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1. HEJIX OCBOEHUSA JUCIHUMIIJIMHBI

[MeaamMu U3y4eHHUs JUCLHUIUITHHBI ABJISIOTCH: M3YYEHHE MATEMaTHYECKOrO IPOrpaMMHOroO
obecnieuenns [1K, npeanasHadueHHOro JUis pelleHHs 3a/lad MaTeMaTHyeckol (M3HKH B JJIEKTPO-
TEXHMYECKHX pacuérax; (popMHpOBaHHE TOTOBHOCTH Y4YacTBOBaTb B HCCIIE/IOBAHHHM OTACIBHBIX
KOMIIOHEHTOB CHCTEM JJIEKTPOIHEPTETHKH M 3JIEKTPOTEXHHKH.

Heo6XxoMMMOCTh B pellIeHHH 3a/1a4 MaTeMaTHIecKoi (PH3MKH MOXKET BO3ZHUKATH TPH IPOCK-
THPOBAHHH DJIEMEHTOB YCTPOHCTB IJIEKTPOTEXHHKH M 3JIEKTPOIHEPreTHKH HA MPOCTPAHCTBEHHO-
pacnipe/ie/IEHHOM ypoBHE (T.e. Ha ypoBHe (usuueckux moseii) B 1D, 2D, 3D pacuérnbix obnactsx
npoctpancta. Takoe 10 ocobenHO HEOOXOIHMO B Cliydae CJIONKHOH reoMeTpHuecKoH (opmbl
[POEKTHPYEMOr0 HIIM AHATH3HPYEMOro yCTpoHcTBa NPH HEOJAHOPOJHOM NPOCTPAHCTBEHHOM pac-

[pe/ie/IeHHH [1apaMeTpoB IEKTPOU3HIECKHX CBOHCTB MaTepHaJIOB.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII BO

Jncnununa «[1O s 3a1a9 MareMaTHYeCKOH QH3HKH B JIEKTPOIHEPreTHKE» OTHOCHTCS K
BAPHATHBHOM YacTH JAMCHHMIUIMH Y4eOHOTO IUIaHa HANPABICHMS MOJArOTOBKH OakanaspoB «JJek-
TPOJHEPreTHKa U NEKTpoTeXHHKa» Jurst mpoduns «nexrpocHabkenuey» (610k b1.B.JIB). [luciuu-
JTMHA JIOTHYECKH M COJEPIKATEIHHO- METOAMYECKH TECHO CBfi3aHa C PANOM APYIHX JHCUMIUIHH
yueOHOro mniasa.

Jlucrunumasl «Beicinas matematuka», « MHpOpMaIMOHHBIE TEXHOJIOTHH B IMPOEKTHPOBAHHUH
W3/IENAil TEXHUKHY», «BBIMHCIHTEIbHBIE METO/BI B JJEKTPOTEXHHYECKHX pacuéraxy» (QopMHpPYIOT
HeoOX0MMBIE JUIS PEIeH s 3a/1a4 MaTeMaTHyeckoi Gpusnkn cnocobHocTH K 06001MIEHAIO 1 aHAH-
3y WH(OPMAIHH, HABBIKH ITOCTAHOBKH IIeJIH 1 BhIOOpA NyTeH e€ AOCTHKEHHUS; TOTOBHOCTh HCIIO/b-
30BaTh KOMITBIOTEP KaK OJHO M3 CPEJICTB OCBOCHHS HOBOi JIMCIMIUIMHEI, CIIOCOOHOCTH MaTeMaTH-
YeCKOTO aHAJIM3a H MOJEMPOBAHHS JICKTPOMATHHTHBIX ¥ APYTHX (PHU3HUYECKUX MOJIeH; TOTOBHOCTh
BBIIBUTH HH(POPMAIMOHHYIO OCHOBY AJITOPHTMHYECKOH peaM3allii YHCICHHBIX METO/IOB, MpUME-
HAEMBIX IIPH PEIICHHH 3a/1a4 2JIeKTPOTEXHHKH H 3JIEKTPOIHEPTETHKH.

K wmcny auciumm, naunbosee TecHo caszanubx ¢ «I10 juis 3a1a4 MaTeMaTHYECKOH pu3HKH
B onekrposnepretuke» (I[I03sM®D), orHocures «TeopeTHYecKHe OCHOBBI INEKTPOTEXHHKH
(TOD), nepsas 4acThb KOTOPO#H ObLIa H3yUeHa CEMECTPOM paHee, a BTopas 4acTh W3y4aeTcs rnapaii-
nensHo ¢ [1I03M®D. B pesynsrate ocsoenns TOD cTyneHTsl npHoOpeTaloT HEOOXOAUMBIE JUIst
H3YYeHHs CBOHCTB OOBEKTOB JJEKTPOTEXHHUKH M AIEKTPOIHEPreTHKH H aHAIN3a HX PEXHMOB 3Ha-
HHsS OCHOBHBIX MOHATHI M 3aKOHOB TEOPHH 3JEKTPHYECKHX M MAarHMTHBIX uenell. B pesynbrarte
nzyuenns [103M®D cTyeHTH! OBIAEBAIOT HAYAIBLHBIMH TEXHOJOTHSMHU BBHIYHCIHTEILHOIO MaTe-
MATHYECKOTO MOJICJIMPOBAHKS CBOHCTB OOBEKTOB JIEKTPOTEXHHKH H 3JIEKTPOIHEPreTHKH Ha Ipo-

CTPaHCTBEHHO- pacnpeie/iCHHOM YPOBHE.



