degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay

A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

0 JUCHHUIJIMHE: Beruucnurensasie cpencta: GEANT 4
10 HANIPaBJIEHHIO: [Ipuknagaple MaTeMaTHKa U (pU3NKa
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa pyHIaMEHTANbHBIX U IPUKIAAHBIX Ipo0ieM GU3NKH MUKPOMHpPA

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: A.C. XKemuyros, kana. (pu3.-Mar. HaAyK

[Iporpamma obcyxieHa Ha 3acefjanny Kadeapsl GyHIaMEHTATBHBIX W MPUKJIAIHBIX TPo0iIeM (PU3HKH MUKPOMUPA
04.06.2020



AHHOTANMA

KommeiotepHoe monmenupoBaHue (U3MYECKUX IPOLECCOB B JAETEKTOPE SBIISETCS HEOTHEMJIEMON 4YacThIO
9KCTIEPUMEHTAIbHON (DPM3UKH BHICOKMX PHEPrHi KaK Ha JTaIle CO31aHMs U ONTUMHU3AIMN SKCIIEPUMEHTAIbHON
YCTAHOBKHM, TaK M IIPH aHAIM3€ IOJYYEHHBIX JaHHBIX. Kpome TOro, B mocienHee BpeMsl KOMIIBIOTEPHOE
MOZEIMPOBAaHNUE SAJCPHBIX IPOIECCOB HAXOAUT IIMPOKOE MPUMEHEHHE B MPUKIAJHBIX OO0NacTsIX:
paavanMoOHHOW MEIWLIMHE, KOCMOHABTUKE, MHKPORIEKTpOoHHMKE H T. A. OpHodl u3 HauOonee
pacmipoCcTpaHEHHBIX MPOTPaMM, MPUMEHSEMBIX JJs MOAETHpPOBaHUs, siBisieTcss paspaboraHHbiii B CERN
naker GEANT4, no3Bomstromuii paboTrare € MONMHBIM CHEKTPOM H3BECTHBIX (PU3HUYECKHUX MPOLECCOB,
[IPOTEKAIOIUX MPU IPOXOKICHUM 3JIEMEHTApHBIX YacTUI[ 4epe3 BELIECTBO. 3ajaya Kypca 3aKJIIo4aercsl B
npaxkrudeckom ocBoeHnu nakera GEANT4.

1. leau u 3apauu

eap AUCUMNIMHBI
- O3HAKOMIJICHHE C METO/IaMH MOJISITHPOBAHUS (U3NUECKUX YCTAHOBOK C moMomibsto makera GEANT4.

33)13‘11/[ JAUCHUIIINHBI
OGy‘ieHI/IC CTYACHTOB MOJICIUPOBAHUIO CHy‘laﬁHLIX nmponeccoB METOAOM MOHTG—KapJ'IO;

O3HAKOMJICHHE C NMPUHLIUINAMHU padoThl, CIOCO0aMHU UCIONIB30BAHUS U MIpeAeiaMi IPUMEHUMOCTH
nporpammuoro naketa GEANT4;

(hopMHUpOBaHHE Yy CTYICHTOB NPAKTHUYECKUX HABBIKOB pa3pab0TKH KOMIIBIOTEPHBIX MPOrpaMM
MOZEIMPOBaHUS (U3NYECKUX IIPOIECCOB B BELIECTBE C INPHUMEHEHHWEM IPOrPaMMHOIO IIaKeTa
GEANT4.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-6.1 Ymeer pemare 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  Pa3BUTHS,  ONPENeNsTh |
peaTn30BBIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESITETLHOCTH

YK-6 Criocoben onpeniessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHOMN AEATENBHOCTH U

CHOCOOBI €e COBEPILICHCTBOBAHMS HA OCHOBE
VK-6.2 OueHuBaeT CBOIO JI€STE€IHLHOCTb, COOTHOCHUT LIE/H,

CaMOOLICHKH M
crocoObl M CpEACTBa BBIMOJHEHUS JESTENBHOCTH C €€
pe3yabraTaMu

OIIK-1 Bnaneer cuctemoit pynnamenransueix |OIIK-1.1  3Haer w  cmocoOeH — HMCIONB30BaTh B

