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 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.

3agauu AUCUMIIHHBI
0o0y4yeHHEe CTYJEHTOB MOJEIIMPOBAHHIO CIy4YalHbIX IporeccoB MeTogoM Monrte-Kapio;
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,€ KOMHGTGHL[I/Iﬁi

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

VYK-2.1 ®opmynupyet B pamkax 0003HaYCHHOU MPOOIEMBI,
Lenb, 3aJaud, AakTyaJlbHOCTb, 3HAaYUMOCTb (HAyuyHYIO,
MPaKTUYECKYI0, METOANYECKYIO U UHYIO B 3aBUCUMOCTH OT
TUIIA TIPOEKTa), OXHUIAEMbIE pe3yJbTaTbl U BO3MOYKHBIE

YK-2 Cnocoben ynpaBisith
cepsl UX MPUMEHEHHUS

HCCIICAOBATCIBCKUM IIPOCKTOM Ha BCCX ITAllaXx

YK-2.2 Criocoben MPOTHO3UPOBAThH pe3ynbTar
ero peajan3anun

NESITEeIbHOCTY U IUIAHUPOBATh 10CJIEA0BATEIbHOCTh 11aroB
JUIsL  TOCTWDKEHHs  JaHHOro  pesynsrara. PopMmMupyet
IaH-rpadyK peanu3alyy IpoeKTa B 1EJIOM M IUIaH
KOHTPOJIA €r0 BBIIOIHEHHS

YK-4 Crioco6eH mpuMeHsI T COBPEMEHHbBIE VYK-4.4 CrnocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
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 1 peann3oBbiBath |YK-6.2 OueHuBaer CBOIO JeSTEIBHOCTh, COOTHOCHUT IIEIH,
HPUOPHUTETH COOCTBEHHOH EATETBHOCTH CIOCOOBI M CPEICTBA BBINOIHEHHUS MACATENBHOCTH C €&
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE pe3yapTaraMu

CaMOOLIEHKH

OIIK-1.2 CnocobeH cocTaBisTh OOIIMIA TIaH PaOOTHI 1O
3aJaHHOW TeMe, Mpeajararb METOAbl HCCIICNOBAaHUS U
CHOCOOBI 00paboTku pE3YyNBTaTOB, MIPOBOJUTH
MCCIIEIOBAaHHS TI0 COTVIACOBAHHOMY C PYKOBOJIMTEIIEM ILIaHY,

OIIK-1 Criocoben ¢opMynupoBaTh LEIH U
HPENCTABIISATH OJNyYeHHbIC PE3YJIbTaThl

3aj1a4y UCCIIEA0BAHNUS, BEIOUPATh KPUTCPUH

OIIK-1.3 Bmageer cHCTEMAaTHYECKHMMH 3HAHUAMH II0
OIICHKH, BBISBIISATH IPHUOPHUTETHI PEIICHUS 33124

HAIpPaBJICHUIO JIESATEIBHOCTH; YIIIyOIICHHBIMUA 3HAHUSMH 110
BBIODaHHON  HANPaBICHHOCTH  TOATOTOBKH, 0a30BBIMH
HaBBIKAMH MTPOBEJICHUSI HAyYHO- HCCIIEHAOBATEILCKUX PadOT
10 IPEIJIOKEHHON TEME




OIIK-2 CriocobeH npuMeHSITh COBpEMEHHbBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U
MIPEACTABIATH PE3YIbTAThl BEINTOIHEHHON
paboTbl

OIIK-2.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-3 CriocobeH opopMIISITh Pe3yIIbTaThl
HayYHO-HMCCIIE/IOBATEIILCKON JICSITEIbHOCTH B

BUJIEC C

TaTef/'I, JAOKJIaZ10B, HAYYHBIX OTUCTOB U

Ipe3eHTalui ¢ UCIIOIb30BAaHUEM CUCTEM
KOMITBIOTEPHON BEPCTKH M MAKETOB O(PHCHBIX
porpaMm

OIIK-3.1 Bmageer npodeccCHOHAIBHON TEPMUHOIOTHEH,
HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

