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ATLAS-is deteqtoris magnituri Reros geometriuli  

aRwerebis SedarebiTi analizi 

aleqsandre SarmazanaSvili, niko cucqiriZe, arCil surmava,  

besik kekelia 

saqarTvelos teqnikuri universiteti 

reziume 

CERN-Si (birTvuli kvlevebis evropuli organizacia) realuri eqsperimentebis 

paralelurad mimdinareobs aRniSnuli eqsperimentis modelirebis procesi. xSir 

SemTxvevaSi realuri eqsperimentidan da modelirebidan miRebuli monacemebi ar emTxveva 

erTmaneTs. arsebobs aRniSnuli gansxvavebis gamomwvevi sxvadasxva mizezi, romelTa Soris 

erTerTi geometriuli modelebis uzustobebia. am mizniT SemuSavebul iqna meTodi, 

romelic saSualebas iZleva ganxorcielebul iqnas modelirebuli geometriis gamokvleva 

da uzustobebis aRmoCena. meTodis gamoyenebiT ganxorcielda ATLAS-is deteqtoris erT-

erTi komponentis magnituri Reros geometriuli modelis gamokvleva. Sedegad aRmoCenil 

iqna mniSvnelovani moculobiTi da woniTi cdomilebebi. miRebuli Sedegebi 

gaTvaliswinebul iqna CERN-is modelirebis jgufis mier, ramac Tavis mxriv Seamcira 

sxvaoba realuri eqsperimentidan da modelirebidan miRebul monacemebs Soris. 

sakvanZo sityvebi: maRali energiebis fizika. CERN. LHC. ATLAS-is deteqtori. 

magnituri Rero. modelireba. sainJinro monacemTa baza. CATIA. AGDD programuli ena. 

3D obieqtebi. dafiqsirebuli elementaruli nawilakebis (events) vizualizatori. 

segmentacia.  

1. ATLAS-is deteqtoris geometriuli modelirebis amocana 

maRali energiebis fizikaSi mimdinare eqsperimentebs Soris SeiZleba gamoiyos LHC 

(The Large Hadron Collider)-is eqsperimenti romelic mimdinareobs birTvuli kvlevebis 

evropul organizaciaSi, CERN. ATLAS-is deteqtori aris LHC-s Semadgeneli komponenti, 

romelic higsis masis warmomqmneli elementaruli nawilakebisa da bneli materiis 

aRmoCenisTvisaa gankuTvnili [1]. 

amasTanave, realuri eqsperimentis paralelurad mimdinareobs aRniSnuli 

eqsperimentis modelireba. fizikuri procesebis modelirebisaTvis gamoiyeneba monte-

karlos (MC) algoriTmebi, romlebic awarmoeben modelirebisaTvis saWiro monacemebis 

formirebas. modelirebis mTavar ideas warmoadgens miRebul iqnas iseTi monacemebi, sadac 

realuri eqsperimentidan da modelirebidan miRebuli monacemebi iqneba erTmaneTTan 

maqsimalurad miaxlovebuli. amiT mecnierebs saSualeba eZlevaT Semdgomi kvleva awarmoon 

modelirebidan miRebul monacemebze dayrdnobiT. 

fizikuri procesebis modelireba, Tavis mxriv, moicavs mravali saxis amocanas, 

romelTa Sorisac mniSvnelovani adgili uWiravs geometriul modelirebas. geometriuli 

modelireba gulisxmobs ATLAS-is deteqtoris komponentebis modelis Seqmnas, ra drosac 

maqsimalurad unda iqnas SenarCunebuli geometriis moculoba, masa da pozicia.  

ATLAS-is deteqtoris komponentebis modelireba xorcieldeba specialuri 

programuli resursis Geant4-is gamoyenebiT, romelic saSualebas iZleva moxdes 

deteqtoris komponentebis aRwera C++ da misi monaTesave daprogramebis enebze [2]. 

ATLAS-is deteqtoris Geant4 geometriuli modelebi Seqmnilia Teoriuli naxazebis 
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mixedviT [3]. Sesabamisad, modelirebis algoriTmebi iZlevian realurisgan gansxvavebul 

monacemebs. 

saqarTvelos teqnikuri universitetis birTvuli inJineriis centrSi ganxorcielda 

ATLAS-is deteqtoris magnituri Reros geometriuli modelis gamokvleva. kvlevis 

mizani iyo geometriul aRwerebs Soris sxvaobis dadgena da maTi gaTvaliswineba ATLAS-

is simulaciis amocanebSi. 