3HaHUs ¥ yMEHMs, NoliydaeMble B Xoje u3yueHus aucuuiummabl [103M®D cnyxar 6a3oii

JUISL TIOCJIEAYIOMIEr0 H3ydeHus Takux aucuuiuimH kak TOD (uactu 3, 4), «DnexTpoMexaHukar,

<(9HCK'I'pOMaI'HPlTHaH COBMECTHMOCTSD B 3JICKTPO3IHEPI'CTHKEY, «KabenbHbie 1 BO3AYIIHBIC JIHHHHY.

3. KOMIIETEHIIUHX OBYYAIOIIEI'OCs, POPMUPYEMBIE B

PE3YJIbTATE OCBOEHUSA JUCHUIIJIMHBI

B Mpoiecce OCBOCHHA JIAHHOH JIMCIMITIHHBI CTYACHT (bopMpre’r H JEMOHCTPHPYET Clie-

JYHOIIHE KOMIIETCHIIHH

3HaTh:

M obnazars cnocoGHOCTRIO K camMooprann3anuu 1 camoobpasosanuio (OITK-7).

YmMmeThb:

OcyuiecTBiaTh MOHCK, YHCICHHYI0 00paboTKy M aHaM3 MHOOPMAIMH C HCHOIB30BAHHEM

KOMITbIOTEpHBIX TexHonorui (OITK-1);

anMeHﬂ}l METOJAbl MaTeMaTHYECKOTr0 BBIMHCIHTCILHOIO MOACIHPOBAHHSA OIPEACIATEL Iia-

paMeTphl CBOMCTB 00HEKTOB NEKTPOTEXHUKH U ekTpodHepreTHku (ITK-5);

[Iposoauth obocHoBanue npoexkTHbix pemmennii (ITK-4) na ocHoBe MOJETHPOBAHKS TEXHH-

YeCKHX YCTPOHCTB Ha NPOCTPAHCTBEHHO- Pacnpe/ie/IEHHOM YPOBHE.

Brnaners:

CnocobHOCTBIO MPHMEHATH COOTBETCTBYIOIMH MaTeMaTHYECKUH anapar, METO/Ibl aHaIu3a

W MOJIC/IHPOBAHKS [IPH pemeHun npodeccuonanbubix 3anad (OITK-2).

4. CTPYKTYPA U COAEPKAHUE JUCHHUIIJIMHBI

OBmas TpyI0eMKOCTh AHCIMIUIHHEI COCTABIISIET 5 3a4eTHBIX e/unuil, 180 yacos.
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Kparkuii 0630p
CAE-cucrem st
pelieHHs 3ana4 ma-
TemMaTH4ecKoH (uzu-
KH B aHAJTM3€e H 1po-
€KTHPOBAHUH

10

Beenenne B cucremy
KOHEYHO- JJIEMEHT-
HBIX pacuéron
COMSOL
Multiphysics

0,5

Haubonee pakHbie
3JIEMEHTHI TIOCTPOM-
TeNs MOJIENH B
COMSOL
Multiphysics

0,5

CpesicTBa reoMeTpH-
YECKOro MOJIE/THPO-
sauus 8 COMSOL
Multiphysics

0,5

10

0,5/33%

Tunel nepeMeHHBIX B
moaenn COMSOL

0,5

10

0,5/33%

Tunbsl MaTepHanbHbIX
nopobnacreii pac-
4&THOI 00nacTH B
1D, 2D, 3D

3a/iane MaTepHanb-
HBIX CBOMCTB noao06-
nacTeH

10

Onpenenenue pe-
L1AeMOM CHCTEMBI
PDE, rpaHMuHbIX H
HAYAIbHBIX YCIOBHIA

0,5

0,5/33%

Haubonee BakHbie
oneparopbl HeJlo-
KaJIbHBIX CBAA3EH

0,5/50%

[Toctpoenue koxeu-
HO- 2JIEMEHTHOH ceT-
KH

0,5/50%

HaubGonee BadkHble
peluarenu B
COMSOL
Multiphysics

0,5

10

0,5/33%

3anyck MOJIeNH Ha
pellieHue B
COMSOL
Multiphysics

0,5/50%

14

OcHOBEL  NOCTTIPO-
eccopHoii  obpabor-
KH peLueHHs

0,5

15

Buzyanuzauus B
COMSOL
Multiphysics

0,5/50%

Bcero

141

4/33%

Ok3ameH (27)




TemaTuka 1a00paTOPHLIX 3aAHATHI

1) IlocTpoeHHe reoMETpHUHECKHX Mojeiel pacuérubix obmacteit B makere COMSOL
Multiphysics (14ac).

2) Co3jmaHue W ONpeJe/eHHe pa3NAYHBIX THIOB mepeMeHHBIX B Mozensx COMSOL
Multiphysics (1 1ac).

3) HanonHeHnue reoMeTpHYecKH MOCTPOCHHBIX pacyE€THhIX obacTel ypaBHEHHAMH MaTeMaTH-
4ecKOoi (PM3MKH U rPAHUYHEIMEA ycroBusamH (1 gac).

4) Co3nanue onepaTopos HelMoKanbHBIX cBasel B Mozensx COMSOL (1 gac).

5) VipakHeHHs [0 OCTPOSHUIO KOHEYHO- 3IEMEHTHBIX ceTok (1 yac).

6) Ananus u BeiOop pewareseit B COMSOL- moaemn (1 gac).

7) Monuoe nocrpoerne COMSOL- mozeneii ¢ 3amyckom pemenwuii (1 yac).

8) Busyanusaiusi IpoCTPAHCTBEHHBIX pacTpe/ieNieHui MoJIeMpyeMbIX pusnueckux noseii (1

qac).

