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UzjuwinwiGph pGnhwnp ponupwghpp

REdwh wpnhwwinipinilp

Uté <wnpnluwyhG Ynpwpnbpp (LHC), nph 14 SEY qubgqwéh YtbhupnGh
taEpghwyny wipnuinnGuyh thaebph wrewehl pwiuntdGtpn uwywudnud GG 2008p.
ulgph, np t9 & pwgtint pwndn tObpghwibph $hahuynid’ htwnpwynpnignta
padtrGiny nwnudbwuhpby nbrlu  shttnwgnunyué  Yhokdwuinhly  wnhpnye:
ATLAS (CERN) ghwwthnpdp hGuwgnunbine | wnwppuywl  dwulhyGtph
$hahwih  Ywpbnpwgnyt  fuGnhplbpp®  dwubhyotph  quibgywéh
uyqpaunpinipp, tityupweny) uhdtnphwh fuwfunnudp b uniybpuhdtunphy
Awubhyatph hGwpwidnp gnnegjnilp, hoswtu Gwl unwpydbine G0 top pwnyh
hwwnynintbbtph £2gphun swithnidatn:

Unyt wyfuwwnuGpnid nwunuiGwuphpywé GO ATLAS ghunwdhnpdh Tile
Yuwynphatunph pnipwgntpp whnGaGph L wpnunnbbbph hwdwn, npp jwplnn t
nbntyunnph  npuwdwswthdwd L Gpuw wpdwgqwiph Ny qéwilnipjwb
hGinwgninnepjw inbuwbynibhg: Unwownpydtp &0 JwinphdGuph dhongny
titywnpnG-whnt pwdwOdwh Gnp deennlbbp, L Gpwog EpEYnhYnipiniabEpp
hwitiwwnywé 66 GwhuyhGnd Yhpwedws dbpnnbbph  htn: MhnGwiht L
wpnunnOwght  henbnbtph  GpYwytwywa  wpndh0tph  swahndp dhisl 20
dhontywjhG thnfuwgnbgnipuit Eplunnigind hGwpwynpneeinta ' pGétGenid
wuwnwpt] hwnpnOwhG  hentinGGph  toGpghwh  GpywibwywO  wnuwhnuph
hwyduwpyp: MuunudGwuppdwé £ Gqwé Gpunt hwnpnliGph  wewowgnwé
htntnGbph  qupgqugdwl  wwpptpnipnap: dOnpdwpwipuljwl  ngubbnp
hwibdwwnywé &0 GEANT4 dpwgpnd  dnnbludnpywé  htntinbtph  hGun’
ogltnwgnndbiny hwnpnuwght tdhinfuwgnbgnipjul 6h pwGh dnabGGn, hasp ey £
wnwihu qhwhwwntbp twppbp dnnblGGph £2gpunnegnuip L JutiuwnbunudGeph
hwdwuunhnipyntlp:

UwnbOwhununtpiu( wwiunwlyl ,

e 2wl whnGwhlt L wpnuinbwhG hentnGGph  GpLwjbwlwl
wpndhiabpp dhigl 20 dhoniyuyht thnfuwgnbgnipjub Gpyupnignil b
hinwgnunbp  wynp  Gpynt  hwnpnObGph  htinbnbtph - Gplw)bwtwi
qupgwgiwl tnwppapnipnulp:

e Quwhdwé wpndhlltpp  GQupwgntl  wlwihnhy  pniblghund L
hwygwpytp  hbnenh  tOGpghwh  GpyuwjGwlws  wpunwhnupp
Ywinphdkwnph wwppbn  funpnippnuiliph L dwuGhlGbph  wwppbp
LaGpghwbtph hwdwn:

e Munuilwubptl Ywinphdtivnph Lotipgbunhy (nennuyuwinieyut Jpw
htntnGtph GpYuwjowlwi b puwtwywl wnpunwhnuph wgnbgnieinibn:

s  <ainwgnuit Tile YuwinphdGwnph ng Yndwbhuwgywénipnilp, Gnyb
kapghuwyny whnGttph L wpnunlGbph GQYwwndwdp  nbwnslunnph
wndwaquwbph wwpptpnipnLin:




e  Jwiblwuinbiny thnpdwpwpuywld  wnywitpp GEANT4  6npwgph
wnwnpbp dnnbioGph  JuaiwwnbunudGph  hbwn®  nuonudGwuhnbg
dnntLGbph £2gpwnngpnllp:

Ghunwbwa Gnpnupn

o UnwohlG wlquwd 20-180 Gtd tGGpghwh whpnypnud swhyb) GG
whnQuyhG htntnatph Gpywjawywo wypndhibbpp dhlsk 20 dhentlwihh
thnjuwgnbgnipjwl Gplywpnipna” wytiih pwi 40%-ny glipwqubgtinyg
Gwjunpn  swhnuiGeph  funpnuggnibp: MpnunnGOtph - wewewignwé
htinnaGph Bpywjawlwi wpndhibtph swihnuwip Yuwnwpyby b wewehl
wagqwd L hwdbdwwnyb| b whnbwihl hintnatph wpndhibtph htw:

e <Ztntinltph wpndhiltipp GYwpwgnpué GG wlwihinhy $nibyghwny:
Ywuwnwpywé b whnOwht L wpnunnGwihl hbinknGbph toGpghwih dhohh
Gplwytwlywa wpwnwhnuph hwadwpypn Tile Ywinphdbinph tnwpptp
junpnipnLaGtph L thaeh tabpghwh thwpptp wpdbpatph hwdwn:

o NMuunuiGwuhpyby b Ywinphdbuinph takpgbwnhly (nuénnuiwbnipjwt ypw
htntnGGph Bpuwjtwiwa L (wjiwywl wpunwhnuph wgnbgnipjniip:
Uwnwgybl £, np dhohlnid wybih thnpp GpywjGwlwG wpunwhnupp
hwogbglnud  t tGbpgbwhy  (nuénnqwywbnipput wybtih  oGs
Jwuinpwnpwgdwp, pwh dhoht wyth 96§ jwjtwywh wpunwhnupp:

o Lhnwgnunyb b Tile Ywinphdtunph ns YndwtGuwgwénipnibp, Gnuh
Labpghwyng whntGeph L wpnuinGGbph GQYuwndwip Gpw wpdwqubph
wnwppbpnuginiap: <wpdupydt; b owyhnlwha L ypnuinbuwyhl
htnGnatpnud  ElGYunpwiwqbhuwywl pwnwnphsh pwdhOp L Gpw
Yuiudwoéntpinilp thgh tatinghwyhg:

s  Onpdwpwpwlub swhndatpp hwikiwnydwd G GEANT4 Spwqph
hpdwt Ypw YJuuwpyws  dnnbpudnpdwld  wpmnGpltph - htwn®
ogthwgnnétiny hwnpniwht thnfjuwgnbgnigjwb wnwpptn dnnbakn,
unwgywé GG Gpwag S2qpunnipjwb ghwhwunwywbabpp:

» Unwowpydb] G4 Yuwinphdbwnph dhongny kiGYuipn-whnt pwdwldwh
Gnp dbpnnatp L hwdbdwwndb) GO Gpuag  EpELUinhyYnipnLbGabnp
Gwfuyhtnud  Yppwrwéd dtpnnlbph hbuin: Snyg b wnpqwé  Gnp
ttpnnitph wybh jwy pwdwinud wwywhnybin:

Whwwnw(ph gnpdlwlul wndtipp

Lepyuwwgdwd  wpuwhwbpnd  wrewehlt wiqwd  Yuwuwwnpdwd
whnOwha b wypnunnGuwhG hbntinGGph Gpywjtwlywo wpndhGeph swihnud Ghbgl
20 dhentyuyhl thnjuwanbgnipjwa GpywnnieintG: MpndhiEpp GYupwgpywé Ga
wawihwnhy  $nclyghwynyd, hasp  hGwpwdnpniping £ twhu  hwdwnpyb)
Yuwinphitinph twpptp funpnegniaatph, whnlbbph nu wpnnnGatph tnwnptn
taGpghwGObph hwdwp htnknh tGGpghwh GpluwjGwywl wpnwhnupp: Uju
wpnyntaplbpp Yupbinp 60 nbinEyunnph wpdwqwOph &qnundwd, hoswbu Gwb
Gnp  Ywinphdtuptph  Gwluwgédwl  hwdwnp:  Onpdwpwpwlywi  ngubkpp
hwitdwwnybl &0 hwnpntwht thntuwgntignigjuwt (LHEP, QGSP, LHEPBERT,
QGSPBERT) dnnb)Gtinh YwluwwbunwiGbph htun, qGwhwnyb) b dnnbiabph

4

£qnunnipinilp,  hOsp hGwpwynpnigint b iyl pwpbiwyty thnpdwpuinuyw
nyjwybtph dnnbjwdnpiwdp GYupwgniwl npwyp: Particle Data Group-p hp
httnwpnppnipntat & hupinGl] wju wpuwinwlpnid swihdwé whnGught L
wpnunnQwihG  hentnbtph Gpywibwywh  wpndplonh  wprynlapotiph
GYwwndwdp L pnyinynigntd £ fulinpt) pngpybin npwip 2008p-h Review of
Particle Physics wdthnthwgph hwnpnGujht  Ywinphotunphwiht - Gdhpywsé
pwdantd:

Nwrnwwbnipiw b0 GEpbwiwadnud hiwnbgw; hhiGwywl npnyplbpn
e 20-180 GtJd tGabpghwlbph whpnypnid whnlwhO L wpnuinbwihG

htntnGGph Gpyuwywlwa wpndhiGbph swihnualbph wprynlapatnp’
wrweht wagqud suthywé dhGsk 20 Ghentywiht thnjuwagnbignipjwl
Gpywpnigna: Lpqwé  Gpyne wnhwh  hwnpnGGtph - wewgwgpwé
htnbnOGph GpuyGwywi L juwbwlwl  qupgqugnuiGbpp twpptn Ga:
MhnGuyhG htntinGtpp wybih funpl 60 pwthwlgmd Yuwinphdtitnph gk
pwl wpnunnGwhGlbpp, pwyg ybehtlbpu wnfb |(w)t GG tGGpghwih
w&h hwn hwnpnGuwht htntnabpp (wjGwywl ninnngpjwdp nweinud G0
hwdGdwwnwpwp wybh Gen:

¢ MhnOwhG htnbnGkpnud fEYunpwiwgGhuwywl pwnwnphsh pwdhbp
20%-ny wybhe §,  pwO wpnuinGwihO  htntinGtpntd, npp
wwpiwGwyynpdwé £ wpnunGiph - wewpwgnwé  hwnpnbuwyhl
thnfuwgnbignipinuabbpned pwphnQwjhb thgph wwhwwOiwh
wwhwbony: N3 YndwbkGuwgywsd Yuinphdtiinph wpdwquwlpn Gnyl
taGpghwiny whnlltph oyundwdp wybih 666 £, pwh wpnnnbGbph
Gyuuwndwdp, hGsp whnowhG  hbnGnGGpmd Jtpp  O24wé
blyunpwiwgthuwlwa  pwnwnphsh 066 (hGGine  htinLlwap &
tGpghwyh w&h htinn Juinphibuph wpdwguwaph wwpptpnignilp
whnbGtph L wpnuinGGbph GYwndwdp Ggugnd - Ywinphatunph
tabpgtunhy (nusnquywanigneap wdbih (wy £ wpninaatph hwawp,
pwl whnbobph® wwydwowynpywé whnlwiha hentindtpnid inGuwbih
(nGwnkYwnnpnud wqgnwbwd wnweowglnn) Latpghwjh uko
$inynnuwghwbtipny:

s  LwnpnluyhG hbntnObph Gpywjiwywa wpunwhnupp hwigbgnud §
Ywinphdtwph tGkpgtwnhy gnuénnuiutniput fwyjwl Jwinwgdw:
Uwulwynpwwtu, 100 atd ktGGpghwinyd  whnGOtph  nbwpnid,
dhohGnd  3.6% htntnh tGGpghwih  GpYuylwlwe  wpunwhnupp
hwagtganud £ tobpgGunhy |nuénnuyuinipul 84% Jwuwnwglwap,
Ghasnkr 6.6% Ghoht |wjbwlw wpinwhnupp pipnud £ panwidtiop 34%
Juwnwgdw: Lpdwé btpbnt whwh  wpwnwhnupliph - wpwewgnwé
(nLénnwywinipwt Juinwgdw wwnpbpngnip wuydwawynpyuwé £
Gpywlwiwl  wpwnwhnuph &6 pnyuinuwghwGtipny,  hogp
LpYuwowywh wpunwhnuph 06y (uWygplwlwa) dwuthyh Jwnphg oké
Ywhujwénipwa hainkwp kb wnwppbprginit npwa, (uGwywd
wnpwnwhnupp  wwpdwiwdnpdwé £ d6é pYnd  dwulhyGbph
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wpunwhnupnd, npnGghg  Jnupwipwbgniph - Gepnpnedp thnep |
pOnhwonip wpunwhnuph dk9 L, htnlwwpwn, hbnknh  tGGpghwh
(wjbwlwa wpunwhnupp wybth thnpp $intyunnwghwotn nuah:

s GEANT4 hwnpnGught thnfuignbignipju QGSP (Quark Gluon String,
Precompound) dnnkjatph hwywpwéniny dnnb wynpquwd
hwnnnlwhG hentnGbpp swthwquog Yups L 0Gn B0° hwdbdwunwé
hpwywl hbntnGkph hGwn: PEpuinhGhp Gepdhontuht Yuwulwnuyh
dnntiih  (BERT) wybjwgnidp hwigbgind t thnpéwpwnpuljwl
nywatph wyblh jwy GYwpwagpdwl: LHEP (Low and High Energy
Parameterised) unnt|G6ph hwywpwénilh pwpé katpghwabph nbiwpntd
pwywywoht  wd  Olwpwgpntd  § henbnGGph  GpYuyGuiywh
quinpqugniip, uwluwyt gwén takpghwbbph nbwpntd htntnbbpp Ywnps
G0 hwdbdwwnwé thnpdwnwpwyw inyjwakph htw:

Whuwwnwbph Gepluywgntip

UwntiGwfununipjuwt hhdGwlwG wpryntGplbpp GGpYwjwgyt; G0 Uhentyuwh
Lainwanunnipynebobph Gdpnwwywi Ywgiwybpwnignibnud (CERN) ATLAS
ghinuthnpdh  wikOwnp  Ghuwnbpnud, GEANT4  Spwgph  dnnbjwynpdwa
L2gnuinidwln Ghpywé ubihGwnpbbpnid:

SwwagnntpnLaltnn
UwinGlwfununipjwt hpdbwlywb wpryntbplbpp tnywgpywd 66 3 ghinwyw

w fuwnwbpbbpnud, npnGg gnigwlyp pepdwé £ utindwanph ybeniu:

Uwnbiwiununpiw Yurnigdwépn

Uwnbiwfununignitp pwnugwd t Owfuwpwbhg, bGpbp  gnthultphg,
tqpwywgnipiniihg L oquwgnpéywé gpulwantpjwn gwlyhg:
UwnGGwiunumpjut éwywip 143 Lo Lk, npp OGpwend t 77 GYwplbp L
gnwywbnipywb 75 hnnudtkn:

Uy fuwinwiGph pnt_l_th[lr}wumpjmub

bujluujpujﬁmd GEpyuywgdwéd GO0 wzfuwnwbGph fuGnhpttpp L GpwGg
wnnhwywbnipniap, Yhpwewywb Gywlwlnipniap b Gnpniplbpp: PEpYwsé §
wuwntGwfununipjwl g ntjulbph hwdwenun ﬁumnmqnnlpjnlﬁ:

UrwiohtG gynufun wyupniGwynd £ UGS <wnpnbuighl YUnpuwynbph hwdwenwn
OYwpwagnnipnilp, ATLAS ghtnwihnpdh $hahluyw fuGnhpltiph b npwoghg
pfunn nEwnGyunnph  GYuwndwdp  wwhwbeGtph  GepYuywgnidp:  <wlhps
Oywpwagpywd &0 ATLAS nbLwnblhunnph pwnuwnphs  dwubpp, Gpwig
Ywenigywépp L panipwgnbpn: Pepdwé £ Tile Ywinphdtnph Ywenigwéph,
owunhiwywb hwiwywnpgh, LYnpnihlwh  GYwpwgpngnlp:  <wdwrenn
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Obpluwjwgdwé G wgnwbwdh Jepwywagbdwb dapnnatpp: LYwpwanywés Go
nbntbunph wnpwdwswhiwG b wewGdht  pwnwaphsOph  uinniqiwa
hwdwywpabpp: Spdwé | Ywinphdbuinptph panhwanip inbunipjwt hwdwenin
OYwpwgpngntp & dGh wpp  dESnEINLGOGRh  uwhdwGnudOtin,  npnGp
ogqunwgnpéynid GG hbtnnwquw ginifuttpnud:

Tile hwnpnGwhG Ywinphotupp Gphwe-ughGunhgwunnpughl nbinthunnp
t: UghGunhywwnnnbtiphg  unwgynn  (nyup wihph  GpwpnugntGp  thnfunn,
Ypybwyh pwnwipny wwindwé (nuuwnwnbph Shengny wnbnuwithnfunud ' nkwh
$nuinuwpwqiwwwnyhsep, npnGg  GipwjhG  wqnub;wop  pdwjGwgdnd
wiwhwnnin-pduwhl thnfuwnyhstph dheongny: Tile Yuwinphdtwnph hhdGwywh
fulnhnt t swihbp 2hptiph thGpghwl L Ytpwlwiglti nbwptph wwlwunn
Jwylwywa takpghw:

Gniynnpn guodfun wwpniwyned | odnpdwpwpwywt  hwdwywpgh b
ntwpbph  pUnpnipwe  wwhwGelbph  wpwnpndp:  Tile  Junphdtiunph
OnnnyGbph  wpdwquwGpp  wwpptp  dwulbhyobph  OQuindwdp  swdhdb) k
Uhontywyht  <GunwgnunnipinibGtph - GYpnujwyut Ywadwybpwnignilnud
Uniwtip MpninnlG UhGepninpnG - wipwquignigsh  GpypnpnwihG thGebph  dpw:
UwuGhyatph htinwgéh ypw intnuinpywé 6o bnbl (wpwhG hwyhstn® thaghl
nipnwhwjwg hwppntpjwl dke dwubhytsph YnnpnhlGwinltpp swhtine hwdwp:
Wu hwyyhstbph wpdwaquwbph dhengny htinwqw nhinwpynidhg hwadt) 6o wyl
ntiwptpp, npnGp thGgh dhohl nnanipynibhg 2tnwé GG wybih pwh Gnpbp
unwinwpun  26nnuind: - ®Geh  ninnnipjwdp wbknunpjwé GO bnby
ughGunhpwinnpuihG  hwdhsGbp, npnGp  Swewyty GO npwbu  wnphgbp:
Mwhwigbiny, np wju nGnbYunnpieph  wpdwquwlbplipn (hOGG thnpp, pwh
npnawyh  2GdwihG  wpdtpp’ ntt GG Obwndb, wl nbwpbpp, npnGp
wwnpnowynd GG deYhg wybih dwubhybbn: Pwgh Jbpp GYwpwgpywsd
ntinbywnnpltinhg, thigh Ypw wbnuinpjuwé | tnby quaquihb  stpbaynywa
hwayhs: ®nibep, wagbinyd httnwagsh ypw gunlbynn ntintyinnpatbpnd, payanud
t Tile Ywinphdtiwph gnpu dnnnyGtiphg pwnwgwé  hwiwlwpgh ypw: Unyl
wofuwnwipnid  ogquwgnpéywé  nypuGpn unwgyty 0 Ywnphdtunpp
dnnnuGbph  hwunndy  nuuwdnpnigjudp juwnwpywé  swhnuiGbpndg: U
nwuwynpnipjwh nbwpnd JuwinphdGunph funpripinilp gbpwqubgmd £ 25
dhoniywihl  thnjuwgnbgnipjwl  GpYwpnigintop, b hwnpnOwihG  htintnOGpp
Bnpywowlwa nunnnipjwidp wipnnentpjwip wwnpniowyynid GG nbntlunnpnud:
Llugbwywld  nmnqmipyudp hbintnGeph  tGbnghuwgh  wdbith pwl 99%-p
wwpniwyynd  §t Yupnphdbunpnu: Wu Gpyme hwlquidwGpGbpp
htwpwynpnipintG 56 gt Ywwnwpty swhnudbbp, npnbp qtipé G0 hentnh
wpunwhnuph wantgntpntOhg:

NLwnkYwinph pohelbph wndwawbph wihwdwubenipntlp
wwydwawdnpdwsd £ dhlbnyla pegh wwppbp ughGunhywghnb  26punkphg
utnwgynn {nyup hwdwpenn (nuuwnwptinh GplunpnipintGibph twnpbpnugjwop:
UninGatph dhengny swithyt) £ wyn wihwidwubienipyniGp b gnyg | tnpdwd, np
wil (wy hwiwwwuwnwufuwbnd § nuuwnwpbpnd (nyuh dwpdwG Eptluinh
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uwwudnn wpdtiph htiwn, npp qhwhwwnytip | ogunwugnpdtinyg (nuuwwiwpBpned
tnyuh Swinpdwh Gpluipnipjwb swdndp:

Lwiwenunwyh  GEpyuyugws GG GEANT4  $pwgph  hwnpnlwihG
thnfuwgnbignipjwl dh pwbh OnnbiGp L Gpwog Yhpwebhnippwl GGpgtiunhy
whpnypltpp: Tile Yuwinphdtuph wpdwquwbph dnnbjwynpnidp Ghpwendd §
tiEyunpnohywih  wnonyGtiph  dnpGlwynpnudp b ughGunhywiinnpGipned
uunwgynn |nyuh hwgbgiwl Bpbnyph hdhunwghw™ hwdwwunwuluwl Phpyh
ontiGph: Unnbjwynpdwh wpnnLapltipp yepwyuwiqbybi G0 hpuwywh ingyuibtph
hwiwp  oguwgnpéynn  nlintlwnph wpdwgqulph  Jbpwlwigbiwb
wignpheind, hagp pny § inydbl thnpdwpwpwyw nyjwiGtph L dnnbuynpiwi
wprynilpbtiph hwibdwuniwh dwiwbwy funtuwthb] hGwpwynp uhuntdwnpy
ufuwyGephg:

UwlpwdwuG nwunuGwuhpdtp G0 Swuthybtph  GnyGwlwbwgndp b
wnwppbp swihnudtbph ypw npwig htinbwipny wrewgwgnn  uhuntidwunhl
wofwnnggniabpp: MhnGwht L wpnnOuwghG nwpbph  pwdwbnudp
Yuuwwpydby b ququihb 26psayngub ntnblunnph dhengny: GGwhwwnywé LG
whnGwjht nbwpbph dGg wpnunbbtph wwpniGwynigntip L wpnunwGwih
nbwpbph dt9" whnaGtph wwpnibwynpyntop:

LY. 1. tGGpghwh dhehl  funnipuG  pwtuniin 50 Gfd whnlGOGph L
LiGywpnGGEph  hwdwp:  @npdwpwpwywl  ngwitbpp GYwpwgpws G
Juinphitwuph Gpwd dwuGhybbph ohuwndwidp wpdwqwbph dnnbiwynpdwh
wpryntapbbpny:

biYunpnG-whnt  pwdwGiwh  hwiwp  oquwgnpdyty | Ywinphdtiwnph
wpdwgwlpp: Uewowpydly GO wyn pwdwGiwG Gnp dhpnnbbp, L npwg
tptywnhdnipnubbtpp  hwibdwwnygtp 66 GwpuyhGmd win Gwwunwyny  Tile
Yuwinphdbpnud  (wjlnptG  ogunwignpdywé  dbpnnltph  htwn:  PwdwGiwb
LdtYwnhynipnibhtiph hwzdwpyp Juuwnwnywé £ oguwgnpébiny
ElGUwnpnabbph L whnOGiph GEANT4 dnnbiwynndwl wpryniGpltpp: Sniyg |
wnpywéd, np wewewplyywd dtpnnlbbphg deYyp, npb widwidwéd t Ehbpghwh
thohlG fuwnnipntd, wwwhnynmd b ElGYnpnG-whnh jwywgnyl pwdwinudn:
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Opwbu ophGwy, GY. 1-nd pepduws £ thGoh 80 akd tGtpghwh ntwpenud
tubpghwih  dhohl  funnipjul  pwytuniip:  Onpdwpwpwbjwl  nyw)bbpp
OYwpwgnywé b dnnbpwdnpdwl wprynlapabpny” thnthnfutiny bilGYunpnGtnph
L whnGOph  dnnbpwynpnuihg  unwgywéd  pupluniilph hwpwpbpwlwa
YzhrGEpp: Wu dtpnnh f| oginwgnpéyws t whnlwihG nbwptph phunpnipjwi
hwdwp: UninG-whnb pwdwGnudp wuwydwlwdnpyws £ Gpyne dEsnipniabbpny.
npwGu pwdwann didnipntl ogunwgnpéyntd £ YwinphiGuph pninp poholtiph
gnidwpuyhG tabpghwl, npp pwpdp taepghwlbph nbwpentd wwwhnynmd ¢
pwywwbht (wy pwdwbnd: Swép Lobpghwbbph nGwpentd (wy pwdwOnd
unwGwint hwiwn wewswpyyb) L Yhpwedty t gninG-whnbwho pwdwhdwl
Yuuwnwnbiwgnpédwé dbpnn’ hhiGywé Gninbwhl nbwptph dnnGiwynpiwb
wpryniGpbph ypur UnnbpwynpdwG shengnd hwpduwnyyt) £ nipwpwbsnip
GpYyuwyawywb 2tpunid gjninGh npnawlh takpghw pnnGGnt
hwywbwywinigynibp k wikl dh nbwpeh hwiwn hwdwpydt) § gnenG (hatn
£20wpuwbdwOnce)nip, npb k) oqunwgnpéyby b npwbiu pudwGiwb swihwbh):