2. SedarebiTi analizis meTodi 

birTvuli inJineriis centris mier damuSavebul iqna specialuri meTodi, romlis 

mixedviTac ganxorcielda ATLAS-is deteqtoris magnituri Reros geometriuli modelis 

gamokvleva [4]. 

analizisaTvis SerCeul iqna geometriuli modelirebis paketi  CATIA, Dassault 

System. meTodis mTavari idea mdgomareobs imaSi, rom CATIA gamoyenebulia rogorc 

SemakavSirebeli kvanZi sadac xorcieldeba sxvadasxva geometriuli aRwerebis 

urTierTSedareba (nax.1). meTodis pirvel etapze xorcieldeba ATLAS-is deteqtoris 

komponentis reproducireba CATIA-Si. reproducirebisaTvis saWiro monacemebi aiReba 

CDD (CERN Drawing Directory) 

monacemTa bazidan, sadac Senaxulia 

ATLAS-is deteqtoris sainJinro 

naxazebi da Smarteam sainJinro 

monacemTa bazidan, sadac Senaxulia 

ATLAS-is deteqtoris komponentis 3D 

modelebi [3,5]. Smarteam-sa da CDD 

gamoyenebiT CATIA-Si SesaZlebelia 

Seiqmnas mocemuli komponentis detalu-

ri geometriuli modeli. 

ATLAS-is deteqtoris komponen-

tebis daprogrameba xorcieldeba AGDD 

(ATLAS Generic Detector Description) 

programuli enis gamoyenebiT, romelic 

Seiqmna CERN-Si specialurad am mizni-

saTvis [6].  

Sesabamisad, meTodis momdevno etapze xorcieldeba AGDD programuli kodis 

momzadeba, risTvisac saWiro ricxviTi parametrebi aiReba CATIA-Si agebuli 

geometriidan. iqedan gamomdinare, rom sabolood komponentebma analizisaTvis Tavi unda 

moiyaros CATIA-Si, meTodis momdevno etapze xdeba AGDD-dan vrml (Virtual Reality 

Modeling Language) failis miReba VP1 (Virtual Point 1) programuli paketis saSualebiT, 

romelic Seiqmna 2007 wels specialurad ATLAS-is eqsperimentisaTvis [7]. VP1 aris 

dafiqsirebuli `droebiTi” nawilakebis vizualizatori, romelic warmoiqmneba 

elementaruli nawilakebis dajaxebisas. VP1-s gaaCnia instrumentebi (Tools), romelic 

SesaZleblobas iZleva ganxorcieldes ATLAS-is deteqtoris modelirebuli geometriis 

vizualizacia.  

Vrml modeli warmoadgens zedapirul geometrias (Surface Geometry), romelic 

Sedgeba poligonebis erTobliobisagan [8]. saqarTvelos teqnikuri universitetis 

AGDD/XML 

VP1 

vrml 

CATIA 

Blue Prints 3D Models 

CDD Smarteam 

nax.1. geometriuli modelirebis meTodi 
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birTvuli inJineriis centris mier damuSavebul iqna programuli aplikacia, romlic 

saSualebas iZleva VP1-dan miRebul iqnas zedapiruli geometria, Vrml failis saxiT. 

sabolood CATIA-Si Tavs iyris ori saxis geometriuli aRwera: CDD-sa da 

Smarteam-is gamoyenebiT reproducirebuli modeli da AGDD/XML-Si daprogramebuli 

modeli. Sedegad, SesaZlebelia ganxorcieldes maTi SedarebiTi analizi. 

SemuSavebuli meTodis mixedviT birTvuli inJineriis centris mier Sesrulda 

ATLAS-is magnituri Reros geometriuli modelis Semowmeba (nax.2). 

 
 

nax.2. ATLAS-is deteqtoris magnituri Reros  

geometriuli modeli 

 

amisaTvis SemuSavda specialuri meToduri gegma [4]: 

2.1 geometriuli modelis damuSaveba - magnituri Reros sainJinro modelis 

modificireba da detaluri geometriis Seqmna CATIA-s bazaze; 

2.2 magnituri Reros segmentacia da masis Tvisebebis gansazRvra; 

2.3 geometriuli aRwerebis SedarebiTi analizi. 