Hay4YHbIX 3HaHUH B o0acTu npo(ecCHOHAIBHON  JEATENIFHOCTH  (yHIaMEHTAJIbHBIE

(u3MKO-MaTeMaTHYECKUX HayK Hay4HbIC 3HaHUS B 00JacTy (PU3NKO-MaTeMaTHIECKUX HayK

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX

1 HOBBIX 3a14a4 B obmactu HpO(beCCPIOHaJIBHOﬁ
ACATCIIbHOCTU, YUUTbIBAsI OCOOEHHOCTH U
OrpaHu4CHUA pa3JIMYHbIX MCTOAOB PCUHICHUA

OIIK-3.3 BnageeT aHAIUTUYECKHMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-5 Crioco0€eH 1 TOTOB K ITOBBIIIEHUIO OIIK-5.1 Crocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
KBaIH(UKALKUU, IPOPECCUOHAIBHOMY POCTY U |BOCIIPHHUMAs COLIMAJIbHBIC, STHUYECKHE,
PYKOBOJICTBY KOJUIEKTUBOM B Cepe CBOEi KOH(peCCHOHAIbHBIE U KyJIbTYPHBIE Pa3Indus

po(EeCCUOHANIBHOM IEATENBHOCTH, TONEPAHTHO (OITK-5.2  Brageer HaBBIKOM  PYKOBOACTBA — MAJlbIM
BOCIPUHUMAsI COLIMAJIbHbBIC, STHUYECKUE, KOJJIGKTUBOM B cdepe cBoei  mpodeccnoHaIbHON

KOH(I)GCCI/IOHS.J'IBHBIC " KYJIBTYPHBIC pa3JINYUs JCATCIIBHOCTU

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BbIABUrarb  THIIOTE3bl, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThiBaTh |MaTeMaTUUecKue MOJCTH JUIS  ONHCAaHUS — H3y4aeMbIX
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN SIBJICHUH ¥ ITPOLIECCOB, OLIEHUBATh Ka4€CTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI




[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITAaTEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00TIacTH

IMK-3.1 TloHuMmaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HMCIOIb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh:
o0yro cxemy merozna Monte-Kapio;
crocoObl MOZICTIMPOBAHUSI OCHOBHBIX CITYYalHBIX pacHpeAeICHUN;
Croco0BI TOCTPOEHUS TEOMETPUYECKON MoieNn ieTekTopa B makere Geant4;
MPUHLUIIBI COCTABICHUSI HA0OpOB Mozienel pu3nvecKux npoueccoB B nmakere Geant4;
Ipeienbl IPUMEHUMOCTH OCHOBHBIX Moziesiel (pM3HUYeCcKHX MporeccoB B makere Geant4;
crocoObl pa3BuTHs PyHKIMOHANBHOCTH NakeTa Geant4.
YMETB!
3G PEKTUBHO NPUMEHATH BBIICYKA3aHHbIC 3HAHHMS HA TPAKTHKE A CO3MAHHS IPOTPaMM
MOJEJIMPOBaHMUsI M pelieHus (yHIAaMEHTANbHBIX W MPHUKIAAHBIX HAy4YHbIX 3aJad B obmactu
COBPEMEHHOM IKCIIEPUMEHTANBbHON (PU3UKH JIEMEHTApHBIX YACTHII.
BJIaJIETh:

TEXHUKOW MOJEIMPOBAaHHUSA (PU3NUYECKUX MPOIECCOB B BEIIECTBE C MPUMEHEHHEM IPOTrPaMMHOTO

nakera GEANT4.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

Tema (pa3nen) TUCIUTUTMHBI

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

CamocT.

Jlexuu
pabora

Cemunapsl | Jlabopat. paboThr

LHemn w® cnocoObl  MOJEIHPOBAHUS
(hU3NYIECKUX TPOIIECCOB B ICTEKTOPAX.

Meton Monte-Kapro.

Crpykrypa nporpamm B naketre Geant4.

WnTepdeiic mons3oBarens.

[TocTpoeHne Mozenu 1eTeKTopa.

MonenupoBaHue OTKIMKA AETEKTOpa.

Onucanue ANIEKTPUIECKOTO
MAarHUTHOTO TOJIEH.

Busyanuzanus netekTopa u COOBITHIA.

Onucanue QJICMCHTAPHBIX YaCTHUII.

=[Ol QX |||~ ]|W]DN

I'enepaTops! EPBUYHON BEPIIMUHEL.