Gppnpn gradfup wwipnlGwiyned | ohhdOwqwb suhnudbbpp L wipnyniapOtpp:
Quihywé & yuwinphibunph gnuiwpuihl wpdwqwbpp whnbobph b wpnunGatph
GYwwndwip 20-180 AQtd tGbpghwtph wnhpnypned: 20 Gtd nbwpnid dhwjl
pwgwuwywb [hgpwynpqwé dwubhyabph thGgnd uwnwgywéd inpwilbp GO
hwjwpyti, L, hGunbwpwp, wu tGepghwih wpnunGwhlG swahnudbbp suwil:
<upqwinpyjwé &t Yuinphdbwnph dbe htnbnGbph (wilwywl wwnpnOwynippul
wuwnh&wn’ ogunwgnnétiny nbwnblywnnph tnwppbp hwnywsbtph ypw payann
thioh dhongny Ywuwwnywdé swihniibbpp: Ywwnwnpbind  hwiwwwunwutuwi
£gpunniilbn® QY. 2-nud phipdwé b gnudwpwihb wpdwquwph® thaoh tatpghwihg
nbbgwé  Yupudwénipniap:  Uwynphobunph®  hwnpnGbGph GYwandwdp
gnuiwpuwihl wpdwgquwaph hwpwptpnipinibp thaeh fatpghwihG GYwpwangned |
htiinlyw) pwlwdliny

E (1)

o PELI S

npuntn %0 hwnpnGwihG henbnGGpnud  takpghwih  EGYunpwdwgOhuwlwb
pwdhGh t, el L A, hwiwwwuwnwuluwbwpwp, hbnbnp fEYnpwiwgthuwywh
L  hwnpnOwht  pwnwnphsteph  gpwOgdwG  tdEYnhynipniblbna GG
LwnpnGuihG htinbnlepnd  kiGYunpwiwgbhuwywl  pwnwnphsh  EGGpghwhg
Yuwiuywénipnip  hwiwduwylt  pEOndEGninghwlwl dnntih nbh  hGunlwgg

wntupp®
m -1 2
S = (If—] @
npwnbin E-0 b mp wquun wwpwitnpbp 60 <Gwnbbind  plnnadws
Ghpwnpnipjwbn’ whnOwihG hbntinGGph hwdwp £ wwpwibnph  wpdbpp
dhpudt £ 1 Gtd L pGnnibdly £, np m wwpwdbnpp Gnyl b owhnbbbph L
wpnuinnbGOeph wewowgpwd htnknGbph hwdwp: e wwpwdbnpp huwunGh




tiYuwpnaotph dhengny wllwiu swhnuiltiphg: MhnGhtph L wpnwinGotnph
GYwwndiwdp Ywinphitunph wpdwgwph takipghwihg nibgws Yufuwénippua

0.9 -
® pion
o proton

0.76 1 1 I {

20 50 100 180
E pam [GeV]

LY. 2. MhnGbtph L wpnunGGbph O4wwndwdp  YwinphdGuph gnudwpuih

wpdwaqwlph (pwdwlwsé e wwpwdtwph Ypw) L thGoh tatipghwh

hwpwpEpnipwl  Juiudwéngnibp  thGgh  tobpghwihg  © Uthwunhuwnhy

ufuwi GGpp thnpp GG L 366 Gplind:

swithdwl wpryntaeospp GYwpwapyty 66° thnthinfubing dnantih wwpwdtnpbpp:
UpnyntGplEpp  GbpYujugywé GO Gy. 2-nud: Npnadb b Ywinphdtinph ng
yniwbluwgywénipnilp” e/ = 1.4420.07: m wwpwdbwptiph  wndbpp
unwgyby t 0.8420.03, hul wpnwinGuyhl htntnOtph hwdwp £ = 2.71+0.68:
Mwpwitinpbph wnwgywé wnpdbplbphg Ywptih £ hbzwnnppudp hwaydti, np
whnGObph wewowgpwd hbntnObpmd  EEYnpwiwgbthuwywa  LaEpghwh
pwdhap 20%-ny wybtihG t, pwl wpnunbuwghG  htntinGGpnud,  hOgp
wuwjiwawynpywsé k wnnwnGlbpny ulujwé hwnpnGuyhl
thnfuwgnbgnientGobpnud pwphnOwihG thgeh wwhwwOdwh wwhwbeny:

-

‘tot

1.03—

?

