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
110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH
Nnpo¢uJIb NOATOTOBKH: Anepnas ¢puzuka, YTC 1 koMIbIOTEpHBIE METOIBI B (PU3UKE

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

3agauu AUCUMIIHHBI
[J oOydeHue CTyICHTOB MOAEIMPOBAHUIO CIIy4alHBIX MpoLueccoB MeTogoM Monte-Kapio;

[J 0o3HAaKOMJICHHE C IPUHLIMIAMHU paboThI, CIOCOOAMHU UCIIOJIB30BaHMS U MPeneiaMi IPUMEHUMOCTH
nporpammuoro naketa GEANT4;

[0 ¢opMupoBaHHE Yy CTYOCHTOB IMPAKTHYECKUX HABBIKOB Pa3pabOTKH KOMIIBIOTEPHBIX MPOTPaMM
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,€ KOMHGTGHL[I/Iﬁi

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

VYK-2.1 ®opmynupyeT B pamKax 0003HAYCHHON MPOOJIEMBI,
Lenb, 3aJaud, AakTyalbHOCTb, 3HAUYUMOCTb (HAay4dHYIO,
MPaKTUYECKYI0, METOANYECKYIO U MHYI0 B 3aBHCHMOCTH OT
TUIA TIPOEKTa), OXHUIAEMbIE PpE3yJIbTaTbl U BO3MOXKHBIE

YK-2 Cnocoben ynpaBisith
cepsl UX MPUMEHEHHUS

HCCIICAOBATCIBCKUM IIPOCKTOM Ha BCCX ITAllaXx
€ro peajusannu

YK-2.2 Crnocoben MIPOrHO3UPOBAThH pe3ynbTar
AEATEIBHOCTH M IUIAHUPOBATh IOCIIEA0BATEIBHOCTD ILIAar0B
s JAOCTIDKCHUS  JaHHOrO  pesynbrarta. Dopmupyer
wiaH-rpaQuK peanu3alyd [pOeKTa B LEJIOM U  IUIaH
KOHTPOJISI €T0 BBITTOTHEHUS

YK-4 Crioco6eH mpuMeHsI T COBPEMEHHbBIE VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
KOMMYHHMKaTHBHBIE TEXHOJIOTHH, B TOM 4YHCI€  |MH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX  TEXHOJIOTHMH  JUI
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOTO U MPO(eCCHOHAIEHOTO B3aUMOJCHCTBUS
aKaJIeMUYECKOTO M MPO(ecCHOHAIBEHOTO

B3aUMOJIEICTBUSA

YK-6 Criocoben onpenensts u peain3oBbiBath |YK-6.2 OueHuBaeT CBOIO IEATEIBHOCTb, COOTHOCHUT LIENH,
HPUOPHUTETH COOCTBEHHOH EATETBHOCTH CIOCOOBI M CpEACTBA BBINOJHEHUS JESATEIBHOCTH C €&
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE pe3yapTaraMu

CaMOOLIEHKH

OIIK-1.2 CrnocobeH cocTaBiATh OO TuIaH paboTHI MO
3aJaHHOW TeMe, TMpeJlaraTb METOAbl HCCICIOBaHHSI U
CHOCOOBI 00paboTku PE3YNBTaTOB, MPOBOJIUTH
MCCIIEIOBAaHMS 110 COINIACOBAHHOMY C PYKOBOIUTEJIEM ILIaHY,

OIIK-1 Criocoben ¢opMynupoBaTh LEIH U
HPENCTABIISATH OJNyYeHHbIC PE3YJIbTaThl

3aj1a4y UCCIIEA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKU, BBISIBJISITH IPUOPUTETHI PELICHUS 33134

OIIK-1.3 Brnameer cHCTEeMaTHYeCKUMU 3HAHUSAMU TIO
HAIPaBJICHUIO JEATCIBHOCTH; YIITyOICHHBIMH 3HAHUSIMH TI0
BBIOpaHHON  HANpaBIEHHOCTH TOATOTOBKH, 0a30BBIMU
HaBBIKAMH MPOBEIICHHSI HAyYHO- MCCIEIO0BATEIILCKUX PaboT
10 IPEIJIOKEHHON TEME




