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1. HEJIX OCBOEHUS JUCIUTIJIMHBI

[lesiMl M3ydEeHHs JMCIHILIMEBL ABISIOTCS: M3YYEHHE MATEMATHYECKOro NpOrpaMMHOTO
obecnevenns ITK, MpeiHasHadeHHOro JUls PeleHHs 3a/1a4 MaTeMaTHiecKo# (U3AKH B EKTPO-
TeXHWYECKHX pacuérax; (GOpMHUPOBAHHE TOTOBHOCTH YHACTBOBATH B HCCICAOBAHHH OT/CIBHBIX
KOMITOHEHTOB CHCTEM 3JIEKTPOIHEPreTHKH U 3JICKTPOTEXHHKH.

Heo6X0MMMOCTh B PEIICHUH 3a/lad MaTeMaTHIECKOH (H3HKH MOXKET BOSHUKATH NPH NPOCK-
THPOBAHMH DIEMEHTOB YCTPOHCTB SIEKTPOTEXHHKH M DJICKTPOIHEPreTHKH Ha [POCTPAHCTBEHHO-
pacrpe/e/iéHHOM ypoBHe (T.e. Ha yPOBHE uznueckux noneit) B 1D, 2D, 3D pacurHbIX obnacTax
npoctpanctsa. Takoe 10 ocobenno HEOOXOMHMO B Ciydae CIIOHOMN reomeTpuueckoit Gopmel
MPOEKTHPYEMOT'0 HIIH AHATH3MPYEMOrO YCTPOHCTBA IPH HEOAHOPOTHOM MPOCTPAHCTBEHHOM pac-

npe/Ie/IeHAN IapaMeTPOB HIEKTPO(H3HICCKHX CBOHCTB MATEPHAIIOB.

2. MECTO JUCLMILJIMHBI B CTPYKTYPE OIIOII BO

Jincnmmmaa «IIporpammuoe obecriedenne Juist 3aaa4 MaTeMaTHYeCKOH (PM3HKH B JICKTPO-
SHEPreTHKE» OTHOCHTCS K BapMaTHBHOM HacTH JMCLMIUIAH yueOHOrO MiaHa HarpaBJIeHHs MOAro-
TOBKH OakanaBpoB «DNEKTPOIHEPreTHKA U DICKTPOTEXHHKA» JULA npopuist «DNeKTPOCHAOKEHHEN
(610x B1.B.JIB). Jluciuminsa NOrHYeCKH H COJIEPKATENLHO- METOMYECKH TECHO CBsi3aHa C PAJIOM
JAPYTHX JACLHILTAH yueOHOro IiaHa.

Jlncrmmmaasl «Beicmas maremarukay, «HQOPMAIHOHHBIC TEXHOJOTHA B MPOCKTHPOBAHHH
W3EIHil TEXHUKH», «BBIMCIHTEIBHBIE METOIBI B JJEKTPOTEXHHUCCKHX Pacyeraxy (popMHpyIOT
HEOOXOMMBIE [UIS PEIICHHS 3a/1a4 MaTeMaTH4ecKoi (u3nKm crocoOHOCTH K 0000IIEeHHIO 1 aHalTH-
3y WH(OPMAIHH, HABBIKA MOCTAHOBKH LETH H BBIOOpaA MyTeil €€ JOCTHHKEHHUS; TOTOBHOCTh HCHOIIb-
30BaTh KOMIBIOTEP KAK OJIHO M3 CPEJICTB OCBOCHMs HOBOH JIMCIMILIHHDL, crnocoOHOCTH MaTeMaTH-
4eCKOro AHANMA3Aa ¥ MOJIEMPOBAHHS HIEKTPOMATHHTHBIX M IPYTUX (PHIHICCKUX noJjieil; TOTOBHOCTh
BLISBHTH HH(OPMAIMOHHYIO OCHOBY AIMOPHTMHYECKOI Peanu3alui YHCICHHBIX METOMOB, TIPHME-
HSEMBIX NPH PELIEHHH 3a/1a4 3JIEKTPOTEXHUKH H 3JIEKTPOIHEPreTHKH.