CamocrosiTe/ibias pabora cTyaeHTOB
CamocTosTenbHas paboTa CTYJICHTOB MpeayCMaTPHBAET CaMOCTOATENBHYIO IOATOTOBKY 110
cBopy, cucremaTH3anuu U o6paboTKe MarepHana W3 NPEUIOKEHHOTO CIIMCKA JIMTEPATypsl (M 10~
[IOJIHHTE/ILHONH JTMTEpaTyphi), JEKIMOHHOTO MaTepHasa, K j1abopaTOpHbBIM 3aHATHAM ODK3aMEHY.
Cio/ia BKJIOYAETCS TAKXKE CAMOCTOATENbHOE BHINOJNHEHHE pacuéTHo-rpadudeckoit paborsl (PI'P).
YVyeGHBIM MIAHOM NpeyCMOTpeHa O/iHa pacyéTHo- rpaduueckas pabora Ha TeMy «Koneuno- sie-

MEHTHOE MOJIC/IHPOBAHHE MMOBEPXHOCTHOTO AP deKTa B KPYIjoM IPOBOJEY.

5. OGPA3OBATEJIBHBIE TEXHOJIOI'MHA

JleKIIHOHHBIE TIPOBOJIATCS B AyMTOPHAX, 000PYJIOBAHHBIX KOMIIBIOTEPAMH, 3JICKTPOHHBIMH
MPOEKTOPAMH, YTO MO3BOJISET COYETATh AKTHBHBIC H HHTEPAKTHBHBIE (POPMbI IPOBEACHHS 3AHATHH.
Urenue JNEKIMil CONPOBOX/IASTCS JIEMOHCTpalMel KOMIIBIOTEPHBIX CIA/I0B, KOMIUIEKT KOTOPBIX
COJIEPYKMTCA B 2IEKTPOHHOM TNPHIOXKEHHH K paboueii nporpamme. JlaGoparopHbie 3aHATHS MPOBO-
JATCS B KOMNbIoTepHOM Kiacce 519-3. MnTepakTHBHBIE (OPMBI — KOMIBIOTEPHbIE CHMYJIALHH, a
Takke pa3bop CHTyauuii, CBA3aHHBIX C M3MEHEHHEM MCXOJHBIX JaHHBIX pemaeMbix 3anad. Komn-
TPOJIb TEKyIIeH yCrneBaeMOCTH M CaMOCTOSTENbHON paboThl CTY/ICHTOB IPOM3BOMTCS B hopMe Ori-
pocoB. [TepeuHH KOHTPOJIBHBIX BOIIPOCOB MPE/CTABICHBI HUKE.

B pamkax y4eGHOTO Kypca IIpelyCMOTPEHBI BCTPEUH CO CMELMATHCTaMH, paboTaloMHMH B

obnacTn MEKTPOIHEPICTHKH H 3JICKTPOTEXHHKH.



6. OIEHOYHBIE CPEJICTBA JIJI51 TEKYHIETI'O KOHTPOJISA
YCIEBAEMOCTH, MPOMEXYTOYHOMU ATTECTALIMH 110 UTOT'AM
OCBOEHMSI JUCUHUATIMHBI U YYEBHO-METO/IUYECKOE
OBECIEYEHUE CAMOCTOSITEJIbBHOW PABOTHI CTYIEHTOB

6.1. Bonpocsl no pa3jejaM nporpaMmmsi IJisi NIPOBeIeHHs TEKYLEro KOHTPOoJIs
KonrponsHusie Bompock mo CPC.
1. Kax knacenduumpytores PDE no nuneiinoctn? Uto o3HauaeT 5TOT KiacCH(pHKAIMOHHBIH TIPH-
3HaK?
2. Kak knaccudummpyiores PDE no craumonaproctn? Yto 03HauaeT 3T0T KiIacCHUKALMOHHBIN
npu3HaK?
3. Kak knaccuuumpytores PDE no mMakcumManbHOMY NOPS/IKY IMPOCTPAHCTBEHHBIX H BPEMEHHBIX
maddepentmanbHbx oneparopos? Yo 03Ha4AIOT 9TH KiIaCCH(HKALHOHHBIE IIPH3HAKH?
4. Kax knaccupurmpyiorcs PDE 1o pasmepHOCTH NPOCTpaHCTBEHHOH pacuérHoil obmactu? Yro
03HAYAeT 3TOT Knaccu(puKaoHHbIil npu3HaK?
5. Kak knaccudummpytores PDE 1o 2/UIMITHYHOCTH, TapaboNMuHOCTH U rHIIepOOIHYHOCTH?
6. Kak Beirsut o6o6ménnas koadduuuentnas ¢popma PDE fu1s neoqnoponoi cpeibi?
7. Kax BeirnsiuT 0606ménnas guseprentaas popma PDE st HeotHOpoaHO# cpetbi?
8. B uéM 3aKImiouaeTes CyNIHOCTh POEKIMOHHBIX METOJIOB B3BEIICHHBIX HEBA30K?
9. Kak BeIrsuT ocnabnennas npoexiponnas Gopma PDE s BeoHopoHO#M cpejibl?
10. Jlist uero npeanazHaden nporpammusiii kommieke COMSOL Multiphysics?
11. Yro mpexncrasnser coboii nocrpoutens mogenn B COMSOL Multiphysics? Kakue nacrpoey-
HBIE APAMETPhI KMEET KOPEHb MOCTPOUTENs?
12. Yro takoe kommonenT COMSOL- Mozie/ii ¢ ToUKH 3penns knaccuduxannn PDE?
13. M3 kaKkux Mo/pas/iesioB COCTOMT riobanbHbli pasaen noctpourens? Kakoso ux HasHavenue?
14. Kak co3aaiotes 1 penaktupyiores napamerpsl COMSOL-mozenn? KakoBo ux nHazHaueHue?
15. Kak co3maroTcs H pelakTHpYIOTCs riobansHbie noib3oBatensckue nepemennsie COMSOL-
Mojienu?
16. Kak co3marotes M peakTupylotes riobansusie GyHKimonanbHeie 3asucumocts COMSOL-
mozenu?
17. Kakue Timbl GyHKIHOHAIBHBIX 3aBHCHMOCTEH MOJIEPXKUBAIOTCS MIOCTPOUTENIEM MOJIEIH?
18. Kakue HacTpoeuHBIe apamMeTpbl niMeeT KopeHb komnonenta COMSOL-moznenn?
19. Y3 kakux noapasnenos coctout komnonenT COMSOL-moznenu?
20. Kak CO3/1af0TCs ¥ peIaKTHPYIOTCS N0JIb30BaTeNILCKHE EPEMEHHbIE KOMIIOHEHTHOTO yPOBHS?