OIIK-2 CriocobeH npuMeHSITh COBpEMEHHbBIE OIIK-2.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO

METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
MPEJCTABISTH PE3YIBTAThI BHITIOJTHEHHOM TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAYYHOH JTUTEepaTyphl,
paboTbl MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-3 CriocobeH ohopMIIATh Pe3yIIBTaThI OIIK-3.1 Brnameer mpodeccHoHANBHOW TEPMUHOIIOTHEH,
Hay4HO-UCCIEN0BATEIBCKOMN AESTENBHOCTH B HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
BUJIE CTaTeH, IOKJIa0B, HAyYHBIX OTYETOB U nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
MPE3eHTAINH C UCTIONH30BAHUEM CUCTEM W3IIOKEHUsST Pe3yabTaTOB HAyYHOW JCSITEIHHOCTH B pamMKax

KOMITBIOTEPHON BEPCTKU M MAKETOB OPUCHBIX  |MpodecCHOHAIEHON KOMMYHUKAIINU
porpaMm

[TK-1.1 3naeT ¢puzndeckoe onucaHue SBICHHUA U TPOIECCOB
B 00JIaCTH SJIEpHOH (PU3MKH U TEXHOJIOTHIA

[TK-1 CnocobeH k co3nanuto Teoperuuecknx u |[1K-1.2 Ymeer co37aBaTh TEOpEeTUYECKUe u
MaTeMaTHYeCcKUX MOJeIeH B 00JacTy SIAEPHON  |MaTeMaTHYeCKUe MOJeNnu B 00nacTu sAaepHOW (QU3MKU U
(U3KKH U TEXHOJIOTUH TEXHOJIOTMI

[IK-1.3 Bnageer HaBblKamMu pabOTBI C COBPEMEHHBIMHU
pacueTHBIMU [IPOrPaMMHBIMU CPEICTBAMU

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHUILINHE (MOLYJII0)
B pesynbTrare 0cBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbI

3HAThb!
[J obmyro cxemy mertoga MonTe-Kapio;
[l cnocoObl MOIETMPOBAHUS OCHOBHBIX CITy4ailHbIX pacrpeesCHU;
[ cnocoObI HOCTPOCHHUS TEOMETPHYECKOM MOJIeNH ieTekTopa B nakere Geant4;
[l IpUHIMIBEI COCTaBlIeHU HaOOpOB Mozesnell Gusndeckux mpoueccos B nakere Geant4;
[l mpeaessl MPUMEHUMOCTH OCHOBHBIX MOJIeTIel (PM3MUECKUX MpoLeccoB B nakere Geant4;
[J cnocoObl pa3BuTHs PyHKIIMOHATBHOCTH MakeTa Geant4.
yMeTh
0 9(pPEKTUBHO NPUMEHSATH BBIIICYKAa3aHHBIC 3HAHUS Ha MPAKTHKE U1 CO3JaHUS IPOrpaMm
MOZEIMPOBaHMUSA U pemeHus (yHIaMEHTAIbHBIX M TPHUKIAJHBIX HAy4HBIX 3agad B 001acTH
COBPEMEHHOM IKCIIEPUMEHTAIBHON (DH3UKH JIEMEHTApHBIX YaCTHII.
BIIAJICTh!

