs. 

 

cx. 5. satesto magaliTebis testirebis Sedegebi 

 

 

magaliTi 

N 

maqsimaluri 
cdomileba 

(mm) 

 

magaliTi 

N 
maqsimaluri 
cdomileba 

(mm) 

 magaliTi 

N 
maqsimaluri 
cdomileba 

(mm) 
   

 
      

1 0.25 
 

28 0.26  55 0.08 

2 0.03 
 

29 0.03  56 0.03 

3 0.00 
 

30 0.03  57 0.07 

4 0.03 
 

31 0.03  58 0.21 

5 0.00 
 

32 0.08  59 0.26 

6 0.23 
 

33 0.08  60 0.09 

7 0.09 
 

34 0.01  61 0.09 

8 0.01 
 

35 0.01  62 0.00 

9 0.01 
 

36 0.17  63 0.09 

10 0.04 
 

37 0.21  64 0.00 

11 0.09 
 

38 0.03  65 0.00 

12 0.09 
 

39 0.24  66 0.00 

13 0.03 
 

40 0.12  67 0.00 

14 0.03 
 

41 0.12  68 0.06 

15 0.01 
 

42 0.00  69 0.00 

16 0.04 
 

43 0.00  70 0.00 

17 0.04 
 

44 0.00  71 0.08 

16 0.19 
 

45 0.00  72 0.00 

19 0.06 
 

46 0.00  73 0.08 

20 0.14 
 

47 0.00  74 1.44 

21 0.00 
 

48 0.00  75 1.75 

22 0.03 
 

49 0.00  76 0.00 

23 0.23 
 

50 0.00  77 0.00 

24 0.02 
 

51 0.00    

25 0.21 
 

52 0.00    

26 0.2 
 

53 0.00    

27 0.26 
 

54 0.00    
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3.4 tranzaqciis operaciebis Seswavla 

rogorc satesto magaliTebis testirebis Sedegad gamoCnda, 

51 satesto magaliTisaTvis modelirebis infrastruqtura 

afiqsirebs cdomilebebs. TiToeul satesto magaliTSi 

geometriuli primitivis agebas da pozicionirebas emsaxureba 

garkveuli raodenobis meTodi, Boolean operacia da tranzaqciis 

operacia, romlis SesrulebisaTvis modelirebis 

infrastruqturaSi gamoiyeneba sxvadasxva algoriTmebi. 

Sesabamisad TiToeuli meTodisaTvis, Boolean operaciisaTvis da 

tranzaqciebisaTvis modelirebis infrastruqtura SeiZleba 

iwvevdes cdomeilebebs. amitom imis gasarkvevad Tu ra aris 

mizezi 51 satesto magaliTSi dafiqsirebuli cdomilebisa, 

infrastruqturis testirebis momdevno etapze ganxorcielda 

geometriuli primitivis formirebisaTvis gamoyenebuli 

meTodebis, Boolean operaciebisa da tranzaqciis operaciebis 

testireba. 

amisaTvis TiToeuli cdomilebiani satesto magaliTi 

geometriuli primitivis agebisaTvis gamoyenebul meTodebis, 

Boolean operaciebisa da tranzaqciis operaciebis Sesabamisad 

daiyo qve-SemTxvevebad da Semowmda TiToeuli maTganis gavlena 

modelirebis infrastruqturis muSaobaze. 

magaliTad nax.51.-ze mocemulia SvidkuTxa prizma (a), prizmis 

daprogramebis SerCeuli unikaluri varianti (b), daprogramebis 

procesis grafikuli gamosaxuleba (g, d, e, v) da Sesabamisi AGDD 

kodi (z). rogorc mocelumi suraTidan Cans SvidkuTxra prizmis 

asagebad Tavdapirvelad xdeba ZiriTadi kubis ageba. momdevno 

etapze, masze Sesabamisi Subtraction Boolean operaciis 

ganxorcielebisaTvis mimdinareobs damxmare kubebis ageba da 

maTi pozicionireba (gadaadgileba/Semobruneba) Sesabamis 

adgilze (g). mas Semdeg rac damxmare kubebi daikaveben saWiro 

pozicias, sruldeba Subtraction Boolean operacia da Sedegad 

miiReba SvidkuTxa prizma (d), romlis saboloo poziciaze 
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ganTavsebisaTvis gamoiyeneba gadaadgilebisa (e) da Semobrunebis 

(v) tranzaqciis operciebi. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
nax. 51. SvidkuTxa prizmis daprogrameba  

e. v. 

T1 
T2 
T3 
T4 
T5 
T6 
T7 

a. b. 

g. d. 

2 

3 4 

5 
6 

7 

1 

z 
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aRniSnuli magaliTis testirebis Sedegad miRebuli iqna 

Semdegi saxis cdomilebebi: 

 

cx. 6. SvidkuTxa prizmis testirebis Sedegi 

rogorc mocemuli cxrilidan Cans cdomilebebi fiqsirdeba 

SvidkuTxa prizmis meore da mesame wertilebze (wertilebis 

adgilmdebareoba mocemulia nax.51.d.-ze). 

aRniSnuli cdomilebebis gamomwvevi mizezebis Sesaswavlad 

ganxorcielda aRweril magaliTSi gamoyenebuli meTodebis, 

Boolean operaciebisa da geometriuli tranzaqciebis 

cdomilebebis Seswavla, risTvisac TiToeuli satesto magaliTi 

daiyo qve-SemTxvevebad. TiToeuli qve-SemTxveva Tavidan iqna 

gatarebuli modelirebis infrastruqturaSi da moxda miRebuli 

Sedegebis dafiqsireba. 

magaliTad mocemuli SemTxvevisaTvis pirvel etapze 

ganxorcielda kub geometriuli primitivebisa da damxmare kubis 

pozicionirebisaTvis saWiro gadaadgilebisa da Semobrunebis 

tranzaqciis operaciebis Semowmeba (nax.51.g.), risTvisac 

programuli kodi daiwera ise, rom gamoyenebuli yofiliyo 

mxolod aRniSnuli operaciebi. Sedegad, miRebul iqna pirveli 

qve-SemTxveva. 

  
∆GMod.       

(mm) 
∆G4          

(mm) 
   ∆GMod.    

(mm) 
∆G4         

(mm) 
  

  
     

1 

x 0 0  

5 

x 0 0 

y 0 0  y 0 0 

z 0 0  z 0 0 

2 

x -0.01 -0.02  

6 

x 0 0 

y 0 0  y 0 0 

z 0 0  z 0 0 

3 

x 0 0  

7 

x 0 0 

y 0 0  y 0 0 

z -0.02 0.01  z 0 0 

4 

x 0 0  mocu-
loba 
(kg/m3) 

   

y 0 0   0 0 

z 0 0     
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nax. 52. qve-SemTxveva I   

modelirebis platformis Sesabamisad moxda modelirebis 

infrastruqturis testireba pirveli qve-SemTxvevis gamoyenebiT 

da miRebuli Sedegebis dafiqsireba. rogorc miRebuli Sedegidan 

gamoCnda aRniSnuli magaliTisaTvis kub meTodis gamoyenebiT 

miRebuli kub geometriuli primitivi da damxmare kubis 

pozicionirebisaTvis gamoyenebuli gadaadgilebisa da 

Semobrunebis tranzaqciis operaciebi cdomilebas ar iwveven. 

momdevno etapze moxda Subtraction Boolean operaciebis 

Semowmeba, risTvisac programuli kodi daiwera ise, rom 

amoRebul iqna Subtraction Boolean operaciis Semdgomi gadaadgileba 

da Semobruneba tranzaqciis operaciebi. Sedegad, miRebul iqna 

meore qve-SemTxveva. 

 

 

 

 

  

nax. 53. qve-SemTxveva II 

modelirebis platformis Sesabamisad moxda modelirebis 

infrastruqturis testireba meore qve-SemTxvevis gamoyenebiT da 

miRebuli Sedegebis dafiqsireba.  

iqedan gamomdinare, rom qve-SemTxveva II-is testirebis 

Sedegebi aseve moicavs qve-SemTxveva I-is Sedegebs,  qve-SemTxveva 

II-is cdomilebebis gamoTvla xdeba qve-SemTxveva II-is testirebis 

Sedegad miRebul cdomilebebis mniSvnelobebs gamoklebuli qve-

SemTxveva I-is testirebis Sedegad miRebuli cdomilebebi. 
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Sedegad, qve-SemTxveva II-Tvis miRebul iqna Semdegi 

cdomilebebi: 

  

cx. 7. qve-SemTxveva II-is cdomilebebi 

rogorc miRebuli Sedegidan gamoCnda, im adgilebSi sadac 

sruldeba Subtraction Boolean operacia fiqsirdeba cdomilebebi. 

momdevno etapze moxda Subtraction Boolean operaciebis Semdeg 

gamoyenebuli gadaadgilebis tranzaqciis operaciis Semowmeba, 

risTvisac programuli kodi daiwera ise, rom iqedan amoRebul 

iqna Subtraction Boolean operaciis Semdgomi Semobruneba 

tranzaqciis operacia. Sedegad miRebul iqna mesame qve-SemTxveva. 

 

 

 

 

 
 

nax. 54. qve-SemTxveva III 

modelirebis platformis Sesabamisad moxda modelirebis 

infrastruqturis testireba mesame qve-SemTxvevis gamoyenebiT da 

miRebuli Sedegebis dafiqsireba.  

  
∆GMod.       

(mm) 
∆G4          

(mm) 
   ∆GMod.    

(mm) 
∆G4         

(mm) 
  

  
     

1 

x 0 0  

5 

x 0 0 

y 0 0  y 0.01 0.01 

z 0 0  z 0 0 

2 

x 0 0  

6 

x 0 0 

y -0.01 -0.01  y 0.01 0.01 

z 0 0  z 0 0 

3 

x 0 0  

7 

x 0 0 

y 0 0  y 0 0 

z -0.02 -0.02  z 0 0 

4 

x 0 0  mocu-
loba 
(kg/m3) 

   

y 0 0   0 0 

z 0 0     
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iqedan gamomdinare, rom qve-SemTxveva III-is testirebis 

Sedegebi aseve moicavs qve-SemTxveva II-is Sedegebs,  qve-SemTxveva 

III-is cdomilebebis gamoTvla xdeba qve-SemTxveva III-is 

testirebis Sedegad miRebul cdomilebebis mniSvnelobebs 

gamoklebuli qve-SemTxveva II-is testirebis Sedegad miRebuli 

cdomilebebi. 

sabolood, qve-SemTxveva III-Tvis miRebul iqna Semdegi 

cdomileba: 

 

    

 

 

 

 

 

 

 

 

cx. 8. qve-SemTxveva III-is cdomilebebi 

rogorc miRebuli Sedegidan gamoCnda cdomileba fiqsirdeba 

mxolod Geant4-dan miRebuli SvidkuTxa primitivis mxolod erTi 

wertilis z RerZze. 

bolo etapze ganxorcielda darCenili Semotrialeba 

tranzaqciis operaciis Semowmeba, risTvisac programuli kodi 

daiwera ise, rom iqedan amoRebul iqna Subtraction Boolean 

operaciis Semdgomi gadaadgileba tranzaqciis operacia. Sedegad 

miRebul iqna meoTxe qve-SemTxveva. modelirebis platformis 

Sesabamisad moxda modelirebis infrastruqturis testireba 

meoTxe qve-SemTxvevis gamoyenebiT.  

 

  
∆GMod.       

(mm) 
∆G4          

(mm) 
  

  

1 

x 0 0 

y 0 0 

z 0 0 

2 

x 0 0 

y 0 0 

z 0 0 

3 

x 0 0 

y 0 0 

z 0 0.03 

4 

x 0 0 

y 0 0 

z 0 0 

  
∆GMod.    

(mm) 
∆G4       

(mm) 
  

  

5 

x 0 0 

y 0 0 

z 0 0 

6 

x 0 0 

y 0 0 

z 0 0 

7 

x 0 0 

y 0 0 

z 0 0 

mocu-
loba 
(kg/m3) 

   

 0 0 
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nax. 55. qve-SemTxveva IV 

iqedan gamomdinare, rom qve-SemTxveva IV-is testirebis 

Sedegebi aseve moicavs qve-SemTxveva II-is Sedegebs,  qve-SemTxveva 

IV-is cdomilebebis gamoTvla xdeba qve-SemTxveva IV-is 

testirebis Sedegad miRebul cdomilebebis mniSvnelobebs 

gamoklebuli qve-SemTxveva II-is testirebis Sedegad miRebuli 

cdomilebebi. 

sabolood,  qve-SemTxveva IV-Tvis miRebul iqna Semdegi 

cdomileba: 

 

 

 

 

 

 

 

 

 

 

cx. 9. qve-SemTxveva IV-is cdomilebebi 

rogorc miRebuli Sedegidan Cans aseve Semobruneba 

tranzaqciis operaciac iwvevs cdomilebebs. 

aRwerili satesto magaliTis msgavsad ganxorcielda yvela 

51 magaliTis Sesabamisi qve-SemTxvevis formireba da Tavidan 

  
∆GMod.       

(mm) 
∆G4          

(mm) 
  

  

1 

x 0 0 

y 0 0 

z 0 0 

2 

x 0 0 

y 0 0 

z 0 0 

3 

x 0 0.01 

y 0 0.01 

z 0 0 

4 

x 0 0.01 

y 0 0.01 

z 0 0 

  
∆GMod.    

