depepasibHOE TOCyJapCTBEHHOE 610/pkeTHOe 06pa3oBaTesibHOe
yupexx/ieHHue BbIcLIero o6pa3oBaHusa
MockoBCKUM rocyiapcTBeHHbI M yHUBepcuTeT uMeHU M.B. JloMoHOCOBa

CDaKy'J'leET BBIYMCJIUTE/IbHON MaTeMaTUKU U KI/IGGpHETI/lKI/I
OUINAIIMI'Y B TI'. IVBHE

YTBEPXJIAIO
H.o. nupexTopa
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PABOYAA IMTPOrPAMMA JUCHHUIIVIMHBI
HaunMmeHOBaHMe JMCIMIIIMHBI:
MoaepoBaHue NPOXO0XK/AE€HHs 3/IEMEHTapPHbIX YaCTHI]

yepe3 BelecTrBo

YpoBeHb BbICHIEro 06pa30BaHMs:
mazucmpamypa

Hanpags/ieHue noAroToBKU / CnenruaJibHOCTb:

01.04.02 "lIpuknaaHas MaTeMaTuka 1 uHpopmaTuka" (3++)

HanpassieHHoCTh (Mpoduib):

MeToAbl U TEXHOJIOTUH OﬁpﬂﬁOTK“ AAQHHBIX B reTepOoreHHbIX BbIYHU CJIMTEJ/IBHBIX CpeAax

®opma obyueHus:
OYHas

Jy6Ha 2024



Pabouyass mnporpamMma AUCUMIUIMHBI (MoAyJsis) pas3paboTaHa B COOTBETCTBUU €
CaMOCTOSITE/IbHO yCTaHOBJeHHbIM MIY o6pasoBaTenbHbIM cTta”gaprtom (OC MIY) ana
peasu3yeMbIX OCHOBHBIX MNpodeccHOHaNbHbIX 06pa30BaTeJbHbIX MPOrpaMM BbICIIETO
obpa3oBaHus mno HanpaBjaeHuio noArotoBku 01.04.02 "[IpuksajgHass MaTeMaTHKa U

MHPOpMaTHUKA" MporpaMMbl MaruCTpaTypbl B peJJlakliuu npukasza MI'Y ot 20 T.



1. Mecto gucuumInHbI (MoAyJs) B ctpykrype OIIOII BO:

JuvcuunarHa oTHOCUTCS K BapuaTuBHoM yactu OIIOTI BO.

2. BxoaHble Tpe6GOBaHUA AJ1 0CBOE€HUA AU CLUINJIMHBI (MOAYJIfA), NpeAgBapUTe/IbHbIE YC/I0BUA

(ecsu ecTh):

baszoBbie 3HaHus B 00JacTH 0011l U TeOpeTHYeCKON (PU3HKU B 00bEeMe KJIIACCHYECKMX YHUBEPCUTETCKUX

KypCOB.

3. Pe3ysibTaThbl 06Yy4YeHHUs MO AU CUUIIMHE (MOAYJIIO):

[l1aHupyeMbie pe3yJibTaThl 06y4eHHU O AUCHUIUIHHE
(MoayJir0)

CoJieprkaHue U KOJ

UHaukaTop (mokasaTe/ib)

[l1aHupyeMbie pe3y/ibTaThl 06y4YeHHs N0

KOMIIeTEHILHH. AOCTHKEeHHMS KOMNETeHIMH | AMCIUII/IMHE, CONPSKEeHHbIe C
WHAUKATOPAMH
AOCTHKEeHHUsI KOMNeTeHIM i
CIIK-1. CriocoOHOCTD CIIK-1.1 ITpumensier 3HaTh

l'IpPIMCHﬂTb KIIACCUYCCKHUEC U
COBpEMEHHbBIE
MATCMATHYCCKHUEC MCTO/IbI
JUUIS TIOCTAHOBKH 3a/1a4
MaTeMaTHYECKOI0
MOJICIIMPOBAHHUS B
pa3IMYHBIX 00JIACTSAX HAYKH
U TCXHUKH, OC}’U.ICCTBJ'I)ITL
MaTeMaTHYECKOE
MOIICJ'IHpOBaHHC
(du3HYECKHX,
TCXHOJIOTUYCCKUX U
MPUPOIHBIX MPOLIECCOB

KJIACCUYECKUE U
COBPEMEHHBIE
MaTEMaTUYECKHE METO/IbI
JUIA TOCTAaHOBKH 3a]1a4
MaTeMaTUYECKOro
MOJIC/IMPOBAHUS B
pa3IMYHBIX 00JIACTAX HAYKU
M TEXHUKH

CIIK-1.2. OcymecrBisier
MaTeMaTU4YeCKOe
MOJIeJIMPOBAHHE
¢busnueckux,
TEXHOJIOTHUECKUX H
IIPUPO/HBIX IPOLIECCOB

[lenmn u criocoObl MOICIMPOBAHUS

Metoa MounTte-Kapio

CrpykTypa nporpamm B nakere Geant4
Lluki1 MoienpoBaHus COOBITHS

YMmeTn

BbINOJIHATH NOCTPOEHHE MO IeJIU
JleTeKTOpa U Mo/JieJIMpOBaHHe OTK/IUKA
JeTeKTopa, MOieJIMpOBaHUe
dusnyeckux npoueccoB. TpeKUHTr.
HUccnenoBaThb Mo ie/1U
3JIEKTPOMArHUTHBIX B3aUMO/IEUCTBUH,
MoJeJId B3aUMOJJe UICTBUM aZ[pOHOB
MMeTb HaBbIKH

MojesiupoBaHHUs POXOKAEHHUS
3JIeMeHTapHbIX YaCTHL] Yepe3 BelleCTBO
C UCNI0JIb30BAaHHUEM COBPEMEHHBIX
WHGOPMaIHOHHbBIX TEXHOJIOT UM

4. 06 beM AWCUMIIJIMHBI COCTaBJSAET 2 3.€., B TOM 4HCiIe 36 akaJeMHUYECKHX 4acoB, OTBEJECHHBIX Ha
KOHTAaKTHYIO0 paboTy o0yualomuxcs ¢ mpenojaBareseM, 36 akaJeMHYECKHX 4acOB HA CaMOCTOSITEJIbHYIO
paboTy 00ydarommxcs.