K uuciy JuCIMIUIagE, Hauboee TecHo cBasanHbX ¢ «[Iporpammioe obecnieueHne Ul 3a/1a4
MaTtemaTHyeckoi (u3nky B anexrposnepreruke» (II0sM®D), orHocHTCs «TeopeTHyecKkHe OCHOBBI
snexrporexuukny» (TOD), nmeppas YacTh KOTOPOH OblIa U3yueHa CEMECTPOM paHee, a BTopas qacTh
u3yudaercs napawiensio ¢ [103sM®@D. B pesysibraTe 0CBOCHHS TOD crynentsl nproGpeTaloT HEOO-
XOJMMBIE JUIsl M3y4eHHs CBOMCTB OOBEKTOB DJIEKTPOTEXHHKH M BJICKTPOIHEPreTHKH H aHAI3a HX
PEXHUMOB 3HAHHA OCHOBHBLIX [OHATHII # 3aKOHOB TEOPHH SJICKTPHHUCCKHX H MarHMTHBIX 1enei. B
pesynsrare n3ydenus [103sM®D cryaeHTh OBJIAAEBAIOT HAYAILHBIMH TEXHOJIOTMSIMH BBIYHCIIH-
TeNBHOTO MATEMATHYECKOTO MOJICTHPOBAHHS CBOMCTB OOBEKTOB JJICKTPOTEXHHKH H JICKTPOSHED-

IETHKH Ha IPOCTPAHCTBEHHO- PACNPE/ICIEHHOM YPOBHE.



3HaHUsA M YMCHHSA, MOJTyYaeMble B Xojie M3ydenus: auciummuel [103sM®D ciyxar Oa3oi
JUIS TOCHE/YIOmero M3yueHust Takux amcuumund kak TOD (wacte 3), «DieKTpOMEXaHHKa»,

{(BHCKTpOMaI‘HHTHaﬂ COBMECTHMOCTDL B JJICKTPO3IHEPI€THKEY, «Kabenbubie 1 BO3JIYIIHBIC JIHHHHY.

3. KOMINETEHIIMU OBYYAKOLIETIOCsl, ®POPMHUPYEMBIE B
PE3YJBTATE OCBOEHUSA JTUCHUIIJINHbI

B npotiecce 0CBOSHHS JAHHOM JHCIHILTAHBI CTY/IEHT GOpMUPYET U JIEMOHCTPHPYET Clie-
JYIOIIHE KOMIICTEHIIMH:

3HaTh:

U o6nagars criocoGHOCTHIO K caMoopraiu3aiii u camoodpasosanuio (OK-7);

U obnanats crnocobHOCTHIO MPHMEHATH COOTBETCTBYIOMIMI MareMaTHYeCKHil annapar, Me-
TOJIbI AHAM3A U MOJICTHPOBAHHS [IPH pelenHH npodeccuonanbubix 3aia4 (OT1K-2).

YMmers:

OcyIecTB/IsThH MOUCK, YACIEHHYI0 00paboTKy M aHaiM3 HHMOPMALMH C HCHOJIL30BAHHEM
koMnbioTepHbix Texnonorui (OITK-1);

[IpuMenss METO/bI MATEMATHYECKOTO BBIYMC/IHTENIBHOTO MOJICIMPOBAHHS ONPEACIISATE Ma-
paMeTpEl CBOHCTB 00BEKTOB HMEKTPOTeXHUKH U nekTposHepreTukn (I1K-5);

MaremMaTHUeCKH MOJICIMPOBaTh M PACCYMTHIBATH YCTAHOBHMBIIMECA PEXHMBI OOBEKTOB
3NIeKTpoTeXHUKH M diekTposrepreTuku (ITK-6) Ha IpoCTPaHCTBEHHO- PACIPE/ICIEHHOM YPOBHE.

Buajers:

MeTo/aMH aHAIK3a ¥ MATeMaTHYeCKOro MOJEIHPOBAHHS MPH PELICHHH NPO(ecCHOHAb-
ueix 3aaa4 (OI1K-2);

MeToaMi MaTeMaTHYECKOr0 BBIMHCIHTEIBHOIO MOJICIHPOBAHUS /Ul ONPE/EICHHs napa-
METPOB CBOMCTB OOBEKTOB JNEKTPOTEXHHUKH H IEKTPOIHEPIETHKH (TIK-5), a Takxe ans pacuéra
PeXHMOB 0OBEKTOB JIEKTPOTEXHUKH H nekTposnepreTHku (ITK-6) Ha mpocTpancTBEHHO- pactipe-

JIeNIEHHOM YPOBHE.



4. CTPYKTYPA U COAEP)KAHUE JUCIUILIMHbI

O61as TPYI0EMKOCTh JHCIMILTHHBI COCTABIIACT 5 3a4€THBIX S/IMHHIL, 180 wacog.