[J TEXHUKOW MOAETUPOBaHUS (PUINUECKUX MPOIECCOB B BEIICCTBE C MPUMEHEHHUEM MPOrPaMMHOTO
nakera GEANT4.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| Iletu  u  cmocoObl  MOIEIUPOBAHUS ) ) 3
(pM3NYECKUX POLIECCOB B ICTEKTOPAX.
2 Meton Monte-Kaprno. 2 2 3
3 CrpykTypa mporpamm B nakete Geant4. 2 2 3
4 WnTepdeiic monp3oBarens. 2 2 3
5 [TocTpoenne Monenu JeTeKTOpa. 2 2 3
6 MogennpoBaHHe OTKJIMKA TETEKTOpA. 2 2 3
7 Onucanue DIIEKTPHIECKOTO u ) 5 3
MarHUTHOI'O MOJIEH.
8 Buzyanu3zarus 1eTeKTOpa U COOBITHIA. 2 2 3
9 Onucanue >IeMEHTapHbBIX YaCTHII. 2 2 3




10 |['enepaTopsl NEPBUYHOMN BEPIIUHBL. 2 2 3

1 MonenupoBanue (buznyeckux ) ’ 3
npoueccoB. TpeknHrL.
Mopnenu JIEKTPOMArHUTHBIX

12 omemt } IIEKTPO ) 5 3
B3aUMOJICHCTBUH.

13 |Mogenu B3aMMOAEMCTBHI aJpOHOB. 2 2 3
CoxpaHeHnue €3yJ1bTaToB

14 P pesy: 2 2 3
MOJEIINPOBAHHUS.

15 [Ipumenenue IaKkera Geant4 B 2 > 3
COBPEMEHHBIX 3KCIIEPUMEHTAaX.

Wroro yacos 30 30 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHne TUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. Ilean u criocoObl MOEMMPOBaHUS (PU3MUECKHX MPOLIECCOB B JETEKTOPAX.
Henu n 3amaun mopenuposanus. Mcropus pasBuTHs clieualu3upoBaHHbIX NporpamMm. CpaBHeHue

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

[{uxs mozpenupoBaHus coObiTus. OOs3aTenbHbIE OJOKU: MOJEINb JAETEKTOpa, TeHepaTop MepBUYHOM
BepIIMHBI, Habop Moxenel Qusnueckux nporeccoB. Co3gaHue MPOCTOW  MPOrpaMMbI
MOJEJINPOBAHMUS.

2. Merog MonTe-Kapsro.

Obmas cxema Mertoma Monrte-Kapino. MoxaenupoBanue pacnpeneiacHuid. MMuTarust cirydaidiHbIX
IIPOLIECCOB.

3. Crpykrypa nporpamm B nakere Geant4.
Anpo Geant4. Uepapxus knaccos. [lonarus ceanc, coObITHE, TPEK.
4. UnTepeiic momp3oBares.

Pabora B wHTepakTHBHOM pexkume. l[laketnpiii pexkum. Co3maHue HOBBIX KoMmaH. JlelicTBus,
oTpeziesiieMble MMOIb30BaTEIIEM.

5. IlocTpoeHne MOAENH IETEKTOpa.

CriocoObl ommcanusi MarepuaioB. Onucanune obObema: (opma, Joruueckuii o0beM, (U3HUYeCKuit
oowem. [Tapamerpuzanus pusndeckoro oobema. CucTeMbl KOOpIHHAT. BI0KeHHOCTH 00BEMOB.

6. MojienmupoBaH#e OTKJIMKA JIETEKTOPA.
[Tonsitue uyBcTBUTENBHOTO 00BbeMa. CpabarkiBanue. OnudpoBka CUTHAIIOB.
7. Onmcanue 3eKTPUIECKOT0 M MArHUTHOTO TIOJIEH.

[Ipunnun monenmupoBanus noneit B Geant4. 3aganue OgHOPOAHOTO MarHUTHOTO 1o, CIOKHBIE
niosis. [onst, MeHstToIIMECS BO BpEMEHHU.




8. Buzyanuzanus JeTekropa u COOBITHH.

Kakne snemMeHTHI JeTekTopa MOXKHO BU3yalu3upoBarh. [paduueckue npailiBepbl. YmpapicHHE
BU3yaJIU3alUCH.

9. Onucanue QJICMCHTAPHBIX YaCTHUII.

Yactunsl, momenupyembie B Geant4. KoucTpykropbl dactun. OCOOEHHOCTH MOIECTUPOBAHUSA
TsDKEJIbIX HOHOB. Kak co3aTh HOBYIO YacTHILy.