5. CogeprkaHue JUCHMILIMHBI (MOAYJIfA), CTPYKTYPHUPOBaHHOE MO TeMaM (pa3jesiaM) ¢
yKa3aHHeM OTBe/JleHHOI0 HA HUX KOJIMYeCTBa aKaJleMHYeCKHX YacoB U BUAbI y4eOHbIX

3aHATHH:

5.1. CTpyKTypa AMCUMIIMHBI (MOAYJ/is1) MO TeMaM (pa3jesaM) € yKa3aHUEM OTBeJeHHOro Ha
HHMX KOJIMYEeCTBA aKaJileMUY€eCKUX YaCOB U BUAbI YYEOGHbBIX 3aHATHH (B CTPOrOM COOTBETCTBUH

C y4eOHBIM NJIAHOM)

HauMeHoBaHMe pa3jesoB U
TeM AUCLUIIMHBI (MOAYJIs),

dopmMa npoMeKyTOYHOH
aTTeCcTalMy Mo AUCUUNINHE

HoMuHa/IbHBIE TPYA03aTpPaThl
oGyyamwierocs

KoHTakTHas pa6oTta

(pa6ora BO

B3aUMO/JEeMCTBUHU C

a ®
S | &
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Tema 1. Lean u cnocoOs! 1 1 2 omnpoc
MOJIEJTMPOBAHUS
Tema 2. Meton Mounre-Kapio 2 2 4 omnpoc
Tema 3. CtpykTypa nporpamm B 2 2 4 omnpoc
nakere Geant4
Tema 4. [{uki MoaeMpoBaHUs 2 2 4 onpoc
COOBITHS
Tema 5. UnTtepdeiic 1 1 2 omnpoc
0JIb30BATEIsI
Tema 6. [Toctpoenue moaenun 2 2 4 onpoc
JeTeKTopa
Tema 7. MonenupoBanue 2 2 4 omnpoc
OTKJIMKA JIETEKTOpa
Tema 8. Onucanue 2 2 4 onpoc
IEKTPHUUECKOTO U MATHUTHOT O
noJen
Tema 9. Buzyanuszanus 4 4 8 omnpoc
JETEKTOpa U COOBITHH
Tema 10. Onucanne 2 2 4 onpoc
3JIEMEHTaPHbIX YACTHIL.
Tema 11. I'eneparopbl 2 2 4 onpoc
MEPBUYHON BEPUIMHBI
Tema 12. MonenupoBanue 4 4 8 onpoc
(U3MYECKHUX MPOLIECCOB.
Tpekunr.
Tema 13. Monenn 4 4 8 onpoc
JIEKTPOMArHUTHBIX
B3aUMOJICH CTBHIA.




Tema 14. Mopenu 2 2 4
B3aUMOJIEH CTBHI aJpOHOB

omnpoc

Tema 15. Coxpanenue 2 2 4
PE3yJIbTAaTOB MOACIHPOBAHUSA

onpoc

Tema 16. [IpumeHeHne nakera 2 2 4
Geant4 B COBpEeMEHHBIX
IKCIIEPUMEHTaX

omnpoc

Jpyrue BUbI
CaMOCTOSTEJIbHOW paboThl — —_ — — —

(oTcyTCTBYIOT)

[IpoMexxyTo4Hast aTTecTalUsi
(3aueT)

HUToro 36 36

5.2. Coaep:xaHue pa3jesoB (TeM) AU CHUILINHbBI

Nen/n | HaumeHoBaHHe pa3ziesioB (TeM) CopepxkaHue pa3/iesioB (TeM) AUCLUIIIMH
JUCLUIJIUHBI
1. Tema 1. Llesin ¥ cnoco6bl Llenn 1 criocoObl MoeMpOBaHUs (PU3HUYECKUX
MO/JieJIMpOBaHUSA NpoLIECCOB B AeTekTopax. Llenu u 3agaun

mozenupoBanus. Mctopust pazBUTHS
CHeLHaIN3UPOBaHHBIX TporpaMM. CpaBHEHHE
cymectByromux nporpamm (FLUKA, GEANT3,
GEANT4, MCNP).

2. Tema 2. MeTog MonTe-KapJuio Obmas cxema MeToja MonTe-Kapuo.
MojenupoBanue pacripeeneHui. NmuTanus
CJIy4alHBIX IIPOLIECCOB.

3. Tema 3. CTpyKTypa nporpamMmm B Snpo Geant4. Uepapxus knaccos. [lonsaTus ceanc,
nakete Geant4 coOpITHE, TPEK.

4. Tema 4. Lluka Mo e1MpoOBaHUSA [lukn monenupoBanus coObiTusi. Co3gaHue MPOCTOM
COOBITHUSA nporpaMMmsl MozenupoBanus. L{ukin mojaenupoBaHus

cobpiTus. Obs3aTenbHbIe OIOKU: MOAEb JIETEKTOpa,
reHepaTop MEpBHYHON BEPIIMHBI, HabOp Mojeneil
busznueckux  npoueccoB.  CozgaHue  HpPOCTOM
MPOrpaMMbl MOJICTMPOBAHUSL.

5. Tema 5. UHTepdeiic nosb3oBaress | Pabora B mHTepakTHBHOM pexuMe. [TakeTHbi
peskum. Co3anue HOBbIX KoMaHd. [leicTBus,
OIpeIesieMBbIE IT0JIb30BATEIIEM.

