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1. HEJIX OCBOEHUSA JUCHATIIINHBI

1.1|{Ienpro mpemnogaBaHus AUCUUILTHHBI «MaTeMaTHIeCKOe MOJACIUPOBAaHHE, YHCICHHBIE METOb M KOMIUIEKCHI ITPOTrPaMM))
SIBISICTCS: O3HAKOMHTH AaCIIMPAHTOB C OCHOBHBIMU IPHHIMIIAMH HOCTPOCHUS MAaTEeMaTHYECKHX MOJENICH pPa3IHYHBIX
CJIOXKHBIX MPOIIECCOB B MPUPOJE, TEXHUKE, SKOHOMUKE; NaTh MPEICTABICHUE O COBPEMEHHBIX METO/aX MaTeMaTH4eCKOro
MOJICTIMPOBAHUS;, CHOPMHUPOBATh HABBIK CAMOCTOSITENHLHOTO HCCIENOBAaHUS MaTeMaTHUecKux Mopeneil. ucruruinHa
HaNpaBjieHa Ha MOJTOTOBKY K cJadye KaHAWAATCKOTO 3K3aMeHa 0 Hay4YHOW crenuanbHocTH 1.2.2. MaremaTudyeckoe
MOJIETIMPOBAHNE, YHCICHHbIE METOBI U KOMIUIEKCHI IIPOTPaMM.
2. MECTO JUCHUIIJIUHBI B CTPYKTYPE OIIOII BO
2.1| TpeGoBaHusi K MpeIBAPUTEILHOM MOATOTOBKE 00Y4AIOLIETr0Cs:
2.1.1{Ins n3ydeHns: TUCHUIDIMHBI « MaTeMaTnaeckoe MOAEIHPOBaHUE, YUCIEHHbIE METOABI U KOMILIEKCHI IIPOTPaMM»
HE00XO0IMMO 3HAHUE OCHOBHBIX Pa3JIEJIOB: BhICIICH MaTeMaTHKH, OOIIEro Kypca QU3UKH, ypaBHEHHH MaTeMaTHYeCKOM
(b¥3HKHY, YHCIEHHBIX METOIOB.
2.1.2|TIpenuiecTBYIOIMUMH IS H3Y4CHHS TUCIUILTHHBI SIBISTFOTCS:
2.1.3|pe3ynbraThl OcBOCHUS qucUIuinH «Mcropus u ¢punocodus Haykuy, « MTHOCTpaHHBIH S3bIK», HAITPABICHHBIX HA
MOJITOTOBKY K cllaue KaHIUIATCKUX K3aMECHOB;
pe3ynbTaThl HAyYHOU (HAYYHO-UCCIIEA0BATENbCKON) NEATENHHOCTH aCIIUPAHTOB, HAIIPABIEHHONW HA TIOJTOTOBKY
JFCCepTaIMU K 3aILUTe;
Pe3yNbTaThHl HAYYHO! (HayYHO-HCCIeI0BaTEeIbCKON) NeATeIHbHOCTH aCIUPAHTOB, HAIPABIEHHOH Ha MOJATOTOBKY
ITyOIUKALH.
IIPU POXOXKICHIH HAYIHO-UCCIIEI0BATENbCKOM MPAKTUKY;
2.2|[Tocaeny0muMH K H3YYeHHIO AUCIHMIUIMHBI SIBJISIOTCS 3HAHMS, YMEHHUsI U HABBIKH, HCIOJIb3yeMble aCIUPAHTAMU:
2.2.1|B Hay4HO# (Hay4HO-HCCIIEIOBATEIBCKON) IESTEIbHOCTH acCIMPaHTOB, HANPABJICHHON Ha MOJrOTOBKY JUCCEPTAINU K
3aIIuTe;
B Hay4YHOH (HayTIHO-HCCIIEIOBATENHCKOM) NeITeIbHOCTH aCIMPAHTOB, HAIIPABJICHHOHN Ha MOJATOTOBKY MyOIMKALIHIA;
IIPU IPOXOXKJICHUH UTOTOBON aTTECTALIUH.
3. PE3YJIbTATBHI OCBOEHUSA JUCIHHUIIINHBI (MOOYJIS)
B pe3yabTaTe 0CBOCHHMS TUCHUTLIMHBI 00yYaIOIIUCH 10 KEH
3.1 |3uartb:
3.1.1 |ocHOBHBIC NPUHLXIIBI HOCTPOCHUS MATEMAaTHUECKUX MO/ICICH Pa3IMYHbIX CJIOKHBIX MPOIIECCOB B IIPUPOJIE, TEXHUKE,
HKOHOMHKE;
3.2  |¥YmeTh:
3.2.1 |npuUMEHSTH COBPEMEHHBIE METOIbI MATEMAaTHIECKOTO MOJICITHPOBAHUS;
3.3 |Baagern:
3.3.1 |HaBBIKOM CaMOCTOSITEIBHOIO HCCIEJOBAHUS MATEMaTHUECKUX MOJIETeH.
4. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHBI (MOAYJIS)
Kon HanmenoBaHue pa3/iesioB U TeM /BU/I 3aHATHSI/ Kype | Yacos JlutepaTtypa [Ipumeuanue
3aHSATHS
1. Paznen 1. OcHOBHBIE TOHATHS MATEMATHYECKOTO 1
MOJICTTHPOBAHUS
11 OcHOBHBIE 3TaITBl TOCTpOeHHU Mojen. Cxema mporecca 1 8 JIT.1JI1.2J11.3)11.4
MaTeMaTHYECKOr0 MOJIeIUPOoBaHus 00bekTa. OCHOBHBIE JI1.5J11.6J11.7]1
0COOEHHOCTH BBIYMCIUTEIBHOTO AKCIIEPUMEHTA. 1.8J11.9

Hepapxuueckue nenodku moaeneit rasa: Kunerndeckue
ypaBHEHHs TUNA ypaBHeHUs bonbiMana. YpasHeHUs Ditepa
JUIS CKMMAaeMoro rasa. YpaBHeHue Jlamnaca ams moreHuana.
Mopnenu, ocHOBaHHBIC Ha IPUMEHEHUH 3aKOHOB
KJIACCUYECKON MEXaHUKH K Ka)XZOW 4acTHUIIE CPEbI.
VpaBHenus Diinepa A1 HeC)KHMaeMoH KUAKOCTH. Mojens
Haspe-Crokca mis coxumaemoro rasza. CucreMma
THAPOIUHAMHUYECKUX YPAaBHEHUN Uil COKUMAEMOTO BSI3KOTO
TEIIONPOBOAHOTO Taza. Mojens HaBre- CTOKCa [T BA3KOM
HEC)KUMAaeMOM KUIAKOCTH. /JIex/




1.2

OcHOBHBIE 3TaITbl TOCTpOeHH MojeH. Cxema mporecca
MaTeMaTHYECKOT0 MOAEIUPOBaHUs 00bekTa. OCHOBHBIE
0COOCHHOCTH BBIYUCIUTENBHOTO SKCIEPUMEHTA.
Uepapxuueckue nenouku mojenei raza: Kunernueckue
ypaBHEHUS THIIAa ypaBHEeHUs bosbiiMana. YpaBHenus Diinepa
JUISL CKUMaeMoro rasa. YpasHeHue Jlariaca Juis HoTeHIMana.
Mopenu, OCHOBaHHBIE Ha TPUMEHEHNH 3aKOHOB
KJIACCHYECKOM MEXaHUKH K Ka)/I0i YaCTHIIE CPE/IbI.
VpaBHenus Diinepa s HEC)KUMaeMon KuaAKocTd. Monaens
Hagpe-Croxca ans cxumaemoro rasa. Cucrema
THAPOAMHAMUYECKHUX YPaBHEHUH ISl COKUMAEMOTO BS3KOTO
TeIuIoNnpoBoiHOTO Taza. Monens HaBbe- Ctokca /uist BA3KOM
Hec)kuMaeMoi xuaxoctu. /TIp/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7]1
1.8J11.9

13

OcHOBHBIE 3TaIlbl TOCTpoeHU Mojen. Cxema mporecca
MaTeMaTHYeCKOT0 MOJACIUPOBaHHs 00beKkTa. OCHOBHBIE
0COOEHHOCTH BBIYHCIIUTEIBHOTO SKCIIEPUMEHTA.
Uepapxuueckure nenovky Mmojenei raza: Kunernueckue
ypaBHEHHA TUNA ypaBHeHUs bonbpimMana. Ypasuenus Ditnepa
JUISl CKUMaeMoro rasa. YpasHeHue Jlaruiaca Juist moTeHIuana.
Monenu, 0OcHOBaHHBIE HA IPUMEHEHHH 3aKOHOB
KJIACCHYECKOM MEXaHHKH K KaX/10M 4acTHIIE CPE/IbI.
YpaBHeHus Ditnepa s HeC)KuMaeMoit xuakoctd. Mozenb
Haspe-Croxca ans cxumaemoro rasa. Cucrema
THIPOANHAMUYIECKUX YPABHEHUH U COKUMAEMOTO BA3KOTO
TeIIonpoBoHOrO raza. Monens HaBbe- Crokca /uis BA3KOM
Hec)kuMmaeMoi sxuaxocth. /Cp/

56

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8J11.9

1.4

/KonrpousHas pabota/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8J11.9

3ananue i
KOHTPOJIBHOH
paboThI

15

/3auét/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7]1
1.8J11.9

3aganue Ha
3auere

Paznen 2. BapnanuoHHble IPUHLUIIBI X HepapXus MoAeen

2.1

[onsTus: 00bEKT, MOIENb, MATEMATHIECKAsT MOJIEITb.
Knaccuduxanus GpuU3nuecKux npoueccoB OTHOCUTEIBHO
BpeMmeHU. Mepapxuueckue Hernouyky Mojiesniei rasa.
VYpaBuenne Xonda. YpaBHEHUS aKyCTUKH. Y paBHEHHUE THUIIA
HEIMHEWHOM TeIIONpPOBOIHOCTH. Y paBHEHHE MepeHoca.
YpaBHEHHS A1 CAKMMAEMOT0 TEIUIONPOBOIHOTO Ta3a.
OpnHOMEpHbIe ypaBHEHHUS ra30BO IMHAMUKHU. Y paBHEHHE
Jlannmaca nnst remneparypsl. Y paBHeHUe Dinepa s
CKMMaeMoTo ra3a. Y paBHEHHE U33HTPONNYECKOTO TeUSHHS
uzeanbHoro rasa. /Jlex/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8JI1.9

2.2

[ousATHS: 00BEKT, MOJIEIH, MATEMATHYECKAsT MOJICITb.
Knaccupukanus Guznueckux IpoueccoB OTHOCUTEIBHO
BpemeHH. Mepapxuueckue 1enodku Mojieei rasa.
VYpaBuenne Xonda. YpaBHeHUS aKyCTHKH. Y paBHCHHUE TUIIA
HEJIMHEWHOM! TeIJIONPOBOAHOCTH. Y paBHEHHE IIEpeHOCa.
VYpaBHEeHHUS AT CAKMMAEMOI0 TEIUIONPOBOIHOTO Ia3a.
OnHOMEpHBIE YpaBHEHHS ra30BOM AUHAMUKH. Y paBHEHUE
Jlanmaca nist remnepartypsl. Y paBHeHUe Dinepa 1uis
CKUMAEMOTo Ta3a. Y paBHEHNE U39HTPOIMUECKOTO TEUSHHS
upaeanpHOro Tasa. /IIp/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8J11.9

2.3

[TonsaTHs: 00BEKT, MOJEIH, MATEMATHYECKAsE MOJIEIIb.
Knaccupukanus Guznueckux IpoueccoB OTHOCUTEIBHO
BpeMmeHH. Mepapxuueckue 1ienodku Mojiee rasa.
VYpaBuenne Xomnda. YpaBHEHHUS aKyCTHKH. Y paBHEHUE THIIA
HENMHEWHON TEIUIONPOBOJIHOCTH. Y paBHEHHE MEPEHOCA.
YpaBHEHHS AJIS CAKMMAEMOI0 TEIUIONPOBOIHOTO Ta3a.
OpnHOMEpHbIe ypaBHEHUS ra30BOM TMHAMUKHU. Y paBHEHHE