MonenupoBanue
MPOLECCOB. TPEKUHT.

(hr3mgecKux
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Monenu
B3aNMOJICHCTBHH.

SJICKTPOMAIrHUTHBIX

[\
[\
w

13

Monenu B3auMOICHCTBUI aAPOHOB.

14

Coxpanenue
MOJICITMPOBAHHS.

pEe3ybTaTOB




15 [Ipumenenue nakera  Geant4 B ) ) 3
COBPEMEHHBIX 3KCTIEPUMEHTAX.

Hroro yacos 30 30 45

[TonroToBka k 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. Llenu 1 criocoObl MoAenpoBaHus (PU3NIECKUX MPOLIECCOB B IETEKTOPAX.
Henu u 3agaun MonenupoBaHusi. Mctopust pa3BUTHS CIEUUAIM3UPOBAHHBIX NporpamMM. CpaBHEHHE

cymectByromux nporpamm (FLUKA, GEANT3, GEANT4, MCNP).

L{uxn mozmenupoBanusi coObiTusi. OOs3arenbHbIe OJIOKH: MOAETH JETEKTOpa, TeHEpaTop MEePBHYHOMN
BepUIMHBI, Habop Momenedl ¢usndyeckux mporeccoB. Co3gaHue MPOCTOM  MPOrpamMMel
MOJCTHPOBAHHSI.

2. Metog MonTte-Kapso.

Obmas cxema Meroma Monrte-Kapino. MogpenupoBanue pacnpeaeiaeHuid. MMuramust cirydailHBIX
IIPOLIECCOB.

3. CrpykTtypa nporpamm B nakete Geant4.
Anpo Geant4. Uepapxus kinaccos. [lonatus ceanc, cOObITHE, TPEK.
4. UnTepdeiic momp3oBares.

Pabora B uHTepakTHBHOM pexkume. llakeTHbiii pexxum. Co3naHue HOBBIX Komaun. JlelcTBus,
OIIpeeIIAEMBIE MTOIb30BATEIIEM.

5. IlocTpoeHne MoaENH AETEKTOPA.

Crioco6bl onucanusi marepuainoB. Omnucanue oObema: ¢dopma, JOrHudeckuil oObeMm, (QU3NUECcKHUi
o0beM. [Tapamerpusanus puznueckoro oobema. CructemMbl KoopanHAT. BnoxkeHHOCTh 00bEMOB.

6. MonenupoBaHue OTKJIMKA AETEKTOpA.
[Nonstue uyBcTBUTENBHOTO 00BeMa. CpabarbiBanue. OnndpoBKa CUTHAJIOB.
7. Onuncanue 3MeKTPUIEeCKOro ¥ MarHUTHOTO TIOJIEH.

[Ipunmun moxenupoBanus none B Geant4. 3amaHue OIHOPOIHOTO MarHUTHOTO mouns. CIOXKHBIE
nonst. [lonst, MeHsroLecs: BO BpeMeHH.

8. Buzyanuszauus geTekropa 1 COOBITUH.

Kakne snemeHTHI aeTekTOpa MOXHO BHU3yalM3HpoBaTh. [paduueckue apaiiBepbl. YmnpaBieHUE
BU3yAJIU3ALUCH.

9. Omnucanue 3eMeHTapHbIX YaCTHII.




Yacrunpl, Momenupyemble B Geant4. KoucTpykropbl dYactunl. OCOOCHHOCTH MOJCITUPOBAHHS
TSOKEBIX HOHOB. Kak co31aTh HOBYIO YacTHILLy.

10. I'eHepaTopbl NEPBUYHON BEPIIHHEI.

I'eneparopsl MepBHYHON BepIIMHEL Vcrmonap3oBaHHE BHEUNIHUX MPOTPaMM-TEHEPAaTOPOB COOBITHH.
Unrepdeticot k popmaram HEPEVT u HepMC.

11. MonenupoBanue GU3NUECKUX MPOILIECCOB. TPEKUHT.

3amanne HaOOpa GU3UUYECKUX MPOIECCOB, YUUTHIBAEMBIX B MojaenupoBaHnd. CTaHIapTHBIE HA0OPHI.
Onucanue HOBOM yacTuilbl. Onucanue HoBoro mpouecca. [loporu poxxaenus yactui. OrpaHuyeHus,
omnpeensieMble oyib3oBarenieM. Kak mpoucxoauT ouH mar B MOJEIUPOBAHUH.