6. Tema 6. [locTpoeHue Mo zenu CrniocoObl onucanus MaTepuanoB. Onucanue oobema:
JleTeKTopa bopma, norndeckuii 06beM, Gpuznueckuii 00beM.

[TapameTpusanus pusznueckoro oorema. Cucremsl
KoOpaAnHaT. Bl1okeHHOCTh 00HEMOB.

7. Tema 7. MojenupoBaHue OTKJIMKa [TousiTue yyBCcTBUTENIBHOIO 00beMa. CpabaTeiBaHuE.
JICTEKTOpa OuudpoBka CUTHAJIOB.

8. Tema 8. Onucanue [Mpunnun moxenupoBanus noneit B Geant4. 3ajanue
3JIEKTPUYECKOTO U MAarHUTHOTO OJHOPOJHOr0 MAarHuTHOro 1ois. CIIOKHbBIE OIS,
noJieu [Tonsa, meHsIOIIMECS BO BPEMEHH.

0. Tema 9. Busyanusanus ngerekropa u | Kakue 3JIEMEHTHI JIeTeKTopa MOKHO
COOBITHI BHU3YaJIU3UpPOBAaTh. ['papmueckue JpaiBepBbl.

YrpagiieHHEe BU3yaIM3alHei.




10. Tema 10. Onucanue snemenTapubix | Yactuisl, mogenupyemsie B Geant4. KoHCTpYKTOPBI
4acTulL. gacThil. OCOOEHHOCTH MOJICIIMPOBAHHUS TSKEJIBIX

noHoB. Kak co31aTh HOBYIO yacTuIly.

11. Tema 11. 'enepatops! nepBu4aHON ['enepaTopel nepBu4HON BepuMHbL. Vcnonb3oBanue
BEPILUHbI BHEILHUX [TPOrpaMM-T€HEPaTOPOB COOBITHH.

Untepdeiice! k popmatam HEPEVT u HepMC.

12. Tema 12. MonenupoBanue 3ananue Habopa (PU3NYECKUX MPOLIECCOB,

(busnyeckux npoueccoB. TpeKHHr. YUUTBIBa€MbIX B MoJenpoBaHuu. CTaHaapTHbIe
HaOopbl. Onucanue HOBOM yactuibl. Onucanue
HOBOIO Iporecca. [Toporu poxaeHus 4acTuil.
OrpanuueHus, onpeaensieMsle nojab3opareneM. Kak
NPOMCXOAUT OJIMH LIar B MOJCIHPOBAHHH.

13. Tema 13. Mogenu CrangapTHbIi HAOOP TEKTPOMArHUTHBIX MPOI[ECCOB.
IEKTPOMAr HUTHBIX Habop npoueccos isi HacTUL HU3KUX YHEPIHil.
B3aMMO/ICH CTBUIA. MoaenupoBaHre MHOTOKPAaTHOTO PacCEsTHUS.

MonenupoBanue nonuszauuu. MoaenpoBaHue
ONTHYECKUX SIBJICHUM.

14. Tema 14. Moaenu B3auMo/1eH CTBUI Tabmuuel ceuennii. Cxema MOACTMPOBaHHS aPOH -

aJIpOHOB A/IepHBIX B3aumoaencTBrii. Mcrionbs3oBanue
napaMeTpU3aliy dKCIEPUMEHTAIbHBIX TaHHBIX
(GHEISHA). Ctpynnbie mojenu. Kackaaubie
Moesd. Mojienn Bo30YyKJIeHHS siJiep.
B3aumoseiicTere HEWTpoHOB. Pacnabl.

15. Tema 15. CoxpaHneHue pe3yabTaToOB CrocoObl NCTTOB30BAHNS BO3MOKHOCTEH MaKeTa
MO/1EJIUPOBAHUS ROOT mst coxpanenust fanubix. Kak ynpaBiasith

coxpaHeHreM B «aepeso» ROOT.

16. Tema 16. Ilpumenenue rnaxkera Oco0EeHHOCTH MOJICIMPOBAHUS CIIOKHBIX YCTAaHOBOK.

Geant4 B COBpEMEHHBIX
HKCIIEPUMEHTAX

[lepcnextuss! pazsutus Geant4.

6. ®oHJ 0leHOYHBIX cpeAcTB (POC, OLeHOYHbIE U METOAUYECKHEe MaTepUuasibl) AJs
OLleHMBAHMA Pe3y/IbTaTOB 06YYeHHUs N0 AUCHUIIMHE (MOAYJIIO0).

6.1. TunoBblie KOHTPOJIbHbIE€ 3aJaHUA HWJIM HHbIE€E MaT€pHaJibl AJIA NPOBEACHUA TEKYLIEro

KOHTPOJIA yCNIeBaeMOCTH

[IpuMepsl T€M I yCTHOTO ompoca:

1.

O 0N,k WwWN

Konuenuus meroaa Mounre-Kapiio.

[TpoMesxkyTOUHbIE 0030HBI ATEKTPOCIAOBIX B3aUMOICHCTBUA.

["'ecomerpust o6bemoB B Geant4.
«®Dusnueckuii auct» B Geant4.
["enepaTtop uactun B Geant4.

OO0mmas crpykTypa npoekra B Geant4.

dusnueckue nousa B Geant4.

Mopenu ¢pusndeckux npoueccon B nmakere Geant4.

[Tpouecc Tpancnopruposku B Geant4.