[MK-1 Crioco0eH K cO31aHuI0 TEOPETHIECKUX U
MaTeMaTH4ecKuxX Mojieliell B 001acTu siAepHOi
(U3KKH U TEXHOJIOTUH

[TK-1.1 3naet puzndeckoe onuvcaHue SBICHHUA U TPOIECCOB
B 00JIaCTH SJIEpHOH (PU3MKH U TEXHOJIOTHIA

K-1.2 Ymeer CO3/1aBaTh TEOpEeTUYECKHe u
MaTeMaTH4ecKue MOJENM B 0o0NacTu siiepHOil (U3UKU U
TEXHOJIOTUHI

[IK-1.3 Bnageer HaBblkKaMH pPabOTBl C COBPEMEHHBIMH
pacueTHBIMU [IPOrPaMMHBIMU CPEICTBAMU

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

3HATh:
o0uryto cxemy Merona Monre-Kapo;
CIIOCOOBI MOJICITUPOBAHUS OCHOBHBIX CIIy4aiHbIX PacIpeeICHUIA;
CHOCOOBI IOCTPOCHUS TEOMETPUIECKON MOJIeNN IeTeKkTopa B makere Geant4;
NPUHLMIIBI COCTABIECHHsI HAOOPOB Mojesiel pu3nUecKux mpoueccoB B nakere Geant4;
IpeJIeNbl MPUMEHUMOCTH OCHOBHBIX MOIeIel (PHM3HMUYECKHX MporeccoB B makere Geant4;
CrocoObI pa3BUTHS PYHKIIMOHAIBHOCTH NakeTa Geant4.
YMETb:
9(pPEKTUBHO TPUMEHSATH BBIIICYKA3aHHbIC 3HAHHWS HA NPAKTHKE IS CO3/aHHs IPOTPaMM
MOJICJIUPOBAHUSL M pelleHus] (yHZaMEHTalNbHBIX W TPHKIAJHBIX HAy4YHBIX 3aJad B 001acTu
COBPEMEHHOM IKCIIEPUMEHTAIBHON (DH3UKH JIEMEHTApHBIX YaCTHII.
BIIAJICTh!

TEXHHUKOMN MOACIINPOBAHUS (I)I/IBI/IIIGCKI/IX mponecCoB B BCHICCTBEC C MPUMCHCHUCM IIPOrPpaMMHOTO

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

Tema (pazmen) TUCITUTUTHHEL

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

CamocT.

Jlexnun
H pabora

CeMuHapsI

JlaGopar. paboTsl

Hemm w cmocoObl  MOAETHPOBAHUS
(hM3HUECKUX TTPOIIECCOB B JETEKTOPAX.

Meron Monte-Kapio.

CrpykTypa mporpamm B nakete Geant4.

WnTepdeiic monp3oBarens.

[TocTpoenne Monenu JeTeKTOpa.

MO)IGJ'H/IpOBaHI/Ie OTKJIMKa JCTCKTOPA.

Omucanune AIEKTPUUECKOTO
MarHuTHOTO MOJIEH.

Buzyanu3zarus 1eTeKTOpa U COOBITHIA.

O 9 ||| ]|W]

Onucanne 3JICMCHTAPHBIX YaCTULI.

NN N ([N N
NN N (NN N
WlW| W [WWIWIW|W| W




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 HaKkera 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 3agauu MonenupoBaHus. Mcropus pa3BUTUS CIELMAIM3UPOBAHHBIX IporpamMM. CpaBHeHHE

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

[{uxs mozmenupoBanHust coObiTus. OOs3arenbHble OJIOKH: MOAETH JETEKTOpa, TeHepaTop MEepBUYHOM
BepIIMHBI, Habop Moneneld ¢Qusmueckux mnpoueccoB. Co3maHue NTPOCTOH  HPOTPaMMBbI
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 uwHTepakTMBHOM pexkume. [lakerHbrii pexxum. CoznaHue HOBBIX KoMmaHi. JledicTBus,
oTpeziesiieMble MMOIb30BaTEIIEM.