21. Kak co3Jar0Tcs 1 peIakTHpYIOTCA ()YHKLHOHAIBHBIE 3aBHCHMOCTH KOMIIOHEHTHOTO yPOBHA?



22. Kak co3/1al0Tcs | peIlaKTHPYIOTCS ONepaTophbl HEJIOKAIBHBIX CBA3CH KOMIIOHEHTHOTO YpOBHS?
23. Kak co3/a10Tesi M pe/IJakTHPYIOTCS KPYTI'OBBIE F€OMETPHYECKHE 00BEeKThI?

24. Kak co3/1al0TCs B PEJIaKTHPYIOTCSA TN THYECKHE FeOMETpPHYECKHE 00beKThI?

25. Kak co3/1aioTesl ¥ pe/lak THPYIOTCS PSMOYTOJIbHBIE FeOMEeTPHYECKHE 00BEKThI?

26. Kak co3aiores H peJlak THPYIOTCS KBaJpaTHbIC FreOMeTpHYECKHEe 00bEeKThI?

27. Kakue THITBI [10JIB30BATENLCKUX TepeMeHHbIX noepxusaiores B8 COMSOL Multiphysics na
KOMIIOHEHTHOM YpoBHE?

28. Yo TaKoe HEe3aBMCHMBbIE IEPEMEHHBIC H KaK OHH CBSA3aHbI C Pa3MEPHOCTHIO pacuéTHol obnacTh
8 COMSOL Multiphysics?

29. Kakue THIIBI MATEPHAIIBHBIX 110100/1acTeil MoryT cymecTBoBarhk B 1D pacuérnoit obmactu?

30. Kakue THIIBI MaTepHAILHBIX nogo6nacTeit MoryT cymecrsoBathk B 2D pacuérnoii o6nactu?

31. Kakue THIBI MaTEpHANILHBIX NIOA00MacTel MOryT cymecTBoBarh B 3D pacuérHoii obnactu?

32. Kakoii cmeicn umeet 0D monenuposanue?

33. Kak nobasnsiercs Gpusuko- Maremarnyueckuii uurepdeiic k komnonenty COMSOL- moaenu?
34. Yro Takoe 3asucumbie nepemennsie? Kak penakrupyercs ux cocras? Kak penaktuposarh CIiu-
cok nozobacTeii, B KOTOpLIX (QH3MKO- MaTeMaTH4YeCKHH HHTepQelc akTHBeH?

35. W3 kakux Mojpas/iesioB MOXKET COCTOSTH pasjelt GpH3HKo- Maremarudeckoro uurepdeiica B ITo-
crpoutene Moaenu? Kak ynpasnsiTh cOCTABOM 3THX IOpa3ieioB?

36. Kak MOXKHO YIpaBJIsATh PAcTpee/IeHHEM IPAHNYHBIX YCIOBHI 10 rpaHH4HBIM CEIMEHTaM pac-
yéTHOM obnacTH?

37. Kak MOHO CO3/1aBaTh W peJakTHpoBaTh pEGEpHBIC W TOYECYHBIC HCTOYHHKH MOJIEIMPYEMOro
(usugeckoro nona?

38. Berpoenubie riiobanbHEle epeMeHHbIE: BPEMs, 4acToTa, (asa, Yuciio creneHel cBoboIbI.

39. 'eomerpuueckue nepemenusie B COMSOL-monensax.

40. lepemennsie Gpynkimii popmsr B COMSOL-monensx.

41. Berpoennsie puznueckne koucrantel B COMSOL Multiphysics.

42. Berpoennsie ¢pynkupn 8 COMSOL Multiphysics.

43. Tunsl onepaTopos HenoKanbHbIX cszeil B COMSOL Multiphysics.

44, Kax co3/1al0Tcsi H peJaKTUPYIOTCS 10JTb30BATEILCKHE NIEPEMEHHbIE, HMEIOIIHE pa3Hbie Onpe/ie-
ASIOIIME BRIPAXKEHHS B PA3HBIX 30HAX pacq&THOH obnactu?

45. Kak co3naiores M pelakTHPYIOTCS 10JIb30BaTE/IbCKHE TIEPEMEHHBIC, HMEIOIIHE pa3HbIe onpese-
JIAIOIIHE BBIPAXKEHUS HA Pa3HBIX IPAHMYHBIX CETMEHTaX pacuéTHOH 00macT?

46. Kak co3aioTcsi ¥ pelakTHPYIOTCS N0JIb30BaTENbCKHE IEPEMEHHBIE, HMEIOIIHE PasHbIEC Onpe/e-

JISIOIIHE BHIPAXKEHUS HA pa3HbIX pébpax pacuérHoii obnacTu?



47. Kak co3aioTes B pelak THPYIOTCS 110JIb30BaTe/IbCKHE IIEPEMEHHBIE, UMEIOLIHE Pa3HbIe onpee-
JISIONIHE BBIPAXEHHS B pasHbIX BepUIHHAX pacuérHoil obnacTu?

