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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 JUCHHUILIMHE: Merton Monre-Kapio B saepHoit pusnke
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenapa GpyHIaMEHTAIbHBIX B3aUMOIEHCTBUI 1 KOCMOJIOTHH

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: O.b. lllerones, kaua. ¢pu3.-MaT. HAYK

[Iporpamma obcyxneHa Ha 3aceqanuu Kadenpsl GyHAaMEeHTAIBHBIX B3auMoaencTBUI 1 kocMomnorun 04.06.2021



AHHOTANMA
Kypc nocssmen TexHuke npumeHeHus merofa Monrte-Kapino kx 3amauaM o0 B3aMMOJEMCTBUM YacTHLl C
BEIIECTBOM, TIIOCTPOCHHUIO MOZEIBHOIO  SACPHO-(QU3NYECKOTO JKCIIEPUMEHTa, O0pabdoTKe, aHaIu3y
[IOJIyYEHHBIX B HEM JaHHBIX, U [IPECTABICHUIO PE3y/IbTaTOB.
ITepBast yacTh Kypca HOCBSIIEHA TEOPETUUECKUM OCHOBAM AJ€pHO-(PHU3UIECKOTO MOJECINPOBAHUS, U TEOPUH
npumMenus metona Mounre-Kapio.
Bo BTOpOi#i WacTH Kypca MPOUCXOAMT 3HAKOMCTBO ¢ TporpamMmHbiM maketom ROOT, paspaboraHHbIM B
HEPHe nys oOpaboTku M aHanmu3a JaHHBIX. Pacckas3biBaeTcsi mpo 0a30Bble CTPYKTYPBl IAHHBIX, OCHOBBI
CTaTUCTHYECKOTO aHalin3a M rpaduueckoe mpejcTapieHue pe3ynbrartoB. 1o urory mepBoi u Bropoii yactei
CTYOCHTaM TNPEAJIaraeTcsl BBIIOJIHUTH IIPOCKT, BKIIOYAIOUIMA B ceOs MOAEIMpPOBAHUE BBIOPAHHOTO
sKcriepuMenTa MerogoM MonTe-Kapiio, aHanu3s u npencTaBlieHUe €ro pe3y/bTaToB ¢ HAlMCAaHUEM BCEro Koja
B makere ROOT.
TpeTbst 4acTh Kypca NOCBSILIEHa OCHOBAM MOCTPOCHHS MOAEIH SIIEPHO-PHU3NUECKOr0 SKCIIEPUMEHTA B ITaKETe
GEANT4. PaccmarpuBaercs ctpyktypa GEANT4, gnetanbHO Ha mpuMepe NPOCTEHIIMX MPOTrpamMm
paccMarpuBaeTcsi paboTa ¢ OCHOBBIMH HEOOXOIMMBIMH KiaccaMu. B 3aBeplIeHHH CTyOEHTaM IMpeljiaraeTcs
Hanucarh NpOrpaMMy MOJENMpPOBaHUS BbeIOpaHHOro skcrepumenta B nakere GEANT4, ¢ mposexenuem
aHaJln3a JaHHBIX U [IPeCTaBIeHHEM pe3ynsraTtoB B nakere ROOT.
Jus paboter ¢ GEANT4 u ROOT mis xakmoro CTyAeHTa CO3JaeTCsl YUYeTHas 3alHucCh Ha CIEIHaIBHOM
cepBepe ¢ yCTAaHOBJICHHBIM IIPOTPaMMHBIM 00€CTICUeHHEM.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

Wznoxenune wmeroma MonTte-Kapino mnpuMeHHTENbHO K 3aJadaM O B3aWUMOACWCTBUM YACTHIl C
BemectBoM. PopmupoBaHue 0a30BbIX HABBIKOB HCIONb30BaHus naketoB nporpaMmMm GEANT4 u ROOT
IUIL MOJIEJIMPOBAHUS SIIEPHO-(QU3NUECKUX HKCIIEPUMEHTOB W aHajIHM3a IOJYYEHHBIX pPE3yJIbTaToB.
dopMupoBaHUE MaTEMaTHYECKON KYIbTYpbl, HCCIEI0BATEIbCKUX HABBIKOB U CIOCOOHOCTH HPUMEHSTh
3HaHUS Ha [IPAKTUKE.