1.02 . L L
& 100 180

Epean [GeV]
LY. 3. MhnGakph L wpnninGObph GYuundwdp GwinphiGunph gnidwpwghb
wnéwquwiph hwpwptipnugjwt Ywiujwéniginiln thtgh tatipghwihg:
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LY. 3-nud pbpdwé b whnGotph L wpnunGGbph - GYwindwdp
Ywinphititnph  gnuiwpughG wpdwquaph hwpwpbpnipyniap: 50 QqQtd
tabpghuwny whnGObph GYwwndwdp Gunphdtiuph wpdwquilpn dkd £ Gnyh
toGpghwyny  wpnuanGGtph wpdwquwaphg 4%-nd, L wn tnwnpbpnLpnLap
aqwgnd | ktGpghwh wahl qnigpOpwg’ hwultiny 2.5% 180 Qtd nbwpnuid:
Ywinphititnph tOkpgbwnhy nusnnuwanipniap wybth wy k wpnunaabnh,
pwl whnGOGph hwiwp (wnbu O4. 4), npp whnGuyhG htnGnatpnid wnbuwlbh
Labpghwyh ele] $1niyunnurwghwatiph hGunlwlp k: MhnGakph
inusnnwiutnigniap Giwnwgpyuwé

RMS _ _a 4 (3)
Mean JE
opklpny, npuntin £0 thagh Lakpghwl £ wpnwhwuny wé QLtJ-tpny, &0 L b0

é 12 » pion
% 1t o proton
E 10

8

8

7

6

5 o

T w 00 70

Epeam [G6V]
LY. 4. Tile Yuwinphitwph koGpgtinhy (niénnulwonipniap  whnbltph L
wpninnGaGph G4wuiwdp: Unwwnhuinhly ufuwGtpp thnpp 60 L sGG Gplindd;

wquwn  wwpwdtwpbp GG:  MhnOGGph [ménqwuwumpjtu& GYwpwgpnpjwl
wpnynLGpntd unwgyby 60 2= 50.34£0.3% QtJ % L b= 4.4£0.1% wndtiplbinp:

Quthjwé t whnGOtiph L wpnwninGOtph dhentywih0 thnjuwgntigntpiwb
GpywpnipinlGph  hwpwpetpniginiap: - 8nyg £ wipdwd,  np whn(Gtph
dhontyuyhl  thnjuwgnbgniput  GpYwpnipntap  25%-ny - wyGlha L, pwl
wnnwnnGGEphOp: Wu wprymGpp Ywljuwanbubih tp U wwiwawynpywsé L
whnG-thenty thnfuwgnbgnupwt (nhy Ynpywséph thnpn (hikiny™ hwdbdwunws
wnnwnnG-thenty thnfuwgnbignipjwa tphy Yupduwdph htin: Upnynuep Yuinbnp
hGinwquw swihnuiGtph dEYowpwOiwh hwdwn, vwlw)l, htwnlbny pannlodwé
YuOnGhG, unyl wpfuwwnwipnd  ogunwgnpdynd k- Tite wnphdbuph
wpnunGObph — dhentuyhl  thnfuwgntignipiwiG E3GYwhy - plwpnignilp
(A=20.55ud), npp hwyuty t YwinphdGunph Yuenigdwl hwdwp oguwighnéywé
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Gywpwgpnid | hbnbnObph pluybwlwa quipqugntip pwpdn tokpghwbtiph
nhwpntd, uwlw)t Gnydwbu Ywiuwwnbunid Lt ywpZ henknGEp thnpp

i

pion
QGSPBERT O 20GeV

i

4100 GeV
%180 GeV/

R %
xM

LY. 8. GEANT4 épwgnh Gnp tnwppbpwyny dnnblwynpwé whnGwjhG
htinbnGtph  GipQuyGuyws  wpndhibtnh hwpwpbpnigntl  thnpdwpwpwywl
wpryntGpibnha:

toGpghwobph  hwdwn: ‘Utpdhgniywht  (BERT)  Yuuwnuht dnntih
wytwgniip hwagkglnid £ htntnltph tpywpwgiwap, npp (wywglnid |
QGSP hwywpwdnth Yuluwwnbunidbbph hwdwwwnwufuwbnidp
nuilspha: Y. 7-nd pepué. hwitdwwnnipput hhiwb Ypuw GEANT4
6pwgph Ok Juwwpybp 66 buuwnhy L pywgh-fluunpy
thnfuwqntignipnttGliph - hihunwghuwh pwpbpwynuibtp: Lnp  wnwpptipuyny
dnnbiwynpquwé  htntnatph wpndhibtnp pwywlwoht (wy OGYywnwgpnid GO
hpwlywa htntnGEph GpYwybwywd quinqugnuiGtpp, hasp pepdws £ ay. 8-nid:

LwannGughG  htinbnGbph  GpluyGwywh wpndhibtph  swihmdlspp
&qpunywé 50 Ywinphdbwnph poheltph ns utnwGnwpun &bh  hwdwp L
GUwnwgpywé G0 hainlyw) wiwhtnhy wwpwitinphqughwyny’

dE_ 1 wf x Y ot Xy x ﬂ—_w)é(z) 4 ( _ z)
E—N{ p (one ,F,(l,l+a,(b )\)—X;J+ — e * F|Ll+a(d 1))\

npwnkbn, a, b, ¢ wh wquun wwnwdtnpbp &0, Afp Gnpdwynpdwl
gnpéwyhgp, Xo-0 rwnhwghn( pywpnienibp, F+E8 b xkn wywubpywd
hhwtpbpypwswthwywa Snuayghwd k: Wu OYwpwgpripintp unwgdty &
biGyinnwiwgbhuwlywa htinbnh Gplwibwywl wpnhih wwnwittphqughuih
hwiwbdwGnipjwdp L, htntnh uygeh pintyunnuwghwttpp  hwpyh  weltiin
hwduip, exp(-x/k) nLayghwih htn hwdwnpdwa wpryntapnud: Gapwnpyby £, np
a b wwwpwdtnptnp nLika (nquiphpdhy Ywiuwénipint EGpghwihg, L pninp
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pion
50 GeV

proton
50 GeV

* 180 GeV

* 180 GeV

1/, , x dEfdx [11]

1/E, , x dE/dx [1]

r T R TN T T Y
10 5 10 5 20 25 107 5 10 15 20 25
x [Al x A

LY. 9. 50 L 180 QtY tOtpghwyny whnOughlG L wpnuinnGuihG htintinGtph
Gpyuwjiwlwi wpndhitbph wowhnhy Gywpwagpnipgnan:

tabpghwGbph  nuyGpp  dhwdwiwGwy  GYwpwgpdly GG wlOwhnhy
$nibyghwyny:  MhnGwjhG htntinGtph hwiwp unwgyl GO wwpwibnptph
htwnlywy wpdbplbpp

a = -0.084+0.532 LnE, w = 0.675 — 0.0696 LnE, b = 0.249, d = 0.751
huy wpnunnGuyhb htintnGtiph hwdiwn®

a =-0.886+0.279 LnE, w = 0.693 — 0.0699 LnE, b = 0.257, d = 0.767
npinbn tGGpghwl  wpunnwhwyndwé § o akd-nyd:  Awpwdtnphqughwih b
njwabph wewybjwgnyl 2tnnuip Yugdnd £ 10%.