10. I'eneparopbl IEpBUYHON BEPIIIMHEI.

Ieneparopsl TepBUYHON BepUIMHEL. VCMoNb30BaHWE BHEIIHUX MPOTPaMM-TEHEPATOPOB COOBITHH.
Unrepdeiicst k popmaram HEPEVT u HepMC.

11. MonenupoBanue QU3NUECKUX MPOLECCOB. TPEKUHT.

3ananue HaOopa (U3MUECKUX MPOIECCOB, YUUTHIBAEMbIX B MojenupoBanun. CTanaapTHble HAOOPHI.
Onucanne HOBOH vacTuibl. Onrcanue HOBOro npouecca. Iloporu poxaenus yactun. OrpaHuveHus,
olpeensgeMble oab30BaresieM. Kak npoucxoqur oquH mar B MOAEIMPOBAHUY.

12. Monenu >JIeKTpOMarHUTHBIX B3aUMOJIEHCTBHI.

CranpapTHblii HaOOp SJIEKTPOMArHMTHBIX THpoueccoB. HaGop mnpoueccoB s 4YacTHL HU3KHUX
SHepruil.  MopenupoBaHre  MHOIOKPATHOIO  paccesHMs.  MoOaeNHpoBaHHWE  HOHU3ALUU.
MogennpoBaHue ONTHYECKUX SBJICHUMN.

13. Moaenu B3auMoeHCTBUI aApOHOB.

Tabmuupr cedennil. Cxema MOJCIMPOBAaHUS aJPOH-SJEPHBIX B3auMoJeiicTBuil. lcnonb3oBaHue
napaMerpuzaunu skcnepuMmenTtaibHbix JaHHBIX (GHEISHA). Crpynnbie mopenu. Kackagabie
Mojenu. Mojenu Bo3OyxkeHus sjiep. Bzanmoseiicteue HeliTpoHoB. Pacnaibl.

14. CoxpaneHue pe3yabTaTOB MOAETUPOBAHUSI.

Crioco0bl ucnonb3oBaHusi Bo3MokHOCTel nakera ROOT mist coxpanenus: naHHbIX. Kak ynpaBnsith
coxpaHeHnueM B «aepeBo» ROOT.

15. Ilpumenenue nakera Geant4 B COBPEMEHHBIX SKCIIEPUMEHTAX.
OcobeHHOCTH MOJEIMPOBaHUsI CIOKHBIX YcTaHOBOK. [lepcniektuBsl pazButus Geant4.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).
[IpakTuyeckue 3aHATHSA TPOBOAATCS B KOMITBIOTEPHOM KJjlacce.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI
OcHoBHas JTEparypa
1. Yucnennsie metoasl MonTe- Kapno [Tekcr]/U. M. Co6ons, -M., Hayxka, 1973

2. Meton Monte-Kapno u cmexnbie Boripocs! [ Teker]/C. M. Epmaxos, -M., Hayka, 1975

JomnonHutensHas auTeparypa



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

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

CaiiT xomtaboparuu Geant4 http://cern.ch/geant4

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

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Heo0xonumoe nporpammuoe obecnedenue: 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 IMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIEC OIpENeTeHHs AUCIUILINHBI,
YMETh IPUMEHSATH TTOyYCHHBIC 3HAHUS JIJIS PEIICHUS pa3InIHbIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCIICKTA 3aHSITUH;

— HANPSHKEHHON CaMOCTOSTEITLHON PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHUI MPOMEKYyTOUHOM aTTeCTallru.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JUCITUILIUHEL

BaxxHO 10OWTHCS MOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OT/EIBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BHJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH
npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
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-2 Cnocoben ynpaBiith
HCCIIeJOBATEIbCKUM NTPOEKTOM Ha BCEX 3Tamax
€ro peann3auun

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBAThH MOCJIEJ0BAaTEIbHOCTD IIAroB
I JAOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pceajin3anun IIPOCKTa B NCJIOM U IUIAH
KOHTPOJIA €0 BBIIIOJIHCHUSA

