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 mopenupoBanue (U3NYECKUX IMPOLECCOB B JETEKTOpPE SIBISIETCS HEOTHEMJIEMOM YacTbIO
IKCTIEPUMEHTAIbHON (PU3UKH BHICOKMX YHEPTUH KaK Ha 3Tare CO3JaHus U ONTUMH3ALUH SKCIIEPUMEHTAIbHOM
YCTAHOBKHM, TaK M IIPH aHAIM3€ IMONY4YEHHBIX JaHHBIX. Kpome Toro, B mocnenHee BpeMsl KOMIBIOTEPHOE
MOZICJIMPOBAaHUE SJCPHBIX IIPOLECCOB HAXOAWT LIMPOKOE MPHMEHEHHWE B MPHKIAAHBIX O0O0IacTAX:
pajvaMoOHHOW MEOUIMHE, KOCMOHABTUKE, MHUKPOMIEKTpOoHUKE W T JA. OpHoit w3 Haumbonee
pacmipoCTpaHEHHBIX MPOrpamMM, MPUMEHSEMBIX JIsi MOJCIUPOBaHUs, sBisieTcsl paspaboranneiii B CERN
naketr GEANT4, nosBomstromuii paboTare C TOJHBIM CIEKTPOM H3BECTHBIX (PU3UUYECKHX IPOLECCOB,
IIPOTEKAIOIUX IPU MPOXOXKIEHUM 3JIEMEHTAapHbIX YacTHUI[ Uepe3 BEIECTBO. 3ajada Kypca 3akKirouaercs B

npaxkrudeckom ocBoeHnu nakera GEANT4.
1. leau u 3apauu

eap AUCUMNIMHBI

- OBHAKOMJICHHUEC C MCTOAAMU MOACITIUPOBAHUA (1)I/I3I/ILICCKI/IX YCTAaHOBOK C IIOMOIIBIO ITaKCTa GEANT4.

33]13‘[1/[ JAUCHUIIINHBI

[J oOydeHue CTyICHTOB MOAEIMPOBAHUIO CIIy4alHBIX MpoLueccoB MeTogoM Monte-Kapio;

0
nporpammuoro naketa GEANT4;
0

O3HAKOMJICHHC C IMMPpUHIUIIAMHU pa6OTBI, CIoco0amMu KMCHOJB30BAHUS U npeaciaMu NpuMCEHUMOCTH

(1)OpMI/Ip0BaHI/IC Yy CTYACHTOB HNPAKTUYCCKUX HABBIKOB pa3pa6OTKI/I KOMIIBIOTCPHBIX MpPOrpaMm

MOZEIMPOBaHUS (PU3NYECKUX TMPOIECCOB B BEIIECTBE C MPUMEHEHHEM MPOTPaMMHOIO IaKeTa

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 Criocoben onpeniessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIIEHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 Ymeer pemares 3aaa4vi COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBHOTO  Pa3BUTHS,  ONPEACsTH U
peaTn30BBIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESITETLHOCTH

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBINIONIHCHUS JEATEIBHOCTH C €&

pe3ynbTaraMu
OIIK-1 Brnaneer cucremoii ¢pynnamentanpabix |OIIK-1.1 3HaeTr W© CIOCOOEH  HMCHOJB30BaTh B
HAyYHBIX 3HAHHI B O0JIACTH npo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC

(bPISI/IKO-MaTeMaTI/I‘leCKI/IX HayK

HAy4HbIC 3HAHUS B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHUTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-5 Crioco0€eH 1 roToB K IOBBIIIIEHUIO

OIIK-5.1 Crocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO

KBaJIM(pUKAIMHU, TPOPECCHOHATBHOMY POCTY M |BOCHPUHUMAs COLIMAJIBHEIE, STHHYECKHUE,
PYKOBOJICTBY KOJUIEKTUBOM B Cepe CBOEi KOH(eCCHOHANIbHbBIE U KyJIbTypHbIE pa3Inyus
pO(hECCUOHATILHON JEATENBHOCTH, TONEPaHTHO |OITK-5.2  Biageer  HaBBIKOM  PYKOBOJACTBA — MaJibIM
BOCIIPMHUMAs COLIMAJIbHBIC, STHUYCCKHE, KOJUIEKTUBOM B cdepe cBoeil  mpodeccuoHambHOM
KOH(ECCHOHANBHBIC U KyIbTypHbIC PA3JINUUs | 1esTeIbHOCTH