56

JI1.1J11.2J11.3J11 .4
JI1.5J11.6J11.7]1
1.8JI1.9




Jlannaca ams TeMueparypsl. Y paBHeHue Dilnepa st
CKMMAEMOTO ra3a. Y paBHEHHE U3DHTPONNYECKOIO TEUEHHS
uaeanpHoro rasa. /Cp/

2.4 /KonTponbsHas pabora/ 0 JI1.1J11.2J11.3J11.4 |3ananue s
JI1.5J11.6J11.7J1 KOHTPOJIBHOM
1.8J11.9 paboThI

25 /3auét/ 0 JI1.1J11.2J11.3J11 .4 [3ananue Ha
JI1.5J11.6J11.7]1 3a4ere
1.8J11.9

Paznen 3. MccrenoBanue MmareMaTH4ecKux Mojieneit

3.1 OCHOBHBIE 3Talbl pelIeHUs HEKOTOPOH KpaeBoH 3a1auu 8 JI1.1J11.2J11.3J11 .4
CeTOUHBIMH MeToaMi. OCHOBHBIE MOHATHA TEOPUH JI1.5J11.6J11.7J1
Pa3HOCTHBIX CXeM: IabJIOH, IBHASI M HesSIBHASI CXEMa, 1.8J11.9
KOHCEpBaTHUBHAs 1 HEKOHCEpBAaTUBHAS cxeMa. OCHOBHEIE
BapUalMOHHEIE METOABL, IPUMEHSIEMbIE I PEIICHNS 3a1a4
MaTeMaTHYeCKOH (GU3HMKU. YpaBHEHHUE THAPOJHHAMUKA U
aKyCTHKH JUTS HeanbHON KUAKOCTH. [IpHHIUITEI HOCTPOSHUS
MPOCTEHINX MaTeMaTHIeckux mozeneit. Koppexrno u
HEKOPPEKTHO IIOCTaBJIEHHbIE 3a1a4u. KauecTBa xopolei
BBIYUCIUTEIBHOM porpaMmel. /JIex/

3.2 OCHOBHBIE 3Talbl pelICHUs HEKOTOPOH KpaeBoH 3a1aun 8 JI.1J11.2J11.3J11 .4
CeTOYHBIMU MeToiaMU. OCHOBHBIE TIOHATHS TEOPHU JI1.5J11.6J11.7J1
Pa3HOCTHBIX CXeM: Ia0JIOH, SIBHASI M HesSIBHASI CXeMa, 1.8711.9
KOHCEpBaTHUBHAs 1 HEKOHCEepBaTUBHAs cxeMa. OCHOBHEIC
BapUAlMOHHBIE METO/IbI, IPUMEHSIEMbIC JIJIsI PEIICHHUS 3a1a4
MaTeMaTH4ecKoi GU3HKU. YpaBHEHHE THAPOJHHAMUKHA U
aKyCTHKH JUTS HeaNbHON KUAKOCTH. [IpHHIUITEI HOCTPOSHUS
MPOCTEHIIINX MaTeMaTHIeckux Mojeseil. KoppekTHo u
HEKOPPEKTHO MOCTaBJIeHHbIE 3a1aun. KadecTBa Xoporei
BBIUUCIUTENBbHOI mporpammel /I1p/

3.3 OCHOBHBIE 3Talbl pelICHU HEKOTOPOU KpaeBo 3a1a4u 56  [JI1.1J11.2J11.3J11.4
CETOYHBIMU MeToaMu. OCHOBHBIE MOHATHS TEOPHH JILSJILL6JIL.7]1
Pa3HOCTHBIX CXeM: IIabJIOH, IBHASI M HesIBHAS CXeMa, 1.8J11.9
KOHCEpBAaTUBHAs U HCKOHCEPBATHBHAsA CXEMa. OCHOBH])IC
BapUallUOHHBIC MECTOABI, IPUMECHACMBIC 1 PCHICHUS 3a/1a4
MaTeMaTH4ecKoi GU3HKU. YpaBHEHHE THAPOJHHAMUKHA U
aAKyCTHUKH IJIsd HﬂeaﬂbHOﬁ KHUIKOCTH. le/lHLll/leI TMOCTPOCHUA
IIPOCTEHIINX MaTeMaTHYeCKUX Moaenelt. KoppekTHo u
HEKOPPEKTHO MOCTaBJIeHHbIE 3a1aun. KadecTBa XopoIei
BBIUHCIUTEIBHOM porpaMms /Cp/

3.4 /KouTponbHas pabora/ 0 JI1.1J11.2J11.3J11.4 |3ananue mis
JI1.5J11.6J11.7J1 KOHTPOJIbHOI
1.8J11.9 paboThI

3.5 /3auér/ 0 JI1.1J11.2J11.3J11.4 [3ananue Ha
JI1.5J11.6J11.7]1 3a4ere
1.8J11.9

Paznen 4. O630p COBpEMEHHBIX TPOrPAMMHBIX IIPOAYKTOB,
JOCTYITHBIX TI0 CBOOOHOM JIMIIEH3UH U C OTKPBITHIM
MPOTPAaMMHBIM KOJIOM, CIIOCOOCTBYIOIINX Pa3padoTKu
MIPOTrPaMMHOTO 00eCTIeUeHHs ISl pELIeHNsI 3a/1a4 Ta30BOMH
muHamukd: OpenFoam, Qt, Git, mathgl.
41 ®dunocopus UNIX. OcHoBHBIE CBOICTBA, XapaKTEPHbIE IS 8 JIT.1JI1.2J11.3)11 .4

MPOrPaMM C OTKPBITHIM UCXOIHBIM KOOM. [ [pHHIHUITBI
nporpammupoBanus st UNIX-nogo6HbIX cuctem.

JI1.5J11.6J11.7J1
1.8J11.9




Hasnauenwne mpoekra Qt. bubioreka u cpencrsa
paspabotku Qt. bubnnoreka st HayaHBIX pacuaéroB GSL
(GNU Scientific Library). bubmuoreka st HayqHOM
Busyanusaunn MathGL.ITnardopma 11st 4MCIEHHOTO
MOJIETIMPOBAHUS 33/1a4 MEXAHUKH CILJIOIIHOI Cpeabl
OpenFoam. Ha3znauenue cucrteM KOHTpoJs Bepcuid. Cucrema
Git. /JTex/

4.2

@unocopust UNIX. OcHOBHBIE CBOICTBA, XapaKTEPHbIE JUIs
HIPOTPaMM C OTKPBITBIM HCXOIHBIM KOJOM. [IpHHIHUIIBI
nporpammupoBanus st UNIX-nogo6HbIX cuctem.
Hasnauenwue npoekra Qt. bubimoreka u cpencraa
paspabotku Qt. Bubnuoreka ans HaydHbIX pacuéroB GSL
(GNU Scientific Library). Bubnuoreka [yist Hay4HOI
Bmsyanusaunn MathGL.ITnardopma 11t 4MCIEHHOTO
MOJICTHPOBAHHMS 331a4 MEXaHUKH CILIOIIHOH CpemIbl
OpenFoam. Ha3zHauenne cucteM KOHTpOJIs Bepcuit. Cucrema
Git /TIp/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7]1
1.8J11.9

4.3

®dusocopus UNIX. OcHOBHBIE CBOICTBA, XapaKTEPHBIC IS
MIPOTPAaMM C OTKPBITBIM HCXOJHBIM KOAOM. [IpHHIHITBI
nporpammuposanus U1 UNIX-nono6GHbIX cucteMm.
Haznauenwue npoekra Qt. bubnuoreka u cpenctea
paspabotku Qt. bubnuoreka ans HaydHbIx pacuéToB GSL
(GNU Scientific Library). bubanoreka 1ist Hay4HO#H
susyanusanuu MathGL.ITnatdopma aist arcieHHOTo
MOJICTIMPOBAHUS 33124 MEXaHUKH CIIOIIHOM Cpebl
OpenFoam. Ha3HaueHue cucteM KOHTpoJIs Bepcuit. Cucrema
Git /Cp/

38

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8J11.9

Paznmen 5. HekoTopblie MpUHIAIIBI IOCTPOSHHS PA3HOCTHBIX
CXEM ra3oBOM JUHAMHKH

5.1

OCHOBHBIE TIOHATHS 1 0003HAYCHHUS TEOPUH PA3HOCTHBIX
cxeM.AHaIn3 HEKOTOPBIX Pa3HOCTHBIX CXeM ra30BOU
nuHaMmuky. [loHsiTHE KOHCEpBAaTHBHOCTH cXxeMbl.II0THOCTBIO
KOHCEpPBATHBHbIE Pa3HOCTHBIE cXeMbl. OJTHOPOIHBIE
pa3HOCTHEIE cxeMbl. MIcKyccTBeHHAs BA3KOCTh.Pe3ymbraTe
YHUCIEHHBIX pacueToB.Pa3HOCTHBIE CXEMBI [Isl ypaBHEHUS
TEIUIONPOBOAHOCTH. /JIek/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8J11.9

5.2

OcHOBHBIE TIOHATHUS ¥ 0003HAYESHUS TEOPUH Pa3HOCTHBIX
cxeM.AHa 3 HEKOTOPBIX Pa3HOCTHBIX CXeM ra30BOU
nuHaMmuky. [loHsiTHEe KOHCepBAaTUBHOCTH cXxeMbl.II0THOCTBIO
KOHCEPBATHUBHEIE Pa3HOCTHEIE cXeMbl. OTHOPOIHBIC
pa3HOCTHEIE cxeMbl. MIcKyccTBeHHAs BA3KOCTh.Pe3ymbraTe
YHCJIEHHBIX paciyeToB.Pa3HOCTHBIE CXEMBI JJIsl ypaBHEHHS
temonpoBogHocty /Tlp/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8JI1.9

5.3

OCHOBHBIE NIOHATHS U 0003HAYEHUSI TEOPUM PA3HOCTHBIX
cxeM.AHau3 HEeKOTOPBIX Pa3HOCTHBIX CXEM I'a30BOH
JuHaMuky. IToHATHE KOHCEpBaTUBHOCTU cXeMbl.IToHOCTBIO
KOHCEpBATUBHbIE Pa3HOCTHBIE cXeMbl. O THOpOJHbIE
pa3HOCTHbIE cXeMbl. MIckyccTBeHHas BA3KOCTb.Pe3ynbTarsl
YHCJIEHHBIX PacueToOB.Pa3HOCTHBIE CXEMBI AJIS1 ypaBHEHUS
TemonpoBogHocty /Cp/

38

JI1.1J11.2J11.3J11 .4
JI1.5J11.6J11.7]1
1.8J11.9

5.4

/KonTpoinbsHas pabora/

JI1.1J11.2J11.3J11.4
JI1.5J11.6J11.7J1
1.8J11.9

3amanue s
KOHTPOJIbHOU
paboTsI




6. /Ox3amen/ 3 36 [JI1.1J11.2J11.3J11.4 |Bonpocs! mist
JI1.5J11.6J11.7]1 MOATOTOBKH K