12. Mopenu >1eKTpOMarHuTHBIX B3aUMOJEHCTBHI.

CrangapTHelii HabOp UIEKTPOMArHUTHBIX HpoueccoB. HaGop mpomeccoB aast YacTHUI[ HU3KUX
sHeprui.  MogenupoBaHue  MHOTOKpPAaTHOTO  paccessHUus.  MoJenupoBaHME — MOHM3ALUH.
MoznenupoBaHue ONTUYECKHUX SBJICHUMN.

13. Monenu B3auMOJIEHCTBUN aApOHOB.

Tabnumpl ceueHuit. Cxema MOIEIMPOBAHUS aJPOH-SAACPHBIX B3aumMojelcTBuid. lcmonb3oBaHwue
napametpuzanuu dKkcnepuMeHTanbHbIX JgaHHBIX (GHEISHA). Crpynnsie momenu. Kackamnbie
Monenu. Monenu Bo3OyxaeHus siep. Bzaumoseticteue HelitpoHoB. Pacmassr.

14. COXpaHeHI/Ie PE3YJIBTATOB MOACIINPOBAHUA.

Crioco6sl ucnonb3oBanusi Bo3MokHocTel makera ROOT mns coxpanenus: manubix. Kak ynpasnsite
coxpanenueM B «aepeBo» ROOT.

15. Ilpumenenue nakera Geant4 B COBpEMEHHBIX IKCIIEPUMEHTAX.
OcoOeHHOCTH MOJIEIIMPOBAHYSI CJIOKHBIX YCTaHOBOK. [lepcniektuBbl pazsutust Geant4.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

VuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIbTUMEIMHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).
IIpaxkTuyeckue 3aHATHS IPOBOAATCS B KOMIIBIOTEPHOM KJjlacce.

6.Ilepeuenn pekoMeH1yeMoii JINTEPATYPbI
OcHoBHas nuTeparypa
1. Yucnennsie metoasl MonTte- Kapio [Tekcr]/H. M. Co6oib, -M., Hayka, 1973

2. Meton Monre-Kapno u cmexubie Bonpocsl [ Teker]/C. M. Epmakos, -M., Hayxka, 1975

JomnonHurensHas aureparypa

1. Kunemaruka snemenTtapubix yactuil [ Texct] = Particle kinematics/E. broknunr, K. Kasartu , -M.,
Mup, 1975

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

Caiit xommabopanuu Geant4 http://cern.ch/geant4



PyxoBoactso nonb3oBarens Geant4
(http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/ForApplicationDeveloper/fo
/BookForAppliDev.pdf

8. IlepeyeHb MH(POPMAMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCUMILIMHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Heo0xonumoe nporpammuoe obecnedenne: Geant4, ROOT. [loctynHble Yepe3 HHTEPHET CTPaHULbI
pa3paborunkoB makera Geant4 (http://cern.ch/geant4) u ROOT (http://root.cern.ch) u 6a3a naHHBIX
Particle Data Group (http://pdg.lbl.gov).

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, W3ydYalIuil JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAQJETh OONIUM TMOHSTUHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate u3yueHus MUCHUIUIMHBI CTYAEHT OJKEH 3HAaTh OCHOBHBIE OMpPENEICHUS AUCIUIIUHBL,
YMETh IPUMEHSATH TTOyYCHHBIC 3HAHUS JIJISl PEIICHUS pa3InIHBIX 3a/1ad.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCIICKTA 3aHSITUH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAgaraéMbpIx CTyJAeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYyTOUHOM aTTeCTaltu.

[Mokazarenem BiajeHUs MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JUCITUILIUHEL.