 

2.1 geometriuli modelis damuSaveba 

Tavdapirvelad ganxorcielda sainJinro bazaSi arsebuli modelis analizi 

sisruleze. analizma gviCvena, rom Smarteam-Si arsebuli magnituri Reros modeli 

Seicavda mxolod gare geometriis komponentebs, romelTac Signidan ar hqondaT Wrilebi. 

realurad magnituri Rero Sedgeba erTmaneTis SigniT ganTavsebuli komponentebis 

ramdenime fenisagan, amitom saWiro gaxda arsebuli magnituri  Reros gare geometriis 

modificireba da Siga geometriis detaluri modelis Seqmna (nax.3) amisaTvis gamoyenebul 

iqna 255 cali CDD naxazi. 

Sedegad, sainJinro models daemata Semdegi komponentebi: Termuli damcavi, 

Semkvreli Zelebi, Reros yalibi, xufebi, xviebi, Siga da gare miltuCebi, servisebi,  

sxvadasxva tipis WanWikebi da samagrebi.   
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nax.3. magnituri Reros SigTavsis geometriuli modeli 

 

2.2 magnituri Reros segmentacia da masis  

Tvisebebis gansazRvra 

momdevno etapze ganxorcielda magnituri Reros segmentacia da masis Tvisebebis 

gansazRvra. amisaTvis mTliani modeli daiyo e.w. komponentebad da TiToeuli maTganis 

moculobisa da simkvrivis mixedviT gaangariSebul iqna masa [9]. dayofa ganxorcielda 

komponentebis funqcionaluri daniSnulebiT da masalebis mixedviT: 

komponenti I 

am komponentSi gaerTianebul iqna magnituri Reros gare aRweris is nawilebi, 

romelTac gaaCnia erTnairi simkvrivis mqone masala (nax.2). esenia: solenoidis zeda 

Rero, qveda Rero, gverdebi da kuTxeebi. aseve gare miltuCebi da gare samagrebi. CDD-is 

naxazebis mixedviT ganisazRvra maTi simkvrive, CATIA-Si daTvlil iqna moculoba da 

masa. saerTo moculobam Seadgina V1=4.458 m3, simkvrive 8’000 kg/m3, xolo masam, 

M1=35.7 t. 

komponenti II 

magnituri Reros damxmare struqturis blokebi (nax.2) calke iqna gamoyofili. igi 

Sedgeba sxvadasxva masalis da, Sesabamisad, sxvadasxva simkvrivis obieqtisagan, amitom 

maTi masa da moculoba cal-calke iqna daTvlili. komponent II-Si Semavali obieqtebis 

saerTo moculoba V2=4.416 m3, simkvrive 2’650 kg/m3-sa da 8’000 kg/m3-s, xolo masa 

M2=12.3 t. 

komponenti III 

Semkvreli Zeli (nax.4), romlis gamoyofac moxda struqturidan rogorc komponenti 

IV, Sedgeba 8 sxvadasxva masalisa da simkvrivis mqone qvekomponentisagan. 
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sainJinro naxazebis mixedviT 

dadginda TiToeuli maTganis masala da 

simkvrive. struqturaSi gamoiyeneboda 

3 saxis masala Sesabamisi simkvriveebiT: 

titani-4’480 kg/m3, foladi-8’000 kg/m3 

da alumini-2’705 kg/m3. aseve 

daviTvaleT moculoba da masa. Sedegad, 

magnituri Reros struqturaSi 

Semavali 8 Semkvreli Zelis saerTo 

moculoba V3=0.5193 m3, xolo masa 

M3=2.9 t. 

komponenti IV 

magnituri Rerodan komponent IV-is saxiT gamoyofili iqna misi erT-erTi 

komponenti-Termuli damcavi. CDD-is 

naxazebis mixedviT dadginda aRniSnuli 

geometriis masala da Sesabamisad 

simkvrivec, romelic aRmoCnda 2’740 kg/m3-

is toli. aseve CATIA-Si analizis 

Sedegad gansazRvrul iqna moculoba 

V4=0.7517 m3. miRebuli informaciis 

gamoyenebiT daTvlil iqna masa, romelic 

aRmoCnda M4=2.3 t. 