1.8J11.9 KaHJIUJAaTCKOMY

9K3aMEHY

5. OHEHOYHBIE CPEJICTBA

5.1. KonTtpoJibHbIe BOIPOCHI U 3aIaHUS

[IpoBeneHue TeKyIIEro KOHTPOJIS YCIIEBaEMOCTH
Tema 1. OcHOBHBIE IOHATHSA MAaTEMaTHYECKOTO MOJIEIMPOBAHNUS.
Ilepeuens 6onpocos 01 ycmHno20 onpoca:
1. OcHOBHBIE 3Talbl TOCTPOSHUSI MOAEIH.
2. Cxema mporiecca MaTeMaTHIeCKOr0 MOJISTMPOBAHUS 00BEKTA.
3. OcHOBHBIE 0COOEHHOCTH BEIYHCIUTEILHOTO SKCIIEPUMEHTA.
4. Nepapxuueckue 1erno4ku MoJieneid raza: Kunernueckue ypaBHeHHS THIIA ypaBHeHHs bonbiimana.
5. YpaBHenus Diinepa Juis CKUMaeMOTO rasa.
6. YpaBuenue Jlamaca Jyis moTeHIMAamNA.
7. Mopenu, OCHOBaHHBIC Ha MPUMEHEHWHU 3aKOHOB KJIACCHYECKOW MEXaHHMKH K KaXKJOW YacTUIEe Cpelbl. YpaBHeHHs Dilepa ams
HEC)KUMAEMOH JKUAKOCTH.
8. Monens HaBbe-CTokca 1uisl CKIMaeMOro rasa.
9. CucreMa ruIpOJMHAMUYECKUX YPaBHEHUH ISl COKUMAEMOT0 BS3KOTO TEIUIONPOBOIHOTO rasa.
10.Mouens HaBpe-CToKca 1 BA3KOI HEC)KMMAEMOM KU IKOCTH.
HnousuodyanvHoe npakmuyeckoe 3a0aHue:
1. ITokazaTp, YTO MOTEHIIUAI CKOPOCTEH CTAIMOHAPHOTO IMOTOKA HEC)KMMAaeMOW KUAKOCTH yIOBIETBOPSET ypaBHeHHIo Jlammaca.
Hanucath kpaeBoe yciioBHe Ha IMOBEPXHOCTH TBEPJOTO Tella, MOKOSILIErocs WM JABWXKYIIETrocs C 3aJJaHHOH CKOpOCThIO. Pemuth
MIOJTYYEeHHYIO 3aa4y BO BTOPOM CITy4ae METOIOM Pa3ZeeHHs IEPEMEHHBIX B KpyTe.
2. TlocTaBuTh KpaeBylO 3aJlauy O HAarpeBaHWU TOHKOTO CTEPXHS, MO KOTOPOMY CKOJIB3UT C MOCTOSHHOH CKOPOCTBIO IUIOTHO
MpUJIETAIONIasl JIEKTPONeYh ITOCTOSHHOM MOIIHOCTH, €CIM BHEIIHSS IOBEPXHOCTh MEYH, He TMpIIerarmas K CTEpiKHIO,
TEIJION30JIMPOBaHa, a TEIUIOEMKOCTh IEYH PEHeOPeKMO Majla. PEIIUTE MoTydeHHYIO 3a1a4y METOA0M (QYHKINY HCTOYHHKA TIPH
HYJICBOM Ha4aJbHOM YCIJIOBHH.
3. TTokaxxuTe, 9TO IS PA3HOCTHOM 3aa4u ¢ PaBHOMEPHOM CeTKoi h

—(ay), =1, h<x<l-h,

y(0)=0, y(h)=0
npu a(x) = k > 0 umeer mecto ouenka 0 < y(x) < k™12,
4. IlpeoOpasyiiTe ypaBHEHHE TEIUIONIPOBOIHOCTH IS ABIKYILEHCS OTHOPOIHON Cpelbl K CaMOCONPSDKEHHOMY YpaBHEHHIO, KOT/Ia
JIBIJKEHHE NOTEHIIMAIBHOE.
5. Heorpanu4eHHasi CTpyHa COBEpILACT IUIOCKHE IONEpeyHble KoseOaHus. JIMHelHast MIOTHOCTh CTpyHBI p = 1, cKOpocTh
pacmpocTpaneHust koneOanuii a = 1. B HavanbHbli MoMeHT BpemenH t = 0 cTpyHa umeeT popmy ¢(x) = x2. HayansHoe
pacmpenenenue ckopoctu PY(x) = 4x . K crpyHe, HauMHas C HAa4yaJIbLHOTO MOMEHTa BPEMEHH IMPHJIOXKEHA HEMpPEPHIBHO
pacnperneneHHas IonepevHast CHiIa ¢ JMHEWHOH TIOTHOCTBIO paBHOMf (X,t) = 6. CocTaBHTh MaTeMaTHYECKYI0 MOJETb Ipoliecca
KoJeOaHusI CTPYHBI, © HAWTH 3aBUCUMOCTB OTKJIOHEHHSI U(X,t) TOYEK CTPYHBI OT MOJIOKEHHUS] PABHOBECHS B PA3IMIHBIE MOMEHTEI
BpPEMEHH.
3a0anus ons camocmosmenvHol pabomoi:

1. Onpenenute, Kak ce0s JODKHA BeCTH Ipu Oosbiinx t BennuuHa 1(t) = a(t) — f(t) > 0B mogenu Manbryca:
AN(E)

O = (a(t) — BN,
4T00BI YncIeHHOCTD nomyJasiuu N(t) Obuta orpaHudeHHOH?

2. Onmpenenuth TOYKH YCTOHYMBOTO M HEYCTOMYMBOIO DPaBHOBECHs B MOJEIM KOHKYPUPYIOIIMX BHJIOB B 3aBUCHUMOCTU OT
apaMeTpPOB MOJEIIH:

dN;
at = N;(ry — b;;N; — b;,N;)
dN,
at = N, (1, — by N; — by, N;)

3agaHue U1 KOHTPOJIBHOH paboThI

PackpbITh ogpoOHOE cofep)kaHre OJJHOTO U3 CIIEAYIOLINX BOIPOCOB:

1.OcHOBHBIE ATalbl TOCTPOCHUS MOJICIIH.

2.Cxema mpoliecca MaTeMaTHIeCKOTO MOJICITUPOBAHHS OOBEKTA.

3.0OCHOBHBIE OCOOCHHOCTH BBIUYUCIUTEIBHOTO SKCIICPUMEHTA.

4. Vepapxuueckue LENOYKH Mojenei rasa: Knunerndeckue ypaBHeHus THIIAa ypaBHeHUs bonbiimana.
5.VpaBuenus Diinepa U1 CKMMAEMOTo rasa.

6.Ypasrenue Jlaruiaca i HOTEHIAA.

7.Mojenu, OCHOBaHHBIC Ha NMPUMEHEHUH 3aKOHOB KJIACCMYECKON MEXaHUKU K KaXKJIOW 4acTHIe CpeAbl. YpaBHEHHS Diiepa Juis
HEC)KUMAEMOH JKUAKOCTH.

8.Mopnens HaBbe-CToKCa 71 COKUMAEMOTO Tasa.

9.Cucrema ruIpOIMHAMIYIECKIX YPaBHEHHHN ISl CKMMAEMOTO BSI3KOTO TEIUIONPOBOIHOTO rasa.
10.Monens HaBbe-CToKca 1 BA3KOH HEC)KUMAEMOM HKHIKOCTH.

Tema 2. BapuannoHHbIe IPUHLIUIBI U HEPAPXHS MOJEIICH.

Ilepeuenv 60npocog 051 yCMHO20 Onpoca:

1.ITonsTus: 00BEKT, MOAEIb, MATEMATUYECKasi MOJEIb.

2.Knaccudukaims GU3NUECKUX NPOIIECCOB OTHOCUTEIBHO BPEMEHH.




3.Hepapxuueckue HEMOYKH MOJIeTICH rasa.

4.Ypasuenue Xomnoda.

5.YpaBHEeHHUS aKyCTHKH.

6.YpaBHeHHE TUIA HENUHEHHOH TEIIONPOBOIHOCTH.

7.YpaBHEeHHE MepeHoca.

8.YpaBHeHHUs IS CKUMAESMOTO TEILIOPOBOTHOTO Ta3a.

9.01HOMEpHBIC YpaBHEHHUS Ta30BOH TUHAMUKH.

10.Ypasuenue Jlamiaca s TEMIEPATYPBL.

11.YpaBHeHnue Ditiepa A CKUMAEMOro rasa.

12.YpaBHeHHE U3IHTPOMUYECKOTO TCUCHUSI UICATIbHOTO rasa.

Hnousuodyanvroe npakxmuyeckoe 3a0anue:

1. Haiitu cranmonapuoe pacrpezeneHue Temmeparypsl u(r,¢) BHyTpH GECKOHEYHOrO WUUIMHIpa paauyca R, ecium Ha ero
MIOBEPXHOCTH TIOJIEPKUBAETCS TEMIIepaTypa

u(r, P)lr=r = Asing.

2. HeorpaHnuyeHHas CTpyHa COBEpIIAeT IUIOCKHE IONEpeyHble KojeOaHus. JIMHeWHasl MIOTHOCTh CTpyHBI p = 1, CKOpOCTh
pacmpocTpaHeHus: koneGaHuit a = 2. B HawanpHbI MoMeHT BpeMeHH t = 0 cTpyHa umeeT popmy ¢(x) = x2. HayansHoe
pacnpenenenue ckopoct PY(x) =x . K crpyHe, HaumHas ¢ HayaJbHOTO MOMEHTa BPEMEHM NPHIOKEHAa HENpepbIBHO
pacnpe/enieHHas MonepeyHas CHila ¢ JIMHEWHOH MIOTHOCThIO paBHOM f (X, t) = xt. COCTaBUTh MAaTEMaTHUECKYIO MOJICTb Mpoliecca
KoJeOaHus CTPYHBI, U HAWTH 3aBUCUMOCTBH OTKIOHEHHSI U(X,t) TOYEK CTPYHBI OT MOJIOKEHHUS] PaBHOBECHS B Pa3INIHBIC MOMEHTHI
BPEMEHH.

3. B HEOrpaHUUEHHOM TOHKOM CTEPXHE C TEIUIOU30IMPOBAHHON OOKOBON MOBEPXHOCTBIO PACHPENEIICHB] TEINIOBbIE HCTOUHUKH C
nuHeiHoM moTHOocThIO F(x,t) (f(x,t) = F/pc =t + e'). KoapuuueHT TeMnepaTyponpoBOAHOCTH cTepxkHi a’ =4. B
HayaJbHbI MOMEHT BPEMEHHU TeMIIepaTypa CTepkHA U|.—o = 2. CocTaBUTh MaTeMaTHYECKYIO MOJIEJIb IIpoliecca epeHoca TeIia B
CTep)KHE M HAWTH 3aBUCUMOCTH TeMreparypsl u(x,t).

4. Haiiti pacnpezeneHne MOTeHIHANa IEKTPocTaTnaeckoro mosst u(r, ) BHYTPH eUHUYHOTO Kpyra P YCIOBUH, 9TO U|,—q =
cos?¢.

5. Haiitu pacnipenenenue MoTeHIHalia 3IeKTPOCTaTHIECKOro ot U(r, ¢p) BHYTPU €AHHUYHOTO KPYra IPH YCIOBHH, YTO U|,—; =
sin¢.

3adanus ons camocmosmenvHou pabomol:

1. Tloka3aTh, 9YTO WCHOJIB30BaHHWE MpPHUHIMIA [aMMIBTOHAa ISl BBIBOJA YpPaBHEHHs JBW)KEHHS MaTEPHAIBHOM TOYKH B
MOTEHIMAIILHOM I10JI€ CUJIBI IPUBOAUT K TOMY XK€ pe3yibTaTy, 4To U UCIOJIb30BaHUe 3aKOHOB HbloTOHA.

2. Pemmuts 3amauy o OpaxucToxXpoHe (KpUBOW HAUCKOPEHIIEro CIYCKa): HAaWTH IJIOCKYH0 KPUBYIO, CKOJIB3s BIOJb KOTOPOH MOJ
JIEUCTBUEM CHJIBI TSDKECTH, TsDKeJasi TOUKa JAOCTHraeT 3aJaHHOTO MOJIOXKEHUS 3a HauMeHblee BpeMs. IlokazaTh, UTO peleHueM
3a/1a4u SIBIISIETCS LUKIIOHN .