48. Kak 3anasars pastasie PDE B pasubix 30Hax pacuérnoii obnactu?

49. Kak 3aasaTh pasHble IPAHMYHBIE YCIOBHS B Pa3HBLIX IPAHHYHBIX CErMEHTax pacuérHoi obac-
T™H?

50. Kak co3naiores ¥ pelak THPYIOTCS HHTEIPHPYIOLIHE ONepaTophbl?

51. Kak co3naiorest 1 peJlakTHPYIOTCS YCPeIHSIONHE OnepaTophi?

52. Kak co3aiorcsi ¥ peAakTHPYIOTCS ONEepaTophl, ONPEAEIAIONIHE MAKCHMYMbl H MHHUMYMBI CKa-
JIAPHBIX 1MOJIeH?

53. Yro Takoe KOHEYHBLIH 3JEeMEHT, IS Hero CTPOMTCS KOHEYHO- JIEMEHTHAs CeTKa IpPH “HUCIICH-
HOM pemeHHd PDE?

54. Yro Takoe KOHEYHO- 31eMeHTHas maTepnoiauus? Yro rakoe GpyHKiuH GopMbl KOHEYHBIX JJie-
MEHTOB?

55. Uro Ha3bIBAIOT JarpaHKeBbIMH KOHEYHBIMH dnemeHTamu? Kax onpenensiorcs uX (GyHKiun
dbopmbi?

56. Kak ¢ nomompio GyHkumii GopMbl Onpejensiorcs MpocTpaHCTBeHHbIE AH((epeHiHaIbHbIC
onepaTopsl (PH3HYECKUX BEJHYHH YepPe3 HX Y3/I0BBIC pacnpeie/eHHs?

57. Ha 4éM ocHOBaHA IPOEKIIMOHHAS KOHEYHO- NIeMeHTHas TexHonorus npeobpasosanus PDE B
GONBITYIO CHCTEMY YPABHEHHH OTHOCHTENBHO Y3JIOBOTO pacrpelie/ieHHs MoJIeupyeMoro gpusnye-
CKOro 1oJs (3aBHCHMOIH TIepeMeHHO#)?

58. Kax B KOHEYHO- JIEMEHTHOH TEXHOJIOIHH NMPAMEHSAIOTCHS WHTEIPAJIbHBIC TEOPEMBbI MOHHKCHHS
nopsijka NpocTpaHCTBeHHBIX uddepenimanbabix oneparopos? Kak us PDE nmonyuaercs ocnab-
JIeHHas NpoeKIHonHas (OPMyYIHPOBKa 3a/]aui MaTeMaTH4ecKoi Gu3nku?

59. Kakyio nocjieloBaTeIbHOCTh ACHCTBHH HY)XHO BBINOJHHTB, 4T0OBI 100aBATH H MOCTPOMTH KO-
HEYHO- 3JIEMEHTHYIO CETKY B BEIOpAaHHOM KOMIIOHEHTE MOAenH?

60. Kakue Tunsl cetok noyiepxusatores B COMSOL Multiphysics B 2D?

61. HazoBuTe Haubosee BaXcHbIE ONEPAIlAH HAJ CETKAMH.

62. Kaxue tunsl cerok nouiepxuaiores B COMSOL Multiphysics B 1D?7

63. Kakue tunsl cetok nomepxkusaiores B COMSOL Multiphysics B 3D?

64. Kak B COMSOL-Mo1e)1b BKIIIOYHTH pas/iell YIPaBICH!s peliaTeiaMu?

65. Kaxue THIBI pas/esioB ynpas/ienus pemaressiMu nopaepxkusaiores 8 COMSOL Multiphysics?
66. Hazosute HanbGoliee BakHbIe KOMaH/1bl pa3jielia ynpaBJieHUs peIIaTeIsaMu.