Buapl yuebnoit paboTsl, BKIIIOUas O6bém | Dopmbl TeKy-
CamMOCTOATENbHYIO paboTy CTYIeHTOB y4eGHO#H | 11ero KOHTPO-
- M TPYAOEMKOCTD (B yacax) paboTel | Jisi ycnesaemo-
g = ¢ npume- CTH
No Paszien (Tema) g % g i E HEHHEM (no nedensim
g S = a, = MHTEpaK- cemecmpa),
n/n JIMCLMTUTHHBI S o < |@ o a.
o § = |2 p 2 | 2 ) ) TUBHBIX dopma npo-
2 2 |8 E & Fl % | 8 E METOIOB | MEXyTOHHOI
= E g 2 (Buacax/ | arrecrauum
s t§ g- %) (no cemecm-
= 5 | = paw)
1 | Knaccudukaums
ypaBHEHHH MaTema-
THYECKOH (PHU3HKH
(anddepermansupix | 4 | 1,2 | 4 2 6 2/33%
ypaBHEHHH B 4acT-
HBIX MPOWU3BOIHBIX
(PDE))
2 | Kparkwii 0630p
CAE-cucrem s
pediesms asaaNMa | 4 [ 3 | 2 1 6 1/33%
TeMaTH4ecKoi (pun-
KM B aHAJIM3€ M MPOo-
EKTHPOBAHHH
3 | BeeneHue B CHCTEMY
KOHEYHO- 3JIeMEHT-
HBIX pacuEéToB 4 4 2 1 6 1/33%
COMSOL
Multiphysics
4 | Haubonee BaykHbIE
3/IEMEHTBI OCTPOH-
TeNs MOAETH B 4 5 2 1 6 1/33%
COMSOL
Multiphysics
5 | Cpencrsa reoMeTpH-
YECKOT0 MOJIEJIHPO- o peiTHHT-
sanusa 8 COMSOL ! . z ) ’ 1133% KOHTpPOJIb
Multiphysics
6 | Tunbl nepeMeHHbIX B 5
monenn COMSOL ! ! s : 6 L=
7 | Tunsl maTepHanbHbIX
nonobnacreit pac- &
yérnoi obnactn B s 8 5 : . 332
1D, 2D, 3D
8 | Bananue MatTepHab-
HBIX CBOMHCTB nonob- | 4 9 2 1 6 1/33%
nacreii
9 | Onpenenenve pe-
11aeMOi CHCTEMbI 4 10 2 1 6 1/33%
PDE, rpaHu4HbIX H




HaYyalbHbIX YCIIOBHH

10 | Hanbonee Baxuble - )
ONepaToph! HeMo- 4 | 11| 2 1 6 1/33% PSR

. KOHTPOJIb
KaJlbHBIX CBA3EH

11 | TlocTpoenne KoHeu-
HO- anemenTHoM cer- | 4 [ 12,13 | 4 2 6 2/33%

KH

12 | Haubonee BaxkHble

E%”ﬁg’gi" 4 | 14 | 2 I 6 1/33%

Multiphysics

13 | 3anyck Mojenu Ha

E%“ﬁg‘g; 4 | 15 | 2 1 6 1/33%

Multiphysics

14 | OcHoBbl  mOCTNPO-
ueccopHoii obpabor- | 4 |16,17| 4 2 6 2/33%
KM pelueHus

15 | Busyanusaums B - ]

Multiphysics KOHTPOJIb

Beero 36 18 90 18/33% Dx3amen (36)

Temaruka 1abopaTopHBIX 3aHATHI

1) Ananus u obcyx/enne Kiaccu(pUKaMOHHBIX MPH3HAKOB ypaBHEHHH MaTeMaTHUeCKOH (u-
3UKH 10 JIMHEHHOCTH, CTAIlHOHAPHOCTH, MAKCHMAJILHOMY TMOPSIKY MPOCTPAHCTBEHHBLIX H BPEMEH-
HBIX [ (EpeHIMaTBLHBIX OTIEPaTOPOB, Pa3MEPHOCTH NIPOCTPAHCTBEHHOMH pacyéTHOlH obnacTu, 3i-
JIMNTHYHOCTH, NAapaboIHYHOCTH U runepboInuHOCTH. (2 yaca).

2) Usyuenne ¢ momomsio Internet-pecypcoB xapakrtepuctuk u BosmokHocted CAE-cuctem
JUIS PEIIEHHs! 3a/1@4 MaTeMaTH4ecKol (U3HKH, MIPHMEHIEMBIX B aHAIH3Ee H NPOCKTHPOBAHWUH H3JIe-
nuit TexHukH (1 gac).

3) 3HAKOMCTBO C CHCTEMOM KOHEYHO- 2JleMeHTHBIX pacuéToB COMSOL Multiphysics u e€ uH-
tepdeiicom (1 wac).

4) 3uakoMcTBO ¢ Hambosee BaKHBIMH SneMeHTamMH moctpoutens moxaenn B COMSOL
Multiphysics (1 gac).

5) IlocTpoeHHe TreoMETPUYECKHX Mojeselt pacuétubix obnacreit B nakere COMSOL
Multiphysics (1uac).

6) Cosmanwe ¥ ONpeJeleHHE pa3lMYHBIX THIOB mnepeMeHHBIX B Mmozemsx COMSOL
Multiphysics (1 1ac).