 

 

komponenti V 

mexuTe komponentis qveS gaerTianda 2 qvekomponenti: Reros yalibi da xviebi. am 

komponentebis masala aris alumini, 2’650 kg/m3 simkvriviT. CATIA-Si Catarebuli 

analizis Sedegad maTi saerTo moculobaa V5=12.033 m3. mocemuli informaciis 

gamoyenebiT daTvlil iqna saerTo masa romelic aRmoCnda M5=31.9 t. 

 

komponenti VI 

magnituri Reros segmentaciis momdevno etapze ganxorcielebul iqna mokle da 

grZeli xufebis gaerTianeba komponent VI-is qveS. Sesabamisi CDD naxazebis analizis 

Sedegad maTi simkvriveebi aRmoCnda gansxvavebuli. grZeli xufis simkvrive iyo 2’660 

kg/m3, xolo mokle xufis ki 2’650 kg/m3. Semdeg daTvlil iqna moculoba da sabolood 

ganisazRvra masa. komponent VI-is saerTo moculoba aRmoCnda V6=1.898 m3 xolo masa 

M6=5 t. 

 

komponenti VII 

magnituri Reros segmentaciis bolo etapze servisebi, milis samagrebi da WanWikebi 

gaerTianebul iqna erTi komponentis qveS (nax.6). 

nax.5. Termuli damcavi 

nax.4. Semkvreli Zeli 
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nax.6. servisebi, milis samagrebi, damatebiTi  

samagrebi da WanWikebi 

 

VII komponentSi gaerTianebul primitivebs gaaCnda sxvadasxva saxis masala da 

simkvrive: foladi - 8’000 kg/m3, rkina - 8’000 kg/m3, sxvadasxva simkvrivis mqone alumini 

- 2’650 kg/m3, 2’670 kg/m3, 2’705 kg/m3, 2’810 kg/m3. Catarebuli analizis Sedegad mTliani 

VII komponentis moculobaa V7=0.59 m3, xolo masa M7=1.9 t. 

Sedegad, magnituri Reros saerTo moculobisTvis da masisTvis miRebul iqna 

Semdegi sidideebi:  

 

�∑ = �� +  �� + �� + �� + �� + �� + ��

= 4.458მ� + 4.416მ� + 0.5193მ� + 0.7517მ� + 12.033მ� + 1.898მ� + 0.59მ�

= 24.67მ� 

�∑ = �� + �� + �� + �� + �� + �� + ��

= 35.7ტ + 12.3ტ + 2.9ტ + 2.3ტ + 31.9ტ + 5ტ + 1.9ტ = 92ტ 

 

2.3. geometriuli aRwerebis SedarebiTi  

analizi 

CATIA-Si Seqmnili magnituri Reros detaluri modelis masis gaTvlis Semdeg 

ganxorcielda geometriuli aRwerebis SedarebiTi analizi [10]. amisaTvis modelirebuli 

magnituri Rero amoRebul iqna AGDD/XML-dan, romelic daiyo komponentebad CATIA-Si 

Seqmnili detaluri modelis Sesabamisad. momdevno etapze ganxorcielda TiToeuli 

maTganis masis gaTvla da Sedareba CATIA-Si Seqmnil Sesabamis geometriul modelTan. 

masis dasaTvlelad, iseve rogorc CATIA-Si agebuli modelis SemTxvevaSi, dadgenil iqna 

TiToeuli komponentis moculoba da simkvrive. moculobis dasaTvlelad gamoyenebul iqna 

CATIA, xolo simkvrivis gasarkvevad ki TviTon AGDD/XML-is kodi, sadac miTiTebuli 

iyo Tu romel komponents ra masala gaaCnda (cxr.1). 
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AGDD/XML-Si modelirebuli magnituri Reros gare geometria Sedgeboda sami 

primitivisagan (komponenti I, komponenti II da komponenti III). Sesabamisad, TiToeul 

maTgani Sedarebul iqna CATIA-Si agebuli Sesabamis modelTan da gansazRvrul iqna 

masaTa Soris sxvaoba (cxr.1).  