6.2. TunoBblie KOHTPOJIbHBIE 3aJldHUA UJIK HHbI€ MaTE€pHaJIbl AJIA IPOBEAECHUA
ﬂpOME)KYTO‘lHOﬁ ATTeCTAllUMH 0 AU CHUIIVIUHE, KPDUTEPUHU U HIKAJIbl OH€HHUBAHUSA




Bonpocsl K 3a4yeTy

3aueM HY)KHO MOJEIHPOBATh PU3NUECKHUE MPOLIECCH B JETEKTOPE?
MOKHO 1M 3aMEHHUTh peasibHbII IKCIIEPUMEHT MOJIeIMPOBAHUEM?
OcHoBHas cxema metoj1a MounTe-Kapuio.
Kak cMozenmnpoBath citydaifHbIC TOUKH, PABHOMEPHO pacrpe/ieICHHBIC 10 MOBEPXHOCTH mmapa?
B yem paznuune oobekta-snemenTa (G4Element) u oobekta-marepuasna (G4Material)?

K uemy npuBoauT nepecedeHne 00bEMOB MPH MOCTPOCHUH MOJEIHN JIeTeKTopa?
Jlnst uero npuMeHsieTcs napameTpusanus Gu3nuecKux 00beMoB?

J1s1 9ero npuMeHSI0TCsl BHEITHHUE MPOrpaMMbI-TeHEepaTOpbl COOBITHIA?

Kakosa nocnenosarenbHocTs aeiictBuil GEANT4 npu pacuere oHOro mara rnpu TpekuHre?
0. Kak paboraioT u Korja npuMeHsIIOTCS TOPOru 00pa3oBaHus YacTul?

1
2
3
4
5.
6.
7
8
9.
1

[IpumepHbIe TEMbl CEMHUHAPCKUX 3aaHUI
1. 3anyck nakera moaenupoBanus Geant4, ocBoeHne HHTEpeiica 1 KOMaHIHBIX MAKPOCOB
2. Onucanue pa3JIMdHbIX I'€OMETPUH, PEIIMKH 00BEMOB M 3aJJaHUE MAaTEPHAJIOB (PU3UYECKOTO

JETEKTOpA.

3. MozenupoBanue pU3HYECKHX B3aUMOJICHCTBHIA IIPU PErucTPalii HEHTPOHOB B JETEKTOpaX.
4. MOHCHHPOB&HHC SJICKTPOMATrHUTHBIX MMPOLECCOB IMPH PAa3HBIX SQHEPTHUAX U THUIIAX 3aPAKCHHBIX

JacCTHII.

5. MozaenupoBaHue aIpOHHbBIX MIPOLECCOB IPH PA3HBIX SHEPrUsiX U THIAX YACTHULL.

6. MoaenupoBaHHe MEKTPOCTATUYCCKOTr0 U MarHUTHOT' O TOJICH B (PM3NYECKUX YCTaHOBKaX.
7. MozenupoBaHue pacnpoCTPaHEHHUs U PErUCTPALIMU ONITHYECKUX (POTOHOB.
8. MonenupoBaHue renepanuu Y4epeHKOBCKOr0 U3JITYYCHHUS.

9. Busyanuszanus 31EMEHTOB AETEKTOpa U TPACKTOPHi YaCTHIL.

10. Opranusanus BBoga-BeiBo/1a nH(popmanuu B nakere Geant4.

11. I3yyeHne nporpaMMHOI0 HHCTPYMEHTApHs ISl OTIa/AKH U Toucka ombok B nmakere Geant4,

IOUCK MNEPECCKAIHNXCs 00BEMOB.

IIIKAJIA U KPUTEPUU OLLEHUBAHUA pe3syibTaToB 06y4yeHus (PO) no aucuunivHe

Ouenka | 2 (He 3aYTeHO) 3 (3ayTeHo0) 4 (3ayTeHO) 5 (3auTeHo0)
BU/IbI
OLleHOYHBIX
Cpe/CTB
3HaHuA OTcyTcTBHE ®parmeHTapHble O6uiue, HO He CdopMupoBaHHbIE
(8udbi 3HAHUH 3HAHUSA CTPYKTYpUpOBaHHbIe | CUCTeMaTHYecKue
OYEHOYHbIX 3HaHUA 3HaHUA
cpedcms: onpoc,
mecmbl)
Ymenus OTtcyTcTBUE B uesioMm ycnemHoe, | B nesom ycneuiHoe, YcnelwHoe u
(8udbi yMeHUH HO He HO coZiepxKaliee cuUcTeMaTH4yecKkoe
OYEHOUHbIX CUCTEeMaTHU4yecKoe | OT/eJIbHble PoseJibl yMeHHe
cpedcmae: yMeHHe yMeHHe (JonycKaeT
npakmu4eckue HEeTOYHOCTH
3adaHus) HeNpUHLUMIIHAJIbHOIO

XapakTepa)

HaBbiku OTcyTcTBUE Hanuuue B pesnom, CdopMupoBaHHbIE
(B1agenus, HaBBIKOB OT/leJIbHBIX chopMUpOBaHHbBIE HaBBIKH
ONBIT (BnaeHuH, HaBbIKOB (HaJIMUMe | HaBBIKHU (BJIaZileHUs), (Bnapgenus),




AesITe/IbHOCTH) OnbITA) ¢dparMeHTapHOrO HO UCIIOJIb3yeMble He NpUMeHsieMble
(8udwt omnbITa) B aKTUBHOHM ¢popme NPy pelleHUH
OYEHOUHbIX 3aza4
cpedcmae:
8blN0OIHEHUE U
3awuma
Kypcosoll
pabomul, omuem
no npakmuke,
omuem no HUP
um.n.)