3agaun AUCHMIIHHBI
- MWM3noxeHUEe HEKOTOPBIX pa3leiioB TEOPUM BEPOSTHOCTEM M MAareMarTMYEeCKOW CTaTHCTHUKU,
HeoOxonuMbIx 111 Metoga MonTte Kapro;

- OCHOBHBIE aJITOPUTMBI MOZICTIMPOBAHUS CITyYailHBIX BEIMYMH C 33JaHHBIM 3aKOHOM paclpeieeHus

- Hexoropele TUIMYHBIE 3aJa4yd MOAEIUPOBAHUS AACPHO-(QU3NYECKUX IMPOLECCOB M PETUCTPALUHU
pe3yabTaToB

- Pabora ¢ nanapME B iporpamMmaoM nakete ROOT

- [TocTopoenue Monenu siiepHO-PpU3NIECKOro KcrepruMenTa B makere GEANT4

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00JacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON IeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TEHHOCTH

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00iactu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 ChoocobOeH HCIIOIb30BAaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 3HAHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Ipeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX

MIPUMEHSS 3HAHUS U HABBIKU B 00JIACTH
(hU3MKO-MaTeMaTHIECKUX HAyK U
MH()OPMAIMOHHO-KOMMYHUKAITHOHHBIX
TEXHOJIOTHH

pE3YIbTaTOB

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCHUILIHHE (MOIYJII0)

B pesynbrare 0CBOCHHS AUCHUILTHHBI 00YYaIOIINECs JOIDKHBI

3HATh!
MOHSITHS TEOPHHM BEPOSTHOCTEH ¥ MaTeMaTW4ecKoW CTAaTUCTUKH, WCIOJIb3yeMble B METOE
MoHnTte-Kapno; ocHOBHBIE TNpHEMBl MOJECIUPOBAHUS CIIyY9alHBIX BEIWYMH C 33JaHHBIM 3aKOHOM
pacripeneneHus; GU3HYeCKre MPUOIKSHUS, IIPHHATHIC TIPH MOJCITUPOBAHNH B3aUMOACHCTBHS YaCTHIL
C BEIIECTBOM W SIZICPHBIX PEaKIWi TPU BHICOKUX JHEPTHSAX; OCHOBHBIE CTPYKTYPHI JAaHHBIX IaKeTa
ROOT, crpykrypy npocToii Momenu dkcriepumenTa B makere GEANT4

YMETh:
CTPOWTh TPOCTEHIINE MaTreMaTHYeCKUe MOJIEIH MPOIECCOB B3aWMOJCHCTBUS YaCTHUI] Ha S3BIKE
NPOrPaMMHUPOBAHHS  HCIOJNB3YyS  TEOPETHYECKHE  3HaHWUS, MOCTPOUTh  NPOCTYI0  MOJENb
SJIEpHO-(PU3MUECKOTO DKCTIEpUMEHTa ¢ Hcmonb3oBanueM mnaketa GEANT4, oOpaboTars pe3ynbTarhl
IKCIIEPUMEHTA U TpapUIEeCcKH UX MPEICTaBUTh C HCIoab3oBanueM nakera ROOT, nenars npaBUIbHbBIC
BBIBOJIBI M3 COIMOCTABIICHHS PE3yJAbTaTOB Pacu€TOB M IKCIIEPHUMEHTA, BUACTh B MPUKIAJAHBIX 3a/1a4ax
¢duznUecKoe coepKaHue.

BIIAJICTh!
HABBIKAMH CaMOCTOSITENIbHOW pa3paboTK¥ KOMIBIOTEPHBIX MPOTPaMM, HABBIKOM OCBOCHHUS OOIBIIOTO
Koln4yecTBa MH(OPMALUK, HABBIKAMH ITOCTAHOBKH HAyYHO-HCCIICAOBATEIILCKUX 3a7a4 B OOIaCTH
B3aMMOJICHCTBHS YaCTHI] C BEIIECTBOM, HaBbIKaMu paboThl B maketax GEANT4 u ROOT

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Bgenenue B metog MonTte-Kapiio 1 1
Meronpl  MOIENMPOBAHUS  CIYYalHBIX
2 BEJIMIMH C 3aJJTaHHBIM 3aKOHOM 3 3
pacrpenenaeHus
3 Hexoropsie TUIIUYHBIC 3a1auu 3 3
MOZIEIIMPOBAaHHUS B sIepHOH (prsnke
4 MonenupoBanue MHOTOYaCTHYHBIX 3 3
IpPOLIECCOB
5 OcHOBBI paboTHI Ha yIAaJIEHHOM CEpBEpE C 3 3
OTIepanMoOHHOM cucTemolt Linux
6 Beenenue B naker ROOT 3 3