7) 3amanue mapaMeTpoB MaTepHAIBHBIX CBOHCTB nojiobnactel pasmuunoil pasmeproctd B 1D,
2D, 3D pacuérabix obnactsx (2 gaca).

8) HanonHenue reoMeTpHYECKH MOCTPOCHHAIX PacuéTHBIX obactell ypaBHEHHAMH MaTeMaTH-
yeckoii (PM3UKKM M rPAaHUYHBIME ycnoBHaMH (1 vac).

9) Cosanue onepaTopos HenokanbHbX cBs3eil B Mosiensx COMSOL (1 uac).




10) YnpaxkHeHus 1o MmocTpPOSHHIO KOHEYHO- JIEMEHTHBIX CeTOK (2 vaca).

11) Ananus u Beibop pemareneii B COMSOL- monenu (1 1ac).

12) Iosnmoe nocrpoerne COMSOL- mozieneii ¢ 3ammyckom pernenuit (1 vac).

13) Orpaborka jeiicTBuii 110 nocripoieccopHoi obpaborke nomyvaemeix pemennit PDE (2
qaca).

14) Busyaimsanms IpOCTPAHCTBEHHBIX pacnpeieleHui MoaenpyemMelx (Gpuznyeckux mouei (1

qac).

CamocrosiTesibaas padoTa CTY/JIEHTOB
CamocrositesnibHas paboTa CTYIEHTOB NPEAyCMaTPHBACT CAMOCTOATENBLHYIO IOJIFOTOBKY 110
cbopy, cucremaru3zaimu U oOpaboTke MaTepHasia U3 NPEUIOKEHHOTIO CITUCKA JIMTEpaTypsl (U J10-
MOJIHMTENBHON JINTEPATYPhl), JEKIIHOHHOrO MarepHana, K J1abopaTOpHBIM 3aHATHSM, PEHTHHT-
KoHTpomo, osk3ameny. Ciola BKIIOYAETCS TAKKE CAMOCTOSATENBLHOE BBINOJIHEHHE PacuYETHO-
rpaduyeckoii paborst (PI'P). YueGubM nianoM npeaycMOTpeHa ofiHa pacuérHo- rpaduyeckas pa-
Gora Ha Temy «KoHeuHo- 251eMeHTHOE MOJEIUPOBAHHE NOBEPXHOCTHOIO d((deKTa B KPYriioM Ipo-

BOJIEY.

5. OGPA30OBATEJIBHBIE TEXHOJIOI'HA

JIeKIHOHHBIE MTPOBOJIATCA B ayAHTOPHAX, 000PYA0OBAHHBIX KOMIIBIOTEPAMH, JIEKTPOHHBIMH
POEKTOPAMH, YTO [O3BOJISICT COYETaTh AKTHBHBIC H MHTEPAKTHBHBIE (POPMBI IPOBEICHHSA 3AHATHIL.
Urenue nexiuii CONpOBONKIACTCS JEMOHCTpAlMeH KOMIBIOTEPHBIX CIAH/I0B, KOMIUIEKT KOTOPBIX
COJAEPXHUTCS B BICKTPOHHOM IIPHJIOKEHHH K paboueil nporpamme. JlabopatopHbie 3aHsATHS TPOBO-
naTest B KomnbiotepHoM Kiacce 519-3. MaTepaktuBabie (OPMBI — KOMIBIOTEPHBIE CHMYJISAIHH, &
TaKKe pazdop CHTYyalHii, CBA3AHHBIX ¢ M3MEHEHHEM MCXOJHBIX JAHHBIX pemaeMbiX 3ajad. Kou-
TPOJIb TEKYLIEH YCIIEBAEMOCTH H CAMOCTOSTENBHO paboThl CTY/IGHTOB MPOH3BOAUTCA B (hopme on-
pocoB. [lepe4Hn KOHTPOJIBHEIX BOIIPOCOB MPE/ICTABICHBI HHXKE.

B pamkax yueGHOro Kypca npejycMOTpeHbl BCTPEUH CO CNEHHAINCTaMH, paboTaIONHMH B

obnactu JICKTPOSHEPIETHKH H 3JIEKTPOTEXHHKH.