(mm) 
∆G4       

(mm) 
  

  

5 

x 0.01 0.01 

y 0 -0.02 

z 0 0 

6 

x 0.01 0.01 

y 0 -0.02 

z 0 0 

7 

x 0.01 0 

y 0 0 

z 0 0 

mocu-
loba 
(kg/m3) 

   

 0 0 
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gatareba modeliebis infrastruqturaSi. miRebuli Sedegebi 

dafiqsirebuli iqna erTiani cxrilis saxiT: 
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a) cdomilebiani magaliTebi  

№ Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 R1 Subt M2 R2 M1 R1 Subtr. M2 R2 Conf M1 R1 Subt M2 R2 Conf

1 1 3X 5X 4X 5X X X 0 0

∆X=0.25 

∆Y=-0.15 

∆V=0.0014

∆X=-0.02 

∆Y=0.01

∆X=0.07 

∆Y=-0.18
0 0

∆X=0.25 

∆Y=-0.15 

∆V=0.0014

∆X=-0.02 

∆Y=0.01

∆X=0.06 

∆Y=-0.17

2 2 2X 2X X 2X X X 0 0
∆Y=0.01       

∆Z=-0.02
0 ∆X=0.01 0 0

∆Y=0.01       

∆Z=-0.02
∆Z=0.03

∆X=-0.01 

∆Y=-0.02

3 4 X X X X X
∆X=-0.03     

∆Y=-0.02
0

∆X=0.02 

∆Y=-0.02 

∆Z=-0.02 

∆X=-0.03     

∆Y=-0.02
0

∆X=0.02 

∆Y=-0.02 

4 6 2X X X X X 0

∆X=-0.23       

∆Z=-0.13 

∆V=0.0002

0

∆X=0.03  

∆Y=0.1 

∆Z=0.01

0

∆X=-0.23       

∆Z=-0.13 

∆V=0.0002

∆Z=0.03

∆X=0.03  

∆Y=0.1 

∆Z=0.01

5 7 X X 2X X X
∆X=-0.07     

∆Y=-0.05

∆X=0.01  

∆Y=0.05

∆X=-0.02  

∆Y=0.09

∆X=-0.07      

∆Y=-0.05

∆X=0.01  

∆Y=0.05

∆X=0.04  

∆Y=0.09

6 8 2X X X X X X 0 0 ∆Z=-0.01 0 0 0 0 ∆Z=-0.01 0 0

7 9 2X 2X 2X X X 0 0 0 ∆X=-0.01 0 0 0 0

8 10 3X 4X 4X X X 0
∆X=0.03  

∆Y=0.03

∆X=0.03  

∆Y=0.03

∆X=-0.04  

∆Y=-0.02
0

∆X=0.03  

∆Y=0.03

∆X=0.03  

∆Y=0.03

∆X=-0.04  

∆Y=-0.02

9 11 2X X X X
∆Y=-0.09        

∆Z=-0.06
0

∆X=0.03    

∆Y=0.01

∆Y=-0.09        

∆Z=-0.06

∆Y=-0.01 

∆Z=-0.01

∆X=0.03    

∆Y=0.02

10 12 2X X X X
∆X=-0.09   

∆Y=-0.06
∆Y=-0.02

∆X=0.03  

∆Y=0.01

∆X=-0.09     

∆Y=-0.06
∆Y=-0.03

∆X=0.03    

∆Y=0.02

11 13 X X X X 2X X X 0
∆X=0.01 

∆V=0.0002

∆X=-0.03    

∆Y=-0.02

∆X=-0.01    

∆Y=0.02
0

∆X=0.01 

∆V=0.0002

∆X=0.03    

∆Y=-0.03

∆X=-0.01    

∆Y=0.03

12 14 X X X 2X 2X X X 0

∆X=-0.03     

∆Y=-0.02 

∆V=0.0002

0
∆X=-0.01  

∆Y=0.02
0

∆X=-0.03     

∆Y=-0.02 

∆V=0.0002

0
∆X=-0.01  

∆Y=0.03

13 15 X X X X X X 0 0 0 ∆X=0.01   0 0 0
∆X=0.01    

∆Y=-0.01

14 16 X X X X X X 0
∆X=-0.03     

∆Y=-0.02
0

∆X=-0.01 

∆Y=0.02  
0

∆X=-0.04        

∆Y=-0.03
0

∆X=-0.01  

R=0.01

15 17 2X 2X 2X 2X X X 0 0

∆X=0.04    

∆Y=0.02  

∆V=0.002

∆X=0.01

∆X=0.02    

∆Y=0.03  

R=0.01

0 0

∆X=0.04    

R=0.02  

∆V=0.002

∆X=0.01  

∆Y=0.01        

∆Z=0.01

∆X=0.02    

∆Y=0.03  

R=0.05

16 18 2X X X 2X 3X X 0

∆X=-0.11      

∆Y=0.19 

∆V=0.0003

0 0

∆X=-0.11      

∆Y=0.19  

R=0.01 

∆V=0.0003

∆X=-0.07  

∆Y=-0.04 

R=0.08

 ცდომილებები                                                                                                                           

GeoModel                                                                    Geant4 
agebis meTodebi

tranzaqciis 

operaciebi
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a) cdomilebiani magaliTebi 

17 19 2X X 2X 2X X X 0

∆X=0.06    

∆Y=0.04 

∆V=0.0003

0 ∆Y=-0.03 0

∆X=0.06    

∆Y=0.01  

R=0.03 

∆V=0.0003

∆X=-0.03    

∆Y=-0.04  

R=0.05

∆X=0.04    

∆Y=0.06  

R=0.09

18 20 2X X X 3X X 3X X X 0 0

∆X=-0.14   

∆Y=-0.08 

∆V=0.0003

∆X=0.01  

∆Y=0.01

∆X=-0.03  

∆Y=0.06
0 0

∆X=-0.14     

∆Y=-0.08   

R=0.03 

∆V=0.0003

∆X=0.01 

∆Y=-0.04 

R=0.03

∆X=-0.03  

∆Y=0.06   

R=0.01

19 22 X X X X X X 0

∆X=-0.03     

∆Y=-0.02 

∆V=0.0001

0 ∆Y=0.02 0

∆X=-0.03     

∆Y=-0.02 

∆V=0.0001

0 ∆Y=0.02

20 23 X X 2X X 2X 4X X X 0 0

∆X=0.23   

∆Y=-0.09 

∆V=0.0001

0
∆X=-0.03  

∆Y=-0.09
0 0

∆X=0.23     

∆Y=-0.09 

∆V=0.0001

0
∆X=-0.03  

∆Y=-0.09

21 24 X X X X X X 0

∆X=-0.02     

∆Y=0.01      

∆Z=-0.01

∆X=-0.01     

∆Y=-0.01      

∆Z=-0.01

∆X=0.02  

∆Y=0.01
0

∆X=-0.02     

∆Y=0.01      

∆Z=-0.01

∆X=-0.02
∆X=0.01  

∆Y=0.02

22 25 X 2X 2X 3X X X 0

∆X=0.03  

∆Y=0.02 

∆V=0.0005  

R=0.01

0 ∆Y=-0.02 0

∆X=0.03  

∆Y=0.21 

∆V=0.0001  

R=0.17

0
∆Y=0.23  

R=0.05

23 26 2X X 2X 3X X X 0
∆X=0.03  

∆Y=0.02

∆Y=-0.02   

R=0.01
∆X=0.02 0

∆X=0.03  

∆Y=0.2    

R=0.02

∆Y=-0.01  

R=0.02

∆X=0.07  

∆Y=-0.03  

R=0.05

24 27 4X 3X 2X 4X X X 0 0

∆X=0.15       

∆Y=-0.22      

∆Z=-0.06

∆X=0.01  

∆Z=-0.02

∆X=-0.09  

∆Y=0.07
0 0

∆X=0.15       

∆Y=-0.16      

∆Z=0.08

∆X=0.26       

∆Y=0.03      

∆Z=-0.02

∆X=-0.07  

∆Y=-0.04

25 28 2X 2X 3X 2X 4X X X 0 0

∆X=0.15       

∆Y=-0.22      

∆Z=-0.06

∆X=0.01  

∆Z=-0.02

∆X=-0.09  

∆Y=0.07
0 0

∆X=0.15       

∆Y=-0.16      

∆Z=0.08

∆X=0.26       

∆Y=0.03      

∆Z=-0.02

∆X=-0.07  

∆Y=-0.04

26 29 X 2X X 2X 3X X X 0 0

∆X=0.01       

∆Y=-0.03  

∆Z=0.01  

∆V=0.0002

∆Y=-0.01 

∆Z=0.01

∆X=-0.01  

∆Y=0.01 

∆Z=0.01

0 0

∆X=0.01       

∆Y=-0.03  

∆Z=0.01  

∆V=0.0002

∆Y=0.01 

∆Z=0.03

∆X=0.01  

∆Y=0.03   

∆Z=-0.01

27 30 X 2X 8X 7X 8X X X 0 0

∆X=0.03        

∆Y=-0.03      

∆Z=-0.02 

∆V=0.0003

∆Y=-0.03  

∆Z=0.03

∆Y=0.01  

∆Z=0.04
0 0

∆X=0.03        

∆Y=-0.03      

∆Z=0.03 

∆V=0.0003

∆Y=0.03  

∆Z=-0.03 

R=0.01

∆X=0.01   

∆Y=-0.03  

∆Z=0.02  

R=0.01

№ Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 R1 Subt M2 R2 M1 R1 Subtr. M2 R2 Conf M1 R1 Subt M2 R2 Conf

 ცდომილებები                                                                                                                           

GeoModel                                                                    Geant4 
agebis meTodebi

tranzaqciis 

operaciebi
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 a) cdomilebiani magaliTebi 

№ Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 R1 Subt M2 R2 M1 R1 Subtr. M2 R2 Conf M1 R1 Subt M2 R2 Conf

 ცდომილებები                                                                                                                           

GeoModel                                                                    Geant4 
agebis meTodebi

tranzaqciis 

operaciebi

28 31 X X X 8X 8X 8X X X 0 0

∆X=0.03       

∆Y=-0.03      

∆Z=-0.03  

∆V=0.0003

1

∆Y=-0.03      

∆Z=0.03

∆Y=0.01      

∆Z=0.04
0 0

∆X=0.03       

∆Y=-0.03      

∆Z=-0.03  

∆V=0.00031

∆X=0.02      

∆Y=0.03  

R=0.01

∆X=-0.02       

∆Y=-0.03      

∆Z=0.03 

R=0.01

29 32 X 3X 7X 5X 7X X X 0 0

∆X=0.03        

∆Y=0.03      

∆Z=0.03 

∆V=0.0016

∆X=-0.03  

∆Z=-0.02 

∆V=0.003

3

∆X=0.01  

∆Z=0.02
0 0

∆X=-0.05         

∆Y=0.03        

∆Z=-0.03 

∆V=0.0016  

R=0.01

∆X=0.04        

∆Y=0.06      

∆Z=-0.05 

∆V=0.003

3 R=0.02

∆X=0.05        

∆Y=-0.08      

∆Z=-0.02  

R=0.04

30 33 X 2X X 7X 5X 7X X X 0 0

∆X=0.03        

∆Y=0.03      

∆Z=0.03 

∆V=0.0016

∆X=-0.03  

∆Z=-0.02 

∆V=0.003

3

∆X=0.01  

∆Z=0.02
0 0

∆X=-0.05         

∆Y=0.03        

∆Z=-0.03 

∆V=0.0016  

R=0.01

∆X=0.04        

∆Y=0.06      

∆Z=-0.05 

∆V=0.003

3 R=0.02

∆X=0.05        

∆Y=-0.08      

∆Z=-0.02  

R=0.04

31 34 X X 2X 2X 2X X X 0 0 ∆V=0.0001 0 0 0 0
∆Y=0.01  

∆V=0.0001
0 0

32 35 X X 2X 2X 2X X X 0 0 ∆V=0.0001 0 0 0 0
∆Y=0.01  

∆V=0.0001
0 0

33 36 X X 2X 2X X X 0

∆X=0.02       

∆V=0.0000

1

0
∆X=-0.01       

∆Z=-0.01
0

∆X=0.02       

∆Z=0.01  

∆V=0.00007

∆X=0.02       

∆Z=-0.02  

R=0.03

∆X=-0.17       

∆Z=0.17  

R=0.25

34 37 2X 2X 3X 3X X X 0

∆X=0.01       

∆Z=0.01  

∆V=0.0000

7

0 ∆Z=0.02 0
∆X=0.02       

∆Z=0.01

∆X=-0.03       

∆Z=0.05  

R=0.05

∆X=-0.16       

∆Z=-0.21  

R=0.19

35 38 2X X X 2X X 0

∆X=-0.03       

∆Y=-0.03  

∆V=0.0009

0 0

∆X=-0.03       

∆Y=-0.03  

∆V=0.0009

0

36 39 X 2X X X 2X 4X X 0

∆X=-0.24       

∆Y=-0.18  

∆V=0.0009

0 0

∆X=-0.24       

∆Y=-0.18  

∆V=0.0009

0

37 40 5X 2X 4X X X 0

∆X=0.11       

∆Y=0.09       

∆Z=-0.12  

∆V=0.0004

∆X=0.01       

∆Y=-0.01       

∆Z=0.01

∆X=0.09       

∆Y=0.1
0

∆X=0.11       

∆Y=0.09       

∆Z=-0.12  

∆V=0.0004

∆X=0.01       

∆Y=0.01       

∆Z=0.01

∆X=0.09       

∆Y=0.1
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a) cdomilebiani magaliTebi 

№ Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 R1 Subt M2 R2 M1 R1 Subtr. M2 R2 Conf M1 R1 Subt M2 R2 Conf