OcHOBbl ~ 00pabOTKM  JNaHHBIX U

7 MPEICTAaBICHUST PE3YJITATOB B IAKeTe 3 3
ROOT

8 Baenenue B naker GEANT4 3 3

9 CrpykTypa mporpamMmbl — KJIaccel B 3 3
GEANT4

10  |®usnueckuit monesnu B GEANT4 3 3

1 Coznanue MPOCTOM MOJIEH ) )
skcriepumenta B GEANT4

Hroro yacos 30 30

[TonroToBka k 3K3aMeHy 30 gac.

Oobmas TpynoéMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCUUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. Beenenue B metoxg MounTe-Kapio

Uro takoe meton MoHte-Kapio. IIpoxoxkaeHue yacTull yepe3 BEIIECTBO, B3aUMOIECHCTBHE apOHOB
U sJep CO CIOXKHBIMH MAaKpOCKOIIMYECKMMM MUIIEHAMHU. MolenupoBaHUe SIEPHBIX peakuuil B
9KCKJIFO3UBHOM M MHKIIFO3UBHOM Toaxofe. IlakeTsl mporpaMM NprMeHsE€MbIE B JAHHON NPEAMETHON
obnmactu: FLUKA, GEANT4, MARS, MCNPX, PHITS, SHIELD

2. MeToapl MOJIETMPOBAHUS CITy9aliHBIX BETUYHH C 33JJaHHBIM 3aKOHOM paclpeesieHus

I'enepauns Ha KOMIBIOTEPE CIYyYaHBIX BEIMYUH C 3aJJaHHBIM 3aKOHOM paciipeiesieHus. PaBHomepHO
pacmpeneneHHas ciydvaiHas Belu4uHA. JlaTuMkW TICEeBIOCTydYalHBIX dncen. MeTox oOpaTHBIX
(YHKUMA [0 HENMPEepBIBHOTO W JWUCKPETHOro pacrhpenesieHuil. TaOmuuHblii MeTox oOpaTHBIX
¢bynknuid. Mertoasl  oTOopa, 3GQGEKTUBHOCT, MeETOAa OTOOpa, CYIIECTBEHHAs BBIOOpPKA.
MopaenupoBaHue MHOTOMEPHBIX CIIy4alHBIX BeIMYMH. Metox cynepno3uuud. MopaeaupoBaHue
HEKOTOPBIX BaXKHBIX PACIIpeeICHUM.

3. HexoTtopble TUITMYHBIE 3a/1a4M MOAEIMPOBAHUS B sIIEpPHON (H3HKe

N3oTponHoe HanpaBiieHHE B IPOCTPAaHCTBE. MoaenupoBaHye a3UMyTalIbHOIO yIJIa METOIOM OTOOpa.
[IpeobpazoBanue ymioB paccesHUs K HCXOOHOM jaboparopHoil cucteme. OOMydeHHE CIIOXKHOTO
00BEKTa KOCMUYECKUM H3iTydeHneM. CBs3b uncia ucnbitanuii Monte-Kapiio ¢ peaabHbIM BpeMeHEM
oOiyuenusi. MoaenupoBaHue npoduisi NOMEPEYHOT0 CeYeHHs IydKa yCKopuTens. MoaenupoBaHue
MHOTOKPAaTHOI'O KyJIOHOBCKOI'O PACcCEsHUS U SHEPI€TUUECKOro CTPArmIMHra 3apsyKeHHbIX 4acTHII.

4. MoaenupoBaHie MHOTOYAaCTUYHBIX MPOIIECCOB

HeobxonuMelie popmyInbl pensTUBUCTCKOM KMHeMaTHKH. Da30BbIil 00beM cucTeMbl YacThil. Da30BbIi
o0beM JByX 4acTHil. PexyppenTHas dopmyma ans ¢azoBoro odbema n uvactuil. [IpeacraBnenue
¢azoBoro oovema B nepeMeHHbIX (M,[]). AnroputM MoaenrpoBanus npouecca a+bl11+2+...+n.

5. OcHoBBI paboThI Ha YIAJIEHHOM CEPBEPE C ONEpannoHHON cucteMo Linux

Coenunenne ¢ cepBepoMm uepe3 npotokod ssh. OcHoBHbIe KOMaHAbl TepMuHana B Linux. Ilpasa
pocryna. Pemakropsl koza.