YK-4 CriocoGeH MpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCIIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHATBEHOTO
B3aNMOJCHCTBUS

VYK-4.4 CriocoOeH WCMONIb30BaTh COBPEMEHHBIE CpEICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIBHOTO B3aNMOAEHCTBHS

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBITIOJIHCHUS JEATEIBHOCTH C €&
pe3ynbTaraMu

OIIK-1 Cnocoben (hopMynupoBaTh eI U
3aj1a4M MCCIICA0BAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.2 Cnocoben coctaBiATh OOWIMil TiaH paboTHI MO
3aJJaHHOW TeMe, TMpearaTb METOAbl HCCIEIOBaHMUSA U
CHOCOObI 00paboTku PE3YyNBTaTOB, MPOBOAUTH
HCCIIEOBAaHMS IO COINIACOBAHHOMY C PYKOBOJIUTEJIEM IIaHY,
MIPE/ICTABIISATH OTYYCHHBIC PE3YIbTaThI

OIIK-1.3 BnazmeeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIIIyOJICHHBIMUA 3HAHUSIMH T10
BBIOPAaHHOW  HAmNpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMU
HaBBIKAMHU MPOBEACHUSI HAYYHO- HCCIIEIOBATENILCKUX PaboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIIOJTHEHHOM
paboThI

OIIK-2.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX IIPOTYKTOB

OIIK-3 CriocobeH opopMIISTh Pe3yIIbTaThI
Hay4YHO-HCCIICIOBATEILCKOM ACATEILHOCTH B
BUJIE CTAaTeH, JOKJIAI0B, HAYYHBIX OTYETOB U
MPE3eHTANUH C UCIIOIb30BAaHHEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M AKETOB O(PUCHBIX
nporpaMmm

OIIK-3.1 Bmageer mnpodeccHOHANBHON TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MareMaTH4ecKuX Mojielieli B 001acT sIepHON
(U3UKH U TEXHOJIOTUH

[IK-1.1 3HaeT ¢pu3uveckoe OMUCaHKE SBICHUA U MPOILECCOB
B 00J1aCTH SIEPHOH (PU3MKH U TEXHOJIOTHIA

[IK-1.2 Ymeet co3/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B OONacTH sAepHON (UBHKH |
TEXHOJIOT U1

[K-1.3 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMU

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare usydenus aucuniuiniel «Beraucnurensasie cpenctsa: GEANT 4» olyuaromuiicst JomkeH:

3HAThb:




[J obmyro cxemy mertoga MonTe-Kapio;
[l cnocoObl MOIEMPOBAHUS OCHOBHBIX CITy4ailHbIX paclpeesCHUN;
] cnocoObI HOCTPOCHHUS TEOMETPHYECKOM MOJIeNH ieTekTopa B makere Geant4;
[/ IpUHIMIIBI cCOCTaBlIeHU HAOOPOB Mozenell pusndeckux mpoueccos B nakere Geant4;
[l mpeaessl MPUMEHUMOCTH OCHOBHBIX MOJIeTIel (PM3MUECKUX MpoLeccoB B nakere Geant4;
[J cnocoObl pa3BuTHs PyHKIIMOHATBHOCTH MakeTa Geant4.
yMeThb:

O 3¢ ($eKTUBHO TNPHUMEHATH BBIIICYKAa3aHHbIE 3HAHWSA Ha MPAaKTHKE Ui CO3[aHUS IMPOrpamm
MOZEIMPOBaHMUSA U pemeHus (yHIAMEHTAJIbHBIX M TPHUKIAJHBIX HAy4HBIX 3agad B 001acTH
COBPEMEHHOH 3KCIIEPUMEHTAIILHON (PU3UKHU 3JIEMEHTAPHBIX YaCTHII.