 ცდომილებები                                                                                                                           

GeoModel                                                                    Geant4 
agebis meTodebi

tranzaqciis 

operaciebi

38 41 X 4X 3X 4X X X 0

∆X=0.11       

∆Y=0.09       

∆Z=-0.12  

∆V=0.0004

∆Y=0.01      
∆X=0.09       

∆Y=0.1
0

∆X=0.11       

∆Y=0.09       

∆Z=-0.12  

∆V=0.0004

∆Y=0.01      
∆X=0.09       

∆Y=0.1

39 55 X X 2X 2X 2X X X 0 0
∆X=0.08 

∆Y=0.01
∆Y=0.02

∆X=-0.01 

∆Y=0.02
- 0 0

∆X=0.08 

∆Y=0.01
∆Y=0.02

∆X=-0.01 

∆Y=0.01
-

40 56 2X 3X 3X X X 0
∆X=0.03 

∆Y=0.02
0 ∆X=0.01 - 0

∆X=0.03 

∆Y=0.02
0 0 -

41 57 2X 2X 2X X X X 0 0

∆X=0.04    

∆Y=0.02  

∆V=0.002

∆X=0.01

∆X=0.02    

∆Y=0.03  

R=0.01

0 0

∆X=0.04    

R=0.02  

∆V=0.002

∆X=0.01 

∆Y=0.01       

∆Z=0.01

∆X=0.02    

∆Y=0.03  

R=0.05

-

42 58 2X X X 2X 2X X 0
∆X=0.03  

∆Y=0.02

∆Y=-0.02   

R=0.01
∆X=0.02 0

∆X=0.03  

∆Y=0.2    

R=0.02

∆Y=-0.01  

R=0.02

∆X=0.07  

∆Y=-0.03  

R=0.05

-

43 59 2X X X 2X 2X X 0

∆X=0.03  

∆Y=0.02 

∆V=0.0005  

R=0.01

0 ∆Y=-0.02 0

∆X=0.03  

∆Y=0.21 

∆V=0.0001  

R=0.17

0
∆Y=0.23  

R=0.05
-

44 60 X 2X X X 2X 2X 2X 0 0

∆X=0.15       

∆Y=-0.22      

∆Z=-0.06

∆X=0.01  

∆Z=-0.02

∆X=-0.09  

∆Y=0.07
0 0

∆X=0.15       

∆Y=-0.16      

∆Z=0.08

∆X=0.26       

∆Y=0.03      

∆Z=-0.02

∆X=-0.07  

∆Y=-0.04
-

45 61 3X X X 2X 2X 2X 0 0

∆X=0.15       

∆Y=-0.22      

∆Z=-0.06

∆X=0.01  

∆Z=-0.02

∆X=-0.09  

∆Y=0.07
0 0

∆X=0.15       

∆Y=-0.16      

∆Z=0.08

∆X=0.26       

∆Y=0.03      

∆Z=-0.02

∆X=-0.07  

∆Y=-0.04
-

46 63 2X X X X 0
∆Y=-0.09 

∆Z=0.06
∆Z=0.01

∆X=0.03 

∆Y=0.01
- 0

∆Y=-0.09 

∆Z=0.06

∆Y=-0.01 

∆Z=0.01

∆X=0.03 

∆Y=0.02
-

47 68 X X X X X 0
∆X=-0.06     

∆Y=-0.05
0 - 0

∆X=-0.06       

∆Y=-0.05
0 -

48 71 X X 3X 3X 2X X X 0 0
∆X=0.08 

∆Y=0.01
∆Y=0.02

∆X=-0.01 

∆Y=0.02
0 0 0

∆X=0.08 

∆Y=0.01
∆Y=0.02

∆X=-0.01 

∆Y=0.01
0

49 73 4X 2X 6X 6X 5X 2X 2X 0 0
∆X=0.08 

∆Y=0.01
∆Y=0.02

∆X=-0.01 

∆Y=0.02
- 0 0

∆X=0.08 

∆Y=0.01
∆Y=0.02

∆X=-0.01 

∆Y=0.01
-

50 74 2X X 2X X X 0

∆X=-1.34 

∆Z=0.94  

∆V=0.175

∆X=-0.47 

∆Z=0.33

Clash=1

.28
0

∆X=-1.44       

∆Z=-0.9     

∆V=0.044

∆Z=-0.09
Clash=0

.91

51 75 X 2X X X X X X 0

∆X=-1.71     

∆Z=-1.25     

∆V=34.45

0 0 - 0 0

∆X=-1.75        

∆Z=-1.25     

R=0.05  

∆V=34.45

0 -
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b) magaliTebi cdomilebis gareSe  

 

 

 

 

 

cx. 10. tranzaqciis operaciebis testirebis Sedegebi

M1-gadaadgileba tranzaqcia Boolean operaciamde 
R1-Semobruneba tranzaqcia Boolean operaciamde 
Subtr- Boolean operacia 
 

M1-gadaadgileba tranzaqcia Boolean 
operaciamde 

R1-Semobruneba tranzaqcia Boolean operaciamde 
 

cxrilSi mocemulia geometriuli primitivis im wertilebebis cdomilebebi romelzedac dafiqsirda yvelaze 
maRali cdomileba 

№ Cub Tube Pyr Trap Cone PolyC PolyG Arbitr Sym Dsym M1 R1 Subt M2 R2 M1 R1 Subtr. M2 R2 Conf M1 R1 Subt M2 R2 Conf

 ცდომილებები                                                                                                                           

GeoModel                                                                    Geant4 
agebis meTodebi

tranzaqciis 

operaciebi

1 3 X X X 0 0 0 0

2 5 X X X 0 0 0 0

3 21 X X 0 0 0 0

4 42 2X 2X 0 0 0 0 0 0

5 43 3X X 0 0 0 0 0 0

6 44 X X 2X 2X 0 0 0 0 0 0

7 45 X X 2X 2X 0 0 0 0 0 0

8 46 2X 2X X 0 0 0 0 0 0

9 47 2X 0 0 0 0 0 0

10 48 2X 2X 0 0 0 0 0 0

11 50 2X X 2X 0 0 0 0 0 0

12 51 X X 2X 2X 0 0 0 0 0 0

13 52 X X 2X X 0 0 0 0 0 0

14 53 X X 2X X 0 0 0 0 0 0

15 54 X X X 0 0 0 0

16 62 X X 0

17 64 3X X 10X 2X 10X X X 0 0 0 0 0 0 0 0 0 0

18 65 2X X X 7X X 7X X X 0 0 0 0 0 0 0 0 0 0

19 66 X X 0 0

20 67 2X 2X 0 0

21 69 2X X 3X 0 0

22 70 3X 3X 0 0 0 0

23 72 2X 2X 0 0 0 0

24 76 X X 2X 0 0 0 0

25 77 2X 2X 2X 0 0 0 0 0 0

26 49 X 2X 2X 2X 2X 2X 2X CATIA-მ ვერ დაითვალა შედეგები CATIA-მ ვერ დაითვალა შედეგები
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3.5 Sedegebis sistematizacia da Seswavla 

modelirebis infrastruqturis testirebis momdevno etapze 

ganxorcielda sacdeli sesiebis Catarebis Sedegad miRebuli 

Sedegebis Seswavla (cx.10.).  

Tavdapirvelad moxda miRebuli Sedegebis daxarisxeba or 

jgufad: jguf I-Si gaerTianda satesto magaliTebi, romlis 

testirebis Sedegad miRebul iqna cdomilebebi (cx.10.a.), xolo 

jguf II-Si ki satesto magaliTebi romlis testirebis Sedegad 

miRebul iqna nulovani cdomilebebi (cx.10.b.) da Semdeg 

ganxorcielda maTi analizi.  

 

 

 

 

  

 

 
 

nax. 56. satesto magaliTebis ori jgufi 

aRniSnuli jgufebis pirveladi analizis Sedegad gamoCnda, 

rom im magaliTebSi sadac ar gamoiyeneba Boolean operacia, 

fiqsirdeba nulovani cdomileba: magaliTad jguf I–Si Semaval 

yvela magaliTSi gamoyenebulia Boolean operacia da yvela 

maTganSi fiqsirdeba cdomilebebi, maSin rodesac jguf II-Si 

Semavali 26 magaliTidan 24 maTganSi ar aris gamoyenebuli 

Boolean operaciebi da miRebul SedegebSi fiqsirdeba nulovani 

cdomilebebi. amasTan erTad cdomilebebi fiqsirdeba 

geometriuli primitivis mxolod im wertilebze, romlis 

formirebaSic monawileobda Boolean operacia. aqedan gamomdinare 

SeiZleba iTqvas, rom Boolean operacia aris cdomilebebis 

gamomwvevi mizezi. magaliTad nax.57.-ze mocemulia eqvskuTxa 

prizma, romlis ageba xorcieldeba oTkuTxa (Cube) geometriul 

51 cdomilebiani 
magaliTi 

26 magaliTi 
cdomilebis gareSe 

77 satesto 
magaliTi 

jgufi I jgufi II 
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primitivze Arbitrary Polygon meTodis gamoyenebiT Seqmnili 

xuTkuTxa prizmiT Subtraction Boolean operaciis ganxorcielebiT.  

 

 

 

 

 

 

nax. 57. satesto magaliTebi №4 

xolo cx.11.-Si ki naCvenebia aRniSnuli satesto magaliTis 

testirebiT miRebuli Sedegebi. 

 

 

cx. 11. satesto magaliT №4-is testirebis Sedegi 

rogorc mocemuli cxrilidan Cans cdomilebebi fiqsirdeba 

geometriuli primitivis mxolod im werilebze (4, 5, 6), romlis 

formirebaSic monawileoba miiRo Subtraction Boolean operaciam 

(nax.57.). aqedan gamomdinare, SeiZleba iTqvas, rom Subtraction 

Boolean operacia iwvevs geometriuli primitivis formis Secvlas 

  ∆G4        

(mm) 
∆GMod.   

(mm) 
             

  

1 

x 0 0 

y 0 0 
z 0 0 

2 

x 0 0 
y 0 0 
z 0 0 

3 

x 0 0 
y 0 0 
z 0 0 

4 

x -0.01 -0.01 

y -0.02 -0.02 

z 0 0 

  
∆G4        

(mm) 
∆GMod.   

(mm) 
             

  

5 

x -0.01 -0.01 

y -0.02 -0.02 

z 0 -0.02 

6 

x 0 0 

y -0.01 -0.01 

z 0 -0.02 

moculoba 

x   

y 0.00002 0.00002 

z   

1 

2 

3 4 

5 

6 
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da rac ufro meti wertilia formirebuli Boolean operaciis 

gamoyenebiT, miT ufro icvlis formas geometriuli primitivi. 

garda amisa, geometriuli primitivis formis Secvla Tavis mxriv 

cvlis mis moculobas da Sesabamisad cdomileba miiReba 

moculobaSic (cx.11.). 

amasTan erTad, orive jgufSi fiqsirdeba SemTxvevebi, 

rodesac gamoyenebulia Boolean operacia, Tumca cdomilebas 

adgili ar aqvs. Sesabamisad, momdevni etapze TiToeuli 

jgufisaTvis ganxorcielda aRniSnuli satesto magaliTebis 

analizi da dadgena Tu ratom ar iwvevs cdomilebebs Boolean 

operaciebi aRniSnuli magaliTebis SemTxvevaSi. 

pirvel etapze ganxorcielda jguf I-Si Semavali 

magaliTebis analizi. aRniSnul jgufSi Semavali 51 magaliTidan 

mxolod 2 maTganSi (satesto magaliTi №9 da satesto magaliTi 

№15) (danarTi 1) fiqsirdeba SemTxveva, rodesac Boolean operacia 

ar iwvevs cdomilebebs (cx.10.a.). aRniSnuli magaliTebis 

ganxilvis Sedegad gamoCnda, rom orive magaliTSi gamoyenebul 

Subtraction Boolean operacias gaaCnia erTnairi maxasiaTeblebi: 1. 

orive maTganis SemTxvevaSi Subtraction Boolean operacia 

mimdinareobs damxmare prizmis saSualebiT. satesto magaliTi 

№9-is SemTxvevaSi damxmare prizmis ageba xorcieldeba Arbitrary 

Polygon meTodis saSualebiT romlis amoWris adgilas 

pozicionirebisaTvis gamoiyeneba gadaadgileba T1/T3 tranzaqciis 

operaciebi (nax.58.b.), xolo  satesto magaliTi №15-is SemTxvevaSi 

damxmare prizmis ageba xorcieldeba Cube meTodiT, romlis 

Sesabamis poziciaze ganTavsebisaTvis gamoiyeneba gadadgileba T1 

tranzaqciis operacia (nax.59.b.). 2. amasTan erTad orive satesto 

magaliTis SemTxvevaSi Wris Sedegad miiReba Sida zedapiri, anu 

adgili aqvs Sida Wras. 
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nax. 58. satesto magaliTi №9 

 

 

 

 

 

 

 

 

 

 

nax. 59. satesto magaliTi №15  

garda amisa satesto magaliT №9–sa da №15–is SemTxvevaSi 

Catarebul iqna damatebiTi kvleva. orive satesto magaliTSi 

Subtraction Boolean operaciis ganxorcielebisaTvis gamoyenebuli 

prizma warmoadgens amozneqil geometriuli primitivs. amitom 

imis gasarkvevad moqmedebs Tu ara prizmis amozneqili/Cazneqili 

formebi Subtraction Boolean operaciis Sedegebze, Catarda 

damatebiTi kvleva. kerZod, aRebuli iqna erTerTi satesto 

magaliTi (satesto magaliTi №15), sadac Subtraction 

operaciisaTvis gamoyenebuli oTxuTxa amozneqili prizma 

                a)                                     b) 
 

 

a) b) 
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Seicvala xuTkuTxa Cazneqili prizmiT (nax.59.) da miRebuli 

axali satesto magaliTi Tavidan iqna gatarebuli modelirebis 

infrastruqturaSi. 