BaxxHo 10OWTHCS TMOHMMAaHMs U3y4yaeMoro mMarepualna, a He MEXaHHYeCcKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpaIiarhCs 3a KOHCYJIbTAIMSAMH K
MpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad B COOTBETCTBUH C
TEMAaTUKOH 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa QyHIaMEHTATBHBIX U IPUKIAAHBIX Ipo0ieM GU3NKH MUKPOMHpPA
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: A.C. XKemuyros, kana. (pu3.-Mat. HaAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoeccHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

VK-6.2 OueHuBaeT CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBHIMOJHEHUS JIESTEILHOCTH C €€

pe3ynbTaraMu
OIIK-1 Bnaneer cuctemoit pynnamenransubix |OINK-1.1  3Haer w  cmocobeH — HMCIONB30BaTh B
Hay4HBIX 3HAHUN B 00JIACTH npoeCcCHOHANBHON  JEesTeNbHOCTH  (yHIaMEHTalbHBIC

(u3HMKO-MaTeMaTHIECKUX HAYyK

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-3 Cnioco6eH BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00iactu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.3 Binazeer aHaIUTUYECKUMU U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-5 Crioco0eH 1 roToB K IOBBIIIIEHUIO

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO

KBaIM(UKALMK, TPO(PECCHOHATEHOMY POCTY U |BOCIPHHUMAS CollMaJbHEIE, STHHYECKHE,
PYKOBOJZICTBY KOJJIEKTHBOM B cpepe cBoeit KOoH(pecCHOHANbHBIE U KYJABTypHBIC Pa3IUHs
pOECCHOHATLHOM IEATENBHOCTH, TONEPaHTHO (OITK-5.2  Bnageer  HABBIKOM — PYKOBOACTBA — MAalbIM
BOCIIPMHMMAs COLUAIbHBIC, STHUYECKUC, KOJUIGKTUBOM B  cdepe cBoeil  mpodeccrnoHambHON
KoH(ecCHOHANbHBIE ¥ KYIbTypHBIC PA3IIUYUS | e TebHOCTH

ITIK-1 Criocoben ctaButh, popmanm3oBeiBaTh 1 [[IK-1.2  CmocobeH  BbIBUTaTh  TUIIOTE3bI, CTPOUTH
pelaTh 3a/lauu, B TOM YMCIE pa3padarsiBaTh U |MaTeMaTHYeCKHe MOJENN JJisi  ONUCAHUS  HM3y4aeMbIX

HCCIEeI0BaTh MaTEMaTHYECKUE MOIETH
U3y4aeMblX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYUYHbIE PE3yJIbTaThl

SIBIICHUW U TIPOIIECCOB, OIEHUBATh KaueCTBO pa3paboTaHHON
MOZEIIN

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEICKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX
porpamMmm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
MPUKIIAAHBIX TPOTPaMM)
[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynprare uzyuenus aqucuuminiel « Berancnurtensnsie cpeactBa: GEANT 4y oOyuaromiuiics: noymkeH:

3HATH:
o0uryto cxemy merona Monre-Kapo;

CII0COOBI MOJICITUPOBAHUS OCHOBHBIX CIIy4YaiHbIX PacIpeeICHUIA;

CHOCOOBI IOCTPOCHUS TEOMETPUIECKON MOJIeNN IeTeKkTopa B makere Geant4;

NPUHIMIIBI COCTABICHHsI HAOOPOB Mojesiel pu3nUecKux mpoueccos B nakere Geant4;
npe/ieNbl MPUMEHUMOCTH OCHOBHBIX MOZIeJIel (PHM3HMYECKHX MporeccoB B makere Geant4;
CrocoObI pa3BUTHS PYHKIIMOHATBHOCTH NakeTa Geant4.

yMeThb:

3¢ (GEeKTUBHO MPHUMEHATH BHIIICYKA3aHHBIC 3HAHUS HAa NPAKTHUKE A CO3JaHHS MPOTpaMM
MOZAEIMPOBaHMUSA M pemeHus (yHAaMEHTaJIbHBIX M MPUKIAIHBIX HAyyHBIX 3a7a4 B oOiacTu
COBPEMEHHOH 3KCIEPUMEHTAIILHON (PU3UKHU 3JIEMEHTAPHBIX YaCTHII.

BJIaJd€Th:




TEXHUKOW MOJIEIIMPOBaHUs (PU3NUECKHIX MPOIECCOB B BEIIECTBE C MPUMEHEHHEM IMPOrPaMMHOTO
nakera GEANT4.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0
He nmpexycmorpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

[TepeueHb KOHTPOIBHBIX BOIPOCOB K 3K3aMEHY:

1) 3auem HyXHO MOJIEIUPOBATh (PU3HUECKUE TIPOIIECCHI B JIeTeKTOpE?

2) MOXHO 1 3aMEHUTH peabHbIM IKCIIEPUMEHT MOIETUPOBAHUEM ?