7. PecypcHoe obecnieuenue:
7.1. IlepeyeHb OCHOBHOM M IONOJTHUTEILHOH JIHTEPATYPbI
OcHoBHas nuTEepaTypa
1. .M. CoGonb, Yncnenusie MeToasl Monte-Kapno, M., Hayka, 1973
C.M. EpmakoB, Meroa MonTe-Kapio u ecmexubie Bonipocsl, M., Hayka, 1975
E. brokmunr, K. Kasutu, Kunematnka snementapasix yactui, M., Mup, 1975
[".".Konbuios, OcHOBBI KWHEMATUKU pe3oHaHcoB, M., Hayka, 1970
PyxoBoactBo nonb3oBarens Geant4
(http://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/For ApplicationDeveloper/fo
/BookForAppliDev.pdf).
JlomoHUTENbHAS TUTEpaTypa
1. 1. Antcheva «ROOT — A C++ framework for petabyte data storage, statistical analysis and
visualization» Computer Physics CommunicationsVolume 180, Issue 12, December 2009, Pages
2499-2512
2. J. Allison et al., «Geant4 Developments and Applications», IEEE Transactions on Nuclear
Science 53 No. 1 (2006) 270-278.
3. ROOT, http://cern.ch/geant4 u ROOT (http://root.cern.ch).

e

7.2. Hepequb JIUHEH3UOHHOI' 0 NnNporpaMMHOro ob6ecnevyeHus, B TOM yuciae
OTE€4YE€CTBECHHOI'o NIpoUu3BOACTBA

[Ilpy peanusanuu [UCLUIJIMHBI MOXeT OBITh MCHOJIb30BAaHO CJlelylollee MNpPOTrpaMMHOe
obecneuyeHue:

1. Onepaunonnas cucrema Ubuntu 18.04.

[Tporpammuslit npoaykt Dev-C++ Bloodshed Software

[Tporpammusiii npoaykt CodeBlocks The Code::Blocks Team

[Tporpammuslit mpoaykT Free Pascal 3.0.0 Free Pascal Team

[Tporpammusrii npoaykt Python 3.5.1 (64-bit) Python Software Foundation

Onepanmonnas cucrema Microsoft Windows 7 kopriopaTiBHasi akajeMU4ecKas JTMLEH3Us

NS A v

Omnepanunonnas cuctema Microsoft Windows 10 Education akagemuueckast auiieH3us

7.3. IlepeyeHb npodeccHoHaNbHBIX 6a3 JaHHBIX U MHPOPMALUMOHHBIX CIPABOYHBIX
CHCTEM

1. http://www.edu.ru — mopra;s MunicTepcTBa 00pa3oBanus U Hayku PD



2. http://www.ict.edu.ru — cucrema ¢denepanpHpix oOpa3zoBarenbHbIX ToptanoB «UKT B
o0Opa3oBaHHM»
3. http://www.openet.ru - Poccuiickuii mopTas OTKpeITOro o0pa3oBaHus
4. http://www.mon.gov.ru - MunucrepctBo odpa3oBanus U Hayku Poccuiickoit denepanun
5. http://www.fasi.gov.ru - ®enepanbHOe areHTCTBO M0 HAyKe ¥ MHHOBAIMAM
7.4. IlepeyeHb pecypcoB HUHPOPMALMOHHO-T€JIEKOMMYHUKALMOHHOH ceTH «UHTEepHeT»
1. Math-NetRu [3sekTpoHHBIH pecypc] : 0OLIEPOCCUMHCKMH MaTeMaTH4YeCKWH mopran [/
MartemaTtuyeckuid WMHCTUTYT UM. B. A. CreksioBa PAH ; Poccuickas akazeMusi Hayk, OTjgesieHue
MaTeMaTHYeCKUX HayK. - M. : [6. u.], 2010. - 3arJ1. c TUTYJL. 3KpaHa. - b. 11.
URL: http://www.mathnet.ru
2. YHuBepcuTeTckas OubJsiMoTeka Online [3/1eKTpOHHBIM pecypc] : 3JIeKTpoHHast GUOJIMOTeYHast
cuctema / 000 "Jupekt-Meaua" . - M. : [6. n.], 2001. - 3arn. ¢ TuTya. 3kpaHa. - b. .  URL:
www.biblioclub.ru
3. YHuBepcasbHble 6a3bl JaHHbIX East View [JsiekTpoHHBIN pecypc] : HHopMaLMOHHBIH pecypc / East
View Information Services. - M. : [6. 1.], 2012. - 3arJ1. ¢ TUTYJL. 3KpaHa. - b. 11.
URL: www.ebiblioteka.ru
4. HayyHnas anektpoHHas 6Gubsuoreka eLIBRARY.RU [dnexkTpoHHbIH pecypc] : MHGOPMALMOHHbBIH
noptas / 000 "PYHIB" ; CankT-IleTepOyprckui rocyapcTBeHHbIA yHUBepcuTeT. - M. : [6. u.], 2005. -
3arJ. c TUTYJI. 3KpaHa. - b. 11.
URL: www.eLibrary.ru
7.5. OnucaHue MaTepHa/IbHO-TEXHHUYECKOro o6ecnedyeHusl.
Ouman MI'V B r. JlyOHe, OTBeTCTBEHHBIH 3a peanusanuio aaHHoi IIporpammel, pacnonaraer
COOTBETCTBYIOIIEH MaTepHAJIbHO-TEXHHYECKONH 0a30i, BKIIOYash COBPEMEHHYIO BBIYHCIUTEIBHYIO
TEXHUKY, OOBEAMHECHHYIO B JIOKAJbHYIO BBIYMCIUTEIBHYIO CETh, HMMEIOLIYI0 BBIXOJ B HHTepHeT.
Hcnonb3yroTess  CrelMaau3upOBaHHBIE  KOMITBIOTEPHBIE — KJIACChl,  OCHAIIEHHBIE  COBPEMEHHBIM
000pyIOBaHUEM.
MarepuanbHas 6a3za rmojapaseneHus COOTBETCTBYET JCHCTBYIOIIMM CaHHUTAPHO-TEXHUYECKMM HOpMaM M
oOecrie4ynBaeT IMpOBEJIEHUE BCEX BHUIOB 3aHATUH (J1a00PaTOPHON, NPAKTUYECKOH, AUCUMIUVIMHAPHON M
MEKIUCIMIUIMHAPHON ~ MOJATOTOBKHM) W HAay4YHO-HCCIEIOBATENbCKOH — paboTel  oOywarommxcs,
NPEyCMOTPEHHbIX Y4€OHBIM IJIAHOM.