6. Benenne B maker ROOT




Uro takoe ROOT. Kox na sizpike C++. OcHOBHbBIE CTPYKTypbl naHHBIX. JlepeBbsi. BcTpoeHHbie
TeHepaTopbl CIy4alHbIX YHMceld M (QYHKIMM TOJYYECHHUS CIyYalHBIX BEJIMYMH C Pa3IUYHBIMU
3aKOHaMH paclpeneacHusl.

7. OcHOBBI 00pabOTKM JaHHBIX U MPEICTaBICHUs pe3yisTaroB B makere ROOT

3arpy3ka naHHeix w3 (aitna. [loctpoenme u Qurupoanme pacnpenencHuii. [lowck mHKOB.
CrarucTHYECKUN aHAIN3.

8. Beenenue B naker GEANT4

Uro Ttakoe GEANT4. OOGnactu ero mnpumeHeHusi. [lpumepbl MOIETHPOBaHUS HEKOTOPBIX
9KCHIEPUMEHTOB.

9. Ctpyxrypa nporpammsl knaccel B GEANT4

Crpykrypa nporpammbl B GEANT4. Oransl monmenupoBanusi. OcHOBHble Kiacchl. Onucanue
reoMeTpun 9KcrnepuMeHta. OmnucaHue MHCTOYHMKA u3nydeHusd. llomyuenune wuHpopmamm ¢
nerekropa. Bmsyammszaumss  mogpenupoBanusa. IDE  QtCreator.  YmpaBnenuwe — mpoueccom
MoJenupoBaHusi depe3 rpadudeckuii uHTepdeiic. Ckpunthl ¢ kxomangamu. COOpka ¥ 3amycK
MPOrpamMMmBl.

10. ®usnueckuii mogeau B GEANT4

HaGoper ¢3uuecknx wMomeneil. Bwibop monmxoxsimieli Momenwt s ONHMCAHWS KOHKPETHOTO
skcniepuMenTta. Co3nanue cBoero Habopa GU3NIECKUX MPOIIECCOB.

11. Co3nanue npocroit monenu 3xcriepumenta B GEANT4

Hanucanne mporpammbl Juisi MojenupoBanus ombita Pesepdopna B GEANT4. dopmuposanue
BBIXOAHBIX AAHHBIX. AHAJIHU3 PE3yIbTATOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHs, OCHAIllEHHAs! MyJIbTUMEANATIPOSKTOPOM U 3KpaHOM, J1ockoil. CepBep ¢
ycranoBineHHbIMU TakeTaMu GEANT4 u ROOT

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. H.M. Co6oneBckuii. Metog MonTte Kapno B 3a1auax o0 B3anMOJCHCTBHH YaCTHI] C BEIIECTBOM.
VYue6Hoe nocodue, UM PAH, Mockga, 2007, ISBN 978-5-94274-027-5, 158 ctp.

JomonaurtensHas nureparypa
1. ITpoxoxkieHNE YacTHI] BRICOKHMX dHepruit uepes BemecTtBo [Texct]/A. H. Kanunosckwuii, H. B.
Moxos, 1O. I1. Hukutus, -M., Dueproaromusaar, 1985
2. T'A.Muxaiinos, A.B.Boiitumek. YuclieHHOE CTaTUCTUYECKOE MOJICIUpOBaHuE. MeTo b
Mounrte-Kaprno. - M.: «Axkagemus», 2006.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

https://root.cern.ch/ https://geant4.web.cern.ch/



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

GEANT4, ROOT, Google Meet (ripy HEOOXOAUMOCTH), IEMOHCTPAITUS TTPE3SHTAIUH.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4aroIlWi IJUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOIIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare U3y4YCHUsA AUCHUIUIMHBI CTYACHT HOJDKCH 3HATh OCHOBHBLIC ONPCACICHUSA W IOHATH,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOMW CaMOCTOATEIHLHOM PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeaaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUN W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCs 3a KOHCYJIbTAIHMSIMHU
MpenoAaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHI.