3) OcHoBHas cxema meronia MounTe-Kapio.

4) Kak cmozmenupoBaTh Cllyq4aiiHble TOUKH, PABHOMEPHO paclpeiesieHHbIe 110 TOBEPXHOCTH Irapa’?
5) B uewm paznuuue oowekTa-anementa (G4Element) n oobekra-marepuana (G4Material)?

6) K uemy npuBomuT nepeceueHre 00bEMOB MPU MOCTPOSHUH MOJIENN IeTEKTOpa?

7) Hns yero npuMeHseTcs mapaMeTpusanus Gu3ndeckux 00beMoB?

8) s 4ero mMpuMEHSIFOTCS BHEIIHNE TIPOTPAMMBI-TE€HEPATOPHI COOBITHIT?

9) KakoBa nocnenoBarensHocTh AerictBuii GEANT4 npu pacuere oqHOro miara rmpu TpeKuHre?
10) Kak paboTtarot u Koria NpuMeHSIOTCSI TIOPOTH 00pa30BaHUS YacTHIL?

11) [Ipu KakuX yCIOBHIX TPEKUHT YACTHIIBI IIPEKpaIaeTcs?

12) Yto Takoe MKEaHTHHO?

13) OcobeHHOCTH MOJIETUPOBAHUSI MHOTOKPATHOTO PACCESIHUS. M HOHU3AIIH.

14) Cxema MonieIMpOBaHUS apOH-AIEPHBIX B3aUMOJEHCTBUH.

15) Kakue monenu BHyTpHUSAEpHOTO Kackana peann3oBanbl B GEANT4?

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. Kakue 5sJeMeHTHI JETEKTOpa MOKHO BH3yalu3upoBarb. |padudueckue apaiiBepbl. YmpaBieHUe
BU3yaJIU3alUCH.

2. 3apanue HaOopa (PU3HYECKUX MPOLECCOB, YUUTHIBAEMBIX B MOAeIupoBaHiH. CTaHAapTHBIE HAOOPHI.
Onucanue HOBOM YacTuilpl. Onrcanne HOBOTO IpoIlecca.

buner 2.

1. Teneparopsl mepBUYHOW BEpIIMHBL. VCHONIB30BaHUE BHEIIHUX MPOTPAMM-TEHEPATOPOB COOBITHIA.
Unrepdeiicst k popmaram HEPEVT u HepMC.

2. lpunnun moxenupoBanus moniedt B Geant4. 3agaHue OMHOPOMHOTO MarHUTHOTO Tojs. CIOXHBIE
nionis. [onst, MeHsttoIIMECS BO BPEMEHH.

Kpurepun onennBanus

O6yqalou_[eMyC;1 CTaBUTCA OLICHKA B COOTBCTCTBUHU C IMMPOACMOHCTPUPOBAHHBIM YPOBHCM IOATOTOBKH;
OLICHMBAHUE IIPOU3BOAUTCA HAa YCMOTPCHHUSA OK3aMCEHATOpa B COOTBETCTBUH C OCOOEHHOCTIMU
AUCHUIUIMHBL U CIICAYIOIHUMU KPUTCPUAMU:

Onenka "ommmuno" (10 Gassos) BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBUIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 0amioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.



Onenka "xopomo" (7 0anoB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepuad,
IPaMOTHO M MO CYIIECTBY H3JaraeT €ro, yMeeT HMPUMEHATh MOJY4YECHHbIC 3HAHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

Onenka "ynosneTBopuTedabHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HMporpamMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBnerBoputensHO" (3 Oayuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIIEro 00ydeHus 1
C TPYZIOM IIPUMEHSET MOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HaeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKy B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3aj1ay.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUM olleHWBaHMS 3HAHUK OOydYaroIIeMycs MPEJOCTaBIseTCs BpeMsl Ha IMOJITOTOBKY Ha
ycMOTpeHue sk3aMeHaropa. Omnpoc oOywaromierocss mo OWJIETYy Ha YCTHOM JK3aMeHEe He JOJDKEeH
MIPEBBINIATH OJJHOTO aCTPOHOMHUYECKOro yaca. OleHuBaHuE 3HAHWM MPOM3BOAUTCA B COOTBETCTBUU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPHKAHUEM TUCLUIUIIMHEI.