8. MeTOZIIl'-leCKHe pekomelmauuu nmo opranmaulm n3yqeuuﬂ JAUCUHHUILIHHBI
8.1. ®opMbI M METOABI NPENoJgaBaHUA AU CLUILINHbI

(mepeyucasOTCA B COOTBETCTBUU € Tabauuen 5.1.)

Hcnonb3yembie GOpMBI 1 METOABI O0YUCHHUS:

CEMHUHAPCKUE 3aHATHS

caMoCTOsATeNNbHAast padoTa CTY/IEHTOB.

B niporiecce npernojaBanus JUCIHUILIMHBI ITPEroaBaTellb HCIONb3YyeT Kak Kiaccuyeckue GopMbl 1
METO/1bI 00 yueHHS (JIEKIIMU U CEMUHAPCKHUE 3aHATUSA), TAK U AKTUBHBIE METO/IbI 00 yUEHHUS.

CemuHapckue 3aHATHS TPOBOAATCA B (opMme MpoOIEMHONM CHTyallMu, KOTJa HEKOTOPBIH acrekT
pPacCMOTPEHHOM TeMbl HW3JlaraeTcs ImpenojasatesieM Oojee noapodHo. Yactb uHdpopmanuu
KOHCIEKTUpYyeTcs. bosbiias yacTh BpeMEHM BblJeIeHa Ha padoTy C MCIOJIb30BAaHHEM KOMITbIOTEPHOM
TEXHUKH U POIPAMMHOr0 00eCreueHus.

B pamkax Kypca HCHOJIb3YIOTCS AKTUBHBIC M HMHTEPAaKTHBHBIC METOJbl OOYyUEeHMs B Ipoliecce
npoBeeHust 3aHATHI. OCHOBHBIMU OCOOCHHOCTSMM MHTEPAKTUBHBIX 3aHSATUH SBISIOTCS MHTEPAKTHUBHBIE
NPAKTUYECKUE YIPAXKHEHHS U 3aaHUs1, KOTOPHIE BBIMOIHSIOTCS 00y4YalOMIUMUC HE TOJIBKO U HE CTOIBKO
Ha 3aKperyieHue N3y4eHHOr 0 MaTepHala, HoO 1 Ha CaMOCTOSTEIbHOE H3yYeHHE HOBOTO.

8.2. MeToaMYeCKHE PEeKOMEHAAL MU NNpenojaBaTe il

Hepe,u HavyaJiIoOM H3Y4YCHHs JUCHUINIMHBI IIpe€noaaBaTeiib HOJDKECH O3HAKOMHUTb CTYACHTOB C



BUJIAMH Y4eOHOM M CaMOCTOSATEIbHON pabOoThI, MepedHeM JIMTEPATypbl 1 MHTEPHET-pecypcoB, (hopmaMu
TEKYIIEH U NPOMEKYTOUYHON aTTECTAlUH, C KPUTEPUSMU OL[CHKH KAa4eCTBA 3HAHMH JIJI1 UTOTOBOM OLICHKU
110 JUCIUTIIIMHE.

Jlnst ceMUHApPCKUX 3aHATUH

[ToaroToBka K MpPOBEACHMUIO 3aHATUH TMPOBOAMUTCA peryisipHo. OpraHuzanus IpernojgaBaTenem
CEMHUHAPCKUX 3aHATHH JOJDKHA YAOBJIETBOPSATH CIEAYIOLUIMM TPEOOBAHUS: KOJIMYECTBO 3aHATHH JOJDKHO
COOTBETCTBOBATh Y4YEOHOMY IUIAHY MPOrpaMMbl, COAEpPKAHHE IIJIAHOB JO/DKHO COOTBETCTBOBATh
rporpaMMme, IJiaH 3aHsATHH J0JIKEH COJepKaTh IepeyeHb pacCMaTPUBAEMBbIX BOITPOCOB.

Bo BpeMsi CeMMHapCKUX 3aHSTHH MCIOIB3YIOTCS CJIIOBECHBIE METO/AbI OOyueHus, kak Oecena u
JIMCKYCCHsl, YTO MO3BOJIIET BOBJIEKATh B Y4EOHBIN MPOIIECC BCEX CIOYIIATENCH U CTUMYJIMPYET TBOPYECKUI
MOTEHIIHAJ 00Y4arOIIUXCSl.

[Ipy MOATOTOBKE CEMMHAPCKOMY 3aHATHIO MPENojaBaTellio HEOOXOJMMO 3HaTh IUIAH €ro
NPOBEICHUs, HPOAyMaTh (OPMYJIMPOBKM H COAEpKaHHE Yy4ueOHBIX BOINPOCOB, BBIHOCMMBIX Ha
o0CyXKaeHHE.

B Hauane 3aHsaTHs npenojaBaTrellb JOJDKEH PACKPLITh TEOPETHYECKYI0 M IPAKTHYECKYIO
3HAYUMOCTb TEMBbl 3aHSATHSA, ONPEACITUTH MOPSAOK €ro MPOBEICHUS, BpeMsi Ha OOCYKIEHUE KaKI0ro
yueOHOro Bompoca. B xoae 3aHATHS clelyeT JaTh BO3MOMKHOCTH BBICTYIIHMTH BCEM JKEJIAlOUIMM U
NPEIJIOKUTh BBICTYIUTL TEM CIIYIIATEISIM, KOTOPBIE MPOSBISIOT MACCUBHOCTD.