67. Kak MOXHO yIIpaB/iaTh BHIGOPOM peraeMsix (pu3HKo- MaTeMaTHYECKUX HHTepdeiicos?

68. Kak MOXKHO cO3/1aTh MHOTOLIATOBBIH pa3/ies ynpaBJlIeHus peinaTensamMu?

69. Kax 3anyckaercs peuenne Mozeinn? Kak KOHTpOIHMpYeTes NPOrpece H CXOAUMOCTS?



70 Kakue Tunbl inHeiinbix petnareneit moiepxusatorcs B COMSOL Multiphysics?

71. Kakue bl HeJIMHEHHBIX pewarenei nopiepxkupaiorcs 8 COMSOL Multiphysics?

72. Kakue THNbI rpadMKOB pereHns nojiepxusatorcs B 2D pexxume MojienHpoBaHus?

73. Kakue tHnbl rpadpMKoB penieHus noiepxusaiores 8 1D pexxume moaeruposanus?

74. Kakue Tunbl rpadMKoB peteHus nojepxusatores B 3D pexxuMe MoaenupoBanus?

75. Kaxue tabiuunbie crnocoObl NMpejcTaBieHus pe3yJIbTaTOB BBIMHCICHHH MOJICPKHBAIOTCA B
COMSOL Multiphysics?

76. JIns yero npeaHazHaveH nporpaMMubli komiuieke ANSYS?

77. Jlns gero npejanasHaveH nporpamMmusiii komiieke NASTRAN?

78. Jlnst wero npeaHasHaueH nmporpaMMHbIi kommineke Abaqus?

79. Jins yero npexaHasHaueH nmporpaMMmuslii komrneke LS-DYNA?

80. Kak 8 COMSOL Multiphysics co3maiorcs U peJakTHPYIOTCS KPHBBIE U MHOTOYronbHUKH be-
3be?

81. Kax 8 COMSOL Multiphysics co3nalorcs M pelakTHPYIOTCS MOTOYEYHO HHTEPIOINpPYEMBbIE
KpHBbIE?

82. Kak B COMSOL Multiphysics co3maiorcs B peJakTHPYIOTCS KPHBBIE, 3a/]aBAEMbIE B [1apaMeT-
puueckoii opme?

83. Kak 8 COMSOL Multiphysics co3agaiores  peaKTHPYIOTCSl TOYEHUHBIE reoMeTpuieckue 00n-
eKThI?

84. Kak 8 COMSOL Multiphysics co3zaiorcst H peJakTHPYIOTCS MHOTOYTOJIbBHHKH H JIOMaHbie?

85. Kak B8 COMSOL Multiphysics co3aai0Tcsi KOMNO3HIIHOHHbBIE NEOMETPHYECKHE OOBEKTHI ¢ 10-
MOIIBIO OTIEPALHi HaJl MHOXECTBaMH?

86. Kakue npeobGpazoBanus (TpancopManui) reoMeTpH4ecKHX OOBEKTOB INOIIEPXKHBAIOTCH B
COMSOL Multiphysics?

87. Kak 8 COMSOL Multiphysics ocyiectsisercs npeobpazoBanne reoMeTpu4eckoro oonekra B
COJIM/IHBIN (TEeCHBIH ), MOBEPXHOCTHLIH, KPHBOJIHHEHHbIHA U TOYEUHBIH (BEpITHHHBIH) BH1?

88. Kak 8 COMSOL Multiphysics cuumatorcs Gpacky U 3aKpyTJIsIOTCS YTIIb1?

89. Kak 8 COMSOL Multiphysics co3ialotes # pelakTHPYIOTCS NPAMOYTOJIBHBIE Mapajuiesienure-
Jtbi?

90. Kak 8 COMSOL Multiphysics co3zaiorcs W peJakTHPYIOTCS KOHHYECKHE N€OMETpHYECKHE
0ObeKThI?

91. Kak 8 COMSOL Multiphysics co3atorcsi ¥ peIakTHPYIOTCS IIHJIMHIPHYECKHE N'€OMETPHUECKHE
00beKThI?

92. Kak 8 COMSOL Multiphysics co3naioTcs ¥ peJakTHpYIOTesi c(hepHUecKHe IreOMETpPHYECKHE

00BeKTHI?



93. Kak 8 COMSOL Multiphysics co3zaiorcs W peaKTHPYIOTCH 3KCIEHTPHYECKHE KOHHYECKHE

00BeKTBI?

94, Kak 8 COMSOL Multiphysics co3atorest H peaKTHpYIOTCs JJLTHIICOMABI?

95. Kak B COMSOL Multiphysics co3ziatores M pe/lak THPYIOTCSE FeJTHKOH b7

96. Kak 8 COMSOL Multiphysics co3naiorcs M pelakTHPYIOTCS NapaMeTPHYECKH 3a1aBaeMble Mo-

BEPXHOCTH?

97. Kak 8 COMSOL Multiphysics co3natorcst 1 peJakTHPYIOTCSI THPaMHJIbi?

98. Kak 8 COMSOL Multiphysics co3ziaiorest 1 peakTHpyioTcst TepTadapsi?

99. Kak B COMSOL Multiphysics co3ziaiorest ¥ pelakTHpyIOTCst TOpbI?

Sl O -

>

9,

10.
11.
12
13.
14.
15.

16.
17.
18.
19.
20.
21.
p

6.2. Bonpocsl K 3K3amMeny
Kpatknii 0630p HHIKEHEPHBIX IPOrpaMM, B KOTOPBIX PEIIAIOTCS 3a/1a4M MaTeMaThbH4YeCKOH
bn3uKH.
Knaccudukarus auddepeHimaibHbIX ypaBHEHHH B YaCTHBIX IIPOH3BO/HBIX.
3ajaun Maremariyeckoit ¢pusnku Ha ocnose PDE.
O606ménnas koadduuuentaas popma PDE wis HeoqHOpo1HOM Cpe/ibl.
O6o6ménnas nuBeprentHas popma PDE juis HeoqHOPOIHOIM Cpeibl.
MeTo/isl B3BEIICHHBIX HEBA30K M ociabieHHas NpoeKIHoHHas (opMyJIHpOBKa 3a1a4u Ma-
TeMaTH4ecKoi (PH3NKH.
Haznauenne nporpammuoro kommnexkca COMSOL Multiphysics.
[Moctpourens monenu 8 COMSOL Multiphysics.
Komnonent COMSOL- monenu. He3aBicHMble nepeMeHHBIE.
[TapameTpsi # riobaibHble nonb3oBarensekue nepemennsie COMSOL- moaenu.
Beoa ¢yukuuonansueix 3aucuMocteil B COMSOL- mozens.
Paszien onpeeneHui KOMIOHEHTA MOJICIIH.
0630p pusnko- matemarnueckux uurepdeiicos supa COMSOL Multiphysics.
0630p moayneii pacoupenuss COMSOL Multiphysics.
Pa3sjiesibl MOCTPOMTEIISE MOJIENH, OTHOCSIIMECH K ONHOMY (PH3HKO- MAaTeMaTHYECKOMY HH-
Tepdeiicy.
Tuns MmatepuansHbIx nogobnacreii B 1D, 2D, 3D.
[Tonb30BaTeNbCKHE IEPEMEHHBIE B pa3Jiene onpezeneHuii komnonenTa. Mx yposHH.
[lepementbie GyHKIHHA GOpMBI. 3aBHCHMEIE ITEPEMEHHBIE.
Beropennsie riobanbhbie nepemennsie B COMSOL Multiphysics.
I'eomerpuyeckue nepemernsie B COMSOL Multiphysics.
®usnveckne koncrantel B COMSOL Multiphysics.