 

nax. 60. satesto magaliTi №15 amozneqili/Cazneqili prizmebiT 

rogorc miRebuli Sedegidan gamoCnda, amozneqili prizmis 

msgavsad Cazneqili prizmis SemTxvevaSic dafiqsirda nulovani 

cdomileba. 

momdevno etapze orive satesto magaliTi Sedarebul iqna 

cdomilebian sxva satesto magaliTebTan imis gasarkvevad, xom ar 

arsebobda msgavsi Tvisebis mqone satesto magaliTebi, sadac 

fiqsirdeboda cdomilebebi. Sedegad aRmoCna, rom isini 

warmoadgenen unikalur SemTxvevebs, romelTac analogi ar hyavT. 

aRniSnuli Sedegebidan gamomdinare SeiZleba iTqvas, rom 

Subtraction Boolean operacia ar iwvevs cdomilebas im SemTxvevaSi 

rodesac Wra mimdinareobs prizmis gamoyenebiT da amave dros 

adgili aqvs Sida Wras. 

satesto magaliT №9–sa da №15–is msgavsad, jguf II–Si 

Semaval satesto magaliTeb №64–sa da №65–is (danarTi 1) 

SemTxvevaSi aseve gamoyenebulia Subtraction Boolean operacia, Tumca 

fiqsirdeba nulovani cdomilebebi. aRniSnuli magaliTebis 

SemTxvevaSi primitivebi warmoadgenen zomiT Zalian patara 

geometriuli obieqtebs: satesto magaliT №64-is SemTxevaSi 

geometriuli primitivis zomebia 18 x 33 x 10 mm, xolo №65-is 

SemTxevaSi ki 18 x  22 x 1.4 mm. 

amozneqili 

prizma 

Cazneqili 

prizma 
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iqedan gamomdinare, rom satesto magaliTebis testirebiT 

miRebul SedegebSi dafiqsirebul ricxviTi mniSvnelobebis 

sizusted aRebulia wertilis Semdeg ori Tanrigi, xolo 

satesto magaliT №64-sa da №65-Si arsebuli geometriuli 

primitivebi aris zomiT Zalian patara, aRniSnuli satesto 

magaliTebisaTvis cdomilebebi naklebia gansazRvrul sizusteze, 

ris gamoc SedegebSi fiqsirdeba nulovani mniSvneloba. 

 satesto magaliTebSi gamoyenebuli gadaadgileba/ 

Semobruneba tranzaqciis operaciebi funqcionaluri 

daniSnulebis mixedviT SeiZleba daiyos or nawilad: Boolean 

operaciamde gamoyenebuli tranzaqciis operaciebi da Boolean 

operaciis Semdeg gamoyenebuli tranzaqciis operaciebi. Boolean 

operaciamde gamoyenebuli tranzaqciis operaciebis funqcias 

warmoadgens moaxdinos Boolean operaciebis ganxorcielebisaTvis 

saWiro damxmare primitivebis saWiro adgilze pozicionireba, 

xolo Boolean operaciis Semdeg gamoyenebuli tranzaqciis 

operaciebi uzrunvelyofen miRebuli geometriuli primitivis 

saboloo poziciaze ganTavsebas.  

nax. 62. satesto magaliTi №65 nax. 62. satesto magaliTi №64 
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magaliTad nax.62.-ze mocemulia SvidkuTxa prizma (a) da misi 

AGDD-is bazaze daprogramebis variantis grafikuli 

gamosaxuleba (b, g). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 63. satesto magaliTi №2 

rogorc mocemuli suraTidan Cans SvidkuTxa prizma miiReba 

kub geometriul primitivze damxmare kub geometriuli 

primitiviT Subtraction Boolean operaciebis ganxorcielebiT (b), rac 

Tavis mxriv saWiroebs damxmare kubis saWireo adgilze 

pozicionirebas, risTvisac gamoyenebulia T1/T4(gadaadgileba) da 

T2(Semobuneba) tranzaqciis operaciebi (b). aRniSnul magaliTSi 

a) 

b) 

g) 
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aseve gamoiyeneba  T6(gadaadgileba) da T7(Semobuneba) tranzaqciis 

operaciebi romlebic emsaxurebian Wris Sedegad miRebuli 

SvidkuTxa prizmis saboloo poziciaze ganTavsebas. Sesabamisad, 

rogorc nax.63.-dan Cans satesto magaliT №2-Si gamoyenebulia 

Subtraction Boolean operaciamdeli T1/T2/T4 da Subtraction Boolean 

operaciis Semdgomi T6/T7 tranzaqciis operaciebi. 

satesto magaliTebis testirebisas aRniSnuli SemTxvevebi 

Semowmda rogorc sxvadasxva qve-SemTxveva da TiToeuli 

maTganisaTvis Sedegebi aisaxa cal-calke. cx.10.-Si logikur 

operaciamde gamoyenebuli tranzaqciis operaciebis Sedegebi 

asaxulia M1(gadaadgileba)/R1(Semobruneba) svetSi, xolo Boolean 

operaciis Semdeg gamoyenebuli tranzaqciis operaciebis Sedegebi 

ki M2(gadaadgileba)/R2 (Semobruneba) svetSi. aRniSnuli Sedegebis 

analizis Sedegad naTlad gamoCnda, rom tranzaqciis operaciebi, 

romlebic gamoiyeneba logikur operaciamde yvela 77 satesto 

magaliTis SemTxvevaSi afiqsireben nulovan cdomilebebs. im 

SemTxvevaSi rodesac tranzaqciis operaciebi sruldeba Boolean 

operaciis Semdeg, ZiriTad SemTxvevaSi fiqsirdeba cdomilebebi. 

aqedan gamomdinare SeiZleba iTqvas, rom Boolean operacia 

korelirebs Boolean operaciis Semdeg arsebul 

gadaadgileba/Semobruneba tranzaqciaze. amasTan erTad 

aRsaniSnavia is faqti, rom Boolean operaciiT gamowveuli 

gadaadgileba/Semobruneba tranzaqciebis cdomilebebi fiqsirdeba 

geometriuli primitivis mxolod im wertilebze, romlis 

formirebaSic monawileboba miiRo uSualod logikurma 

operaciam. 

ZiriTad SemTxvevaSi Boolean operacia korelirebs 

gadaadgileba/Semobruneba tranzaqciaze, Tumca miRebul 

SedegebSi aris iseTi SemTxvevebi, rodesac sruldeba Boolean 

operacia magram Boolean operaciis Semdgom 

gadaadgileba/Semobruneba tranzaqciis operaciebSi fiqsirdeba 
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nulovani cdomilebebi. amitom momdevno etapze ganxorcielda 

aRniSnuli SemTxvevebis analizi risTvisac, pirvel rigSi 

dafiqsirebul iqna aseTi SemTxvevebi. magaliTad satesto 

magaliT №8-sa da №56-Si (danarTi 1) gadaadgileba/Semobruneba 

tranzaqciebSi fiqsirdeba nulovani cdomilebebi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 64. satesto magaliTi №8 

aRniSnuli magaliTebis ganxilvis Sedegad aRmoCnda, rom 

orive maTgans gaaCniaT erTnairi maxasiaTeblebi: 1. orive 

SemTxvevaSi ZiriTadi geometriuli primitivs warmoadgens 

oTkuTxa prizma. satesto magaliTi №8-is SemTxvevaSi ZiriTadi 

prizmis ageba xorcieldeba AGDD-Si arsebuli Cube meTodiT (ix. 

danarTi 2), xolo satesto magaliTi №56-is SemTxvevaSi ki 

GeoModel-Si arsebuli Box meTodiT. 2. orive SemTxvevaSi Subtraction 

Boolean operacia mimdinareobs damxmare oTkuTxa prizmis 

saSualebiT. satesto magaliTi №8-is SemTxvevaSi damxmare 

prizmis ageba xorcieldeba AGDD-Si arsebuli Cube meTodis 

saSualebiT, xolo  satesto magaliTi №56-is SemTxvevaSi ki 

ZiriTadi 
damxmare 

a) b) 
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GeoModel-Si arsebuli Box meTodiT. 3. amasTan erTad orive 

satesto magaliTis SemTxvevaSi Wris Sedegad iqmneba gare 

zedapiri, anu adgili aqvs gare Wras. 

 

nax. 65. satesto magaliTi №56 

momdevno etapze orive satesto magaliTi Sedarebul iqna 

cdomilebian sxva satesto magaliTebTan imis gasarkvevad, xom ar 

arsebobda msgavsi Tvisebis mqone satesto magaliTebi, sadac 

fiqsirdeboda cdomilebebi. Sedegad aRmoCna, rom isini 

warmoadgenen unikalur SemTxvevebs, romelTac analogi ar yavT. 

aRniSnuli Sedegebidan gamomdinare SeiZleba iTqvas, rom 

Subtraction Boolean operacia ar korelirebs gadaadgileba/ 

Semobruneba tranzaqciaze im SemTxvevaSi rodesac oTkuTxa 

prizma iWreba oTkuTxa prizmiT da Wris Sedegad miiReba gare 

zedapiri anu adgili aqvs gare Wras. 

garda amisa rogorc miRebuli Sedegebidan gamoCnda (cx.10.) 

aris SemTxvevebi, rodesac Boolean operacia korelirebs  

Semobrunebis tranzaqciiaze, magram ara gadaadgileris 

tranzaqciaze. amitom momdevno etapze ganxorcielda aRniSnuli 

SemTxvevebis analizi.  

a) b) 
 

ZiriTadi 

damxmare 
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aRniSnuli SemTxvevisaTvis gamoiyo sxvadasxva jgufi 

satesto magaliTebisa, sadac Subtraction Boolean operacia 

mimdinareobs sxvadasxva geometriuli primitivebis saSualebiT. 

magaliTad pirvel jgufSi gaerTianda satesto magaliTebi: №19, 

№22, №34 da №38 (danarTi 1), radganac maT gaaCniaT erTnairi 

maxasiaTeblebi. kerZod ki TiToeuli maTganisaTvis ZiriTadi 

geometriuli primitivis ageba xorcieldeba AGDD-Si arsebuli 

Arbitrary Polygon meTodis saSualebiT; Subtraction Boolean operacia 

mimdinareobs Tube geometriuli primitivis saSualebiT da 

amasTan erTad Wris Sedegad miiReba Sida zedapiri anu adgili 

aqvs Sida Wras.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 66. satesto magaliTi №19 

magaliTad rogorc nax.66.-ze mocemuli satesto magaliTidan 

Cans, ZiriTadi ockuTxa prizmis ageba xorcieldeba Arbitrary 

Polygon meTodis saSualebiT, xolo masze Subtraction operacia 
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mimdinareobs Tube meTodis gamoyenebiT, romlis Sedegadac 

miiReba Sida Wra (danarTi 2). 

meore jgufSi gaerTianda satesto magaliTebi: №20, №35 da 

№39 (danarTi 1). aRniSnul satesto magaliTebSi ZiriTadi 

geometriuli primitivis ageba xorcieldeba AGDD-Si arsebuli 

Symmetric Polygon meTodis saSualebiT. Subtraction Boolean operacia 

ki mimdinareobs Tube geometriuli primitivis saSualebiT da 

amasTan erTad Wris Sedegad miiReba Sida zedapiri anu adgili 

aqvs Sida Wras. 

   

 

 

 

 

 

 

 

  

 

 

 

 

 

nax. 67. satesto magaliTi №35 

magaliTad rogorc nax.67.-ze mocemuli satesto magaliTidan 

Cans, ZiriTadi TormetkuTxa prizmis ageba xorcieldeba Symmetric 

Polygon meTodis saSualebiT, xolo masze Subtraction operacia 
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mimdinareobs Tube meTodis gamoyenebiT, romlis Sedegadac 

miiReba Sida Wra (danarTi 2). 

mesame jgufSi gaerTianda satesto magaliTebi: №23 da №68. 

aRniSnul satesto magaliTebSi ZiriTadi geometriuli 

primitivis ageba xorcieldeba Pyramid da  Box meTodis 

saSualebiT. Subtraction Boolean operacia ki mimdinareobs Tube 

geometriuli primitivis saSualebiT da amasTan erTad Wris 

Sedegad miiReba Sida zedapirebi (Sida Wra). 

  

 

 

 

 

 

 

 

 

 

 

 

 

nax. 68. satesto magaliTi №23 

satesto magaliT №23-is SemTxvevaSi Sedegebis amsaxvel 

cxrilSi (cx.10.) M2 (gadaadgileba tranzaqciis cdomileba) 

svetSi dafiqsirebulia cdomileba, radganac rogorc mocemuli 

suraTidan Cans (nax.68.) ockuTxa geometriuli primitivis 

formirebaSi monawileobas Rebulobs sxvadasxva damxmare 

geometriuli primitivebi, romlebic iwveven cdomilebebs. swored 

aRniSnuli cdomileba aris asaxuli cxrilSi. im adgilas ki 

sadac Pyramid iWreba Tube-iT da adgili aqvs Sida Wras, 

fiqsirdeba nulovani cdomileba. 
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zemoT aRwerili Sedegebidan gamomdinare SeiZleba iTqvas, 

rom Subtraction Boolean operacia ar korelirebs gadaadgilebis 

tranzaqciaze im SemTxvevaSi, rodesac Arbitrary Polygon, Symmetric 

Polygon, Cube/Box da Pyramid meTodebis gamoyenebiT miRebul 

geometriuli primitivi iWreba Tube  meTodebis gamoyenebiT 

miRebuli geometriuli primitiT da Wris Sedegad miiReba Sida 

zedapiri (Sida Wra).    

 

 

me-3 Tavis daskvnebi 

1. hipoteza I dadasturda: uzustobebi gamowveulia 

modelirebis infrastruqturaSi uzusto geometriuli 

transformaciebiT 

2. Boolean operacia aris cdomilebebis gamomwvevi ZiriTadi 

mizezi 

 Subtraction Boolean operacia iwvevs geometriuli 

primitivis formis Secvlas. rac ufro meti wertilia 

formirebuli Boolean operaciis gamoyenebiT, miT ufro 

icvlis formas geometriuli primitivi 

 geometriuli primitivis formis Secvla Tavis mxriv 

iwvevs cdomilebas moculobaSi 

3. Subtraction Boolean operacia ar iwvevs cdomilebas im 

SemTxvevaSi rodesac Wra mimdinareobs prizmis gamoyenebiT da 

amave dros adgili aqvs Sida Wras 

4. Boolean operacia korelirebs Boolean operaciis Semdeg 

arsebul gadaadgileba/Semobruneba tranzaqciebze 

5. Subtraction Boolean operacia ar korelirebs gadaadgileba/ 

Semobruneba tranzaqciebze im SemTxvevaSi rodesac oTkuTxa 

prizma iWreba oTkuTxa prizmiT da Wris Sedegad miiReba gare 

zedapiri anu adgili aqvs gare Wras. 
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6. Subtraction Boolean operacia ar korelirebs gadaadgilebis 

tranzaqciaze im SemTxvevaSi, rodesac Arbitrary Polygon, Symmetric 

Polygon, Cube/Box da Pyramid meTodebis gamoyenebiT miRebul 

geometriuli primitivi iWreba Tube  meTodebis gamoyenebiT 

miRebuli geometriuli primitiT da Wris Sedegad miiReba Sida 

zedapiri (Sida Wra). 
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Tavi IV. II hipotezis Semowmeba. realuri da Geant4 

geometriuli modelebis urTierTSedarebiTi 

analizi 

4.1 ATLAS-is deteqtoris magnituri Reros geometriuli 

modelis reproducireba 

hipoteza II-is Semowmebis pirvel etapze, rac gulisxmobs 

ATLAS-is deteqtoris erT-erTi komponentis geometriuli 

modelis reproducirebas, ganxorcielda magnituri Reros 

detaluri geometriuli modelis Seqmna CATIA–s saSualebiT [37]. 

amisaTvis pirvel rigSi ganxorcielda sainJinro bazaSi 

arsebuli magnituri Reros geometriuli modelis analizi.  