3anaHue 11 KOHTPOJIBHOH paboThI

PackprITh OAPOOHOE COepIKaHNe OHOTO U3 CIACIYIOIINX BOIIPOCOB!

1.ITonsTHSI: 0OBEKT, MOJIENb, MAaTEMATHYECKAsT MOJICITb.

2 Krnaccnpukanyst Gpu3ndeckux MporeccOB OTHOCUTENEHO BPEMEHH.

3.HMepapxuueckue HENOUKU MoJiesIeH rasa.

4.Ypasuenue Xormnda.

5.VpaBHEHHUS aKyCTHKH.

6.YpaBHeHHE TUNA HENUHEHHOH TEIIONPOBOIHOCTH.

7.YpaBHeHHe MepeHoca.

8.YpaBHeHHUs U1 CAUMAEMOT0 TEIIOIPOBOJHOTO Ta3a.

9.01HOMEpHBIE YpaBHEHHS Ta30BOM JUHAMUKH.

10.Vpasuenue Jlamiaca a1 TeMIEpaTypsl.

11.VpaBHenue Ditnepa Ui CKIMAEMOTO Tasa.

12.YpaBHeHHE H33HTPONUYECKOTO TEUSHUSI UI€aIbHOTO rasa.

Tema 3. MccnenoBanre MaTeMaTHIECKUX MOJIEIIEH.

Ilepeuens 6onpocos 05 yCmHo20 onpoca:

1.OcHOBHEBIE dTaNbI pelIeHHsT HEKOTOPOH KpaeBol 3aJauul CETOYHBIMH METOJaMHU.

Z.OCHOBHbIC TIOHATUS TCOPHUU PA3HOCTHBIX CXEM! ma6n01-1, sIBHas U HEABHas CXE€Ma, KOHCECpBAaTUBHAs U HEKOHCCPBATUBHAA CXEMa.
3.OCHOBHBIE BapHallMOHHBIE METOIbI, IPUMEHSIEMBIE JJIsl PEIIeHHs 3a/1a4 MaTeMaTHIeCKOi (HU3UKH.

4.YpaBHEeHHE TUIPOIUHAMUKI U aKyCTUKH IS HACANBHOM KUIKOCTH.

5.IIpuHIMIIBI TOCTPOESHHUS MPOCTEHIINX MaTEMAaTHUECKUX MOETICH.

6.KoppeKTHO 1 HEKOPPEKTHO MOCTABICHHBIE 3a/1aul.

7.KauectBa Xopoliel BEIYUCIUTEIBHON IPOrpPaMMBbI.

HrnousudyanvrHoe npakmuueckoe 3a0anue:

1. HeorpannueHHasi CTpyHa COBEpLIAeT IUIOCKUE IoNepeyHble KojeOanus. JIuHeitHas MIOTHOCTH CTPYHBI p = 1, CKOpPOCTH
pacrpoctpaHenus: konebannii a = 1. B HavanbHeIi MOMeHT BpeMeHu t = 0 cTpyHa umeer dopmy ¢(x) = sinx. Hauampnoe
pacrpenenenue ckopoctd P(x) =0 . K crpyHe, HauMHas C Ha4yaJbHOrO MOMEHTa BPEMEHH IIPUIIOKEHA HENPEPHIBHO
pacrpeneneHHas oNepeyHas CHila ¢ IMHEHHOM IITOTHOCTRIO paBHOH f (X, t) = sinx. COCTaBUTh MaTeMaTHYECKYIO MOJIENb POIiecca
KOJIeOaHWsI CTPYHBI, © HAWTH 3aBUCUMOCTB OTKJIOHEHHUST U(X,t) TOYEK CTPYHBI OT MOJIOKEHHUS PABHOBECHS B PA3INYHBIE MOMEHTBI
BPEMEHH.

2. B HeorpaHHUEHHOM TOHKOM CTEPXHE C TEIUION30JIMPOBAHHON OOKOBOH MOBEPXHOCTHIO PACHPENEICHBI TEINIOBbIE HCTOYHUKH C
nuHeiiHoM moTtHocThio F(x,t) ( f(x,t) = F/pc = 3t? ). KoapduuueHt TeMnepaTyponpoBOAHOCTH cTepxkHi a?=1. B
HavyaJabHBI MOMEHT BPEMEHH TEMIIepaTypa CTePKHA U|;—q = sinx. COCTaBHTh MaTEMaTHIECKYIO MOJICIb IIpOLecca MePEeHOCca Teria
B CTEP)KHE U HAWTH 3aBUCUMOCTH TeMreparypbl u(x,t).

3. HaiiTu pacrpe/ieiieHue MOTEHIHANIA SICKTPOCTATHIECKOTO 1oJst U(T, ¢p) BHYTPH €AUHUYHOTO KPYTa [PHU YCIOBUH, YTO Ul,—q =
cos*o.




4. HeorpanuueHHasi CTpyHa COBEpIIAET IUIOCKUE TONepeuHble KojeOaHus. JIMHeWHas TUIOTHOCTh CTPYHBI p = 1, CKOpOCTBb
pacmpocTpaHeHus Konebanuii a = 1. B HauaneHbIH MOMeHT BpemeHH t = 0 crpyHa mmeer dopmy ¢(x) = sinx. HauansHoe
pacnpenenenue ckopocTu P (x) = x + cosx. K crpyHe, HaunMHas ¢ HA4YaJIbHOIO MOMEHTA BPEMEHH IPHIOKEHA HEIPEPHIBHO
pacIpezeNicHHas NOIepeyHasi CHIa C JINHEHOH INIOTHOCTBIO paBHOMf (X, t) = e*. CocTaBUTh MaTeMaTHYECKYI0 MOJEIb Iporecca
KoJIeOaHus CTPYHBI, U HAWTH 3aBUCUMOCTb OTKIOHEHHUS U(X,t) TOYEK CTPYHBI OT HOJIOKEHHUS PABHOBECHS B Pa3IMUHbIE MOMEHTHI
BPEMCHH.
5. B HEOrpaHMYCHHOM TOHKOM CTEPKHE C TEIIOM30JIMPOBAHHOIN OOKOBON MOBEPXHOCTHIO pacHpeIelICHbI TEIUIOBBIC HCTOYHUKH C
maneiinoil wiotHocTeio F(x,t) (f(x,t) = F/pc = e tcosx). Koapduument TemmepaTyponpoBogHOcTH cTepxkHs a? = 1. B
HaYaJbHBII MOMEHT BPEMEHH TeMIIepaTypa CTEPXKHS U|;—o = cosx. COCTaBHTh MaTEMAaTHYECKyI0O MOJEJb IIpoliecca IepeHoca
TEIUIa B CTEPKHE M HAMTH 3aBUCUMOCTh TeMmepaTypsl u(x, t).
3adanus ons camocmosmenvHo pabonoi:
1. Paznaras ¢yukiuro u(x)no ¢opmyne Teiaopa B OKPeCTHOCTH TOUYKH X M yJCpP)KHBas TOCTATOYHOE YMCIIO YJICHOB, MOKA3aTh,
YTO Pa3HOCTHAS TPOU3BOIHAS

u(x+h)—-2u(x)+u(x—h)
uaEx = h2
MPUOITMKAET BTOPYIO POU3BOAHYIO QYHKIIMU U(X) CO BTOPHIM HOPSTKOM.
2. [TpoBephTe NPSMOY MOACTAHOBKOM, YTO 3a71a4a Ha COOCTBCHHBIC 3HAYCHUS

Xey +AX=0,0<x<1,X(0)=X(1),X(x) #0,

MMeeT HeTpuBHaiIbHEIE penenns Buna X K = +/2sinmkx.

i

3anaHue 11 KOHTPOJIBbHON paboThI
PackprITh MOAPOOHOE COepIKaHNe OHOTO U3 CIAECIYIOIINX BOIIPOCOB!
1.OcHoBHBIE 3Talbl pelIeHNUs HEKOTOPOU KpaeBoH 3aJauy CETOYHBIMH METOJaMHU.
2.OCHOBHBIE MTOHSATHUS TEOPHUH PA3HOCTHBIX CXEM: IIAOJIOH, SIBHAS U HEsIBHAS cCXeMa, KOHCepPBAaTHBHAS U HEKOHCEPBAaTHBHAS CXEMa.
3.OCHOBHbBIC BapUallUOHHbIE METO/IbI, IPIMEHIEMbIE AJIs PEIIeHHs 3a/1ad MaTeMaTu4eckoil Gu3uKu.
4.YpaBHEeHHE TUIPOIUHAMHUKA M aKyCTUKH ISl HACANBHOM KHUIKOCTH.
5.IIpHHIHIIBI TOCTPOCHHUS MPOCTEHIITMX MATEMATHUECKUX MOJICIICH.
6.KoppeKTHO U HEKOPPEKTHO NIOCTABICHHBIE 3a/1aul.
7.KauecTBa XOpoIIeH BEIYUCIUTEILHON POTPAMMBI.
Tema 4. O030p COBPEMEHHBIX NPOrPAMMHBIX NPOAYKTOB, JOCTYIHBIX 110 CBOOOJHOM JIMLEH3UU U C OTKPBHITHIM NPOrPAMMHBIM
KOJIOM, CITOCOOCTBYIOIIMX pa3pabOTKK MPOrpaMMHOTO 0OecTieueH s Ak pEIeH s 3aa4 Ta3oBoii quaamMuku: OpenFoam, Qt, Git,
mathgl.
Ilepeuens 6onpocog 015 ycmuozo onpoca:
1.®unocodpus UNIX. OcHOBHBIE CBOWCTBA, XapaKTEPHBIC JISl IPOTPAMM C OTKPBITHIM HCXOTHBIM KOJIOM.
2 ITpunnune! nporpammupoBanus it UNIX-nogo6HbIX cucteM.
3.Haznauenwue npoekra Qt. bubnroreka u cpencta paspadorku Qt.
4. bubnunoteka 1y HaydHbIX pacuéroB GSL (GNU Scientific Library).
5.bubnnoreka st HayuHo# Busyanusanun MathGL.
6.ITnaropma I YUCTSHHOTO MOAEIUPOBAHUS 33/1a4 MEXaHHKH CIUIOIIHOM cpexsl OpenFoam.
7.Haznauenune cucteM KoHTpoiist Bepeuii. Cucrema Git.
Ipaxmuueckoe 3adanue:
Hanucats nporpammy Ha si3bike C, pealu3yronlylo YiciIeHHoe pelieHue 3anaun Heiimana s ypasHenus Jlamiaca, COCTOSILYIO U3
IBYX W OoJiee MCXOIHBIX (hailIoB, HCHONB3ys cpeny paspaborku Qt. OmuH (rmaBHBIN) (aill QOKEeH coiepikaTrbh TOYKY BXOAa
(pynxuuro main()), a ocrambHble (MOAKIIOYAEMBbIe) (allibl AOMKHBI COMEPXKATh OMPEACIEHHBIE MOJb30BaTeeM (GYHKIMUA U
NepeMeHHbIe, BBI3bIBaeMbIe M3 INIaBHOTO (aiina. {71t HOATOTOBICHHBIX (haiiiioB BEITOIHUTD:
1.C6opky nporpaMmbl KOMITHISTOPOM (CC
2.Pe3ynbTaThl pacyeToB BU3YaIH3UPOBATh ¢ TIOMOIIbI0 6ubmrnoTekn MathGl.
3.CpaBHUTH NIOJYYCHHBIE PE3YJILTAThl PACUETOB C pe3yabTaTaMu padboTsl OpenFoam.
3adanus onst camocmosmenvHol pabomot.
1.ITpumennts 6ubanorexky GSL B cBOEM IporpaMMHOM Koze.
2.Boutoxuth mpoekT B Git.
Tema 5. HekoTopble MPUHIMITEI HOCTPOEHUS PA3HOCTHBIX CXEM ra30BOM AMHAMUKH
Ilepeuens 6onpocos 0151 ycmHo2o onpoca:
1.OcHoBHbIE NOHATHUS U 0003HAUEHUSI TEOPUU PA3HOCTHBIX CXEM.
2.AHann3 HEKOTOPHIX Pa3HOCTHBIX CXEM ra30BOi JUHAMHUKH. [I0HITHE KOHCEPBATUBHOCTH CXEMBI.
3.IToMHOCTBIO KOHCEPBATUBHBIC PA3HOCTHBIE CXEMBI.
4.0pHOPOHBIE PA3HOCTHBIE CXeMBI. VICKyCCTBEHHAs BA3KOCTD.
5.Pe3ynbTaThl YUCICHHBIX PAaCYETOB.
6.Pa3HOCTHBIE CXEMBI AJIsl YPaBHEHHUS TEIIONPOBOTHOCTH.
IIpaxmuueckoe 3a0anue:
Pemuth ypaBHEHHE MEpEeHOCA BOJIHBI CO CKOPOCTHIO | ¢ IOMOIIIBIO TPEX Pa3HOCTHBIX CXeM: «uexapaay, Jleisa, Kpanka-Hukomncona.
HauanbsHoe ycnoBue 3aaBaTh B BUIE IPSMOYTOJIBHOTO HMITYJIBCA, TPEYTONBHOTO UMITYJIbCa, INIAIKOT0 UMITYJIBCA.
3aoanus ons camocmosmensHou pabomoi’
CpaBHHUTH PE3yJIBTATHI PACUYETOB 10 TPEM PA3HOCTHBIM CXEMaM MEXIy CO00M 1 co cxeMoit «upwind»
3ananue U1t KOHTPOJIBbHOW PabOThI
PackprITh MOAPOOHOE COepKaHNe OIHOTO U3 CIACAYIOIIIX BOIIPOCOB!
1. ®unocodust UNIX. OcHOBHBIE CBOHCTBA, XapaKTEPHBIE IUTS IIPOTPAMM C OTKPBITHIM HCXOIHBIM KOJIOM.
2. Ipuntunet nporpammupoBanus a1t UNIX-noqo0HbIX cucTeM.
3. Ha3nauenue npoekra Qt. bubnnoreka u cpencrsa pazpadotku Qt.
4., bubnmoteka s HayaHbIx pacuétoB GSL (GNU Scientific Library).
5. bubsamorexa aust HayuHO# Busyanmsarmun MathGL.