6. OLIEHOYHBIE CPEJICTBA JUISI TEKYIIIETO KOHTPO.ISI
VCIEBAEMOCTH, TIPOMEKYTOUYHOM ATTECTAIIAM 10 UTOT'AM
OCBOEHMSI JMCIHUILIMHBI U YYEBHO-METO/IMYECKOE
OBECIEYEHUE CAMOCTOSITEJILHOM PABOTHI CTY/IEHTOB

6.1. Bonpochl no pasjesiaMm nporpaMmsl Jisi HPOBEAEHHsT TEKYIIEro KOHTPOJIsS
Pefitunr- xkourpos 1.
1. Kak knaccudummpyiores PDE no muneiinoctu? Yo o3Havaer 3T0T KiacCHYHUKATHOHHBI TTPH-
3HAK?
2. Kak knaccudpuumpytores PDE no craumonapuoctu? Yro o3HavaeT 3ToT KiacCH(PpHKAMOHHBIH
npu3HaK?
3. Kak knaccuduuupytores PDE no MakcumaabHOMY MOPSJIKY [POCTPAHCTBEHHBIX M BPEMEHHBIX
JmpdepeHanbHBIX onepatopos? YTo 03HaYaOT 3TH KiIaccH(UKAIIMOHHBIC TIPH3HAKH?
4. Kak knaccuduuupyiores PDE nmo pazMmeprocTn nmpocrpaHcTBeHHOM pacuéTHOM obnactu? Yro
03HA4aeT TOT KilaccHpHKAIMOHHBIH IpH3HaK?
5. Kak xnacenpuuupyrores PDE no smumntuysocTy, napaboJuvyHOCTH U rHnepOoIHuHOCTH?
6. Kak Beirysiut o6o6ménnas koadduumentuas popma PDE nns neonnopoanoii cpenpi?
7. Kak Beirnsaut 0600ménnas auseprentHas ¢popma PDE s neognopoauoit cpensi?
8. B uém 3akmouaercs CyIHOCTD POEKLHOHHLIX METO/IOB B3BELIEHHBIX HEBA30K?
9. Kax Beirnsiur ocnabnennas npoekuuonHas ¢opma PDE juis HeoiHOpoaHO#M cpebl?
10. Jlnst wero npepnasnaven nporpammubiii kommuieke COMSOL Multiphysics?
11. Yro npencrasnsier coboit nocrpoutens moaenn B COMSOL Multiphysics? Kakue nacrpoeu-
HbIE NIApaMeTPhl HMEET KOPeHb MOCTPOUTEs?
12. Yro takoe komnonent COMSOL- mozaenu ¢ Touku 3penns knaccuduxaunn PDE?
13. M3 kakux moJipa3/iesioB COCTOMT Ir00abHeli pasjen nocrpoutelis? KakoBo ux HasHadenue?
14. Kak coznatores u penakrupyiores napamerpsl COMSOL-monenmn? KakoBo ux naznadenue?
15. Kak co3paiorcs W pelakTHpYIOTCs rinobaibHble nojib3oBaTelibekue nepemernsie COMSOL-
Mojienn?
16. Kak co3jaiorcss U pejaktupytores rinodaibible (yHKIMOHAIbHBIE 3aBHcuMocTd COMSOL-
Mozaenu?
17. Kakue THIIBI (YHKIIHOHAILHBIX 3aBHCHMOCTEH [0JUIeP)KHBAIOTCS IOCTPOHTEIEM MOjteH?
18. Kakue nactpoeynble nmapaMeTpsl umeeT koperb komnonenta COMSOL-mozenu?
19. U3 kakux nospasaenos cocrout komnodeHT COMSOL-monenu?
20. Kak co3a10Tcs B pe/IakTHPYIOTCS 110J1b30BATENbCKHE MTEPEMEHHBIE KOMIIOHEHTHOTO YPOBHS?