Llenecoobpa3Ho, B xoae 00Cyk/1eHUs Y4COHBIX BOMPOCOB, 3a7aBaTh BHICTYMAIOIIUM U ayJAUTOPHH
JIOMOJIHUTENIBLHBIE U YTOUHSIOIIME BOIIPOCHI C LEJbIO BIACHEHHUS UX MO3UIUH 110 CYLIECTBY 00CYKIaeMbIX
npoOieM, a TakXKe MOOUIPATh BBICTYIUICHME C MeCTa B BMJE KpaTKUX jgonoiHeHuil. Ha 3anATHAX
IPOBOAUTCS OTpabOTKA MPAKTUYECKUX YMEHUM 110 KOHTPOJIEM IperogaBaTess

8.3. MeTtoauyecKkue peKOMeHJALMHM CTyJeHTaM N0 OpraHu3alUM CaMOCTOATEJIbHOM
paGoThl.

[Tpuctynas xk M3y4eHUI0 HOBOW y4eOHON IUCLUMIUIMHBI, CTYACHTHI JOJKHBI O3HAKOMUTHCS C
yueOHOH mnporpamMmoid, y4eOHOM, HaydHOH W METOAMYECKOM JIMTepaTypoi, uMeromelcs B OMOIMoTEeKe
YHUBEPCUTETA, BCTPETUTHCS C MPENOAABATEIEM, BEAYIIUM MAUCHUIUIMHY, IMOJIYYUTh B OHOIMOTEKE
pPEKOMEHJOBaHHbIE YUYEOHMKH M  Y4eOHO-METOJMYECKHE TMOCOOMS, OCYIIECTBUTh 3alHCh Ha
COOTBETCTBYIOIIUH KypC B Cpejie JIEKTPOHHOr 0 00yUeHHUs YHUBEPCUTETA.

['myOuHa yCBOGHHUS JIMCUMIUIMHBI 3aBUCHUT OT aKTMBHOM M CHCTEMaTHYECKOH paboOThl CTy/ACHTa Ha
JeKIUAX M TPAKTUYECKUX 3aHATHAX, a TaKKe B XOJ€ CaMOCTOATEIbHOW padoThl, MO H3YYEHHIO
PEKOMEH/10BAaHHOM JTUTEPATYPBHI.

Ha nexkuusax BaXKHO COCPEIOTOYUTH BHMMAaHUE Ha €€ COJACpKaHUU. DTO IOMOXKET JIydlle
BOCIIPUHUMAThL Yy4eOHBI MaTepual U YSCHUTb B3aUMOCBA3b Npo0JeM 1Mo Bce aucuurmae. OCHOBHOE
COZIepKaHUE JICKIIMH 11esIeco0o0pa3Hee 3aMnChIBaTh B TETPaAH B BH/IE KIIOUYEBBIX (ppa3, MOHATHUH, TE3HUCOB,
0000111eHH#, CXeM, OIMOPHBIX BbIBOAOB. HeoOxoaumo obpaiate BHUMaHHE HA TEPMHUHBI, (POPMYJIHMPOBKH,
PACKPBIBAIOIIUE COAEPIKAHUE TEX WIIM UHBIX SBJICHHI U MPOLIECCOB, HAYYHBIC BBHIBOJBI M MPAKTUYECKUE
pexkomenaanuu. JKenareabHO OCTaB/ATH B KOHCIEKTaxX II0JIs, Ha KOTOPBIX JelaTh IIOMETKH W3
PEKOMEH/1I0BAaHHON JIMTEpaTyphl, OMOJHAIOIICH MaTepuaa IMPOCIYyHIAHHOM JIEKIMH, a TakKKe
MOAYEPKUBAIOIINE 0COOYI0 BaKHOCTh TE€X MM HHBIX TEOPETHYECKUX MOooKeHHil. C I1eNnblo YsSCHEHUS
TEOPETUYECKUX IOJIOKEHHUH, pa3pelleHus CHOPHBIX CUTyauuid HEO0OXOJAMMO 3a/1aBaTh IMPENojaBaTelio
YTOUHSIIOIIME BOMPOCHL. J[1s 3aKperieHus: CcOAcp)KaHUs JIEKIMH B NaMATH, HEOOXOAMMO BO BpeMs
CaMOCTOSITENIbHOW pPabOThl BHUMATENBHO IPOYECTh CBOM KOHCIIEKT M JONOJHHUTH €ro 3aluciMU M3
yu4eOHHMKOB M PEKOMEH/10BaHHON IUTepaTyphl. KOHCIIEKTHpOBaHNE YHTAEMBIX JIGKLIIUH U UX MOCIeAYIOIas
nopabotka criocodcTByeT Oojiee riry0OKOMY YCBOCHHMIO 3HAHUM, M MOITOMY SIBJISIIOTCS BaKHOU (opmMoi
yueOHOM JeSITEIbHOCTU CTY/ICHTOB.

MeTtoauyeckne yKazanus JJisi CAMOCTOSITEIbHOM PadoThl 00y4al0uXCs
[IpouHoe ycBOeHHME M JIONTOBPEMEHHOE 3aKperjieHue ydyeOHOro marepuana HEeBO3MOXKHO 0e3
MPOJIYMAaHHOM caMocTosTe/IbHOM paboTel. Takas pabora TpeOyer OT CTYJIEHTAa 3HAYUTENIbHBIX YCHIIMH,



TBOpYECTBA M BBICOKOH OpraHM30BaHHOCTH. B Xole caMocTosATeNbHOIl pabOThl CTYAEHTHI BBIOJIHAOT
CIEAYIOIME 3aJa4yM: J0padaThIBAIOT JIEKLUH, H3YYalOT PEKOMEHJOBAaHHYIO JIUTEPATypy, TOTOBATCS K
NPAaKTUYECKUM 3aHATUSAM, K KOJUJIOKBUYMY, KOHTPOJIbHBIM padoTaM IO OTAEIbHBIM T€MaM JUCHHUIUIMHBIL.
[Tpu sTom >pdexkTHBHOCTL Yy4eOHON AESATeNLHOCTH CTYJEHTAa BO MHOIOM 3aBHCHUT OT TOrO, Kak OH
pacnopsAMICS BbIICICHHBIM JIJI1 CAMOCTOSTEIBHOM paboThl 010/ 1’KETOM BPEMEHHU.