5. IlocTpoeHne MOAENH IETEKTOpa.

Crioco6bl ommcanusi marepuanoB. Onmcanue oObeMma: ¢Gopma, JOTHMYeCKUH 00beM, (QU3NdecKHid
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.

HpI/IHI_II/IH MOACIINPOBAHUA noneir B Geant4. 3a,I[aHI/Ie OAHOPOAHOI'O0 MArHUTHOTO IIOJIA. ClOXXHBIE
T10JI4. HOH}I, MCHSAIOIHECA BO BDEMCHU.




8. Buzyanuzanus JeTekropa u COOBITHH.

Kakne sneMeHTHI aeTeKkTopa MOXHO BHU3yalnH3WpoBaTh. [padudeckue apaiiBepbl. YmnpaBieHue
BU3yaJIU3alUCH.

9. Onucanue QJICMCHTAPHBIX YaCTHUII.

Yactunpsl, momenupyemble B Geant4. KoucTpykropbl wactun. OCOGEHHOCTH MOICTUPOBAHUSA
TsDKEJIbIX HOHOB. Kak co3aTh HOBYIO YacTHILy.

10. I'eneparopbl IEpBUYHON BEPIIIMHEI.

I'eneparopsl mepBUYHON BepHIMHEL. Vcnonbp30BaHWE BHENIHUX HPOTrpaMM-TEHEPAaTOPOB COOBITHI.
Unrepdeiicst k popmaram HEPEVT u HepMC.

11. MonenupoBanue QU3NUECKUX MPOLECCOB. TPEKUHT.

3ananne HaOopa GU3MUYECKUX MPOLECCOB, YUUTHIBAEMBIX B MoAeanpoBaHuu. CTaHIapTHEIE HAOOPHI.
Onwucanne HOBOH yacTuupl. Onucanue HoBoro nporecca. [loporu poxxaenus yactuy. OrpaHnveHus,
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.

Crioco6bl ucnonb3oBaHusi Bo3aMokHocTel nmakera ROOT mis coxpaneHus paHHbIx. Kak ynpaBnsth
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)

CryneHT, W3ydalIui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIQJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate m3yueHus TUCHUIUIMHBI CTYAEHT OJKEH 3HAaTh OCHOBHBIEC OMpPEIEICHUS AUCIUIIUHBL,
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 yd4eOHOTo Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHUI MPOMEKYyTOUHOM aTTeCTallru.

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

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMoOro mMarepuala, a He MEXaHHYeCcKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpaIiarhCs 3a KOHCYJIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad 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 ®opmynupyer B pamkax 0003HaYCHHOU MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUIA TPOEKTa), OXHIAEMBbIC pE3yIbTaThl M BO3MOXKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITeIbHOCTH U IUIAHUPOBATh MOCIICAOBATEIbHOCTh 1IaroB
I JAOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pcain3ann IMpPOCKTa B LCJIOM W IIJIaH
KOHTPOJIA €0 BBIIIOJIHCHUSA

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

YK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
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 JI€STE€IHLHOCTb, COOTHOCHUT LIE/IH,
CIIOCOOBI W CPEJICTBA BBITIONHEHUS JACATEIHHOCTH C e
pe3ynbTaraMu

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

OIIK-1.2 Cnocoben cocTaBisiTh OOLIMiA MIaH PabOTHI 1O
3aJJaHHOW TeMe, MpeAjararb METOAbl HCCIENOBaHUS U
CHOCOObI 00paboTku PE3YyNBTaToB, MIPOBOJUTH
HCCIIEJOBAHMS 10 COINIACOBAHHOMY C PYKOBOJHMTEJIEM ILIaHY,
MIPE/ICTABIISATH OTYYCHHBIC PE3YIbTaThI

OIIK-1.3 Biageer cHCTEMAaTHYECKMMM 3HAHUSAMH 110
HaTPaBJICHUIO JCATEIbHOCTH; YIIYOICHHBIMUA 3HAHUSIMHU I10
BBIOPAaHHOW  HAmNpPaBIEHHOCTH TIOJATOTOBKH, 0a30BBIMHU
HABBIKAMHU IMIPOBECHUSI HAYYHO- MCCIIEOBATEILCKUX 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
auTeparype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