  

 

nax. 69. sainJinro bazaSi arsebuli magnituri Reros geometriuli 
modeli 

rogorc analizis Sedegad gamoCnda, sainJinro bazaSi 

arsebuli modeli ar warmoadgeda detalur models-Seicavda 

mxolod gare geometriis komponentebs. amasTan erTad gare 

geometriis komponentebs ar gaaCndaT Sida Wrilebi, romelSidac 

ganTavsebuli unda yofiliyo magnituri Reros SigniT arsebuli 

geometriuli obieqtebi. amitom, momdevno etapze ganxorcielda 

magnituri Reros modelis modificireba CATIA–Si. 

modificirebis Sedegad damatebul iqna Wrilebi gare 

geometriaze. 

A - A 

A 

A 
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nax. 70. CATIA–Si modificirebuli sainJinro modeli 

imis gamo, rom Smarteam–dan amoRebuli modeli Seicavda 

mxlod gare geometrias, sinamdvileSi ki magnituri Rero Sedgeba 

erTmaneTis SigniT ganTavsebuli geometriuli obieqtebis 

ramdenime fenisagan, saWiro gaxda magnituri Reros Sida 

geometriis detaluri modelis Seqmna, risTvisac gamoyenebul 

iqna CDD naxazebis baza, saidanac ganxorcielda magnituri 

Reros komponentebis Sesabamisi 2D sainJinro naxazebis amoReba 

da maTi mixedviT sruli 3D modelis Sevseba qveanawyobebis 

modelebiT: 

I.   Termuli damcavi warmoadgenda geometriuli obieqts, 

romelic ganTavsebuli iyo magnituri Reros gare komponentebis 

SigniT, mTel sigrZeze da imeorebda mis formas. ZiriTadi 

sxvaoba gare geometriasTan SedarebiT aris is, rom Tu gare 

nawili warmoadgenda cilindris formis milebs, Termuli 

damcavi Sedgeboda prizmisagan. garda amisa mTliani Termuli 

damcavi iyofoda 22 prizmad, romelTac gaaCndaT damatebiTi 

naxvretebi masTan sxva komponentebis dasamagreblad.  

Termuli damcavis CATIA-Si agebisaTvis gamoyenebul iqna 25 

CDD naxazi. aRniSnul naxazebze miTiTebuli zomebis mixedviT 

Seiqmna Termuli damcavis geometriuli modeli, romelsac 

Semdegi saxe aqvs: 

A - A 

modificirebuli 

ubani 

A 

A 
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nax. 71. CATIA–Si Seqmnili Termuli damcavi 

II. Semkvreli Stangebi Sedgeboda sxvadasxva geometriuli 

komponentisagan, amitom TiToeuli maTganisaTvis CDD–dan 

amoRebul iqna Sesabamisi naxazebi da miTiTebuli parametrebis 

mixedviT moxda Sesabamisi geometriuli modelis ageba CATIA–Si. 

aRniSnuli samuSaosaTvis gamoyenebul iqna 11 CDD naxazi. CATIA–

Si agebul Semkvreli Stangis geometriuli models aqvs Semdegi 

saxe: 

 

 

 

 

 

nax. 72. CATIA–Si Seqmnili Semkvreli Stanga 

 

Semkvrel StangebSi 

Semavali komponentebi 

Termuli damcavi 
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sul struqturaSi gamoyenebuli iyo rva aseTi elementi, 

romelebic ganlagda magnituri Reros qveda nawilSi. 

III. Reros yalibs gaaCnda specifikuri forma, kerZod ki 

Seicavda sxvadasxva zomis Wrilebs, romlebic ganTavsebuli iyo 

simetriulad Reros yalibis orive mxares. mas aseve gaaCnda 

naxvretebi, romlis saSualebiTac xorcieldeboda struqturis 

sxva komponentebis masTan damagreba. Reros yalibis Zira nawilSi 

ganTavsebuli iyo samagrebi, romelic uzrunvelyofda masze 

Semkvreki Stangebis damagrebas. Reros yalibis asagebad, iseve 

rogorc sxva danarCen SemTxvevaSi, gamoyenebul iqna CDD 

Teoriuli monacemTa baza, sadanac amoRebul naxazebze 

miTiTebuli zomebis safuZvelze moxda Sesabamisi geometriuli 

modelis Seqmna. aRniSnuli geometriuli modelis SeqmnisaTvis 

gamoyenebul iqna 11 naxazi. Sedegad miRebul iqna Semdegi saxis 

geometriuli modeli: 

                

 

 

 

 

 

 

 

 

 

 

 

 

nax. 73. CATIA–Si Seqmnili Reros yalibi 

IV. rogorc mocemuli suraTidan Cans, Reros yalibs gaaCnda 

Wrili, romelSidac ganTavsebuli unda yofiliyo xviebis formis 

struqtura. mis asagebad gamoyenebul iqna 7 CDD naxazi. CATIA–

Si miRebul geometriuli models aqvs Semdegi saxe: 

naxvretebi  

Reros yalibis 

Wrilebi  

samagri 
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nax. 74. CATIA–Si Seqmnili xviebi 

miRebuli geometria ganTavsda Reros yalibis WrilebSi orive 

mxares simetriulad. 

V. garda xviebisa, aseve agebul iqna ori saxis xufi 

romelic dakavSWirebuli iyo Reros yalibTan. amisaTvis 

gamoyenebul iqna 59 CDD naxazi da aq miTiTebuli zomebis 

saSualebiT ganxorcielda Sesabamisi geometriuli obieqtis 

ageba.   
 

          

 

 

 

 

nax. 75. CATIA–Si Seqmnili xufebi 

xufebi 

Wrilebisa

Tvis 

xufebi 

samagrebze 
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pirveli saxis xufi warmoadgenda mokle Txel firfitas, 

romelic ganTavsda Semkvreli Stangebis samagrebis orive mxares 

simetriulad. meore saxis xufi warmoadgenda Txel firfitas, 

romelic imeorebda Reros yalibis formas da efareboda Reros 

yalibis Wrils orive mxares simetriulad, sadac ganTavsebuli 

iyo xviebi. orive saxis xufze datanil iqna naxvretebi maTi 

Reros yalibze dasamagreblad. 

VI. magnituri Reros geometriuli modelis Seqmnis Semdeg 

etapze ganxorcielda ori saxis Sida miltuCis Seqmna, risTvisac 

gamoyenebul iqna 3 CDD naxazi.  

             

nax. 76. CATIA–Si Seqmnili Sida miltuCebi 

pirveli saxis Sida miltuCi erTmaneTTan akavSirebda Reros 

yalibis zeda da qveda grZel struqturas da warmoadgenda 

prizmas, romlis garSemo ganTavsebuli iyo meore saxis Sida 

miltuCi. igi warmoadgenda marTkuTxdedis formis Txel 

firfitas, romelic gamoiyeneboda Termuli damcavis zeda da 

qveda grZeli struqturis urTierTkavSirisaTvis. 

VII. momdevno etapze ganxorcielda magnituri Reros 

servisebis Seqmna. CDD naxazebis gamoyenebiT agebul iqna sami 

gansxvavebuli formis mqone mili. am sami milidan ori maTgani 

iyo mokle, romelic ganTavsda Termuli damcavis orive mxares 

simetriulad da daikava misi mxolod gverdiTa da zeda nawili,  

xolo mesame ki warmoadgenda grZel mils, romelic aseve 

ganvaTavsda Termuli damcavis orive mxares simetriulad da 

Sida miltuCi 

 

gare miltuCi 
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daikava misi mTeli sigrZe. aRniSnuli geometriis asagebad 

gamoyenebul iqna 32 CDD naxazi. Sedegad miRebul iqna Semdegi 

geometriuli modeli: 
 

      

 

 

 

nax. 77. CATIA–Si Seqmnili milebi 

VIII. magnituri Reros reproducirebis bolo etapze 

ganxorcielda samagrebis ageba. pirvel etapze agebul iqna is 

samagrebi, romelTa saSualebiTac xorcieldeboda milebis 

damagreba Termul damcavze da romlebic Sedgebodnen 

firfitebisagan da WanWikebisagan.  

 

 

            

 

              

 

 

grZeli ormagi 

mili 

mokle 

milebi 

SF10 SF11 SF12 SF13 

SF14 SF15 S1 S2 
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nax. 78. CATIA–Si Seqmnili milebis samagrebi 

CDD–is naxazebze miTiTebuli parametrebis mixedviT isini 

ganTavsdnen Sesabamis poziciaze struqturis orive mxares 

simetriulad. samagrebis asegabad gamoyenebul iqna 2 CDD naxazi. 

momdevno etapze ganxorcielda meore tipis sxvadasxva saxis 

samagris da WanWikis ageba, romlebic magnituri Reros 

Semadgenel komponentebs amagrebda erTmaneTTan. TiToeuli 

samagri da WanWiki Tavis mxriv Sedgeboda mravali patara 

detalisagan, romelTa agebisaTvis gamoyenebul iqna 28 CDD 

naxazi.  

    

 

             

nax. 79. CATIA–Si Seqmnili samagrebi da WanWiki 

S3 

S4 

SM1 SM4 

SM5 
SM7 

SM8 
SM9 

C2 

 

C4 H1 C1 
WanWiki 

 

A1 F1 A3 E-EST 
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garda amisa agebuli geometriuli obieqtebis 

pozicionirebisaTvis gamoyenebul iqna damatebiT 49 CDD naxazi. 

sabolood, 225 CDD naxazis gamoyenebiT reproducirebul 

iqna VIII qve anawyobis 3D modeli. 
  

 

 

 

nax. 80. CATIA–Si Seqmnili magnituri Reros detaluri geometriuli 
modeli 

A 

A 

A - A 
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4.2 magnituri Reros dekompozicia da moculobisa da 

masis analizi 

magnituri Reros moculobisa da masis analizisaTvis mTeli 

geometriuli modeli funqcionaluri daniSnulebis mixedviT 

daiyo e.w. kvanZebad da TiToeuli maTganisaTvis daTvlili iqna 

moculoba da masa [37]. iqedan gamomdinare, rom sxeulis masa 

gamoiTvleba 𝑚 = 𝑣 ∗ 𝜌 formuliT, sadac 𝑚 sxeulis masa, 𝑣 

moculoba, xolo 𝜌 (ro) ki misi simkvrivea, pirvel etapze 

ganxorcielda ToToeuli kvanZis moculobisa da simkvrivis 

dadgena. 

aRniSnuli samuSaos Sesruleba daiwyo magnituri Reros 

gare komponentebiT, romelic daiyo 11 kvanZad. 

 

 

nax. 81. solenoidis Rero 

kvanZi I: solenoidis zeda Reros moculobis daTla 

ganxorcielda CATIA-s saSualebiT, sadac Catarebulma  analizma 

aCvena, rom misi moculoba aris 1.261 m3. geometriuli modelis 

masalisasa da simkvrivis gasarkvevad gamoyenebul iqna CDD 

monacemTa baza, saidanac amoRebul 2D naxazebze miTiTebuli 

informaciis safuZvelze dadginda, rom mis masalas warmoadgens 

Stainless Steel 304L (foladi) simkvriviT 8’000 kg/m3. mopovebuli 

kvanZi I 

kvanZi II 

kvanZi IV 

kvanZi VIII 

kvanZi VI 

kvanZi III 

kvanZi VII 

kvanZi V 
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informaciis safuZvelze daTvili iqna solonoidis zeda Reros 

masa romelic aRmoCnda 10’088 kg. 

kvanZi II, kvanZi IV, kvanZi VI, kvanZi VIII: masis daTvis igive 

principi iqna gamoyenebuli danarCeni sxva geometriuli 

obieqtisaTvis, magaliTad magnituri Reros solenoidis 

kuTxeebisaTvis. solenoidis kuTxeebi warmoadgenen magnituri 

Reros gare geometriis kuTxeebSi ganlagebul cilindruli 

formis milebs, romlebsac erTnairi geometriuli forma da 

Tvisebebi aqvT. amitom pirvel etapze ganxorcielda mxolod 

erTi maTganis moculobis daTva. rogorc CATIA–Si Catarebulma 

analizma aCvena, rom misi moculoba aris 0.042 m3. masalisa da 

simkvrivis gasagebad gamoyenebul iqna CDD–dan amoRebuli 

naxazebi, romelzedac miTiTebuli informaciis safuZlelze 

dadginda misi masala-Stainless Steel 304L (foladi) da simkvrive-8’000 

kg/m3. miRebuli informaciidan gamomdinare daTvlili iqna kvanZ 

II–is masa, romelic aris 336 kg–is toli. radganac magnituri 

Reros geometriuli modeli Seicavs oTx solenoidis kuTxes, 

amitom oTxive maTganis saerTo moculoba aris  0.168 m3–is, xolo 

saerTo masa ki 1’344 kg–is toli. 

kvanZi III, kvanZi VII: magnituri Reros moculobisa da masis 

analizis momdevno etapze ganxorcielda misi kidev erTi gare 

komponentis-solenoidis gverdebis analizi. iseve rogorc wina 

SemTxvevaSi, solenoidis gverdebi aris erTmaneTis identuri, 

warmoadgendnen magnituri Reros gare geometrias da 

ganTavsebulni arian mis gverdebze simetriulad. aqedan 

gamomdinare Tavdapirvelad ganxorcielda mxolod erTi 

maTganis analizi. rogorc CATIA-Si Catarebulma analizma aCvena 

magnituri Reros solenoidis gverdis moculoba aris 0.169 m3–is 

toli. iseve rogorc danarCen sxva SemTxvevaSi, masalisa da 

simkvrivis gasagebad gamoyenebul iqna CDD naxazebi, sadac 

miTiTebuli informaciis safuZvelze mis masala aRmoCnda Stainless 

Steel 304L (foladi), simkvriviT 8’000 kg/m3. mocemuli informaciis 
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safuZvelze daTvlil iqna masa romelic aris 1’352 kg–is toli. 

radganac struqturaSi gamoyenebulia 2 solenoidis gverdi 

(kvanZi II da kvanZi VII), amitom maTi saerTo moculoba aris 0.338 m3–

is, xolo masa ki 2’704 kg–is toli.  

kvanZi V: solenoidis qveda Rero msgavsia solenoidis zeda 

Rerosi, Tumca mas gaaCnia damatebiTi Wrilebi da geometriuli 

obieqtebi rac gamoricxavda imas, rom am or geometriuli 

obieqts SeiZleba hqondes erTnairi moculoba da masa. amitom 

solenoidis qveda Reros moculoba da masa calke iqna 

daTvlili. CATIA–Si Catarebulma analizma aCvena, rom misi 

moculoba aris 1.421 m3, xolo CDD monacemTa bazidan amoRebuli 

naxazebis mixedviT ki gairkva, rom solenoidis qveda Reros 

masala aris Stainless Steel 304L (foladi) simkvriviT 8’000 kg/m3. 

aRniSnuli informaciis safuZvelze daTvlili iqna misi masa- 

11’368 kg. 

kvanZi IX: momdevni etapze ganxorcielda magnituri Reros 

kidev erTi gare komponentis-damxmare struqturis blokebis 

analizi. 