[MK-1 Criocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BBIABUTaTh  THIOTE3BI, CTPOUTH
peliaTs 3a/1a4y, B TOM YUCIIe pa3padaThiBaTh . |MAaTeMaTHUeCKHE MOJCIM JUIl OIMCAHUS  U3Y4aeMbIX

UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH
M3y4aeMBIX SBJIICHUN U MPOIECCOB, CHCTEMHO
aHaJM3UPOBAaTh HAy4YHbIE MPOOJIEMBbI, OITyYaTh
HOBBIE HAYYHBIE PE3yIbTaThI

SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJZEIHN




[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHaNbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)

WCCIIEIOBATEIHCKIUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00TIacTH

IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIlleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

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

3HATh:
[] oOmuryto cxemy Merona Monte-Kapio;
[J crnocoObl MOJEIIMPOBAHMS OCHOBHBIX CIIy4alHBIX paclpeleeHui;
[l cnocoObl HOCTPOECHNUS TeOMETPUYECKON Mozienu eTekTopa B nakere Geant4;
[J TIpUHLMIIBI COCTaBICHUS] HAOOPOB Mojenell pu3nueckux npoueccos B nakere Geant4;
[l mpezaesnsl IPUMEHUMOCTH OCHOBHBIX MoJiesiel (M3MUecKuX mpoueccoB B nakere Geant4;
[J cnocoObl pa3BuTHs QyHKIHMOHANBHOCTH NakeTa Geant4.

YMETh
0 3G QEKTUBHO NPUMEHATH BBIINIEYKA3aHHbIC 3HAHUS HA MpPAaKTHKE U1 CO3JaHUS IPOrpaMMm
MOJEJIMPOBaHUsI M pelieHus (yHOAMEHTaJbHBIX M MPHUKIAJHBIX HAay4dHBIX 3a4ad B o0jactu
COBPEMEHHOM IKCIIEPUMEHTANBbHON (PU3UKH JIEMEHTApHBIX YACTHII.

BIIAJICTh!

[J  TeXHUKOH MOAECTUPOBaHHS (PU3MUECKUX TPOIIECCOB B BEIIECTBE C MPUMEHEHHUEM MPOTPAMMHOTO
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

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 Hemn wu cmocoObl  MOAETMPOBAHUSA ) 5 3
(U3HMUECKUX MPOLIECCOB B JETEKTOPAX.
2 Meton Monte-Kapro. 2 2 3
3 Crpykrypa nporpamm B naketre Geant4. 2 2 3
4 WnTepdeiic mons3oBarens. 2 2 3
5 [TocTpoenue monenu neTeKTopa. 2 2 3
6 MogenupoBaHue OTKJIMKA IETEKTOpa. 2 2 3
7 Onucanue SIEKTPHIECKOTO u ) ) 3
MarHUTHOTO MOJICH.
8 Busyanuzanus netekTopa u COOBITHIA. 2 2 3
9 Onucanue 3JeMEeHTapHbIX YaCTHII. 2 2 3
10 |I'emepaTopsl NEPBUYHOMN BEPIIUHEL. 2 2 3
1 MopnenupoBanue (uznyeckux ) 5 3
MPOLECCOB. TPEKUHT.
12 Mopnenu ) § 3JIEKTPOMArHUTHBIX ) ) 3
B3aMMO/ICHCTBHIA.
13 Monenu B3auMOICHCTBUI aAPOHOB. 2 2 3
14 Coxpanenue pE3yNBTaToB ) 5 3
MOJEJINPOBAHMUSI.




15 [Ipumenenue makera  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 3amaun mopenupoBaHusi. Mcropust pa3BUTHA clieqUalM3UpOBaHHBIX mporpamMm. CpaBHEHHE

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

Lluxn mozpenupoBanust coObiTusi. O0s3aTeIbHBIC OJOKU: MOJIEINb JETEKTOpa, TeHepaTop IMepBHUYHOM
BepUIMHBI, Habop Momenedl ¢Qusndeckux mporeccoB. Co3gaHue MPOCTOH  MPOrpaMMBI
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 pexume. [lakernbrit peskuM. Co3maHue HOBBIX KoMauja. JledcTBus,
OIIpeeIIAEMBIE MTOIb30BATEIIEM.