Npuwbu ophluwly GY. 9-nud phpqwé £ 50 L 180 Gt whnGwyht L wpninnlwh(
htinnGtph GpYuwyGwywa wpndhiatph GYupwgpnienuip:

Tile Yuwynphdtinph  dhongny  Ywwwpywé  whnOwjhG  htintinGeph
GpYywwlwa wpndhiGtiph swhnuiGepp hwibdwwndwéd GG CDHS  bBplywpe-
ughGunhywwnpught  Ywinphitnpnyg  Yunwnywd  swhnudatph hbw, npnip
uwhiwiwthwyyws 60 12.4 A unpmpjudp: LY. 10-nd pipdwé 56 20 L 100
Qtd whnGuhG henbnGGph  GpYuwbwywld wpndhilbpp”  suthdwsé  Bpin
Jwinphatwnptpny: Ahundnd b Bpyne suhnudObph hwdplyond 10%
gyuinipjuip: Oqunybiny  htinbnObph  GpyuwGwywa wpndhiatph  wlwihunhy
GYwnwgpnipinLihg” huyupydty b Yuinphdtivph wwpptn funpnignuattph L
hunpnGatph nwpptip EGGpghwibph hwdwn dhehl Epluwytwywd wpwnwhnupp:
PEpYwé GO whnGuihG L wpnunnGughG  hentnGtph  dhehl  BplYwbwyw
wwipntGwynipjwa Yuiuywsniginian Yuinphdtuiph funpnignibhg:
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LY. 10. Tile L CDHS Ywynphdtinnpbpny swihywéd whnbughG  htinkinGbph
GpYuwytwlwa wpndhyabph hwdtdwwnndp:

UwlpwdiwulG  nwnuibwuhpdwé  t Yupnphdbuph  tabpghunhy
inénnuywinipuwb Jpw hbntinGbph tpyuwtwywt b jwjGwiws wpunwhnuph
wagnbkgnigntap’ uwhdwowdhwytbind Yuwinphibuph oquuwgnpédynn peheltiph
phup: 2uuhdby GG htintnh EaGpghwih (wjtwywa b tpluytwywo wpunwhnuph
uytlywnpGlnp, npnGghg wewehGp GYwpwapdty £ Quniuh, huy Gpypnpnp
lwlnwnih  pwfudwip: Gpywjwlwl  wpwnwhnupp  hwogkglnud L
gnidwpuyht  toGpghwih  puwfudwl  uwbYwnpned,  gwdép  tabpghwabph
wnhpnypnud  nbwpbnh  wnwewgliwlp: Nbwpbph  dtéwdwulnipjwb  hwdwnp
BEpywytwljwls wpwnwhnupp 2w thnpp £ thash Eobpghwih hwidtdwun, uwlw)l
Yuwb nbwptip, npnig hwdwp Gpyuwtwywt wpunwhnupp gipwquignd | thbgh
tobpghwh 90%-p: <bnbnh tObpghwih (wjwlwl wpuwhnupp 2tamd |
gnuiwpuyhb EEipghwh wdpnng pwatunuip nbwh gwén Eabpghwabph wnhpnyp,
uwluwyt sh wpwowglnud uwtyunph dkh 466 thnthnfunignlb: Pninp ntiwptnl
nLaGG npnawyh dhehl wpwwhnuph tabpghwh 2nipg hwikdwuwnwpwn thnpp
2tnnuibbn: <wnpnbwihG henbnbtph Gpluwytwywa wpunwhnupp hwbgbglnd
winphdtinph tatpgtivnhly (nudnnuyutnigjut kwlwt Juwwnwgliwh: 100 Qfd
Fabpghwind whnOGGph hwdwp, dhehl 3.6% hbntnh tabpghuwh GpyuwGwlwh
wnuwhnupp hwgbgbnud £ EaGpgbiunpy jnudnnuiyutnipjwb 84% Jwunwgdwa,
dhasnbr 6.6% Ghoht |wjbwlwl wpunwhnupp pbpnd b pGnwokOpn 34%
quuwwglwh:  Updws  Gpyne  whwh  wpuiwhnupbph wewowgnwé
tndnnuiwanipuil Juunwgdwl  wwpetpniginltp wwydwawynpws  k
Gpywiwywa wpunwhnuph dGé  ppnyunniwghwibpnd, hisp GpYwybwywb
wnuwhnuph 464  (uygplwywb) Jwulhyh Jwpphg mObgwé  fwlwb
Yuiujwénipyub hbuinlwap t: b trnwppbpneggnd npwl, jw)iwywi wpwnwhnupp
wwpiwawynpdwé b 066 pyny  dwubhylObph  wpunwhnupnd, npnGghg
Jnipwpwbsiniph - Gepnpnudp thnpp | pGnhwlnip wpuinwhnuph  dtg,  hbgp
hwlgtignid | (wjtwlwb wpunwhnuph tatpghwh thnpp $inyuniniwghwtph b,
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hinbwpwp, tGtipghwh nudnnuywanigut hwibiwwnwpwp nsy 2w 0k
Jwunwgdwlnp;

Unwownydty b htnbntbph Spluyiwlwl wpnwhnuph nbyp we nbwp
hwzqwpyh L Ywinphdtinnph wpdwquwbph £2gpundwh dtenn, npp oguwgnpénud
b ntwnGyunph uvwhiwGuhwy whpnyphg utnwigynn swithnuitepp: Ukpnnp,
oquytiiny htntnltiph EpYywyhwlywl wpndhiltph whwihwhy
GYywpwgpnipinibhg, nbwp we ntwp thnpénd £ G4wpwgpb)  htintinh
bpyuybwywl  qupgugnd b hwywnybp  toepghwh  wpwnwhnupp: Uk
inyuinuwghwttiph htinbwpny wyu dtpnnh Shengny unwgdnn Eokpgtunhly
(nudnnuiyutnejwl  (wdwgnidp aks sk 100 Qfd  whnbGObph  hwdwnp
(nuonnuijwantpynibp (wywbnid | 26%-ny, huy wpninnbGtph hwdwn® 14%-ny:

Gapwywgntpinl
U2fuwunwipnud unwgywé hhiowywb wpryniaplbipp hbunlyw b 5G*

e Urwoht whqud jwihyb) B0 whnOwhG hbnbnObph  GpwyGulwi
wpndhilbpp dhasl 20 dhonlywhl thnfuwgnbgnipjwl Bplwpnipnut’
wytih  pwh  40%-ny gbpwquwghing  Gwfunpn  swihnidGbph
funpnipnLap:  MpnunnGGbiph  wewowgpwsé  hbntinbbph  EpYw)Gwlwa
wpndhiGtph swihnuip Yuunwpyb b wewghl wiqud b hwabdwnyty
whnlwhl  hbntinGtph  wpnhiatiph hew:  <GnbnObph  wpn$hiobpp
OYwpwgpywé 60 wawphnhly pncbyghuyny:

s Nwndbwuhpdt b Ywinphdbuiph taGpgbunhl nudnnuywiniew ypw
hbntinGtph Gpjuwjiwlwa b jwewywt wpunwhnuph wgntignipjniln:
Uwnwgdt £, np dhehtmd wyblth thnpp GpywjGwlwa wpuwhnupp
hwlglglnud | EGtingtitnhly (ménnwwanipjwt wybih dté Jwunwgdw,
pwl dhohl wybih 0bé (wyGwlwl wpunwhnupp:

e Lhwwgnundby b Tile uinphdwph ng Yndwbhuwgywénipnip, Gpw
wpdwquwlph “wwppbpnipntip GnyG EoEpghwing whnGGbph L
wpnuinGlbph GYwuwndwdp: dwywpyyti b whnbwht b wpnunnGught
htnbnGGpnud  fEYunpwiwgqthuwywa  pwnwnphsh pwdhip L Gpu
LGEpgbunhy Ywiunwdp:

e Onpdwpwpwywl swhmittpp hwikiwndwé B0 GEANT4 6pwgph
hhdwb Jpw  Yuwwwpdus  dnnbjwdnpiwa  wpynebplbph  heine
oqurwgnpétiiny  hwnpnGuyhG thnfuwgnbtignugyw dh wpp Gnntilbp:
Uwnwgyws GG wtnwpptip dnnbiGtph £2qpuniniegjwl ghwhwinwwaGkp:
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Pesiome

C sanyckom Boasworo AsponHoro Koasa(Qsaepa (LHC), ¢ aHeprued
eHmpa Macthki npomoHoB 14 ToB, HameueHHoro Ha Havaao 2008r., byzem
omxkphima HOBAf Bpa B uU3uKe BhHICOKUX aHeprull. ATLAS (CERN)
skcnispumeHm 6ysem uayuamb BaxHeluwue BONPOCH (HUSUKU 2ABMEHMAPHBIX
uaginull: NPOUCXOXASHUE Maccel uacmul, HapyuweHue dSAekmpocaabol
CUMMEMPUU U CcyllecmBoBaHue CynepCUMMEMPUYHbIX Yacinutl.

B zanHol pabome UusyueHhl xapakmepuemuku aapoHHoro Tile
kasopuMempa nposkma ATLAS. OmkAuK AemeKkmopa Ha NUOHbLE U NPOINOHL G
sHepruel 20-180 T'aB usmepen B Esponetickol OpraHusayuu HAaepHbix
WconesosaHull Ha nyukax Cynep TMpomowtoro CuHxpompoHa. C noMOLLko
cneyugAbHOU YCMaHOBKU mecmupyembiX MOJYASU KaaopuMempa, Npu KOmopou
raybuxa gemekmopa npesocxoaum 25 SAEPHLIX JAUH B3aumoJe(cmBus, a B
nonepeuHoM HanpaeAeHuu Goase 99% BHEPrul aAPOHHBIX AUBHE( COASPXUMCH
B YCMAaHOBKe, NPOBeAeHbl UMEpEHUA, He UMeloliue aHanoros. Paspabomaksi
HOBbI® MOMOAbl BASKMPOH-NUOHHOTO Pa3AeAeHUs C NOMOLLLIO KaAopuMempa, u
NOKA3AHO, UMOC O4UH U3 Hux Umeem BoAace BhiCOKYID SdidieKmMUBHOCME
passeAeHUA, ueM MemoJbl, WUPOxo LicnoAb3yemble 8 Tile kaaopumempe.
OnpeneneHe HEKOMNEHCUPOBAHHOCME KaAOpUMEMpa U U3yueHa pasHuua
OMKAUKa A8MEeKmMOopa Ha NUOHb! U NPOMoHbI ¢ 0.AuUHaKeBOU aHepruel. MoAyuena
JHEpremuueckas 3aBUCUMOCTIb 3AEKMPOMarHUMHoU cocMaBAsiowel TUOHHbIX
U NPOMOHHLIX AueHel. Bnepebie UMEpeHbt NPOAOAbHLIE NPOCOUAU NUOHHBIX U
NPOMOHHBLIX AUBHEU 40 20 faepHBIX AauH B3aumosedcmsus. Mokasado, umo
NUOHHBIE AUBHU, Npu SHepruu exile 50 "B, npoHukalom raybxe s Kanopumemp,
UEM NPOMOHHLIE.  Pe3yAbmannibl UsMepeHUs NPo.AoAbHbIX npoduaell aapoHHBEIX
AuBHell onucaHsl aHaAumuuecko( chyHklLuel, UMQ NO3BOAREM pacuumams
BOAUUUHY NPO/OAbHOU ymMeuKu 3Hepruu AAR pasHbiXx raybuH Kaaopumempa u
3Heprud aspoHos. BKcnepuMeHmaAbHbIe AaHHbIE CPABHEHBI C Pe3yAbmamamu
GEANT4 moZzeAupoBaHus ¢ UCTIOAB3OBAHUSM HECKOALKUX MoJeAel &IPOHHOrO
B3@UMO.1ELiCIMBUSA, UMO NO3BOAREM NOHAML CUAbHBIE U cAabbie GmMopotb! pasHbX
MOLeAed; a maKxe yAydllumb MOUHOCMb MOAEAUPOBaHUs. M3yueHo BAusHue
RPOAOALHOU U nohepeuHol yMeUukU SHEpruu AUBHA HA OHEepPremuueskoM
pasdpewesuu Karopumempa. [lokasako, umo B cpeaHem OGonse Manas
NPOAOAbHEA YMeuUKa npusBoAUm K GOAbLIEMY YXYAWEHUIO SHEPremuusckoro
paspelwsHuA, UsM NONBpeUHaA YMeUKa AUBHA.
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