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

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

[IK-1.2 Ymeer C03/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B O0NacTH SIEpHON (GU3WKU H
TEXHOJIOT U1

[IK-1.3 Bnageer HaBblKamMH pPabOTBI C COBPEMEHHBIMH
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMU

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH

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

3HAThb:




o0uryto cxemy Merona Monre-Kapo;
CIIOCOOBI MOJICITUPOBAHUS OCHOBHBIX CIIy4YaiHbIX PacIpeeICHUIA;
CHOCOOBI TOCTPOCHUS TEOMETPUIECKON MOJIeNN IeTeKTopa B makere Geant4;
NPUHLMIIBI COCTABICHHsI HAOOPOB Mojesiel pu3nUecKux mpoueccoB B nakere Geant4;
IpeJeNbl MPUMEHUMOCTH OCHOBHBIX MOZIeIel (PHM3HMYECKHX MporeccoB B makere Geant4;
CrocoObI pa3BUTHS PYHKIIMOHATBHOCTH MakeTa Geant4.

yMeThb:

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

TEXHUKOW MOJIETUPOBAHUS (PHU3NYECKUX MPOIECCOB B BEIIECTBE C MPUMEHEHHEM IPOrPaMMHOTO
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 5sJeMeHTBHI AETEKTOpa MOXKHO BH3yalu3upoBarb. lpaduueckue apaiiBepbl. YmnpaBieHUE
BU3yAJIU3ALUCH.

2. 3aganue Habopa GU3NYECKUX MPOIECCOB, YUUTHIBAEMBIX B MOzienupoBaHnu. CTaHaapTHBIC HAOOPBI.
Onwucanne HOBOM yacTuipl. Onrcanue HOBOTO Tpolecca.

buier 2.

1. I'eneparopsl mepBUYHON BepIIMHBL. VICHONIb30BaHME BHEIIHUX MPOrPaMM-TEHEPAaTOPOB COOBITH.
Unrepdeticot k popmaram HEPEVT u HepMC.

2. lpunmun moxenupoBanus mnonedt B Geant4. 3aganue OIHOPOIHOTO MarHUTHOTO Tojs. ClOXHbBIE
nonst. [lonst, MeHsroLecst BO BpeMeHH.

Kputepun onennBanus

OOyuatomieMycsi CTaBUTCS OLIEHKa B COOTBETCTBUM C IPOJEMOHCTPUPOBAHHBIM YPOBHEM IOATOTOBKH;
OLICHUBaHHE TPOU3BOIUTCS HA YCMOTPEHHMS 3K3aMEHAaTopa B COOTBETCTBHH C OCOOEHHOCTSIMH
JUCLUIUIMHBI U CIIEAYIOUIMMU KPUTEPUSIMHU:



Onenka "ommuno" (10 Ganmos) BBICTABIISIETCSI  CTY/IEHTY, IIOKa3aBIIEeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAaHHE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 06amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0ayioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTHUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

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

Onenka "xopomo" (5 OamioB) BBICTABISETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HAeT Marepual,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh MOJy4YEeHHbIC 3HAHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopuTedbHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (QparMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpaMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBnerBoputensHO" (3 Gajuia) BBICTABISETCS CTYACHTY, IMOKa3aBIIeMy (parMeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT IpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BaTh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6aymn) BBICTABISIETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUM olleHWBaHMS 3HAHUK OOydYaroIIeMycs MPEJOCTaBIseTCs BpeMsl Ha IMOJITOTOBKY Ha
ycMoTpeHue sk3aMeHaropa. Omnpoc oOywaromierocss mo OWJIeTy Ha YCTHOM JK3aMEHEe He JOJDKEeH
MIPEBBIIIATH OJJHOTO aCTPOHOMHUYECKOro yaca. OleHnBaHuEe 3HAHWM MPOU3BOAUTCA B COOTBETCTBUU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPHKAHUEM TUCLUIUIIMHEI.