6. ITmaTdopma 11t YUCICHHOTO MOCITMPOBAHHMS 331a4 MEXaHUKH CIUIOMIHOM cpensr OpenFoam.
7. Ha3nauenwue cucrtem KOHTpOJIs Bepeuii. Cucrema Git.
8. OcHOBHBIC NOHATHS U 0003HAYEHHS TEOPHU PA3SHOCTHEIX CXEM.
9. AHanM3 HEKOTOPHIX Pa3HOCTHBIX CXEM Ta30BOH AUHAMUKH. [IOHATHE KOHCEPBATHBHOCTH CXECMBI.
10. TTomHOCTBEO KOHCEPBATUBHBIC PA3HOCTHBIC CXEMBI.
11. OpHopojHble pa3HOCTHBIE CXeMBbI. MICKycCTBEHHAs BSI3KOCTb.
12. Pe3ynbTarhbl YHCICHHBIX PACYCTOB.
13. Pa3sHOCTHBIC CXEMBI JUISl yPABHEHHS TEIIONPOBOJHOCTH.
[IpoBeneHwe MPOMEKYTOUHOM aTTECTALUN
Bomnpocs! k 3aueTy 1o teme 1.
1. OcHOBHBIE 3Talbl TOCTPOSHUSI MOAEIH.
2. Cxema mpoliecca MaTeMaTHYEeCKOT0 MOJICIIHPOBAHHS 00BEKTA.
3. OcHOBHBIE 0COOEHHOCTH BEIYHCIUTEILHOTO SKCIIEPUMEHTA.
4. Uepapxuueckue Henouky Mozeneil ra3a: Kunernueckue ypaBHEHUs THIIA ypaBHEHUs bonblMaHa.
5. YpaBHenus Diinepa Juis CKUMaeMOTO rasa.
6. Ypasuenue Jlamaca st IOTCHIHATIA.
7. Mopenu, OCHOBaHHbBIC HA IPUMEHEHHUH 3aKOHOB KJIACCHYECKOI MEXaHHKH K Ka)IOH YacTHIIE Cpe/ibl. Y paBHEHUs Ditniepa Juist
HEC)KUMaeMO KUIKOCTU.
8. Monens HaBbe-CTokca 1u1st CKIMaeMoro rasa.
9. Cucrema ruApOIMHAMIYECKHX YPaBHEHHMIT IJIs CKMMAEMOT0 BSI3KOTO TEITONPOBOIHOTO Ta3a.
10. Monens HaBbe-CTokca 1uist BA3KOM HEC)KUMAaEeMOI KHUIKOCTH.
Bomnpocs! k 3aueTy 1o Teme 2.
. IToHsATHs: 00BEKT, MOJIEINTb, MaTEMaTHIECKast MOIEIb.
. Knaccudukarus ¢pu3ngeckux nporneccoB OTHOCUTENBLHO BPEMEHU.
. Mepapxudeckue IemoYKH MOJIENeH rasa.
. YpaBHeHue Xonda.
. YpaBHEHHUS aKyCTHKH.
. YpaBHEHHE TUIIa HENUHEHHON TEIUIONPOBOIHOCTH.
. YpaBHeHune nepeHoca.
. YpaBHEHUs JUIS CXKUMAEMOTI'0 TEIIONPOBOHOTO rasa.
. OnHOMEpHBIE YpaBHEHUS Ta30BON JUHAMUKH.
10. YpaBHenue Jlamnaca 11 TeMIepaTyphl.
11. YpaBHenue Dilnepa A CKUMAaEMOro rasa.
12. YpaBHEeHHE U33HTPONNYECKOTO TEUCHHS HICATBHOTO Ta3a.
Bomnpocs! k 3aueTy 1o Teme 3.
. OCHOBHBIE 3TaIbl PeIeHIs] HEKOTOPOI KpaeBoi 3a/1a4il CETOYHBIMU METOJaMH.
. OcHOBHBIE NOHATHUSI TEOPUU PA3HOCTHBIX CXEM: IIA0JIOH, BHAs U HESIBHAs CXeMa, KOHCEpPBAaTUBHAs M HEKOHCEpBAaTHBHAs CXEMa.
. OcHOBHBIE BapHallMOHHBIE METOBI, IPUMEHsIEMBIE JUIS PEIICHHUS 3314 MaTeMaTHIeCKO (H3HKH.
. YpaBHeHUe rUIPOAMHAMUKY U aKYCTUKHU ISl HI€aIbHOM KUIKOCTH.
. [IpHHIMITBI TOCTPOEHHS POCTEHIINX MAaTEMATHIECKAX MOJICIICH.
. KoppexkTHO 1 HEKOPPEKTHO NTOCTABIECHHBIE 3a/1auH.
. KauecrtBa xoponieii BEIYHCIATENBHON IPOTPAMMBEL.
Bonpocwl 015 no020moexku Kk KAHOUOAMCKOMY IK3AMEHY
1. OcHOBHBIE 3TaIbl HOCTPOSHHUS MOJICIIH.
2. Cxema mporiecca MaTeMaTUIECKOr0 MOJIEIMPOBaHUS 00BEKTA.
3. OcHOBHBIE 0OCOOEHHOCTH BBIYHCIUTEIBHOTO IKCIIEPUMEHTA.
4. Uepapxuueckue LENo4YKU MOJIeIeH ras3a:
5. IloHATHA: OOBEKT, MOJIENb, MaTEMaTHIECKast MOIEIb.
6. Kinaccudukanus Gpu3nueckux MpouneccoB OTHOCUTEIBHO BPEMEHHU.
7.Hepapxuueckue HemouKy Mozienel ra3a: KuneTndyeckue ypaBHEHUs THITA ypaBHEHHs1 bonbimaHa.
8.VpaBHeHus Diinepa i CKMMAEMOTo rasa.
9.Vpasuenne Jlamiaca i HOTeHIMAA.
10.Mopenu, OCHOBaHHBIE Ha MPUMEHEHUH 3aKOHOB KJIACCUUECKOI MEXaHUKH K KaKI0M yacTulle cpesbl. YpaBHeHUs Diinepa A
HEC)KUMAeMOH KHUIKOCTH.
11.Mopens HaBbe-CToKca 1 COKUMAeMOro Tasa.
12.Cucrema TuApOIMHAMHYIECKUX YPAaBHEHHUH U CKMMAEMOTO BSI3KOTO TEILIONPOBOIHOTO ra3a.
13.Monens HaBbe-CToKca 115 BA3KOH HEC)KUMAEMOM HKHIKOCTH.
14.0OcHOBHBIE ATAIBI pelICHHs HEKOTOPOU KpaeBo 3a1adl CETOYHBIMU METOIAMHU.
15.0CHOBHLIC TIOHATUS TCOPUHN PA3HOCTHBIX CXEM! IHaGJ'[OH, ABHasA U HEsIBHAsA CXEMa, KOHCCpBAaTUBHAsA U HEKOHCCPBATUBHAA
cxema.
16.0cHOBHBIC BapHallMOHHbIE METObI, IPUMEHAEMbIC AT PEIICHHS 3a/1ad MaTeMaTHIeCKOH (QU3HUKH.
17.YpaBHeHHe THAPOJMHAMUKY W aKYCTHUKH JJIsl UICaNbHOM JKUIKOCTH.
18.ITpuHIUITEI TOCTPOSHUSI MPOCTENUIINX MAaTEMAaTHIECKHX MOJIeTICH.
19.KoppeKTHO 1 HEKOPPEKTHO MOCTABICHHBIE 3aJauH.
20.KagecTBa XOpoIeH BEIYUCIUTEILHOW POTPaMMBI.
21 TTpuauuns! nporpammupoBanus B UNIX-nono0Ousix cucremax: «®@umocopust UNIX»
22 bubnuoreka s Hayanbix pacuéroB GSL (GNU Scientific Library).
23.bubnnorexa s HaydHo# Bu3yanusauun MathGL.
24 TInatdopma At YUCICHHOTO MOJICTMPOBAHUS 3a]]a4 MEXaHUKH CIUIOMIHON cpeabl OpenFoam
25.Maremaruyeckasi MOJIeNIb Ta30BOW JIMHAMUKH.
26.1uTerpansHas opMa ypaBHEHHI Tra30BOI THHAMUKH.
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27.YpaBHeHHs ra30BOW JUHAMUKH B Au(depeHrmanrsaoi Gopme.

28.Y cTOWYHMBOCTh Pa3HOCTHBIX CXEM JUIs ypaBHEHUs nepeHoca. CrieKTpaibHbIi METO/ U MPUHIIUI MAaKCUMYyMa.

29.BinustHue BA3KOCTH Ha YCTOHYUBOCTH PA3HOCTHBIX CXEM.

30.5IBHEIE METOIBI TA30BOIT AUHAMHUKH.

[IpakTiueckas 4acTb HK3aMeHa

1. Iony4uTh YUCIIEHHOE PELIEHUE I/ CIEAYIOUIMX HaualbHO-KPAEBbIX 3a/1au Ul OJHOPOJIHOIO YpaBHEHHS TEIUIONPOBOAHOCTH
Ha OTpe3Ke.

a) Uy = Uy, x € (0,m); t>0;
U|y=o = 0; Ulyer = 1; Ulmg = £+ 4sin3x;
Uup(x, t) = g + 4e~%sin3x.
6) Uy = uxx; x € (O: 1): t> 01
Ulyeo = 2t; Ulyey = 14 2t ulpmg = x2;
uy(x, t) = x? + 2t.
B) U = Sl x € (0,1); t>0;
Uy|x=0 = 0; Ulpey =148 ulemg = X7
Up(x, t) = x? +t.
l") Uy = uxx; x € (O: 1): t> 01
Uglx=0 = —1; Ugly=1 =15 U= =% (x — 1);
uy(x, t) = x? —x + 2t.
) Up = =ty x€(0,2); t>0;
Ulx=o = 0; Uglymp = 12+t Ulimg = X7,
ug(x, t) = x3 + xt.
) Uy = 4y, x € (0,m); t>0;
Uy|ymo = 1; Ulyey =T — 7, Uli=g = X + cosx;
ug(x, t) = x + e *cosx.
3) Uy = Uyy; x € (0,2m); t>0;

. i 2 X,
Uy|x=0 = 0; Uy|x=2r = 0; Ul¢=g = sin 2

ug(x, t) = %( 1 — e~tcosx).