 

nax. 82. damxmare struqturis blokebi 

radganac mTlianad struqturaSi gamoiyeneba rva identuri 

damxmare struqturis bloki, amitom pirvel etapze 

ganxorcielda mxolod erTi maTganis analizi. amasTan erTad 

damxmare struqturis bloki Tavis mxriv Sedgeba ori 

kvanZi IX.I 

kvanZi IX.II 
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kompinentisagan (kvanZi IX.I da kvanZi IX.II). TiToeuli maTganisaTvis 

CATIA-s saSualebiT daTvlili iqna moculoba: kvanZ IX.I–is 

moculoba aris 0.537 m3–is, kvanZ IX.II–is 0.015 m3–is, xolo mTeli 

damxmare struqturis blokis moculoba ki 0.552 m3–is toli. 

momdevno etapze CDD naxazebis mixedviT dadgenil iqna 

TiToeuli maTganis masala da simkvrive. rogorc miRebuli 

informaciidan gamoCnda, aRniSnuli komponentebis masala da 

simkvrive aris gansxvavebuli: kvanZ IX.I–is masala aris Aluminium 

(alumini) simkvriviT 2’650 kg/m3, xolo kvanZ IX.II–is ki Stainless Steel 

304L (foladi) simkvriviT 8’000 kg/m3. aRniSnuli informaciis 

safuZvelze gamoTvlil iqna TiToeuli maTganis masa da 

sabolood miRebul iqna damxmare struqturis blokis saerTo 

masa, romelic aris 1’543–is toli. ragdanac struqturaSi 

gamoiyeneba rva damxmare struqturis bloki, amitom maTi saerTo 

masa aris 12’344 kg–is toli. 

kvanZi X: damxmare struqturis blokebis msgavsad, mTlian 

struqturaSi gamoyenebulia rva cali gare samagri, amitom 

pirvel etapze moxda mxolod erTi maTganis analizi. 

 

nax. 83. gare samagrebi 

rogorc CATIA–Si Catarebulma analizma aCvena, misi 

moculoba aris 0.083 m3–is toli, xolo CDD naxazebis mixedviT ki 

magnituri Reros gare samagris masalas warmoadgens Stainless Steel 

304L (foladi) 8’000 kg/m3 simkvriviT. aRniSnuli informaciis 

safuZvelze daTvlili iqna masa (667 kg.) da mTlian struqturaSi 

kvanZi X 
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gamoyenebuli rva cali gare samagris saerTo masa romelic aris 

5’336 kg. 

kvanZi XI: moculobisa da masis analizis momdevno etapi 

moicavda gare miltuCebis analizs. 

 

nax. 84. gare miltuCebi 

sul struqturaSi gamoiyeba Svidi identuri gare miltuCi, 

amitom ganxorcielda mxolod erTi maTganis analizi. analizis 

Sedegad misi moculoba aRmoCnda 0.086 m3–is toli, xolo masala 

Stainless Steel 304L (foladi) simkvriviT 8’000 kg/m3. radganac 

struqruraSi gamoiyeneba Svidi eseTi geometriuli obieqti, 

amitom maTi saerTo moculoba aris 0.603 m3 xolo masa ki 4’824 kg. 

moculobebisa da masis analizis momdevno etapze 

ganxorcielda magnituri Reros Sida geometriuli obieqtebis 

dekompozicia kvanZebad da TiToeuli maTganis moculobisa da 

masis daTvla. Sedegad gamoiyo 11 kvanZi. 

kvanZi XII: Sida geometriuli obieqtebis analizis pirvel 

etapze ganxorcielda magnituri Reros Termuli damcavis 

analizi.   

kvanZi XI 
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nax. 85. Termuli damcavi 

rogorc CATIA–Si analizma aCvena kvanZ XII-is moculoba aris 

0.7373 m3–is toli. masalis da simkvrivis gasagebad gamoyenebul 

iqna CDD–is naxazebi, sadac miTiTebuli informaciis safuZvelze 

dadginda, rom Terumi damcavis masala aris Aluminium 3003.H22 

(alumini) simkvriviT 2’740 kg/m3. mocemuli informaciis 

safuZvelze gamoangariSebuli iqna masa - 2’020 kg. 

kvanZi XIII: momdevni etapze ganxorcielda maginturis Reros 

kidev erTi Sida geometriuli obieqtis-Semkvreli Stangebis 

analizi.  

    

nax. 86. Semkvreli Stangebi 

sul struqturaSi gamoyenebulia rva Semkvreli Stanga, romelic 

aris erTmaneTis identuri, amitom ganxorcielda mxolod erTi 

maTganis analizi da miRebuli informaciis safuZvelze moxda 

yvela maTganis saerTo moculobisa da masis gamoTvla. amasTan 

erTad TiToeuli Semkvreli Stanga Tavis mxriv Sedgeba rva 

kvanZi XII 

Lug 

Shouldered axis 

Tie Rod 

Tie Rod Therm 

Piston 

Convex bar Concave bar Smool bar Support 
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saxis qvekomponentisgan, romelTac gaaCniaT sxvadasxva moculoba 

da masala. amitom pirvel etapze ganxorcielda TiToeuli 

maTganis moculobisa da masalis dadgena.   

raodenoba 
komponentebis 

saxeli 
masala 

simkvrive 

(kg/m3) 
 moculoba(m3) 

saerTo 

moculoba(m3) 
saerTo masa(kg)

1 Tie rod Titan TA5E-ELI 4480 0.016 0.016 71.68

1 Lug
Stainless Steel Z3 

CN18-10
8000 0.028 0.028 224

1 Shouldered axis Titan TA5E-ELI 4480 0.005 0.005 22.4

1
Small bar 

support

Stainless Steel Z3 

CN18-10
8000 0.0002946 0.0002946 2.3568

2 Piston
Stainless Steel Z3 

CN18-10
8000 0.00007062 0.00014124 1.12992

2 Convex bar
Stainless Steel  Z3 

CND 17-12 Az 
8000 0.00008187 0.00016374 1.30992

2 Concave bar 
Stainless Steel Z3 

CND 17-12 Az 
8000 0.0001569 0.0003138 2.5104

1 Tie-Rod Therm. Aluminum 1050 H22 2705 0.015 0.015 40.575

366saerTo masa(kg)
 

cx. 12. Termuli damcavis komponentebis moculoba da masa  

rogorc mocemuli cxrilidan Cans, Semkvrebli Stangis saerTo 

masa aris 366 kg. iqedan gamomdinare, rom sul struqturaSi 

gamoiyeneba rva Semkvreli Stanga, maTi saerTo masa Seadgens 2’928 

kg.-s. 

kvanZi XIV: magnituri Reros geometriuli modelis WanWikebi, 

mokle xufebi da Reros yalibi gaerTianebuli iqna rogorc erTi 

kvanZi XIV. CATIA-s da CDD naxazebis gamoyenebiT TiToeuli 

maTganisaTvis dadgenil iqna moculoba da masala: 

1. Reros yalibis moculoba aris 6.959 m3-is toli, xolo 

masala ki Aluminium 5083 (alumini) simkvriviT 2’650 kg/m3; 

2. erTi WanWikis moculoba aRmoCna 0.00022 m3. radganac sul 

struqturaSi gamoiyenebulia 96 WanWiki, maTma saerTo 

moculobam Seadgina 0.0189 m3. CDD naxazebSi miTiTebili 

informaciis safuZvelze WanWikebis masala aris Aluminium 

7075 T73 (alumini) simkvriviT 2’810 kg/m3; 

3. xufis moculoba aris 0.032 m3–is toli. sul struqturaSi 

gamoiyeneba 16 xufi, romelTa saerTo moculoba Seadgens 

0.032 m3, xolo masala ki Aluminium 5083 (alumini) simkvriviT 

2’650 kg/m3;  
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nax. 87. Reros yalibi, WanWikebi da mokle xufebi 

mocemuli informaciis safuZvelze daTvlili iqna mTeli 

kvanZ XIV–is masa romelic aris 18’578.7 kg. 

kvanZi XV: momdevni etapze ganxorcielda maginturis Reros 

kidev erTi Sida geometriuli obieqtis-grZeli xufis analizi. 

analizisaTvis igi Setanil iqna CATIA–Si, romlis saSualrbiTac 

dadginda, rom misi moculoba aris 1.866 m3–is toli. rogorc 

struqturis Sesabamisma CDD naxazebma aCvena, kvanZ XV–is masalas 

warmoadgens Aluminium 5083 h112 (alumini) simkvriviT 2’660 kg/m3. 

mocemuli informaciis safuZvelze gamoTvlil iqna masa, 

romelic aRmoCnda 4’963.6–is toli. 

 

 

 

 

 

 

 

nax. 88. grZeli xufi 

kvanZi XVI: magnituri Reros kidev erTi Sida komponenti-

xviebi gamoiyo calke rogorc kvanZi XVI da Setanil iqna CATIA-

Si analizisaTvis.  

Reros yalibi 

xufebi 

WanWikebi 
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nax. 89. xviebi 

rogorc analizma aCvena, moculoba aris 4.367 m3–is toli. 

masalisa da simkvrivis gasagebad, iseve rogorc sxva SemTxvevaSi, 

gamoyenebul iqna CDD monacemta baza, saidanac amoRebuli 

naxazebis mixedviT xviebis masala aris Aluminium (alumini) 

simkvriviT 2’650 kg/m3. mocemuli informaciis gamoyenebiT 

gamoTvlil iqna xviebis masa, romelic aris 11’572.55 kg.–is toli. 

kvanZi XVII: magnituri Reros geometriul modelSi 

gamoyenebuli servisebi gaerTianda rogorc erTi kvanZi XVII da 

momdevno etapze ganxorcielda swored maTi analizi. 

  

nax. 90. servisebi 

iqedan gamomdinare, rom servisebi warmoadgenen sxvadasxva 

saxis geometriul obieqts, sxva SemTxvevebis msgavsad 

Atltbyr_0034 

 Atltbyr_0034 

 Atltbyr_0033 

Part 5 

kvanZi XVII 

Pipes 
Part 5 

 

kvanZi XVII 

Part 2 
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ganxorcielda TiToeuli maTganis moculobebisa da masis 

daTvla.  

raodenoba 
komponentebis 

saxeli 
masala 

simkvrive 

(kg/m3) 
 moculoba(m3) 

saerTo 

moculoba(m3) 
saerTo masa(kg)

1 Pipes Aluminum 1050 2705 0.064 0.064 173.1

1 Part5 Stainless Steel 304L 8000 0.004 0.004 32

1 Part2 Stainless Steel 304L 8000 0.004 0.004 32

1 atltbyr_0036 Stainless Steel 304L 8000 0.0006 0.0006 4.6

1 atltbyr_0035 Stainless Steel 304L 8000 0.0003 0.0005 4.1

1 atltbyr_0034 Stainless Steel 304L 8000 0.0005 0.0005 4.1

1 atltbyr_0033 Stainless Steel 304L 8000 0.0004 0.0004 3.2

253saerTo masa(kg)
 

cx. 13. servisebis moculoba da masa 

rogorc mocemuli cxrilidan Cans struqturaSi gamoyenebulma 

servisebis saerTo masam Seadgina 253 kg. 

kvanZi XVIII: wina SemTxvevis msgavsad, aseve struqturaSi 

gamoyenebuli sxvadasxva saxis milis samagri gaerTianda rogorc 

erTi kvanZi XVIII da ganxorcielda maTi analizi.  
 

         

nax. 91. milis samagrebi 

TiToeuli samagri, Tavis mxriv, Sedgeba sxvadasxva 

komponentisagan, romelic gaerTianda sam jgufSi da TiToeuli 

maTganisaTvis dadgina moculoba, masala da simkvrive. miRebuli 

informaciis safuZvelze gamoangariSebuli iqna masa: 

kvanZi XVIII 
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raodenoba 
komponentebis 

saxeli 
masala 

simkvrive 

(kg/m3) 
 moculoba(m3) 

saerTo 

moculoba(m3) 
saerTo masa(kg)

139 S3 Multiple* 0.000085 0.01 31.72

81 Parts  Multiple*  0.00018 0.01479 22.1

1 Pipes     Aluminum 1050 2750 0.179 0.179 484.2

538saerTo masa(kg)

 

 

 

 

 

 

 

cx. 14. milis samagrebis moculoba da masa 

rogorc mocemuli cxrilidan Cans kvanZ XVIII–Si Semavali 

komponentebis saeTo masa aris 538 kg. 

kvanZi XIX: magnituri Reros geometriul modelSi 

gamoyenebuli sxvadasxva saxis damatebiTi samagrebi gaerTianda 

rogorc erTi kvanZi XIX da momdevno etapze ganxorcielda maTi 

analizi. 

     

              

nax. 92. damatebiTi samagrebi 

TiToeuli samagri Tavis mxriv Seicavs sxvadasxva formis, 

masalis da simkvrivis mqone komponents. amiTom TiToeuli 

maTganisaTvis daTvlil iqna moculoba da CDD naxazebis 

mixedviT dadgenil iqna maTi masala da simkvrive. 