Oneparops! HenokanbHex ceszeit B COMSOL Multiphysics.



23. lloHsiTHEe O KOHEYHBIX JJIEMEHTAX.

24. Koneuno- snemenTHas uatepnonsius. @ynkuuu Gopmsl. VIx cBoiicTBa H onpezeneHue ue-
pe3 KOOpJHHATH! Y3JI0B.

25. Jlarpas)keBbl KOHEYHbLIE 3JIEMEHTHI PA3HOrO MOPAAKA M HX MOJMHOMHAIbLHLIE (YHKIIHA
(hopMBL

26. OnpeneneHyre NPOCTPAHCTBEHHBIX JH((pepeHIIHAIBHEIX O1epaTopoB (GH3HUECKHX BEJIWYHH
yepes UX Y3JI0BOe pacnpeeieHue 1 GyHKiun GopMal.

27. IlpoeximoHHasl KOHEYHO- JIeMEHTHAs TexHosnorus npeodpasosanust PDE B 6onemryio cuc-
TEMY ypaBHEHHI OTHOCHTEIIBHO Y3JI0BOTO paclpelie/ieHHsi MOJCIHPYEMOro (pH3HYecKoro
HOJISL.

28. . TlpuMeHeHHE WHTErpAbHBIX TEOPEM IOHMXKEHHS MNOPA/Ka NPOCTPAHCTBEHHBIX AH(de-
PEHIHANBHBIX ONEPATOPOB JUls MoJydeHHs ociablieHHOl KOHeYHO- NeMeHTHON (Gopmyin-
POBKH 3a/1a4¥l MaTeMaTHYECKOMH (PH3HKH.

29. Tunsl KOHEYHO- 3IEMEHTHBIX ceToK, noiepxupaeMbix B COMSOL Multiphysics.

30. TexHoMOr|Hs reOMETPUYECKHX NOCTpoeHHi B 1D.

31. TexHONOTHA reOMETPHYECKHX MOCTpoeHU# B 2D.

32. TexHONIOrHs reOMeTPUYECKHX nocTpoenHii B 3D.

33. Tunsl pasjaenos ynpasnenns pemarensmu B COMSOL Multiphysics.

34. Kparkuii 0630p jiMHelHHbIX 1 HenuHeHHbIX pemateneii B COMSOL Multiphysics.

35. Tunel rpaduxos pemenus B 1D pexxume MoIeTHPOBAHUS.

36. Tunsi rpadukos pemenus B 2D pexume MOeNHPOBAHHUS.

37. Tunsl rpagukoB penienus B 3D pexxume MOJICITHPOBAHHUS.

38. Tabnuunbie criocoObl npeacTaBieHns pesynsraros Berauciaenuit B COMSOL Multiphysics.

7. YAEBHO-METOAUYECKOE U UH®OPMALMOHHOE
OBECIIEYEHUE JUCHHUIIJIMHBbI

a) ocHosHas juteparypa (poux 6ubmiorexu Bal'Y u snexTponubie GubinoTeunsie cuc-
TEMBI CO CBOOO/IHBIM JIOCTYIIOM JUIS COTPYAHHKOB H cTyenToB Bal'Y):

1. YpaBHeHus B YaCTHBIX MMPOM3BOAHBIX [Dnexrponnsiit pecypc)/ Tpenorun B.A.,
Henocekuna U.C. — M. : ®USMATIIMUT, 2013. — 228 c. — ISBN 978-5-9221-1448-6. —
http://www.studentlibrary.ru/book/ISBN9785922114486.html.

2. YpaBHeHHs MaTeMaTH4eCKOH (QU3WKH : TEOpHs M NpakTHKa [DJIEKTPOHHBIH pe-

cype] : yueb. nocobue / coct. B.I'. A6apaxmanos, I'.T. Byirakosa. — M. : ®JIMHTA, 2014.



- 338 €. - ISBN 978-5-9765-1988-6. -
http://www.studentlibrary.ru/book/ISBN9785976519886.html.

3. dyuxiHoHaabHBIH aHaau3: yueOHoe nocobue / B.JI. Kpenkoropckuii; M-Bo oGpas.
1 Hayku Poccum, Kazan. nan. uccnen. texunon. yu-t. — Kasaus : U3p-so KHUTY, 2014. —
116 B - ISBN 978-5-7882-1650-8. -
http://www .studentlibrary.ru/book/ISBN9785788216508.html.

4. 3aj1a44 ¥ YNPAKHEHUS 10 YPABHEHUAM MaTeMaTHUYECKONW (HU3MKK [DIeKTpoHHbI
pecypce] / Cobonesa E.C., ®areesa ['M. - M. : DUIMATIINUT, 2012. - 96 c. - ISBN 978-5-
9221-1053-2. — http://www .studentlibrary.ru/book/ISBN9785922110532.html.

0) nononuuTenbHas nuteparypa (honn 6ubnuorexn Bul'Y u anexkrponusie 6ubinoTednbie
CHCTEMBI CO CBODOIHBIM JIOCTYIOM JUISl COTPYHHKOB H cTyaeHToB Bal'VY):

1. Karanor CAIIP. IIporpamMsl u npousBojurenu. 2014-2015 [DnekTpoHHsbIi pe-
cypc)/ ILLH. Jlateimes. 4-¢ usn. — M.: COJIOH-ITPECC, 2014. — 694 c.: wi. — (Cepus "Cuc-
TEMBI MPOEKTUPOBaHMSA") - ISBN 978-5-91359-142-5. —
http://www .studentlibrary.ru/book/ISBN9785913591425 .html.