2. HOJ'Iy‘lI/ITB YUCJICHHOC PCIICHUE CICAYIOINX KPaeBbIX 3a1a4 AJIs1 ypaBHeHI/Iﬁ SJUIMIITHYCCKOI'O THUIIA. CpaBHI/ITL C

82 82
AHAJMTHYCCKHUM penreHueM. B otoM samammn: 4 = — + —;.
ax ay
a) Au=0; x € (0,1); y € (0,1);
(ux —‘Ll.) |x=0 = 1; uxlx:l =Y + 1;

(uy —u) ly=0 = 1; Uly—g =2x + 1;
uy(x,y) =xy+x+y.

0) Au=0; x € (0,1); y € (0,1);

Uy =W lx=o =y (v + 1);

Uyly=o = X;

Ugly=1 =Y +3;
Ulyoy = x% + 2x;

ug(x,y) =x2—y?+xy+x+ 1.

B) Au = —2sinx - siny; x € (0, %) y € (0,m);
Uly=o = 0; ux|x=§ =0;
Uy|y=o = sinx; Uly—r = 0;
Uy (x,y) = sinx - siny.
r) Au = —xsiny; x € (0,1); y € (0,m);
U|x—p = 0; Uy|x=1 = siny;

uyly:o =X, uly:n =0;
Uy (x,y) = xsiny.
) Au+u=0; x € (0,2); y € (0,4m);
Uy |x=o = siny; U|y=p = 2Zsiny;

uly:o = Or uyly:47r =X,

Uy (x,y) = xsiny

x) Au—u=0; x € (0,1); y € (0,1);
Uy|x=0 = shy; Uly=qg = 0;

(uy —u) ly=o =x —1;
uy(x,y) = (x — 1) shy.

uly—; = (x—1)sh 1,

3) Au = e¥, x € (0,1); y € (0,1);
-2 -2
Uy|y=g = m; Uy|y=1 = m;
—_— _2 . J— _2 .
Uyly=0 = 1 Uyly=1 =

Up(x,y) =1n ((x+y+1)z)

6. YHEBHO-METOANYECKOE U THOOPMAIIMOHHOE OBECHHEYEHUE JUCHUIIITUHBI (MOAY JIST)

6.1. PexoMeH/10BaHHAsA JINTEpaTypa




ABTOpHI, 3arnaBue W3znarenbcTBO, TON Kou-
COCTaBUTEIH BO
JI1.1 Camapckuit A. A., Maremarnueckoe moaenupoBanue: Mnen. | Mocksa: ®uzmariur, 2005, 1
Muxaiinos A. I1. Mertoust. IIpumepsr: MoHOTpadms https://www.student
library.ru/book/ISBN592210120.html
J1.2 Mapuyx I'. 1. MeTonbl BEIYUCIUTEIBHON MaTEMAaTHKH Cankr-IletepOypr: Jlans, 2022, 1
https://e.lanbook.com/book/210302
JI1.3 Ilonsaun A. /1., Henuneiinbie ypaBHeHUs Mockaa: FOpaiit, 2023, 1
3aiines B. ®. Maremaruueckoi ¢pusuku B 2 u. Yacts 2: | https://urait.ru/bcode/514014
yuebHoe ocoOue i By30B
JI1.4 3amusnsk B. E. UYucneHHsle MeTo1bl. OCHOBBI HAyUHBIX Mocksa: FOpaiit, 2020, 1
BBIYMCIICHHI: yueOHMK 1 mpakThkyM st | https://urait.ru/bcode/449891
BY30B
J1.5 SAxumenko U. B. Mertonbl, MOJENH U CPENCTBA Cankr-IlerepOypr: Jlans, 2023, 1
OGHapy)KEHHUS BO3IYIIHBIX IeIeH Ha https://e.lanbook.com/book/303662
aTMochepHOM (POHE MIUPOKOYTOJILHBIMU
OIITHKO- 3JIEKTPOHHBIMH CUCTEMaMH:
MoHorpadus
JI1.6 Axwmanues ©. T, MaremaTtnieckoe MOAETUPOBAHUE U Kazans: Kazauckuit 1
T'unsdanos P. M. METO/Ibl ONTHUMU3AIMU: YuyeOHoe rOCyapCTBEHHBIN apXUTEKTYpHO-
mocobue cTpouTenbHbIi yauBepcutet, Ib5C
ACB, 2017, http://www.iprbook
shop.ru/73309.html
JI1.7 Tokapesa C. A. IpuknaaHas ra3oBas AUHAMHKA. Canxkr-IletepOypr: Jlans, 2019, 1
YucieHHBIC METOBI PEIICHUS https://e.lanbook.com/book/118622
TUIEPOOTMIECKUX CHCTEM yYpaBHEHHIHA:
y4eOHOe nocodue
JI1.8 lamkuu B. A, Marematnueckoe MOAETHUPOBAHHE. Cypryt: U3naTenbckuii HeHTp 1
Hyb6osuk A. O. Beezenue: yuedHoe mocobue CypI'VY, 2023, https://elib.surgu.ru/
fulltext/umm/6962
JI1.9 ITepe6oposa H. B. MaremaTH4yeckoe MOJIEIUPOBAHHUE, Cankr-IlerepOypr: CaHkT- 1
YHCIICHHBIE METOJIbI M KOMIUIEKCHI [MerepOyprckuii Tocy1apCTBEHHBIN
mporpamM: yaeOHoe mocodne YHHMBEPCHUTET IIPOMBIIIIEHHBIX
TEXHOJIOTUM 1 au3aiina, 2017,
http://www.iprbook
shop.ru/102439.html
6.2. DJ1eKTPOHHO-0UOIHOTEYHbIE CHCTEMBbI
€] 3BC Znanium.ru http://new.znanium.ru/
32 3BC «Jlanpy http://e.lanbook.com/
23 OBC IPR SMART (IPRbooks) http://www.iprbookshop.ru/
24 3BC «IOpaiit» https://urait.ru/
325 3BC «KoncynbranT cTymerta» https://www.studentlibrary.ru/
6.3. Hudopmannonnblie, ”HPOPMALHOHHO-CIIPABOYHbIE CHCTEMbI
6.3.1 I'apaHT — crpaBoYHast MPaBOBas CHCTEMA TI0 3aKOHOIATENLCTBY Poccuiickoit @enepanuu http://www.garant.ru
https://biblio.surgu.ru/ru/pages/resursi/bd/lan/grt/
6.3.2 KoncynsrantlIlntoc — cripaBouHas mpaBoBas cuctema http://www.consultant.ru

https://biblio.surgu.ru/ru/pages/resursi/bd/lan/cons/

6.4. Hayunble 6a3b1 JTaHHBIX

B noxanvnoii cemu https://biblio.surgu.ru/ru/pages/resursi/bd/lan/

6.4.1 Onexrponnas 6ubmorexa Cypl'Y https://elib.surgu.ru

6.4.2 Hayunast snexktponnas 6ubnuorexa eLIBRARY.RU http://www.elibrary.ru

6.4.3 EBpaswuiickast matentHas uHpopmarmontas cuctema (EATTATHC) http://www.eapatis.com

6.4.4 BupTyaneHblil unTaNbHbIH 321 Poccuiickoii rocynapereenHoi oubnuorexu (BU3 PI'B) https:/Idiss.rsl.ru
6.4.5 HanmonanbHas snexTponHas 6ubmmoreka (HOB) https:/rusneb.ru/

6.4.6 ApxuB Hay4HbIX KypHaToB (NEICON) http://archive.neicon.ru

6.4.7 Springer Nature https://link.springer.com/

6.4.8 IMonHoTekcToBast Koyutekmust xkypaaiioB PAH https://journals.rcsi.science/

6.4.9 Wiley Journals Database https://onlinelibrary.wiley.com

6.4.10 Math-Net.Ru http://biblio.surgu.ru/ru/pages/resursi/bd/lan/math/

B c60600HOM 0ocmyne cemu HumepHem

6.4.11

| OdunumaneHelii caiit poccuiickoro GhoHaa GpyHIaMeHTabHbIX uccaenoBanuit https:/www.rfbr.ru/rffi/ru/



http://www.garant.ru/
http://www.consultant.ru/

6.4.12 XKypHan "Bbruuciaurenbable METO/bI U IPOrPAMMUPOBaHKE" HAyYHOE 3JIEKTPOHHOE IEPUOJUIECKOE U3JaHUE
http://num-meth.srcc.msu.ru/

6.4.13 ARXIV - kpynHeinmii 6ecruiaTHbIN apXUB 3JEKTPOHHBIX MYOJIMKAIMA HAYYHBIX CTATeH M UX MPEMPUHTOB 10
¢bu3uKe, MaTeMaTUKe, aCTPOHOMHH, nH(OpMaTuKe U 6uosoruy, http://arxiv.org

6.4.14 baza nanasix BUHUTU PAH http://www.viniti.ru/

6.4.15 HanuoHanbHbIN arperaTop OTKpBITHIX pero3uTopues https://www.openrepository.ru/repositories

6.4.16 KubepJlenutka - HayqHas JIeKTpoHHas 6ubnmoreka http://cyberleninka.ru

6.4.17 OnexTpoHHbIE Kosuiekuuu Ha nopraie IIpesunenrckoil 6ubauorexku um. b. H. Enpiyna
http://www.prlib.ru/collections

6.4.18 Elsevier - Open Archive https://www.elsevier.com/about/open-science/open-access/open-archive

6.4.19 SpringerOpen http://www.springeropen.com

6.4.20 Directory of Open Access Journals https://doaj.org

6.4.21 Multidisciplinary Digital Publishing Institute (Basel, Switzerland) http://www.mdpi.com

6.5. IlepeyeHb MPOrPpaMMHOTO OGecedeHUsI

6.5.1 Onepanunonnas cucrema Microsoft, maker npuknagusix nporpamm Microsoft Office.
6.5.2 OneparronHas cuctema Linux.
6.5.3 GCC (GNU Compiler Collection, komexnus kommuisitopos GNU General Public License) - nabop

KOMITHJISITOPOB, sIBJISTFOIIMics cranaapTHeiM st OC Linux.

7. MATEPUAJIbHO-TEXHUYECKOE OBECIIEYEHHUE JUCIUIIJIMHBI (MOAY JIS)

7.1 VyeOHble ayuTOpHN Y HUBEPCUTETA JUIS IPOBE/ICHHS 3aHATUH JIEKLIMOHHOTO THIIA, 3aHATUH CEeMHHAPCKOT0 THIIA,
IPYNIOBBIX X MHIUBUIYAIBHBIX KOHCYJIBTALHI, TEKYIIEro KOHTPOJIS M IIPOMEXYTOUHOH aTTeCTallii OCHAIIICHBI:
KOMIUIEKT CIICLHAIN3UPOBAHHOI yueOHOit Mebenn, MapKepHas (MeJIoBasi) J0CKa, KOMIUIEKT IIEPEHOCHOTO
MYJIBTUMEIUHHOTO 000PYIOBaHUS - KOMIIBIOTED, IPOEKTOP, IPOCKIIMOHHBIN 9KpaH, KOMIBIOTEPHI C BO3MOXHOCTBIO
BbIX0/1a B IHTEPHET U JOCTYIIOM B 3JIEKTPOHHYIO HH()OPMALIMOHHO-00pa30BaTeIbHy0 cpeay. KoMnbroTepHbIi
Kiacc (Jraboparopus) IS IPoBeAeHHS 1a0OPaTOPHBIX padoT, MPAKTUYECKUX 3aHATHUIL.