21. Kak co3/1at0T¢s ¥ peIaKTHPYIOTCs (yHKI[HOHAIBHBIE 3aBHCHMOCTH KOMIIOHEHTHOTO YPOBHA?



22. Kak co31al0TCsi 1 peJIJaKTHPYIOTCS ONIepaTopbl HEJIOKANBLHBIX CBS3€H KOMIIOHEHTHOI'O YPOBHS?
23. Kak co31aioTes 1 pelaKTHPYIOTCS: KPYTOBBIE I'e€OMETpUYecKHEe 00beKThI?
24. Kak co3/jatoTes M pelakTHPYIOTCA UIHNTHYECKHE reOMEeTpHYeCKHe 00 beKThI?
25. Kak co31aioTesl 1 pelak THPYIOTCS IIPAMOYTOIbHBIE NFeOMeTpUYecKue 00beKThI?
26. Kak co3aaiorest 1 pelakTHPYIOTCS KBaJIpaTHbIC FreOMETPHYECKHE 00BEKTHI?
PeitTunr- koHTposs 2,
1. Kakue THIBI [OJIB30BATENBCKHX NepeMeHHbIX nojuiepkuBaiores B8 COMSOL Multiphysics na
KOMIIOHEHTHOM YpOBHE?
2. Yro Takoe HEe3aBHCHMBIE MEPEMEHHBIC H KAK OHM CBA3aHbI C PA3MEPHOCTLIO pacuéTHoM obnactTu
B COMSOL Multiphysics?
3. Kakue Tunbsl MaTepHaibHbIX nojobnacred MoryT cymectsoBath B 1D pacuérnoii obnactu?
4. Kakue THIIBI MaTepHaNbHBIX 110/1001acTeit MoryT cyuiecrBoBath B 2D pacuérnoii obnactu?
5. Kakue THnbI MaTepuaibubix nogobnacreii moryr cymecrsosarsk B 3D pacuérnoii obnactu?
6. Kakoii cmpici umeer 0D monenupoBanune?
7. Kak nobasnsiercs pusuko- MarematHieckuii uurepdeiic k komnonenty COMSOL- monenn?
8. Uro Takoe 3aBucumbie nepemennsle? Kak penakrupyercs ux cocrap? Kak penakruposars Criu-
cok nogobnacteii, B KOTOphIX (U3HKO- MaTeMaTHueckuit nuTepdeiic akTupen?
9. U3 kakux 1mojipas/ie/ioB MOXKeT COCTOAThL pasjen (pu3snko- MmateMaruueckoro uurepdeiica B [o-
crpouresie Mozen? Kak ynpaBisiTe COCTABOM 3THX MOZpa3ienon?
10. Kak MOHO yIpaBjisiTh pacrpe/ie/icHHeM IPaHHYHBIX YCJIOBHH 110 TPAHHYHBIM CErMEHTaM pac-
uérHoii obnacTu?
11. Kak M0OHO co3jiaBaTh W pelakTHpPOBaTh pEOEpHBIE W TOYEYHBIE MCTOYHHKH MOJICIIHPYEMOro
(uznyeckoro nous?
12. Berpoennubie riobanbHbIe NIepeMeHHBIe: BpeMs, 4acToTa, (asa, uucio creneHeil cBo6o bl
13. I'eomerpuueckue nepemenusie B COMSOL-Monensx.
14. Tlepemenusie pynkuuii popmel B COMSOL-Monensx.
15. Berpoennsie ¢puzndeckne koHctauThl B COMSOL Multiphysics.
16. Berpoennsie pyuxiun 8 COMSOL Multiphysics.
17. Tunsl onepatopos HeJoKanbHbIX cBszeit B COMSOL Multiphysics.
18. Kak co3maioresi ¥ peIakTHPYIOTCA 110JIb30BaTE/IbCKHE NIEPEMEHHEIE, HMEIOIIHE pasHbIe Onpesie-
JSIIOLIME BBHIPAKEHMS B pa3HbIX 30Hax pacuérHoit obnactu?
19. Kak co3arorcs 1 pe/lakTHPYIOTCA M0JIb30BaTE/IbCKHE NIEPEMEHHBIE, HMEIOLIHE pa3HkIe onpee-
JISIONIHE BBIPAKEHHUS HA PA3HBIX MPAHMYHBIX CerMeHTax pacuyérHoi obnactu?
20. Kak co31aioTes B pelakTHPYIOTCSH TOML30BaTeIbCKHE NEPEMEHHbIE, HMEIONIHE pa3sHbIE Onpele-

JISIOLIHE BRIPKEHHS HA pasHbIX péGpax pacuérHoii obnacT?



21. Kak co3/iaioTcsi H peIakTHPYIOTCS T0J1h30BaTEIbCKHE NIEPEMEHHBIE, HMEIOLIHE pa3HbIe Onpee-
JISIOIIME BBIPAKEHUS B PasHBIX BepIIMHAX pacyéTHOH obmactn?
22. Kak 3anasats pasibie PDE B pasHbix 30Hax pacuéTHoi obmactu?
23, Kak 3aj1aBaTh pa3Hbie rpaHHYHbIE YCIOBHS B Pa3HBIX IPAHUYHBIX CerMeHTax pacuérHoi obmac-
TH?
24. Kak co3/aioTest ¥ pelak THPYIOTCS HHTETPHPYIOLIHE OnepaTophbl?
25. Kak co3aaioTes U pelakTHPYIOTCs YCPEIHSIOIHE OnepaTophb?
26. Kak co3maiorcs M pe/lakTHPYIOTCS ONIEpaTophl, ONPEAEIAIONHEe MAKCHMYMBl H MUHUMYMBI CKa-
JISPHBIX TOJeH?