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 QpyHIaMEHTATbHBIX B3aUMOACHCTBUIA U KOCMOJIOTHH
Kypc: 1
kBaTuuKkanus: MarucTp

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

PaszpatGoTunk: O.b. Illerones, kaHa. ¢pu3.-MaT. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/BI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CnoocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPHU PEIICHUN HOBBIX 3a]ad, NPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

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

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare u3ydenus aucuuiuiabl «Metox MonTe-Kapio B siepHol ¢uznkey 00ydaroImuics T0MKeH:

3HATb:

MOHATHUA TCEOPUHU BGpOHTHOCTeﬁ U MaTeMaTH4EeCKOM CTaTUCTHKH,

HCIIOJIB3YEMBIE B MCETOAC

MownTte-Kapno; ocHOBHBIE NpHEMBl MOJEIMPOBAHHS CIIyYalHBIX BEIMYMH C 33aJaHHBIM 3aKOHOM
pacripenesneHusi; GU3HMIecKre MPUOIMKEHNUS, IPUHATHIC IPH MOJECTUPOBAHNH B3aUMOAEHCTBUS YaCTHIL
C BEILECTBOM WU SIACPHBIX PEAaKUMH NpPU BBICOKUX SHEPTHSIX; OCHOBHBIE CTPYKTYPHl AAHHBIX IaKeTa
ROOT, crpykrypy npoctoii Monenu skcriepumenTa B makere GEANT4

yMeThb:
CTPOUTH MNPOCTEHIIHNE

[IPOrPaMMUPOBAHUSL  MCIIOJIB3Ys

MAarcMaTu4CeCKUC MOJCIN IIPOLCCCOB BSaHMOﬂeﬁCTBHH HJaCTHUIl Ha A3BIKC
TCOPETUUCCKHUC

3HaHus, [OCTPOUTh  IPOCTYI0  MOZENb

S IEpHO-(PU3HUECKOTO dKCIIEpUMEHTa ¢ ucronb3oBanueM naketa GEANT4, obpaborars pe3ynbTarhl
JKCTIEPUMEHTA U TpaduyecKy UX MPEICTaBUTh C HcIoiab3oBaHueM nakera ROOT, nenars npaBUiIbHbIE
BBIBOJIBI M3 COINOCTABIIEHUS PE3yJAbTaTOB PacuéTOB M 3KCIIEPUMEHTA, BUJETh B MPHUKJIAJHBIX 3aJadax

busnuecKoe coaeprkaHue.
BJIA/IeTh:

HaBBIKAMU CaMOCTOSTEIIEHON pa3pa0dOTKH KOMITBIOTEPHBIX MPOTpPamMM, HABEIKOM OCBOCHHS OOJBIIIOTO
KOJTMUeCTBa WH(OpPMAIIMU, HAaBBIKAMU TOCTAHOBKM HAyYHO-MCCIICAOBATEIbCKUX 3ajlad B 00NacTu
B3aUMOJICHCTBUS YaCTHI] C BEIIeCTBOM, HaBbIkamu paboThl B maketax GEANT4 u ROOT

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0




1. Obmee npencrarinenue o merone Monte-Kapno. Craructiueckoe MOIEIMPOBaHUE KaK OCHOBHOM
METO/I TEOPETUYECKOTO OMMCAaHUSl B3aUMOACHUCTBUS YACTHLl BBICOKMX OJHEPIHH CO CIIOKHBIMHU
MuiieHssMu. CoBpeMEHHbIE KOMIIBIOTEPHBIE [IPOIPaMMBbl I MOJIEIMPOBAHUS B3aUMOJEHCTBUS YaCTHULL
¢ BemecTtBoM MeTonoM Monte-Kapno. Ilonsartue 06 3KCKIIO3MBHOM M WHKJIIO3UBHOM MOJXOAAX K
ONMUCAHUIO SIACPHBIX PEAKLIUMN.

2. OcHOBHBIE CBOWCTBa (YyHKIMH pacupefeficHHs HENpPephbIBHOW CIlydyallHOH  BEJIUYMHBI
MaremaTtudeckoe OXHIaHWE, anreOpandyeckue M IEHTPaJbHbIE MOMEHTHI, CBA3b MEXKAY HHUMH.
@YHKIMA BEPOATHOCTH JUCKPETHON CIIyYallHON BEIMYNHEI.