CATIA-sa da AGDD/XML-is magnituri Reros masaTa Soris sxvaoba.       cxr.1. 

 saxeli masala 
simkvrive 

(kg/m3) 

moculoba 

(m3) 

saerTo 

masa (t) 

sxvaoba 

(t) 

AGDD/XML komponenti  I rkina 7’870 3.887 30.6 
5.1 

CATIA komponenti  I rkina 8’000 4.458 35.7 

       

AGDD/XML komponenti II 
alumini/ 

rkina 
2’700/7’870 4.56 13.2 

-0.9 

CATIA komponenti II 
alumini/ 

rkina 
2’650/8’000 4.416 12.3 

       

AGDD/XML komponenti III alumini 2’700 0.42 1.1 

1.8 
CATIA komponenti III 

foladi/ 

titani/ 

alumini 

8’000/4’480/ 

2’705 
0.5193 2.9 

       

AGDD/XML komponenti IV alumini 2’700 13.138 35.5 

5.6 
CATIA 

komponenti IV alumini 2’740 0.7517 2.3 

komponenti V alumini 2’650 12.033 31.9 

komponenti VI alumini 2’660/2’650 1.898 5 

komponenti VII 
foladi/ 

rkina/ 
alumini 

8’000/8’000/ 
2’650 

0.59 1.9 

     
sul 

sxvaoba: 
11.6 

 

rac Seexeba Siga geometrias, romelic AGDD/XML-Si iyo modelirebuli, igi 

Sedgeboda mxolod erTi primitivisagan. amitom masTan Sedarebul iqna magnituri Reros 

detaluri geometriis Siga komponentebi: komponenti IV - Termuli damcavi, komponenti V - 

Reros yalibi da xviebi, komponenti VI - mokle da grZeli xufebi, komponenti VII - 

servisebi, milis samagrebi, damatebiTi samagrebi da WanWikebi (nax.2, cxr.1). 

sabolood, detaluri geometriis masa 11.6 t-iT meti aRmoCnda modelirebuli 

geometriis masaze. 

aRniSnuli Sedegebi orjer iqna wardgenili CERN-Si mowyobil samecniero 

ganxilvebSi, romelic Sedga ATLAS-is IT kvireulis farglebSi [11, 12]. rogorc ATLAS-

is simulaciis eqspertebma aRniSnes 11 t. sxvaoba warmoadgens mniSvnelovan uzustobas, 

romelsac SeiZleba gavlena hqondes mTlianad simulaciis Sedegebis adekvaturobaze. 
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amitom, gadawyda simulaciis paketebSi geometriuli modelebis modificireba. Sedegad, 

saqarTvelos teqnikuri universitetis birTvuli inJineriis jgufma moaxdina zemoT 

aRwerili magnituri Reros detaluri geometriuli modelis gamartiveba masisa da 

moculobis dacviT.  

moTxovna modelis gamartivebaze gamomdinareobs simulaciis, rogorc procesis 

warmadobidan. Semdgom amisa ki ganxorcielda gamartivebuli modelis kodireba XML 

formatSi, rogorc amas moiTxovs damuSavebuli meTodi (nax.1). 

Sedegad, ATLAS-is simulaciis jgufma Caatara simulaciis axali etapi 

modificirebuli geometriis gaTvaliswinebiT (nax.7-a).  

 

nax.7-a 

jgufis mier momzadebul teqnikur moxsenebaSi aRniSnulia, rom modificirebuli 

geometriis Sedegad mniSvnelovnad Semcirda sxvaoba realuri eqsperimentidan da 

modelirebidan miRebul monacemebs Soris [13].  

me-7-b naxazze naCvenebia simulaciis Sedegi, sadac TvalsaCinod Cans Termuli 

damcavi kvanZis mier Semotanili cvlileba. aRniSnuli kvanZi, rogorc zemoT iyo 

ganxiluli, warmoadgens magnituri Reros modificirebul geometriis erT-erT 

Semadgenel nawils. 

3. daskvna 

 

 damuSavebul iqna geometriuli modelirebis meTodi, romlis saSualebiTac 

SesaZlebelia ATLAS-is deteqtoris geometriuli modelebis gamokvleva;  

 meTodSi programuli paketis CATIA-s gamoyeneba saSualebas iZleva 

ganxorcielebul iqnas Teoriuli modelebisa da sainJinro monacemTa bazaSi 

arsebuli realuri modelebis urTierTSedareba; 
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 sainJinro bazaSi arsebuli magnituri Reros geometriuli modelis damuSavebam, 

CDD monacemTa bazaSi arsebuli naxazebis gamoyenebiT, SesaZlebeli gaxada 

Seqmniliyo magnituri Reros realurTan maqsimalurad miaxloebuli modeli; 

 SemuSavebuli meTodis gamoyenebiT ATLAS-is deteqtoris magnituri Reros 

geometriuli gamokvlevisas aRmoCenil iqna 11.6 t-iani sxvaoba; 

 aRmoCenili uzustobebis gaTvaliswinebam, ATLAS-is deteqtoris magnituri Reros 

geometriuli modelis ganaxlebisas, ganapiroba realuri eqsperimentidan da 

modelirebidan miRebul monacemTa Soris sxvaobis Semcireba. 