2. Bnagumupos B.C., Xapunos B.B. YpaBuenus maremaruueckoil puszuxu: Yued.
JUIs BY30B. - 2-¢ u3jl., crepeorunt. — M.: ®U3IMATIIUT, 2008. — 400 c. — ISBN 978-5-9221-
0310-7. — http://www studentlibrary.ru/book/ISBN9785922103107.html.

3. Unbun A.M. Ypasuenust marematndeckoi pusuku. - M.: ©USMATIIUT, 2009. —
192 6 - ISBN 078-5-9221-1036-5. -
http://www.studentlibrary.ru/book/ISBN9785922110365.html.

4. YpaBHenus Mmarematudeckoi ¢uzuku. COOpHHMK 3a/ay ¢ pemieHusMH: ydyeOHoe
nocobue / B.I'. Kpynuu, A.JL. Ilasnos, JL.I'. ITonos. — M.: U3natensckuii nom MOH, 2011.
- 352 e. - ISBN 978-5-383-00640-5. -
http://www.studentlibrary.ru/book/ISBN9785383006405.html.

B) nepuoanyeckue uzanus (pouy 6ubnuorexu Bal'y):

1. Kypuan «BecTHHK KOMINBIOTEPHBIX H HHPOPMAIMOHHBIX TEXHOJIOTHIAY.
2. XKypnan «Becruuxk PAH».

3. Kypnan «BpIuHCIHTENBHBIC TEXHOIOTHHY.

4. Kypuan «Kpant».

5. XKypuan «Ycnexu MaTeMaTHUECKHX HAYK).



r) Internet-pecypchi:

1. https://www.cadfem-cis.ru/products/ansys/

2. http://www.mscsoftware.ru/products/msc-nastran

3. https://www.comsol.ru/

4. http://www.sapr.rw/article.aspx?id=6736&iid=275

5. https://www.cadfem-cis.ru/products/ansys/structures/Isdyna/

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
JAUCHUITIJIMHBI

Jlextmn unrarores B ayautopusx kadenpsl ITIH, 060pYy/I0BAHHBIX 3JIEKTPOHHBIMU TIPOEK-
Topamu (aya. 520-3, 522-3, 517-3), ¢ ucnonk3oBaHAEM HIUTIOCTPATHBHOIO 3JIEKTPOHHOTO MaTepHa-
Nia B CTaHAapTHLIX rpaduyeckux gopmarax u B Microsoft Office.

Jlnst BBIMOIHEHUs pacu&THO- rpadHYecKoi W KOHTPOIBLHOIH paboThl, a TaKKe NMOArOTOBKH K
1abOpaToOPHBIM 3aHATHAM CTY/IEHTBI MOTYT BOCHOJB30BATHECS KOMIBIOTEPHBIM KJIACCOM Kademphl
2108 (nab. 519-3; 16 xomnbIOTEpOB) ¢ npHMeHEeHHEM o(pHCHOrO U MatematHueckoro I10. OcHos-
HbIM MaTeMatH4eckuMm 10 sBisiercs cucrema MHXKEHEPHBIX M Hay4HBIX pacuéroB MATLAB. Kpo-
Me s7Ipa 9TOH CHCTEMBI Ha KoMIbioTepax jiab. 519-3 ycraHoBieH Takke maker paciiMpeHHs, IpH-
MEHAEMBbIH JUISl KOHEYHO- 3JIEMEHTHOrO peleHus 3anad Maremarudeckoit ¢usuku PDE Toolbox.

Mmeercs Taxxke nporpammisiii kommieke COMSOL Multiphysics.
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Pabouas mporpamMma paccMoTpena M ojo0pena Ha 3acefaHuH y4eOHO-METOIMYECKOH KO-
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ITporokon Ne 14 or 24.06.2016.

[IpesiceiaTeli KOMHCCHH K% Cournen C.A.
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JIMCT NEPEYTBEPK/IEHUS
PABOYEM ITPOTPAMMBbI JINCLHUTIJIMHBI

Pabouas nporpamma o100pena Ha L /Eg /7 yueOHBbIi roj
[Iporokon 3acenanus kadeapbt N / or L3¢ 4 /#rona
3apeayromuii kadeapoi /;4 L0 _LALL/ /5/ A7

d

PaGouast mporpamma 0100pena Ha AL /-~ // 4" yuebuiii rox

[Iporokon 3acenanus kadeapobr No / or 27 LY. HAona
7, - 5 ) b/ = 7
3aseyiomuii kadeapoii AP LRAA FH /7

’/

PaGouas nporpamma 0100pena Ha A { -/9,/{/[ yueOHbIit roj1

[potokon sacenanus kaeapui No 7 ot L4 L%/ 5 om

3ase/tytomuii kadeapoii Hor e - / N2 Lo LN ‘/7// //
77 77 74

PabGouas nporpamma o/100peHa Ha yueOHbIi roj

IIporokon 3acenanus kadeapbr No oT roja

3aseyrouuii Kadeapoii

PaGouas nporpamma oa00peHa Ha yueOHblii roj

[Tporokosn 3acenanus kadeapbr No oT roja

3aseyrouuii Kadeapoi

Pabouast nporpamma 0100pena na yueOHblH rojt

[Iporokon 3acenanust kadeapsr No or roja

3aseaytoumid kadeapoit

PabGoyas nporpamma o,100peHa Ha yueOHbIi 1o

[Tporokosn 3acenanus kapeapbr N or roaa

3aseyroumii kadeapoit

Pabouas nporpamma oj100pena Ha yueOHbI# roj1

[Iporokon 3acenanus kadeapbr No or roja

3aseaytouuii Kapepoii