3. Xapakrepuctuueckas (GyHKUUS U Mpou3Bosuias QyHKIMS BEpOsSTHOCTEH. Brluncienne MOMEHTOB
i depeHMpoBaHNEM Ha IPUMEPe HOPMAJIBHOTO pachpeeneHus u pacnpenenenus [lyaccona.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB

1. Meton oOparHbIX (GyHKUMH ISl HEIPEPBIBHOTO U TMCKPETHOTO PacIpeaesieHUA
2. Meton ot6opa, ero 3pPpeKTUBHOCTh

3. Crpyktypa nporpammsl B GEANT4

4. Yro Takoe aepesbst B ROOT

5. Onucanune ucroynuka nznydenns B GEANT4

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. Hamucarp nporpamMmy Uit MOACITUPOBAHUS TPOXOXKICHHS IIydKa HEHTPOHOB uepe3 cioi mapaduna
MerogoM Monte-Kapio

2. Hamucars nporpaMmy A MOJEJIMPOBAaHMS MOHU3ALMOHHBIX [OTEPh MIOOHA IIPU IPOXOKICHUU
4yepes CII0H MIIaCTHYECKOTO CIMHTHIIIATOpa MeTogoM MoHnte-Kapio

3. IlocTpouTk TUCTOTPaMMYy IO JAHHBIM C McIoiab3oBaHueM nakera ROOT, Ha ructorpaMMe OTMETUTD
OIMUOKH Y IPOPUTUPOBATH MOIXOAIIEH QYyHKITHEH

4. Hamucarp Ko /ISl 3a[laHUsI TEOMETPUH SKCIIEPUMEHTA JIJIsl MOJeupoBanusi onbiTa Pesepdopaa (B
metoge DetectorConstruction::Construct)

5. Hanmcats kop st TeHepauy HEHTPOHOB OT TOYEYHOTO MCTOYHUKA MO cHeKTpy KanudopHus Cf-252
(B ximacce PrimaryGeneratorAction)

[TpumMepsl 3K3aMEHAITMOHHBIX OUIIETOB
buner 1.

1. MogenupoBanue UIMHBI Ipobera YacTHLbl A0 B3aUMOACHCTBHs. MaKpOCKOIMHYECKOE CEYCHHE U
ontuveckas TtonmmHa. [Ipober HelWTpoHa B  OECKOHEYHOH  OJHOPONHOW H  KOHEYHOH
KyCOYHO-OJHOPOAHOM cpele.

2.MonenpoBanue HW30TPOIHOIO HAMpaBiIeHWs B TPEXMEPHOM IIpOCTpaHCTBE. MopaenupoBaHue
a3UMYTaJBLHOTO yIlIa ¢ METOZ0M OTOOopa.

buner 2.

1.OcHOBHBIE METOABI MOJAEIMPOBAHUS CIyYalHBIX BEIMYMH C 3aJaHHBIM 3aKOHOM pacHpelesICHHS:
MeTox oOpaTHBIX (PyHKIMIA U METO 0TOOpa; METO 0TOOPa C CyIIECTBEHHON BBIOOPKOIA.

2. NepeBbs B ROOT

burer 3.

l.CratucTuueckas TOYHOCTb OLICHKH MAaTeMaTW4ecKOro OKUAAHUS CPEIHUM apU(PMETUUECCKUM.
Brruncnenue cratuctndeckux omuook B pacuere MonTe-Kapio.

2. Onucanne ucrounuka n3nydeHus B GEANT4. Knaceor G4ParticleGun u G4GeneralParticleSource.
buner 4.

1. Crpykrypa nporpammsl B GEANTA4.

2. MozaenupoBaHue npoduiIs mydKa 4acTHIl COINIACHO pacrpezeneHnto Pemes.

buner 5.

1. Onucanue reometpuu getextopa B GEANT4

2. I'mcrorpamma. [IpeacraBieHne 3HEPreTHUECKOTO CIEKTPa B IEPEMEHHbIX SHEPTHU U JIETapTHH.



Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OmIMYHO 8§ Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
peleHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xoporio 7 0aioB - BRICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YECHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOIY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomro 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oaiya - BBICTABISIETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAaMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka ymoOBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(hopMyIIMpOBKax OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOAUTCS B ycTHOW Qopme mo Owuseram. B kaxjgom OwiieTe mNpencTaBICHO JiBa
TeopeTuueckux Bompoca. [lpu nmpoBexeHun 3a4uéra M 3K3aMeHa oOydaromemycs npenocrasisercs 30
MHHYT Ha TOAroToBKy. Ompoc o0yd4aromierocss He JOJDKEH IMPEBBIMIATh OJHOTO AaCTPOHOMHYECKOTO
Jaca.