Multiple *  moculoba(m3)

SSTEEL (304, 304L, 304H) 8000

Aluminum 7075 T73 2810

Aluminum mg 3 2670

Aluminum 5083 H111 2650

Aluminum 3003 2700

Aluminum 1050 2705

fibra de vetro 2600
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raode-

noba 
saxeli masala 

simkvri-

ve (kg/m3) 

 moculo-

ba(m3) 

saerTo 

moculoba

(m3) 

saerTo 

masa(kg)

108 Support A1.1
Aluminum 

5083 F
2660 0.0001048 0.0113184 30.1

108 Support A1.5
Stainless Steel 

304L 
8000 0.00004723 0.00510084 40.8

108 Support A1.6
Stainless Steel 

304L 
8000 0.00006412 0.00692496 55.4

100 Support A1.8
Stainless steel 

AISI 304 L
8000 0.00002734 0.002734 21.9

52 Support C1.2
Aluminum 

5083 F
2660 0.0001228 0.0063856 17

58 Support C1.7
Stainless Steel 

304L/316L 
8000 0.0000223 0.0012934 10.3

58 Support C1.8
Stainless Steel 

304L/316L 
8000 0.00002888 0.00167504 13.4

28 Support D1.1
Stainless Steel 

304L/316L 
8000 0.00005369 0.00150332 12

28 Support D1.5
Aluminum 

2024 T3
2780 0.0001857 0.0051996 14.5

44 E EST_2
Stainless Steel 

AISI 304 L
8000 0.0004261 0.0187484 150

44 E EST_3
PERMAGLAS 

TE630
1850 0.0005058 0.0222552 41.2

44 E EST_4  Aluminum 2700 0.0007714 0.0339416 91.6

44 E EST_5  Aluminum 2700 0.0005786 0.0254584 68.7

44 E EST_6  Aluminum 2700 0.0006777 0.0298188 80.5

44 E EST_7  Aluminum 2700 0.0001206 0.0053064 14.3

44 E EST_9  Aluminum 2700 0.0005685 0.025014 67.5

72 Support F1.1
Stainless Steel 

304L/316L 
8000 0.00008567 0.00616824 49.3

72 Support F1.3
Aluminum 

2024 T3
2780 0.0001163 0.0083736 23.3

72 Support F1.5
Stainless Steel 

304L/316L 
8000 0.00003998 0.00287856 23

72 Support F1.6
Stainless Steel 

304L/316L 
8000 0.00009161 0.00659592 52.8

72 Support F1.8
Stainless Steel 

AISI 304L
8000 0.00002725 0.001962 15.7

72 Support F1.13
PERMAGLAS 

TE630
1850 0.00007735 0.0055692 10.3

903.7saerTo masa(kg)
 

 

cx. 15. damatebiTi samagrebis moculoba da masa 

miRebuli informaciis safuZvelze gamoangariSebul iqna  kvanZi 

XIX-saerTo masa, romelic aris 903.7 kg–is toli. 

kvanZi XX, kvanZi XXI: magnituri Reros moculobisa da masis 

analizis bolo etapze ganxorcielda Sida miltuCebis analizi. 
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magnituri Reros Sida struqturaSi gamoyenebulia ori saxis 

Sida miltuCi, romlebic gamoiyo cal-calke kvanZebad. orive 

maTgani struqturaSi ganTavsebuli arian Svid adgilas (sul 14), 

amitom maTi saero masis dasaTvlelad dadginda mxolod 

TiToeuli  maTganis masala, simkvrive da moculoba. 

     

nax. 93. Sida miltuCebi   

analizisaTvis orive kvanZi Setanil iqna CATIA–Si. rogorc 

Catarebulma analizma aCvena, kvanZ XX–is moculoba aris 0.0144 m3, 

xlolo kvanZ XXI–is ki 0.101 m3. momdevno etapze CDD naxazebis 

gamoyenebiT dadginda masala da simkvrive: kvanZ XX–is masala 

aris Aluminium 3003.H22 (alumini) simkvriviT 2’740 kg/m3, xolo kvanZ 

XXI–is ki Aluminium 5’083 (alumini) simkvriviT 2’650 kg/m3. radganac 

Sida Semkvreli Stagnebis saerTo raodenoba Seadge Svids 

(TiToeuli maTganisaTvis), daTvlili iqna Svidive maTganis 

saerTo moculoba, romlis mixedviTac gamoangariSebul iqna 

saboloo masa. kvanZ XX–is saerTo masa aris 276 kg, xolo kvanZ 

XXI–is ki 1’873 kg.-is toli. 

aRniSnuli samuSaoebis Catarebis Sedegad, magnituri Rero 

dayofil iqna 21 komponentad da daTvlili iqna TiToeuli 

kvanZi XX 

kvanZi XXI 
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maTganis moculoba da masa. mTliani magnituri Reros moculoba 

aris 24.75 m3–is, xolo masa ki 91’914 kg.-is toli. 

 

 

4.3 geometriuli modelebis urTierTSedarebiTi analizi 

kvlevis mizans warmoadgens, imis dadgena Tu ramdenad 

Seesabameba modelirebaSi arsebuli magnituri Reros 

geometriuli modeli detalur geometriul models.  

 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

nax. 94. Geant4–Si arsebuli magnituri Reros geometriuli modeli 

amisaTvis, pirvel rigSi, magnituri Reros geometriuli 

modeli  amoRebul iqna Geant4-dan da ganxorcielda misi 

kvanZebad dekompozicia CATIA–Si agebuli geometriuli modelis 

kvanZis Sesabamisad. momdevno etapze daTvlil iqna TiToeuli 

kvanZi I 

kvanZi IV 

kvanZi IX 

kvanZi III 

kvanZi V 

kvanZi XI 

kvanZi VII 

kvanZi VI 

kvanZi X 

kvanZi VIII 

kvanZi II 

kvanZi XII 
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maTganis masa, romelic Sedarda CATIA–Si reproducirebul 

geometriul modelis Sesabamisi komponentebis masasTan [1]. 

Geant4–Si aRwerili magnituri Reros kvanZebis masis daTvla 

ganxorcielda iseve rogorc CATIA-Si reproducirebuli 

detaluri geometriuli modelis komponentebisa. kerZod ki, 

pirvel rigSi garkveul iqna TiToeuli maTganis moculoba, 

masala da simkvrive. moculobis dasTvlelad ganxorcielda 

CATIA-s saSualebiT, xolo masalis gasarkvevad ki gamoyenebul 

iqna TviTon Geant4-is programuli kodi, sadac  miTiTebulia Tu 

romel geometriul obieqts ra masala gaaCnia. 

SedarebiTi analizis pirvel etapze ganxorcielda 

magnituri Reros solenoidis zeda Reros masebis 

urTierTSedareba, risTvisac gamoTvlil iqna Geant4-is modelis 

moculoba da simkvrive. 

 

 

nax. 95. CATIA–sa da Geant4–Si arsebuli solenoidis zeda Rero 

rogorc Geant4–is kodis analizis Sedegad gamoCnda, masSi 

aRwerili solenoidis zeda Reros masalas warmoadgens Iron 

(rkina) simkvriviT 7’870 kg/m3. momdevni etapze CATIA-s saSualebiT 

ganxorcielda moculobis daTvla romelic aRmoCnda  1.261 m3–is 

kvanZi I 

Geant 

CATIA 
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toli. aRniSnuli informaciis saSualebiT gamoTvlil iqna 

Geant4–Si arsebuli solenoidis zeda Reros masa romelic aris 

8’950 kg.–is toli, maSin rodesac CATIA-Si reproducirebuli 

igive geometriuli obieqtis masa Seadgens 10’088 kg. 

∆1= 𝑀𝐶𝑎𝑡/კვანძი 𝐼 − 𝑀𝐺4/კვანძი  𝐼 = 10′088 კგ −  8′950 კგ = 1′138 კგ 

rogorc miRebulma Sedegebma aCvena Geant4–Si arsebuli 

solenoidis zeda Reros masa 1’138 kg–iT naklebia CATIA-Si 

reproducirebul igive geometriuli obieqtis masaze. 

SedarebiTi analizis momdevno etapze ganxorcielda 

magnituri Reros solenoidis kuTxeebis masebis 

urTierTSedareba. masebis urTierTSedarebisaTvis, iseve rogorc 

sxva SemTxvevaSi, pirvel rigSi garkveul iqna maTi moculoba, 

masala da simkvrive. 

 

 

nax. 96. CATIA–sa da Geant4–Si arsebuli solenoidis kuTxeebi 

iqedan gamomdinare, rom solenoidis kuTxeebi 

warmoadgendnen identur geometriuli obieqtebs, pirvel rigSi 

daTvlili iqna mxolod erTi maTganis masa. masis 

gamosaTvlelad saWiro moculobis mniSvneboba garkveul iqna 

CATIA-s saSualebiT, romelic aRmoCnda 0.042 m3–is toli. 

CATIA 

kvanZi VI 

kvanZi VIII 

Geant 

kvanZi IV 

kvanZi II 
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momdevno etapze ganxorcielda Geant4–is kodis analizi, ris 

mixedviTac gairkva, rom solenoidis kuTxeebis masala aris Iron 

(rkina) simkvriviT 7’870 kg/m3. mocemuli informaciis saSualebiT 

daTvlil iqna masa - 332.5 kg. radganac mTlian struqruraSi 

gamoiyeneba oTxi solenoidis kuTxe, maTma saerTo masam Seadgina 

1’330 kg., maSin rodesa CATIA-Si reproducirebuli igive 

geometriuli obieqtis masa aris 1’344 kg. 

∆2= 𝑀𝐶𝑎𝑡/კვანძი 𝐼𝐼,   კვანძი 𝐼𝑉,   კვანძი 𝑉𝐼,   კვანძი 𝑉𝐼𝐼𝐼

− 𝑀𝐺4/კვანძი 𝐼𝐼,   კვანძი 𝐼𝑉,   კვანძი 𝑉𝐼,   კვანძი 𝑉𝐼𝐼𝐼 = 1′344 კგ −  1′330 კგ

= 14 კგ 

rogorc miRebulma Sedegebma aCvena Geant4–Si arsebuli 

solenoidis kuTxeebis masa 14 kg.–iT naklebia CATIA-Si 

reproducirebul igive geometriuli obieqtis masaze. 

momdevno etapze Sedarebul iqna magnituri Reros 

solenoidis gverdebis masebi, risTvisac pirvel rigSi 

ganxorcielda Geant4–Si arsebuli solenoidis gverdebis masis 

daTvla. imis gamo, rom wina SemTxvevis msgavsad, solenoidis 

gverdebi aris erTmaneTis identuri, Tavdapirvelad daTvlili 

iqna mxolod erTi maTganis masa. masis gamosaTvlelad saWiro 

moculobis daTvla ganxorcielda CATIA-s saSualebiT. rogorc 

CATIA-Si Catarebulma analizma aCvena, solenoidis gverdis 

moculoba aris 0.162 m3–is toli. masalis gasagebad gamoyenebul 

iqna Geant4–is programuli kodi sadac miTiTebulia, rom kvanZ III–

is masala aris Iron (rkina) simkvriviT 7’870 kg/m3. aRniSnuli 

informaciis safuZvelze gamoTvlil iqna solenoidis gverdis 

masa, romelic aris 1’273 kg.–is toli. 

 



139 
 
 

nax. 97. CATIA–sa da Geant4–Si arsebuli solenoidis gverdebi 

radganac sul struqturaSi gamoiyeneba ori eseTi saxis 

geometriuli obieqti, saerTo masam Seadgina 2’546 kg, maSin 

rodesac CATIA-Si reproducirebuli igive geometriuli 

modelebis masa aris 2’704 kg. 

∆3= 𝑀𝐶𝑎𝑡/კვანძი 𝐼𝐼𝐼,   კვანძი 𝑉𝐼𝐼 − 𝑀𝐺4/კვანძი 𝐼𝐼𝐼,   კვანძი 𝑉𝐼𝐼 = 2′704 კგ −  2′546 კგ

= 158 კგ 

rogorc miRebulma Sedegebma aCvena Geant4–Si arsebuli 

solenoidis gverdebis masa 158 kg.–iT naklebia CATIA-Si 

reproducirebuli igive geometriuli obieqtebis masaze. 

SedarebiTi analizis momdevno etapze ganxorcielda 

solenoidis qveda Reros masebis urTierTSedareba. amisaTvis 

pirvel rigSi daTvlil iqna Geant4–Si arsebuli geometriuli 

obieqtis masa. rogorc CATIA–Si Catarebulma analizma aCvena, 

solenoidis qveda Reros moculoba aris 1.223 m3. masalis 

dasadgenad gamoyenebul iqna Geant4–is programuli kodis sadac 

miTiTebulia, rom kvanZ IV–is masala aris Iron (rkina) simkvriviT 

7’870 kg/m3. am informaciis safuZvelze daTvlili iqna masa, 

romelic aris 9’630 kg.-is toli, maSin roca identuri CATIA-s 

modelis masa warmoadgens 11’368 kg.-s. 

Geant 

CATIA 

kvanZi III 

kvanZi VII 
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∆4= 𝑀𝐶𝑎𝑡/კვანძი  𝑉 − 𝑀𝐺4/კვანძი 𝑉 = 11′368 კგ −  9′630 კგ = 1′738 კგ 

 

 

 

nax. 98. CATIA–sa da Geant4–Si arsebuli solenoidis qveda Rero 

rogorc miRebulma Sedegebma aCvena Geant4–Si arsebuli 

solenoidis qveda Reros masa 1’738 kg.–iT naklebia CATIA-Si 

reproducirebul igive geometriuli obieqtis masaze. 

SedarebiTi analizis momdevno etapze ganxorcielda 

magnituri Reros kidev erTi gare komponentis-damxmare 

struqturis blokebis masaTa urTierTSedareba, risTvisac 

daTvlili iqna Geant4–Si arsebuli aRniSnuli geometriuli 

modelis masa.  

iqedan gamomdinare, rom sul struqturaSi gamoyenebulia 

erTmaneTis identuri rva damxmare struqturis bloki, pirvel 

rigSi ganxorcielda mxolod erTi maTganis masis daTvla. 

damxmare struqturis bloki Tavis mxriv Sedgeba ori 

komponentisagan (kvanZi IX.I., kvanZi IX.II.) amitom TiToeuli maTganis 

moculoba da masala cal-calke iqna dadgenili. rogorc Geant4–

is programuli kodis analizma aCvena kvanZ IX.I.–is masalas 

warmoadgens Aluminium (alumini) simkvriviT 2’700 kg/m3, xolo kvanZ 

IX.II.–is ki Iron (rkina) simkvriviT 7’870 kg/m3. amasTan erTad 

CATIA 

kvanZi V 

Geant 



141 
 
 

CATIA–Si Catarebulma analizma aCvena, rom maTi saerTo 

moculoba aris 0.57 m3–is toli. aRniSnuli informaciis 

safuZvelze moxda kvanZ IX–Si Semavali rvave damxmare 

struqturis blokis masis daTvla romelic aris 13’255 kg., maSin 

rodesac CATIA-Si reproducirebuli igive geometriuli obieqtis 

masa aris 12’344 kg. 