PeliTHHT- KOHTpOIIB 3.
1. Yro Takoe KOHEYHBIH 3JIEMEHT, JUIsi Yero CTPOMTCH KOHEYHO- DJIEMEHTHAs ceTKa MPH YHCICHHOM
pemennn PDE?
2. Yro Takoe KoHEHHO- dneMeHTHas uHTepnonanua’? Yro takoe pynkiuu GopMbl KOHEUHBIX JJle-
MEHTOB?
3. Yro Ha3pBAIOT JIArpaHKeBHIMH KOHEYHBIMH aieMeHTamu? Kak ompezenstorcs X (yHKIHH
dhopmb1?
4. Kax ¢ nomoinpio GyHKimit GopMel onpeaensioTes NpocTpaHcTBeHHbIE TH(PepeHIHalbHBIE Ome-
patopbl (PU3MYECKUX BEJIMYHH Yepe3 HX Y3JI0BbIE pacrpeielieHus ?
5. Ha uém ocHOBaHA TMPOEKIHOHHAS KOHEYHO- 3JIeMEHTHas TexHosorus npeobpasosanus PDE B
GONBIIYI0 CHCTEMY YPaBHEHHH OTHOCHTEJBHO Y3JIOBOIO PACHpPE/ICICHHs MOJIEIHPYEMOro (husHye-
CKOT0O 1oJisi (3aBHCHMOMN NIepeMeHHO#H)?
6. Kak B KOHEYHO- JIEMEHTHOH TEXHOJOIHMH NMPHMEHSAIOTCS HHTErPaibHBIE TEOPEMBI NOHHKEHHS
nopsika npocrpancTBeHHbIX auddepennuanbabix oneparopos? Kak u3 PDE nomnyuaercs ocnab-
JICHHAA IPOeKIHOHHas HOPMYJIHPOBKA 3a/1a4i MaTeMaTHIeCKoH Gu3HKku?
7. Kakyio mocjie1oBaTelIbHOCTh JeHCTBHI HYXHO BBINOJHHTH, YTOOB! 100aBHTH H MOCTPOHTEH KO-
HEYHO- HJIEMEHTHYIO CETKY B BEIOPAHHOM KOMIIOHEHTE MOJIETH?
8. Kakue tunsl cetok nojaepxkusaiorcs 8 COMSOL Multiphysics B 2D?
9. HazoBuTe Hanbosee BaXKHBIC ONEPAIlHH Hall CETKAMH.
10. Kakue tunsl cetok noiepxkusatoress B COMSOL Multiphysics B 1D?
11. Kakue tunsi cerok nomaepkusatores B COMSOL Multiphysics 8 3D?
12. Kak 8 COMSOL-Moie/16 BKIIKOYHTE pa3/iell YIpasieHus pemareinsiMu’?
13. Kakue THIIBI pa3/iesioB yrpasieHus pemaresnsmu noyaepxusaiores B COMSOL Multiphysics?
14. Hazosute Hanbonee BaKHbIE KOMAH/IBI pasjiesia yIpaBlIEH!s peLiaTe/IsiMH,
15. Kak MOXHO yIpasisiTh BBIGOPOM peinaeMbIX (GH3MKO- MaTeMaTH4YeCKHX HHTeppeicoB?

16. Kak MO’KHO €O3/1aTh MHOTOIIArOBBIN pas/ie/l yIpaBjieHus pemaresmMu?



17. Kak 3anmyckaercs pemenue Mojienu? Kak KOHTpoMpyeresi mporpece 1 ¢XoiMMocTh?
18. Kakne Tumsl THHeHHBIX pemarenei nouepkusaiores 8 COMSOL Multiphysics?
19. Kakune THIiel HeJIMHEHHBIX pernarenei nouepxusaotes 8 COMSOL Multiphysics?
20. Kakue Tunsl rpaMKOB pelienus nojyiepxupaores B 2D pexume MoaennpoBanus?
21. Kakue tuns! rpagukoB pemenus noiepxusatores B 1D pexume MouenupoBaHus?
22. Kakue tunsl rpagukos pemenus noiepxusaiores B 3D pexume MoaenupoBanus?
23. Kakne tabnuunbie cnocoObl NMpeicTaBleHHs pe3y/IbTaTOB BBIYHCICHHH IOJUIEPKHBAIOTCS B
COMSOL Multiphysics?