BJIaJeTh:

[J TEXHUKOW MOAETUPOBaHUS (PUINUECKUX MPOIECCOB B BEIICCTBE C MPUMEHEHHUEM MPOrPaMMHOTO
nakera GEANT4.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllIeMy KOHTPOJIIO
He npenycmorpeno.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB K 3K3aMEHY:

1) 3auem Hy>XKHO MOIENIUPOBATh (PU3MUECKUE MPOLECCHI B IETEKTOpE?

2) MOHO 11 3aMEHUTH PealIbHBINA IKCTIEPUMEHT MOJACIHUPOBAHUEM?

3) OcHoBnas cxema metona MonTe-Kapio.

4) Kak cMozpenupoBath ciiy4yaiiHble TOYKH, PABHOMEPHO pacipe/ieIeHHbIE TI0 IOBEPXHOCTH Iapa?
5) B uyem pasnuune oonekra-snementa (G4Element) u o0pexra-marepuana (G4Material)?

6) K uemy npuBonuT nepeceyeHre 00bEMOB P MOCTPOSHUH MOJEIHN AeTeKTOpa?

7) Hns gero npuMeHsieTcs napaMeTpuszanns GU3NnIecKux 00beMOoB?

8) i 4ero NpuMEHSIIOTCSA BHEIIHKE IPOTrPaMMBbI-T€HEPATOPbl COOBITHIT?

9) Kaxosa nocnenoBarensHocTh AelicTBuil GEANT4 npu pacuere oqHOro 1mara npu TpeKuHre?
10) Kak pabotaroT u Korna npuMeHsIIOTCS IOPOry 00pa30BaHUs YacTULL?

11) Ilpu kakuX yCIOBHSIX TPEKUHT YaCTUIBI IPEKpaIIaeTcs?

12) Yro Takoe AKeaHTUHO?

13) OcoOeHHOCTH MOIETMPOBAaHUSI MHOTOKPATHOTO PACCESIHUSA. M HOHU3ALUH.

14) Cxema MoaenupoBaHusl apOH-JCPHBIX B3aUMOACHCTBUII.

15) Kakue monenu BHyTpHUsIepHOTo Kackaaa peanu3zoBanbl B GEANT4?

[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:
burer 1.

1. Kakue sneMeHTHI JEeTeKTopa MOXKHO BH3yasn3upoBaTh. [paduueckue apaiiBepbl. YmpaBieHHE
BU3yAJIU3ALUCH.

2. 3apanue HaOopa (pU3NYECKUX MPOLECCOB, YUUTHIBAEMbIX B MoepoBaHuu. CTanaapTHbIe HAOOPHI.
Onwucanne HOBOM yacTuipl. Onrcanue HOBOTO Tpolecca.

burer 2.

1. T'eneparopsl mepBUYHON BepIIMHBL. VICIONb30BaHKE BHEIIHUX HPOTrPaMM-TEHEPaTOPOB COOBITHH.
Unrepdeticot k popmaram HEPEVT u HepMC.

2. Ilpunmun mopenupoBanuda mnoned B Geant4. 3agaHue OAHOPOAHOTO MAarHUTHOTO ToJis. CoxHBIE
nonst. [lonst, MeHsroLecst BO BpeMeHH.

Kputepun onennBanus
OOyuatomieMycsi CTaBUTCS OLIEHKA B COOTBETCTBUH C NPOJEMOHCTPUPOBAHHBIM YPOBHEM HOATOTOBKH;
OLICHUBaHME TMPOU3BOAUTCS HA YCMOTPEHHs JK3aMeHaropa B COOTBETCTBUU C OCOOCHHOCTSIMH
JUCLUIUIMHBI U CIIEAYIOUIMMU KPUTEPUSIMHU:



Onenka "ommunao" (10 OGaiios) BBICTABIISIETCSI  CTYACHTY, TIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YeOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHbIC 3HAHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

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

Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO M IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHTh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero oOy4deHus, u
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHo" (3 Oayza) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMmbl TUCHUIUIMHBI, JOMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPUHIHUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynosierBoputenbHO" (1 0aymur) BbICTaBISETCS CTYIACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIycKaeT rpyOeiimue omuOKy B (GOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

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