 

literatura: 

 

1. http://home.web.cern.ch/about/experiments/atlas 

2. http://geant4.cern.ch 

3. https://edms5.cern.ch/cdd/plsql/c4w_guided.home?cookie=1760722 

4. niko cucqiriZe. (2012). ATLAS-is deteqtoris magnituri sistemebis 

geometriuli aRwerebis damuSaveba simulaciisa da rekonstruqciis programuli 

paketebisaTvis. disertacia magistris xarisxis mosapoveblad. stu. Tbilisi.  

5. http://www.3ds.com/products-services/enovia/mid-market/smarteam-engineering/ 

6. Laurent Chevalier, Andrea Dell’Acqua, Jochen Meyer. (2012). “An XML generic detector 

description system and geometry editor for the ATLAS detector at the LHC”. ATL-SOFT-PROC-

2012-053. 12p.  

7. https://atlas-vp1.web.cern.ch/atlas-vp1/home/ 

8. http://en.wikipedia.org/wiki/VRML 

9. Sharmazanashvili A., Surmava A., Tsutskiridze N., Kekelia B. (2011). Coil Mass Analysis 

report. Georgia, Tbilisi. 20 p. 

10.  Sharmazanashvili A., Surmava A., Tsutskiridze N., Kekelia B. (2011). Compare of Coil 

report. Georgia, Tbilisi. 10 p. 

11. Sharmazanashvili A. (2012). Progress in use of CATIA interface to describe material in 

MS. Geneva, Switzerland. 58 p. 

12. Sharmazanashvili A. (2013). Updates on MS geometry including NSW based on CATIA 

drawings. Geneva, Switzerland. 15 p. 

13. Meyer J. (2014). Cavern background simulation. Summarizing the cavern background 

session of the Simulation Workshop. Geneva, Switzerland. 21 p.  

 



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(19), 2015 

 

22 

 

COMPARE ANALYSIS OF GEOMETRIC DESCRIPTIONS OF COILS  

OF ATLAS DETECTOR 

Alexander Sharmazanashvili, Niko Tsutskiridze, Archil Surmava,  

Besik Kekelia 

Georgian Technical University 

Summary 

Simulation of physics experiments at CERN (European Organization for Nuclear research) is 

underway in parallel of real experiment. There are strict requirements to reach the adequacy of 

data coming from detectors and event’s generator. In most of cases there are discrepancies and 

there are several options from where they might be come. Differences may be caused by 

geometric inaccurateness of models. So, development of methods and tools for creation of precise 

geometry models of ATLAS Detector is actual task. For this purpose special method so called 

“Simulation Loop” has been developed. Simulation Loop permits to carry out investigation of 

various geometries and discover existing inaccuracies. Investigation of model of COIL geometry 

was carried out using Simulation Loop. As a result volumetric and weight inaccuracies was found. 

Received results were considered by simulation group at CERN. As a result discrepancies were 

reduced. 
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Резюме 

Европейская организация по ядерным исследованиям (ЦЕРН) параллельно реальным 

экспериментам, проводит процесс их моделирования. При этом,  данные, полученные 

экспериментальным путём и путём моделирования, обтличаются. Причины могут быть 

разные, но наиболее вероятным является точность геометрических моделей, применяемых 

при моделировании. В этой связи был разработан метод, позволяющий осуществлять 

исследование геометрических моделей и выявление неточностей. Этим методом 

исследована геометрическая модель магнитной катушки детектора АТЛАС. В результате 

были обнаружены значительные отклонения в обьёме и в весе. Полученные результаты 

были использованы группой моделирования в ЦЕРН, что в свою очередь, позволило 

сократить разность между экспериментальными данными и данными, полученными путём 

моделирования 