7.2 [TomenieHus 11 CaMOCTOSITENBHOM PabOTHl OCHAIICHBI KOMIIBIOTEPHOI TEXHUKON C BO3MOXHOCTBIO MOKITIOYCHUS
k cetn «IHTEpHET» U 0OecIeueHHEeM JI0CTYIa B 3JICKTPOHHYIO HHPOPMAIIMOHHYIO 00pa3oBaTenbHyto cpeay Cypl'Y:

350, 351 3an conmanbHO-TYMaHUTAPHOW U XyI0KECTBEHHOU JTUTEPaTypPHI;
442 3an ecTeCTBEHHO-HAyYHOH M TEXHHYECKOHN JIUTEPATYPHI.

8. METOANYECKHNE YKA3AHWSI IO OCBOEHUIO JUCHUITIJIMHBI (MOYJIST)

[IpoBenenue TeKyIero KOHTPOIIs YCIEBAEMOCTH 110 TUCIUILINHE

MeTomdeckre peKOMEHIAINH IO IIPOBEICHIIO OCHOBHBIX BUOB YUEOHBIX 3aHATHH

HpI/I H3YUYCHUU JUCHUITIIIMHBI UCIIOJIB3YIOTCA CJICAYIOIINE OCHOBHBIEC METOAbI U CPCICTBA 06yqum[, HarpaBJICHHBIC HA ITOBBIILICHUE
KauecTBa MOJrOTOBKH aCMIUPAHTOB ITyTEM PA3BUTHS Y aCIIHPAHTOB TBOPUECKUX CIIOCOOHOCTEH U CAMOCTOSTEIBHOCTH:

- KonTekctHoe 00ydeHmMe — MOTHBAIMS ACIHPAHTOB K YCBOCHHIO 3HAHWI ITyTEeM BBISBICHHUS CBs3ell MeEXTy KOHKPETHBIMU
3HaHUSAMU U €TI0 IPUMCHCHUEM.

- IIpobnemHOe 0OydeHHE — CTHMYIHPOBAHHE ACIHPAHTOB K CAMOCTOSTENHFHOMY IPHOOPETCHHIO 3HAHMH, HEOOXOIUMBIX JUIS
pelICHUS] KOHKPETHOH TPOOIEMBI.

- OOyueHHe Ha OCHOBE OITBITA — aKTUBH3AIUs TT03HABATEIBHOM NEATETBHOCTH acHMpaHTa 3a CUET aCCOIMAINHI M COOCTBEHHOTO
OIIbITa C NMPEAMETOM U3YUCHUS.

- UnpmBupyansHOoe oOydeHHe — BBICTPAaHBaHME AacIHPAHTAMU COOCTBEHHOI 00pa30BaTENbHOM TPAaeKTOPHH HAa OCHOBE
(bopMupOBaHUS UHANBUYAILHOHN IIPOrPaMMBI C YIETOM HHTEPECOB aCIIUPAHTOB.

MexancoumimHapHoe 00ydeHHe — HCIOIb30BaHNE 3HAHMH U3 Pa3HBIX 001acTed, NX TPYNIHPOBKA M KOHIICHTPANU B KOHTEKCTE
petaeMoii 3axaqm.

Jlextuu SBNAIOTCS OJHAM M3 OCHOBHBIX METOIOB O0Oy9IeHHs 110 AUCIUILTHHAM, HAIIPABJICHHBIM Ha IIOATOTOBKY K KaHIUIATCKOMY
9K3aMEHY, KOTOPBIC JJOJDKHBI PEIIaTh CICAYIOLINS 3a1auH:

- M3II0KUTH OCHOBHOM MaTepHal IporpaMMbl Kypca;

- Pa3BUTh y aCHHPAHTOB MOTPEOHOCTH K CAMOCTOSTENBHOM paboTe ¢ yueOHOM U HaydHOH JIUTepaTypoil.

I'maBHOH 3aa4eit Kax 10} JIEKIUH SBIIETCS PACKPBITHE CYITHOCTH TEMbI M aHAITH3 €€ OCHOBHEIX MoJI0oKeHuH. CoepikaHue JICKIHH
ompezensercs pabdoueil mporpammoii kypca. I[Ipusneuenne rpaduueckoro u TabIMYHOTO MaTepHana Ha JEKLIUH MTO3BOJIUT Oomee
00BEMHO H3JIOXKUTH MaTePHaIL

HCHBIO MPaKTUICCKUX 3aHATUI SIBJISETCS:

-3aKpeIIeHHe TEOPETHIECKOTO MaTeprala, PACCMOTPEHHOTO aCIIPAHTAMH CaMOCTOSTEIBHO;

-[IPOBEpKa yPOBHsI IIOHUMAHUsI aclMPaHTaMH BOIPOCOB, PACCMOTPEHHBIX CAMOCTOSTENBHO TI0 YUeOHOM IuTepaType, CTCICHH
KauecTBa YCBOGHHMS MaTepHalla aclpaHTaMHu;

-BOCIIOJIHEHHE IPOOEIIOB B IPOIICHHON TEOPETHUECKOI YaCTH Kypca U OKa3aHHE IIOMOLIHU B €r0 YCBOCHHUH.

B Hawane odepemHOro 3aHATHA HEOOXOAMMO C(HOPMYIHPOBATH IIENb, ITOCTABUTH 3aJa9d. ACIHPAHTHI BHINOJHSIOT 3aJaHUL, a
npenoaaBaTeiib KOHTPOJUPYET XOA UX BBIIIOJIHEHUA ITYTEM YCTHOT'O OIIPOCa, IMPOBCPKU MPAKTHUCCKUX 3a}13.HHI>’I.

Metomdeckre peKOMEHIAINH IO OPTaHU3AIMU CAMOCTOSTEIIBHOI PabOTHI aCTHPAHTOB

Llenpr0 caMOCTOSATENBHOW PabOThl ACIHPAHTOB SBISICTCS (POPMUPOBAHUE CIIOCOOHOCTEH K CAMOCTOSTENBHOMY IO3HAHHIO U
00Yy4YEeHUIO, TIOUCKY JUTEPATYPHI, 0000IMEHNI0, 0OPMICHHIO M MPEICTABICHHIO MOTYYSHHBIX PEe3yIbTaToB, HX KPUTHUCCKOMY
aHalu3y IOUCKY HOBBIX HEOPAMHAPHBIX PELICHUH, apryMeHTHPOBAaHHOMY OTCTaMBaHMIO CBOMX MPEJUIOKEHHH, yMEHHH
MOATOTOBKH BBICTYIUNICHHH M BEICHUS UCKYCCHH.




Meroaudeckue peKOMEHJAlUK IPU3BaHbl IOMOYb aCIUPAHTAM OPraHU30BaTh CAMOCTOSTENbHYIO pa0OTy IIPU U3YUEHUU Kypca: ¢
MaTepuagaMy JEKIUH, TPAKTHIECKUX, TUTEPATypHl 10 BONIPocaM (PU3UKO-MAaTEMAaTHIECKUX HaYK.

3aJadaMu caMOCTOATENbHON PaOOTHI SIBISIOTCSL:

-CUCTEMaTH3alUsl U 3aKPEILICHUE NTOJIY4YEHHBIX TEOPETUUECKUX 3HAaHUHN U IPAKTUYECKUX YMEHU;

-yriryOneHue 1 paciupeHne TeOPETHUSCKUX 3HAHUI;

-(opmupoBaHue yMEHU UCTIOIB30BAaTh HOPMATHBHYIO, [IPABOBYIO, CIIPABOYHYIO JOKYMEHTAIUIO U CIEUHATIbHYIO INTEPATYPy;
-pa3BHUTHE TO3HABATEIBHBIX CIOCOOHOCTEH M AKTMBHOCTH: TBOPYECKOH WHHIMATHBEI, CAMOCTOSNTEILHOCTH, OTBETCTBEHHOCTH H
OpraHU30BaHHOCTY;

-GopMupoBaHHE  CaMOCTOSTEIBHOCTH  MBIIUICHHS, CIIOCOOHOCTEH K  CaMOpa3BHTHIO, CAMOCOBEPIICHCTBOBAHHIO U
caMmopeau3aluy;

-pa3BUTHE UCCIIEI0BATEILCKUX YMEHUI;

-HCIIOJIb30BaHKUE MaTepHasa, COOpPaHHOIO M MOIYyYEHHOIO B XOJ€ CaMOCTOSTENIbHBIX 3aHATHN Ha NPAKTUUECKUX 3aHATHAX, HJIS
3¢ GEKTHUBHOM MOJTOTOBKH K 3aUeTaM U SK3aMeHaM.

AynuTopHas caMoCTOATeNbHas paboTa MO JUCLUIUIMHE BBINOMHAETCA HAa Y4eOHBIX 3aHATUSIX I0J] HENOCPEICTBEHHBIM
PYKOBOJICTBOM IIPETOIaBaTeNs U 10 €T0 3aaHuI0.

BHeaynutopHass caMocTosITeNlbHast pa0oTa BBINOJHSAETCS AacHMpPaHTOM [0 33JaHMI0  IIpenojaBaTens, HO 0e3 ero
HEMOCPEACTBEHHOTO Y4acTHsl.

OCHOBHBIMH BUJIaMU CaMOCTOSITEJIbHOM paboThl acupanTa 6e3 yJacTus penoaBaTes ABISI0TCS:

-opmMupoBaHHE M YCBOGHHE COJAEpKaHHMs KOHCIEKTa JEKUMH Ha 0a3e PeKOMEHIIOBAaHHOW JIEKTOPOM y4eOHOH IuTepaTyphl,
BKJIIOYas HH(HOPMAIMOHHBIE 00pa30BaTEIbHBIE PECYPCHI (JIEKTPOHHbIE YUEOHUKH, 3JEKTPOHHBIE OMOINOTEKU U JIp.);
-COCTaBJIEHHE aHHOTUPOBAHHOI'O CIMCKA CTaTel U3 COOTBETCTBYIOLIUX KYPHAJIOB 10 TEMaM 3aHATHH;

-BBINOJIHEHHE JOMAIIHUX 3aJaHUH B BUJIE PEIIEHUS OTIeIbHBIX 33/1a4, IPOBEICHHS TUIIOBBIX PACUETOB U MHAUBUYAIbHBIX PaOOT
10 OTJEJIBHBIM pa3/ieaM COAepKaHus AUCLUIUINH U T.J.

CamocrosTenbHas paboTa acIUPaHTOB OCYIECTBIIAETCS B ClIeAyOmuX hopMax:

- IOJITOTOBKA K MPAKTHUYECKUM 3aHATHSAM,

- U3y4eHHe JIONOJIHUTENBHON JIUTepaTyphl U IOATOTOBKA OTBETOB Ha BOIIPOCHI AJISI CAMOCTOSTENBEHOIO U3yUEHUS.
CamocrosiTensHast paboTa acIMPaHTOB JTOJDKHA OMHUPAThCS Ha c(hOPMUPOBAHHBIE HABBIKM U YMEHHS, IPUOOPETEHHBIE BO BPEeMs
IPOXOXKIECHUsT OPYyrux KypcoB. COCTaBISIONIMM KOMIIOHEHTOM €ro paboThl JODKHO CTaTh TBOPYECTBO. B cBsA3um c 3THM
pEeKOMEeHyeTCs:

1. HaunHaTh MOArOTOBKY K 3aHATHIO CO 3HAKOMCTBA C OIYOJIMKOBAHHBIMU 3aKOHOAATEIbHO-IIPAaBOBBIMU JOKYMEHTAMHU.

2. OOpaTHTh BHIMaHUE Ha CTPYKTYPY, KOMIO3HUIINIO, SI3bIK JOKYMEHTA, BPEMsI H UICTOPHIO €TO TTOSIBIICHUSL.

3. Ompenenuts OCHOBHBIE UJIEH, IPUHIUIIBL, TE3UCHI, 3AJI0KEHHBIE B IOKYMEHT.

4. BBISICHUTD, KAKOM CIOXKET, YaCTh U3y4aeMOi IPOOIeMbl II03BOJISIET OCBETUTH [IPOAHAIM3UPOBAHHBIN HCTOYHUK.

5. IIpoBecTr paboOTy C HE3HAKOMBIMH TEPMHHAMH U MOHATUSAMH, IJISl 9€TO MCIOIB30BATh CIIOBAPH TEPMUHOB, SHIIUKIIOTIEANIECKIE
CJIOBapH, CIOBAPU MHOCTPAHHBIX CJIOB U JP.