∆5= 𝑀𝐶𝑎𝑡/კვანძი  𝐼𝑋 − 𝑀𝐺4/კვანძი 𝐼𝑋 = 12′344 კგ −  13′255 კგ = −911 კგ 

 

 

 

nax. 99. CATIA–sa da Geant4–Si arsebuli damxmare struqturis bloki 

rogorc miRebulma Sedegebma aCvena Geant4–Si aRwerili kvanZ  

IX–is masa 911 kg.–iT metia CATIA-Si reproducirebul Sesabamis 

geometriuli obieqtis masaze. 

momdevni etapze ganxorcielda magnituri Reros gare 

samagrebis masebis SedarebiTi analizi, risTvisac Tavdapirvelad 

daTvil iqna Geant4–Si arsebuli Sesabamisi geometriuli 

obieqtis masa. wina SemTxvevis msgavsad sul struqturaSi 

gamoyenebulia rva identuri geometriuli obieqti, amitom privel 

etapze ganxorcielda mxolod erT-erTi maTganis masis daTvla. 

moculobis dasaTvlelad gamoyebebul iqna CATIA, sadac 

Catarebulma analizma aCvena, rom gare samagris moculoba aris 

0.072 m3. rogorc Geant4–is programuli kodis analizma aCvena kvanZ 

X–is masala aris Iron (rkina) simkvriviT 7’870 kg/m3. am 

kvanZi IX.I 

CATIA 

kvanZi IX.II 

Geant 
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informaciis saSualebiT gamoTvlil iqna gare samagris masa, ris 

safuZvelzec dadgina struqturaSi gamoyenebuli rvave gare 

samagris saerTo masa romelic aris 4’558 kg.–is toli, maSin 

rodesac identuri CATIA modelis masa aris 5’336 kg.  

∆6= 𝑀𝐶𝑎𝑡/კვანძი  𝑋 − 𝑀𝐺4/კვანძი 𝑋 = 5′336 კგ −  4′558 კგ = 778 კგ 

 

 

nax. 100. CATIA–sa da Geant4–Si arsebuli gare samagri 

amrigad, Geant4–is kvanZ X–is masa 778 kg.–iT metia CATIA–Si 

agebuli Sesabamis geometriuli obieqtis masaze. 

SedarebiTi analizis momdevno etapze ganxorcielda 

magituri Reros bolo gare geometriuli obieqitis-gare 

miltuCebis masebis SedarebiTi analizi. iqedan gamomdinare, rom 

sul struqturaSi gamoyenebulia erTmaneTis isenturi Svidi gare 

miltuCi, wina SemTxvevis msgavsad daTvlili iqna mxolod erTi 

maTganis moculoba, masala da simkvrive. moculoba aRmoCnda 

0.065 m3–is toli, xolo masala ki Iron (rkina) simkvriviT 7’870 

kg/m3. am informaciidan gamomdinare daviTvaleT kvanZi XI Svidive 

gare miltuCis saerTo masa, romelic aris 3’576 kg., maSin 

rodesac CATIA-Si reproducirebuli igive geometriuli obieqtis 

masa aris 4’824 kg.  

∆7= 𝑀𝐶𝑎𝑡/კვანძი  𝑋𝐼 − 𝑀𝐺4/კვანძი 𝑋𝐼 = 4′824 კგ −  3′576 კგ = 1′248 კგ 

kvanZi X 

CATIA 
Geant 
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nax. 101. CATIA–sa da Geant4–Si arsebuli gare miltuCi 

rogorc miRebulma Sedegebma aCvena, Geant4–Si aRwerili gare 

miltuCebis saerTo masa 1’248 kg.–iT naklebia CATIA-Si 

reproducirebul Sesabamis geometriuli obieqtis masaze. 

SedarebiTi analizis bolo etapze ganxorcielda Geant4–Si 

aRwerili da CATIA–Si reproducirebuli magnituri Reros Sida 

geometriuli obieqtebis urTierTSedareba. rogorc Geant4–dan 

amoRebuli geometriuli modelis analizis Sedegad dadginda, aq 

geometriuli obieqtebi warmodgenilia rogorc erTiani 

geometriuli modeli, maSin rodesac sinamdvileSi magnituri 

Reros Sida geometria Seicavs erTmaneTis SigniT ganTavsebul 

ramodelnime geometriuli obieqts. amitom momdevno etapze 

ganxorcielda Geant4–Si aRwerili magnituri Reros Sida 

geometriuli obieqtis Sedareba CATIA-Si reproducirebul 

magnituri Reros Sida geometriul obieqtebTan (kvanZi XII, kvanZi 

XIII, kvanZi XIV, kvanZi XV, kvanZi XVI, kvanZi XVII, kvanZi XIII, kvanZi XIX, 

kvanZi XX, kvanZi XXI). 

rogorc CATIA-Si Catarebulma analizma aCvena,  Geant4–Si 

arsebuli geometriuli modelis moculoba aris 13.558 m3–is 

toli. masalis da simkvrivis dasadgenad iseve rogorc yvela 

kvanZi XI 

CATIA 

Geant 
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sxva SemTxvevaSi gamoyenebul iqna Geant4–is kodi sadac 

miTiTebulia, rom magnituri Reros Sida geometriis masalas 

warmoadgens Aluminium (alumini) simkvriviT 2’700 kg/m3. aRniSnuli 

infromaciis safuZvelze daTvlili iqna masa, romelic aRmoCnda 

36’607 kg.–is toli, maSin rodesac CATIA-Si reproducirebuli 

magnituri Reros Sida geometriuli obieqtebis saerTo masa aris 

44’338.3 kg. 

∆8= 𝑀𝐶𝑎𝑡/𝑀𝑖𝑥 − 𝑀𝐺4/კვანძი 𝑋𝐼𝐼 = 43′906.5 კგ −  36′607 კგ = 7′299.5 კგ 

 

 

 

nax. 102. CATIA–sa da Geant4–Si arsebuli magnituri Reros Sida 
geometria 

rogorc miRebuli Sedegidan Cans, Geant4–Si arsebuli Sida 

geometriuli obieqtis masa 7’517.9 kg.–iT naklebia CATIA–Si 

Seqmnil magnituri Reros Sida geometriuli obieqtebis saerTo 

masaze.  

sabolood daTvlil iqna masaTa Soris sxvaoba mTeli 

Geant4–Si aRweril da CATIA–Si reproducirebul magnituri 

Reros geometriuli modelebs Soris: 

CATIA 

Geant 

kvanZi XII 
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∆∑/𝐷𝑖𝑓= ∆1 + ∆2 + ∆3 + ∆4 + ∆5 + ∆6 + ∆7 + ∆8

= 1′138 კგ + 14 კგ + 158 კგ + 1′738 კგ − 911 კგ + 778 კგ

+ 1′248 კგ + 7′299.5 კგ = 11′462.5 კგ 

 

 

nax. 103. CATIA–sa da Geant4–Si arsebuli magnituri Reros sruli 
geometriuli modeli 

amrigad, CATIA-Si reproducirebuli magnituri Reros 

geometriuli modelis masa 11’462.5 kg.–iT metia Geant4–Si arsebul 

magnituri Reros masaze. 

kvanZi № saxeli CATIA (kg) 
Geant4 

(kg) 
sxvaoba (kg) 

kvanZi I zeda solenoidi 10’088 8’950 1’138 

kvanZi II, 
kvanZi IV, 
kvanZi VI, 
kvanZi VIII 

solenoidis 
kuTxeebi 

1’344 1’330 14 

kvanZi III, 
kvanZi VII 

solenoidis 
gverdebi 

2’704 2’546 158 

kvanZi V qveda solenoidi 11’368 9’630 1’738 

CATIA 

Geant 
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kvanZi IX 
damxmare 

struqturis 
blokebi 

12’344 13’255 -911 

kvanZi X gare samagrebi 5’336 4’558 778 

kvanZi XI gare miltuCebi 4’824 3’576 1’248 

kvanZi XII 

Termuli damcavi 2’020 

36’607 7’299.5 

Semkvreli 
Stangebi 

2’928 

WanWikebi, mokle 
xufebi, Reros 

yalibi 
18’578.7 

grZeli xufi 4’963.6 
xviebi 11’572.55 

servisebi 253 
milis samagrebi 538 

damatebiTi 
samagrebi 

903.7 

Sida miltuCebi I 276 
Sida miltuCebi II 1’873 

     

 sul: 91’914 80’452 11’462.5 
 

cx. 16. CATIA da Geant4 modelebis masaTa Soris sxvaoba 

urTierTSedarebiTi analizisaTvis aseve mniSvnelovania 

Geant4-Si arsebuli modelis mTlian anawyobSi integraciis 

analizi. am mizniT ganxorcielda magnituri Reros 

pozicionirebis Semowmeba. 

ATLAS-is deteqtori Seicavs rva magnitur Reros, romlebic 

ganTavsebuli arian nawilakebis urTierTqmedebis wertilis (Z0) 

garSemo Tanabari manZiliT. 

 

nax. 104. magnituri Reros pozicionireba 
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amitom CATIA-Si magnituri Reros detaluri modelis 

reproducirebis Semdeg isini ganTavsdnen Z0-is mimarT realur 

poziciaze risTvisac gamoyenebul iqna CDD naxazebi.  

 

 

 

 

 

 

 

nax. 105. magnituri Reros zeda da qveda solenoidis pozicia 

pozicionirebis analizisaTvis Geant4-Si arsebuli magnituri 

Reros geometriuli modeli Sedarebul iqna CATIA-Si 

reproducirebuli modelTan. Sedareba ganxorcielda magnituri 

Reros zeda da qveda solenoidis centris mimarT 

pozicionirebis ricxviTi mniSvnelobebis mixedviT.  rogorc 

Catarebulma analizma aCvena CATIA-Si reproducirebuli 

solenoidis zeda Reroebi centris mimarT daSorebuli arian 

9’515 mm.-iT, maSin rodesac Geant4-Si arsebuli igive geometriuli 

obieqtebi centris mimarT ganTavsebuli arian 9’480 mm.-is 

manZilze. maSasadame cdomileba Seadgens 35 mm.-s.  

∆𝑅1= 𝑅1𝐶𝑎𝑡𝑖𝑎 − 𝑅1𝐺𝑒𝑎𝑛𝑡4 = 9′515 მმ − 9′480 მმ = 35მმ 

garda amisa, aseve cdomileba dafiqsirda solenoidis qveda 

Reros SemTxvevaSi: CATIA-Si reproducirebuli solenoidis qveda 

Reroebi centris mimarT daSorebuli arian 5’295 mm.-iT, maSin 

rodesac Geant4-Si arsebuli igive geometriuli obieqtebi 

centris mimarT ganTavsebuli arian 5’270 mm.-is manZilze. 

maSasadame cdomileba Seadgens 25 mm.-s.  

∆𝑅2= 𝑅2𝐶𝑎𝑡𝑖𝑎 − 𝑅2𝐺𝑒𝑎𝑛𝑡4 = 5′295 მმ − 5′270 მმ = 25მმ 

 

Geant4 CATIA 
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amrigad, aRmoCenili cdomilebebidan gamomdinare SeiZleba 

iTqvas, rom Geant4-Si arsebuli magnituri Reros geometriul 

models uWiravs araswori pozicia. 

 

 

me-4 Tavis daskvnebi 

1. hipoteza II dadasturda: modelirebuli geometria ar 

Seesabameba realurad arsebuls 

2. magnituri Reros geometriuli modeli funqcionaluri 

daniSnulebis mixedviT daiyo 21 kvanZad 

3. ganxorcielda TiToeuli kvanZis moculobis da masis 

analizi; aseve urTierTSedarebiTi analizi Geant4-is Sesabamis 

kvanZebTan 

4. masebs Soris mniSvnelovani sxvaoba iqna aRmoCenili 

Semdegi kvanZebisaTvis: qveda solenoidi – 1’738 kg.; gare 

miltuCebi – 1’248 kg; Termuli damcavi – 2’020 kg.; magnituri 

Reros Sida komponentebi – 5’297.5 kg. 

5. rogorc aRmoCna Termuli damcavi (2’020 kg.) saerTod ar 

iyo gaTvaliswinebuli modelirebul geometriaSi 

6. magnituri Reros analizis Sedegad aRmoCenil iqna 11.6 

toniani masaTa Soris sxvaoba realurad arsebul da 

modelirebul geometriuli obieqts Soris 

7. magnituri Reros centris pozicia 35mm.-iT aris daZruli 

realurad pozicionirebuli Reroebis centridan 
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ZiriTadi daskvnebi 

1. modelilebis paketebSi arsebuli ATLAS-is deteqtoris 

komponentebis tipizaciis Sedegad gamoiyo 84 geometriuli 

primitivi  

2. SerCeuli geometriuli primitivebis modelirebis 

paketebSi daprogramebis SesaZlo variantebidan SemuSavda 77 

satesto magaliTi 

3. hipoteza I, imis Sesaxeb, rom modelirebis 

infrastruqturas Semoaqvs geometriuli uzustobebi, dadasturda 

4. geometriuli cdomilebebis ZiriTad gamomwvev mizezs 

warmoadgens Boolean (logikuri) operacia 

5. gamovlenil iqna ATLAS_is deteqtoris geometriuli 

daprogramebis SemTxvevebi, romlis drosac Boolean operacia 

korelirebs gadaadgileba/Semobrunebis geometriul 

tranzaqciebze 

6. hipoteza II, imis Sesaxeb, rom Geant4-Si gamoyenebuli 

geometriuli aRwerebi ar Seesabameba ATLAS-is deteqtoris 

realurad arsebul geometrias, dadasturda 

7. ATLAS-is deteqtoris magnituri Reros masis SedarebiTma 

analizma aCvena 11.6 toniani sxvaoba realurad arsebul da Geant4 

geometriul aRwerebs Soris 

8. ATLAS-is deteqtoris magnituri Reros integraciis 

konfliqtebze analizma aCvena Geant4 geometriuli modelis 35mm.-

iani gadaxra realurad pozicionirebuli deteqtoris centridan 
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