PezynbTaToM caMOCTOATENbHON pabOThl SBISETCA MPOYHOE YCBOEHHE MATEpPHAJIOB IO IMPEAMETY
COTJIaCHO IPOrpaMMbl JUCHHUIUIMHBL. B utore atoi pabots! GpopmupyroTcs npodeccuoHanbHble YMEHUS U
KOMIIETEHLIUH, PA3BUBAETCS TBOPUECKHUH MOAX0/ K PELICHUIO BO3HUKIIUX B X0/ y4eOHOI AesTeIbHOCTH
npoOIEeMHBIX 3a/1a4, MOSABIACTCA CAMOCTOSATEIBHOCTH MBIIIICHUS.

Pemenue 3anay

[Ipu caMOCTOATEILHOM pELICHUN 3a/1a4 HYKHO 00OCHOBBIBATh KAXK/BIN JTAll PEILICHHS, UCXOS U3
TEOPETHUECKUX TOJIOKEHUH Kypca. Eclin cTy1eHT BUAMT HECKOIBKO Iy Tel perieHus npooieMsl (3a1a4u),
TO HY)KHO CPaBHHUTb MX M BbIOpaTh caMblii paliMoHasbHBIN. [Tose3H0 10 Hayana BbIYUCIEHUNH COCTaBUTHL
KPaTKHi NJIaH petieHus npodaemsl (3aaaun).

Pemienne npoOnemMHbIX 3ajay WM OPUMEPOB CIIEAYEeT H3J1ararb MOJApPOOHO, BBIYUCIECHUS
pacnonaraTb B CTPOrOM IMOPSIKE, OT/AEJAsS BCIIOMOTraTe/IbHBIC BBIYUCICHUSI OT OCHOBHBIX. Pemenus npu
HEOOXOMMOCTH HYKHO COITPOBOK/IaTh KOMMEHTAPUSAMHU, CXEMaMH, YEPTEKAMU U PUCYHKAMH.

CnenyeT MNOMHHMTb, 4YTO pELICHHE KaKAOW yueOHOW 3agayM JOKHO JOBOJAUTBHCS 0
OKOHYATEJIbHOTO JIOTMYECKOTr0 OTBETA, KOTOPOro TpedyeT yCIOBUE, U 1O BO3MOKHOCTH C BBIBOIOM.

[TostydeHHBbIH OTBET CJIEAYET POBEPUTH CIIOCOOAMHU, BBITEKAIOIMMH M3 CYILIECTBA JAHHOW 3aJ1a4uH.
[Tone3no Takxke (eciM BO3MOXKHO) pEHIaTh HECKOJIBKHMM CHoco0aMM W CPaBHHUTH IOJyYCHHBIC
pe3yJIbTaThl.

Pemenue 3agad JaHHOrO THUIA HYKHO NPOAODKATH 0 NPHOOPETEHUS TBEPJAbIX HABBIKOB B HX
pELICHHH.

3ajaya — 9TO LeNb, 3aJlaHHAs B ONPEJEJICHHBIX YCIOBHUAX, pPEIIeHHE 3ajJayd — Ipouece
JOCTHKEHHSI TOCTABJIEHHOM L[E€JTH, TOMCK HEOOXOAMMBIX Il 3TOI'0 CPEJICTB.

ANropuT™ pelIeHHs 3aau:

|. BHuMaTeIpHO NpPOYMTANTE YCIOBHE 3aJaHUSA M YSICHUTC OCHOBHOM BOINpPOC, NMPEACTaBbTEC
IIPOLIECCHI U SIBJICHUS], ONIUCAHHBIE B YCIIOBUH.

2. TloBTOpHO mMpOYTHTE YCIOBHE JUIs TOro, uTOOBl YETKO MPEICTABUTH OCHOBHOM BOIpOC,
npoOJieMy, 11eJIb PEeIIeHHs, 3a/IaHHbIC BEIMYUHBI, OITMPAsCh HA KOTOPbIE MOKHO BECTH MOUCKH PELICHUS.

3. Ilpon3BeauTe KpaTKylo 3alKUCh YCIOBUS 3aaHUsI.

4. Eciim HeoOX0AMMO cOCTaBbTE TaOIHILY, CXEMY, PUCYHOK HIIA YEPTEK.

5. Omnpezenure METO/1 peLIEHUs 3a/JaHUsl, COCTABLTE IUIAH PELICHUS.

6. 3anuIIMUTe OCHOBHBIC MOHATHS, (POPMYJIBI, OMMCHIBAIOIINE MTPOLIECCHI, MPEAT0KCHHBIC 3aJaHHOM
CUCTEMOI.

7. Haiinute pemenue B 001eM BH/IE, BEIPA3UB HCKOMBIC BEJIMYMHBI UEPE3 3aJaHHBIC.

9. ITpoBepbTe NMPaBUIBLHOCTH PELICHUS 3a/laHHSL.

10. [Tpon3BenuTe OLEHKY peaJbHOCTHU MOTYYECHHOTO PELICHUSI.

11. 3anummre OTBET.

9. Pa3zpa6oTyuK (pa3paboTYMKH) NPOrpaMMmbl.
K.(.-M.H. JIeonTheB Biiagumup BukToposud, goueHT kadeapsl pusndeckoro paxkyaprera MI'Y