3areM HEOOXOAMMO O3HAKOMHUTHCSA ¢ OuOIMOrpadmeil TemMbl W BOIpOCa, BHIOPATh OCTYIHBIC H3/IAHHS U3 CIHCKa OCHOBHO#
JIUTEPaTyphl, CICLUAIBLHON JTUTEpaTyphl, PEKOMEHJJOBAHHON K JIEKLUSAM U IIPAKTHYECKUM 3aHATHAM. PeKOMEHI0BaHHbIE CIIMCKU
MOTYT OBITh JIOTIOJIHEHBI.

Hcnonb30BaTh CHpaBOYHYIO JUTEpaTypy. I[IOMCK MOXHO HPOJOIKUTH, H3Yy4YUB IPUMEUYAHUS U CHOCKM B HMEIOLIMXCS
MOHOTpadusIX, CTaThsIX.

Mertoaudeckue peKOMEHJAlUY [0 IPOBEICHUIO KOHTPOJIBHON pabOThI

KonTposnbHas paboTa 1o AUCHUILIHHE SBISETCS OTHON U3 OCHOBHBIX ()OPM CaMOCTOSTEIBHON PabOThI aCIUPAHTOB, HAIPaBICHHOM
Ha yriIyOJIeHHE TEOpEeTHUYECKUX 3HAHUM, pa3sBUTHE aHAIUTHYECKUX HABBIKOB M YMEHHE NPHUMEHSATh HAayYHO-METOANYECKHN
WHCTPYMEHTApUil NPH PEIIeHNH UCCIIEI0BATENbCKUX 3a/1a4. ['0TOBACH K KOHTPOJIbHON paboTe acMpaHT JOJKEH BBITIOIHUTH BCE
IIPAaKTUYIECKUE 3a/laHusl, 337aBacMble BO BPeMs IIPOBEACHUS 3aHATHH U INPOSCHUTH BMECTE C MPEMOJaBaTeNIeM BCE HETIOHATHBIE
BOIIPOCHL. BO BpeMsi BBINOJHEHHs KOHTPOJIBHON paboTHI, aCUPaHT MONydaeT 3aJaHue, COCTOSIIee U3 HECKOJNBKHX OTIEIBHBIX
BOIIPOCOB U PAaCcCUUTAHHOE Ha JBa yaca yueOHOTO BPEMEHU.

[IpoBeneHre NPOMEXYTOYHOM aTTeCTally 110 JUCLIUIUTUHE

Meroaudeckie peKOMEH AU 0 MIOJrOTOBKE K 3a4eTy

3a4yer MO AWCHUIUIMHE SBIsIeTCS (OpMOI MPOMEKYTOYHOTO KOHTPOJS 3HAHHH AacIUpPAHTOB MO pasjeiaM JUCHUIUIMHBI U
IIPOBOJUTCS C 1IENBIO IPOBEPKU YPOBHS TEOPETUIECKUX 3HAHUN U IPAKTUUECKUX HABBIKOB.

Ha 3adere acmupaHT MOJydYaeT JIBa TEOPETHYECKHX BOMPOCA. 3adeT OLECHUBASTCS MO IBYXOAIBHOW IIKaje: «3au4TeHO», «HE
3a4TCHOY.

Jnst yenenrHo cayu 3a4eTa aclupanTy He0OXOJUMO BBITIONHHTE HECKOJIBKO TpeOOBaHMIA:

1)perysnsipHo mocemars ayIUTOPHbIE 3aHATHS 110 JUCLHUIUIMHE; IPOIYCK 3aHATUH He AOoMmycKaeTcs 0e3 yBaXXUTEeIbHOW MPUYNHEI,
2)B ciydae MpPOIyCKa 3aHATHUS ACIHMPAaHT JOJDKEH OBbITh FOTOB OTBETUTb HA 3a4€Te HAa BOINPOCHI NPENOAABATENsl, B3SThIE U3
MPOIYIIEHHON TEMBI;

3)acnupaHT AOJDKEH TOYHO B CPOK CHABAaTh MMChbMEHHbIE PabOTHI Ha MIPOBEPKY U K CIEAYIOIIEMY 3aHATHUIO YIOCTOBEPHUTHCS, UTO
OHU 3a4TEHBI;

4)roToBsch K O4EPEAHOMY 3aHATHIO [0 AUCLUILIMHE, aCUPAHT JOJDKEH IIPOYUTATh COOTBETCTBYIOLIME pa3fieibl B ydeOHUKAX,
y4eOHBIX ITOCOOUSIX, MOHOTpadUAX U Ip., PEKOMEHIOBAHHBIX B IIPOrpaMMe JUCLHUIUINHEL, 1 OBITh TOTOBBIM MPOJEMOHCTPUPOBATH
CBOM 3HAHMS; KaXJI0€ yJacTHe aclupaHTa B 00CYKJIEHHUH MaTepHaja Ha MPaKTUYECKUX 3aHATHIX OTMEUaeTcs IpernoaaBaTeneM U
YYUTHIBAETCS IIPU OTBETE HA 3a4eTe.

Meroaudeckie peKOMEHIALUH 10 MOrOTOBKE K KAHANUAATCKOMY dK3aMEHY

@opMoil IPOMEKYTOUHOH aTTecTalud OCBOCHUS AMCLMIUIMHBI SIBISETCS 3K3aMEH. Pe3ylnbTaThl MPOMEXYTOYHOIO KOHTPOJIISL
3HaHUH  OLEHHMBAIOTCS 1O 4-0aJUIbHOW IIKaJe C  OLEHKAMH: «OTIMYHO», «XOPOIIO»;  «YIOBJICTBOPUTEIBHON;
«HEYJOBJIETBOPUTEIIHHOY.

Opranuzanuss M nOpoBeleHHE KaHauaarckux osk3ameHoB B Cypl'Y persameHtupyercs CcleLylOUIMMU JOKYMEHTAMU:
ITocranoBnenuem llpaBurenscrBa Poccuiickoit ®enepaunu ot 24.09.2013 r. Ne§42 «O mopsake NPUCYKAESHUH YYEHBIX
creneneit», Ilpukazom MunuctepctBa oOpaszoBanus M Hayku Poccuiickoii ®enmepammu ot 28.03.2014 1. Ne247 «Ilopsmox




MPUKPEIUICHUS JIUI[ [T CAYd KaHIUIATCKUX JK3aMEHOB, CIaddM KaHAWAATCKHX JK3aMEHOB M WX mepeuenpy»; CTO-2.12.11
«ITopsinok npoBe/IcHHsT KaHAUAATCKUX IK3aMCHOBY.

Kanaunarckue sK3ameHsl SBISIOTCS POPMOI IPOMEXKYTOUHON aTTecTalluy aCIHPAHTOB, X clada 00s3aTeNbHa I IPUCYKICHUS
YUEHOH CTENeHU KaHIu1aTa HayK.

Henp xkaHAMIAaTCKOTO K3aMEeHa 10 crenuanbHocTh 1.2.2. MaremMaTudeckoe MOAETHPOBAHIE, YNCIEHHBIE METOAB! ¥ KOMITJICKCHI
IIPOrpaMM COCTOMUT B IPOBEPKE MPUOOPETEHHBIX ACIHUPAaHTAMH U COMCKATENISIMH YYEHOW CTENeHM KaHAWAaTa HayK 3HaHWM,
Kacaroluxcs MpooOjeM pa3pabdoTKH M ajanTtalid MaTeMaTHYeCKHX MOJIENiC, METOJ0B MaTeMaTHYECKOrO MOJCIHPOBAHUS,
YHCJICHHBIX METO/I0B, pa3pabOTKU MPHUKIIQJHOTO IPOTPaMMHOT0 00eCTIeYeHUs, BBIYMCIUTEIFHOTO 3KCIIEPUMEHTA. JK3aMeH TaKKe
CTaBUT IENIbI0 YCTAHOBUTH TINIyOHMHY TpO(ecCHOHANBHBIX 3HAHMW COUCKATeNs YYCHOW CTENeHH KaHauaata (QHU3HKO-
MaTeMaTHYECKUX HayK, YPOBEHb ITOATOTOBICHHOCTH K CAMOCTOSTENILHOM HayqHO-HCCIIe0BATENILCKON padoTe.

K sKk3aMeHy TOMycKarTCsl aCUPaHThI, HE MMEIOIINE 3aI0JDKEHHOCTH MO AUCIUILIMHE HA MOMEHT CAa4H dK3aMeHa.

AcnupaHT, He ClIaBIINI KaHIUIATCKUKA 9K3aMEH IO CIIeIUaIbHOCTH, CUNTACTCS HEe3aBEPIIMBIINM 00y4YEeHUE B ACIIUPAHTYPE.
DK3aMEH MO CIEIHMAaIbHOCTH BKJIKOYACT OOCYXKICHHE JIBYX TEOPETUYECKUX BOMPOCOB B COOTBETCTBUU C JIOTOJIHHUTEIHHOMN
IIPOrpaMMOii KaHAWAATCKOTO IK3aMEHa, YTBEP KIEHHOH MPOPEKTOPOM I10 yueOHO-MeToandeckoii padore Cypl'V.

Jnis ycrnenrHo#t caaum SK3aMeHa acliMpaHTy HEOOXO0JMMO BBITIONIHUTH HECKOJIBKO TPEeOOBaHMUI:

1)peryssipHO TOCEIIaTh Ay IUTOPHBIEC 3aHATHS IO JUCIUILIAHE; IPOIMYCK 3aHATHI 0e3 YBaXKHUTEJIbHOM IIPUYHHBI HE JIOITYCKAeT S,
2)B ciydae TPOITyCKa 3aHATHS aCUPAHT JOJDKEH OBITh TOTOB OTBETHTHh Ha HK3aMEHE Ha BOMPOCHI MPEMOAABATENs, B3SThIE U3
MIPONYILEHHO TEMBI;

3)acmupaHT J0UKEH TOYHO B CPOK CAaBaTh MHChMEHHbBIE PabOTHI Ha MPOBEPKY M K CIECAYIOIIEMY 3aHATHIO YIOCTOBEPHUTHCS, UTO
OHHM 3a4YTEHBI;

4)roToBsICh K OYEPEAHOMY 3aHATHIO MO JAUCIUIUINHE, ACTIUPAHT IO0JDKEH MPOYHUTATH COOTBETCTBYIOIINE PA3Jeibl B yUCOHHUKAX,
y4eOHBIX MOCOOUAX, MOHOTpaUAX U Tp., PEKOMEHJOBAaHHBIX IpENoAaBaTesieM B MIPOrpaMMe JUCHUILUIMHBI, U OBITh TOTOBBIM
MIPOJICMOHCTPUPOBATh CBOM 3HAHMS, KaKJO€ YYacTHE aclupaHTa B OOCYKICHHH MaTepHaja Ha TPAKTHUCCKUX 3aHATHIX
OTMEYaeTCsl MPEToJaBaTelIeM H YYUTHIBACTCS IIPH OTBETE HA IK3aMEHE.