5. IlocTpoeHne MoaENH AETEKTOPA.

Crioco6bl ommcanusi MarepuaioB. Onmcanue oObema: (opma, Jormueckuid o0beM, (hu3nyecKuit
o0beM. [Tapamerpusanus puznueckoro oobema. CructemMbl KoopanHAT. BnoxkeHHOCTh 00bEMOB.

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

[Ipunnun monenupoBanus noneil B Geant4. 3agaHue OJHOPOJHOTO MarHUTHOrO mousd. CloKHbBIE
nonst. [lonst, MeHsroLecs: BO BpeMeHH.

8. Buzyanuszauus geTekropa 1 COOBITUH.

Kakue snemMeHTHI AeTeKTopa MOXKHO BHU3yaJu3UpoBarh. [paduueckue npaliBepbl. YmpapieHHe
BU3yAJIU3ALUCH.

9. Omnucanue 3eMeHTapHbIX YaCTHII.




Yactunpl, momenupyembie B Geant4. KoucTpyktopbl dbactun. OCOOCHHOCTH MOJCITUPOBAHHS
TSOKEBIX HOHOB. Kak co31aTh HOBYIO YacTHILLy.

10. I'eHepaTopbl NEPBUYHON BEPIIHHEI.

['eneparopsl TIEpBUYHON BEpIIUHBI. VICTONB30BaHNE BHEIIHHX IMPOrPaMM-TEHEPATOPOB COOBITHIA.
Unrepdeticot k popmaram HEPEVT u HepMC.

11. MonenupoBanue GU3NUECKUX MPOILIECCOB. TPEKUHT.

3amanne Habopa (HU3MUECKUX MPOIECCOB, YIUTHIBAEMBIX B MOJenupoBaHny. CTaHIapTHEIE HAOOPBHL.
Onucanue HOBOM yacTuipl. Onrcanrue HOBOTO mporiecca. [loporu poxxaenus wactuu. 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 ncnonb3oBaHusi Bo3MokHOCTel nakera ROOT mns coxpanenust nanneix. Kak ynpaBnsate
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)

CryaeHT, W3ydalIui AWCIHILINHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM TMOHSATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIEC OIpeNeTeHHs AUCIUILIMHBI,
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 MarepHuayia, IOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAgaraéMbpIx CTyJAeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYyTOUHOM aTTeCTaltu.

[Mokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOMPOCHI IO TEMaM
JUCITUILIUHEL.

BaxHo 10OWTHCS MOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYINHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUI CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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
kBaTuuKkanus: 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-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBPHOIO  pa3BUTHS,  ONpEAEsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U

CIIOCOOBI €€ COBEPIICHCTBOBAHHS Ha OCHOBE
YK-6.2 OueHHBaceT CBOIO JIEATECIBHOCTh, COOTHOCHT IIEJH,

CaMOOLIEHKH M
CIOCOOBI M CpEACTBA BBINOJHEHUS JESATEIBHOCTH C &
pe3ynbTaraMu

OIIK-1 Bnaneer cucremoit pynnamenransabix |OINK-1.1  3Haer w®  cnocobeH  HWCMONB30Barh B

Hay4HBIX 3HAHUN B 00JIACTH npoeCcCHOHANBHON  JESTENbHOCTH  (yHAaMEHTaJIbHBIC

(bHU3MKO-MaTeMaTHYECKUX HAYK Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3 Cnioco6eH BbIOUpaTh 1 (MIIN)
pa3pabarbIBaTh MOAXO/bI K PEIICHUIO TUITOBBIX

Y HOBBIX 337124 B 00iactu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-5 CriocoOeH 1 roToB K MOBBILICHUIO OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
KBaTM(HUKAIMH, TPO(YECCHOHATIBHOMY POCTY M |BOCIIPUHHUMAs COLIMAJIbHBIE, THUYECKHUE,
PYKOBOJZICTBY KOJJIEKTHBOM B cpepe cBoeit KOoH(pecCHOHANbHBIE U KYJABTypHBIC Pa3IUHs

npo(eCcCHOHANBHOM IeATENbHOCTH, ToNepanTHO (OIIK-5.2  Bnageer HaBBIKOM  PyKOBOACTBA — MallbIM
BOCHpUHAMas COMAIBHBIC, STHUICCKUC, KOJUIGKTUBOM B  cdepe cBoel  mpodeccruoHanbHON

KoH(ecCHOHANbHBIE ¥ KYIbTypHBIC PA3IIUYUS | e TebHOCTH

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pemIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MaTeMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH SIBIICHUH U TPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)

MCCIIEIOBATEICKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

porpamMmm) B U30paHHON TpeMETHON 00JIaCTH
[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX

SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

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

[J obmyro cxemy mertoga Monte-Kapro;
[l cnocoObl MOIEMPOBAHUS OCHOBHBIX CITy4ailHbIX paclpeesCHN;
[l cnocoObI HOCTPOCHHUS TEOMETPUYECKOM MOJIeNH ieTekTopa B nmakere Geant4;
[l IpUHIMIIBI cOCTaBlIeHU HaOOpOB Mozenell pusndeckux mpoueccos B nakere Geant4;
[l mpeaemnsl MPUMEHUMOCTH OCHOBHBIX MOJIeTIel (PM3MUECKUX MPoLeccoB B nakere Geant4;
[J cnocoObl pa3BuTHs PyHKIIMOHATBHOCTH MakeTa Geant4.
yMeThb:
0 9(pPEKTUBHO NPUMEHATH BBIIICYKAa3aHHBIC 3HAHUS HA MpPAKTHKE U1 CO3JaHUS IPOrpaMm
MOZEIMPOBaHMUSA U pemeHus (yHIAMEHTAIbHBIX M TPHUKIAJHBIX HAy4HBIX 3agad B 001acTH
COBPEMEHHOM IKCIIEPUMEHTAIBHON (DH3UKH JIEMEHTAPHBIX YaCTHII.
BJIA/IETh:




[J  TeXHUKOH MOAECTUPOBaHHS (PU3MUECKUX TMPOIIECCOB B BEIIECTBE C MPUMEHEHHUEM MPOTPaAaMMHOTO
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 sneMeHTHI JeTeKTopa MOXKHO BH3yaJM3upoBaTh. [padudeckue npaiBepbl. YmpaBicHHE
BU3yaJIU3alUCH.

2. 3apganue Habopa GU3NYECKUX MPOLECCOB, YIUTHIBAEMbIX B MoenupoBaHu. CTanaapTHbIE HAOOPHI.
Onucanue HOBOM YacTuilpl. Onrcanne HOBOTO IpoIlecca.

buner 2.

1. Teneparopsl MepBUYHON BepIIMHBL. VCIONb30BaHWE BHEIIHUX MPOTPAMM-TEHEPATOPOB COOBITHH.
Unrepdeiicst k popmaram HEPEVT u HepMC.

2. IMpunuun monenuposanus nonedl B Geant4. 3ajgaHue OTHOPOAHOTO MAarHUTHOTO moiist. CIOXKHBIC
nosst. Ilosst, MeHstolMECs BO BpEMEHH.

Kpurepun onennBanus

O6yqalou_[eMyC;1 CTaBUTCA OLICHKA B COOTBCTCTBUU C IMPOACMOHCTPUPOBAHHBIM YPOBHCM MOATOTOBKH,
OLICHMBAHUE TMPOU3BOAUTCA Ha YCMOTPCHHSA OJOK3aMCHATOpa B COOTBETCTBUH C 0COOEHHOCTIMU
AUCHUIUIMHBL U CIICAYIOIHUMU KPUTCPUAMU:

Onenka "ommuno" (10 GayoB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0OamioB) BBICTAaBIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.



Onenka "xopomo" (7 0anioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa MNPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYIACHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPaKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAaMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHO" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus 1
C TPYZIOM IIPUMEHSET MOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0ajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKax OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)KaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHYECKHX
3aj1ay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNU olleHWBaHMS 3HaHWK OOydYarolIeMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3K3aMeHaropa. Ompoc oOyuaromierocs 1mo OuiIeTy Ha YCTHOM 3K3aMEHE HE JOJKEH
MPEBBIIIATH OJHOTO acTPOHOMHUYECKOro yaca. OlleHWBaHWE 3HAHUI MPOU3BOAUTCS B COOTBETCTBUH C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPHKAHUEM TUCLUIUIIMHEI.