Konrponsusie sonpocs! no CPC.
1. Jlnsi wero npeHazHavyeH nporpaMMusbii komiieke ANSYS?
2. Jlns gero npejiHazHaveH nporpamMMusbii komiuiekc NASTRAN?
3. Jlns wero npejaHazHa4yeH [porpaMMHbIi komiuieke Abaqus?
4. Jlns wero npeaHasHayeH nporpaMMubii komiuieke LS-DYNA?
5. Kak 8 COMSOL Multiphysics co3naioTcs ¥ peJakTHPYIOTCS KPUBBIC H MHOTOYTOJIBHHKH be3be?
6. Kax 8 COMSOL Multiphysics co3aiorcs M pelakTHPYIOTCS MOTOYEYHO HHTEPIIOJIHPYEMBIC
KpuBbIe?
7. Kak B COMSOL Multiphysics co3aaioTcst H peJak THPYIOTCSI KPUBBIE, 3a/laBaeMbie B IIapaMeTpH-
yeckoit popme?
8. Kak 8 COMSOL Multiphysics co3naiores u peJakTHPYIOTCs TOHEYHbIE reoMeTpHyYeckue 00nex-
ThI?
9. Kak B COMSOL Multiphysics co3arTcs 1 peJakTHPYIOTCS MHOTOYTOJIBHHKH | JIOMaHble?
10. Kak 8 COMSOL Multiphysics co3aaioTcs KOMIIO3HIIHOHHBIE reOMeTpHYecKHe 00BEKTHI ¢ 110-
MOILIBIO OTIepalMif HaJl MHOMKECTBAMH 7
11. Kakue npeobGpazoBanus (TpaHcdopMmaiium) reoMeTpuyeckux OOBEKTOB MOJICPKHBAIOTCH B
COMSOL Multiphysics?
12. Kak 8 COMSOL Multiphysics ocymecTtsisercs npeobpazoBanue reoMeTpudeckoro o0bexra B
COJIMIHBIH (TeJIeCHBIH), MOBEPXHOCTHBIH, KPHBOJHMHEHHBIH W TOYEHHBIH (BepUIMHHBIH) BUI?
13. Kak B8 COMSOL Multiphysics caumarores (packu M 3aKpyriisioTcst yribi?
14. Kak 8 COMSOL Multiphysics co3zaiorcs ¥ pelakTHPYIOTCs IPSIMOYTOJIbHbIE Napauie/ienuie-
JiBI?
15. Kak 8 COMSOL Multiphysics co3zaiorcs M pelaKkTHPYIOTCS KOHMYECKHE I€OMETPHYECKHE
00BeKTHI?
16. Kak B COMSOL Multiphysics co3aaiorcst M pe/Iak THPYIOTCS LHJIMHIPHYECKHE [eOMETPHYECKHE

00BeKTHI?



17. Kak 8 COMSOL Multiphysics cosnaiorcst ¥ peakTupyiotesi chepuyecKHe reoMeTpuyecKue
00beKThI?

18. Kax B COMSOL Multiphysics co3zaioresi 0 peJakTHPYIOTCSl SKCIEHTPHYECKHE KOHHYECKHE
00beKThI?

19. Kak 8 COMSOL Multiphysics co3aai0Tes 1 peJakTHPYIOTCS 3JLTHIICOM 1517

20. Kak 8 COMSOL Multiphysics co3matorcst ¥ peJlak THPYIOTCSH FeJTHKOHIBI?

21. Kak 8 COMSOL Multiphysics co3narorcs H pelaKTHPYIOTCs apamMeTPHUECKH 3a/IaBaeMblie 110~
BEPXHOCTH?

22. Kak 8 COMSOL Multiphysics co31aioTes B peakTHPYIOTCS ITHpaMuIb?

23. Kak 8 COMSOL Multiphysics co31aioTest B peJlakKTHPYIOTCS TEPTasaphbi?

24. Kak 8 COMSOL Multiphysics co31aioTes H peakTHPYIOTCS TOpbI?

6.2. Bonpocs! Kk dk3ameny
1. Kparkuii 0630p HHKEHEPHBIX MPOrpaMM, B KOTOPBIX PELIAIOTCS 3a/la4d MaTeMaThbHYeCKOH
busuxm.
Knaccnduxaums nuddepeHmanbHbix ypaBHEHHI B 4aCTHBIX IPOU3BOHBIX.
3aaun MaremMaTHyeckoi u3nkn Ha ocHose PDE.
O606ménnas koappunmentrnas Gopma PDE nuis HeoxHOpPOAHO# cpebl.

O6006ménnas quseprentras popma PDE nns neoaHopoaHoii cpebl.

N o

MeTobl B3BELIEHHBIX HEBA30K M ocnalyieHHas NMPOEKIHOHHAS (OPMYITHPOBKA 3a1aud Ma-

TeMaTH4ecKoi Gu3uky.

7. Hasnauenwue nporpammuoro komiuiekca COMSOL Multiphysics.

8. Tlocrpoutens moaenn 8 COMSOL Multiphysics.

9. Komnonent COMSOL- mozienn. HezaBiucumble mepeMeHHBIE.

10. Tlapamerpsl 1 rinobanbubie Hosib3oBaTenbekue nepementbie COMSOL- moaesn.

11. Beox ¢pynkunonansueix 3apucumocteii B COMSOL- mozens.

12. Paznien onpeenennit KOMIIOHEHTa MOJIEITH.

13. O630p Ppusuko- matremarnueckux unrepdeiicos sapa COMSOL Multiphysics.

14. O630p moayneit paciuupenus COMSOL Multiphysics.

15. Pasjiensl mocTpouTeis MOJIENH, OTHOCSIIMECS K OAHOMY (DH3HKO- MATEMATHYECKOMY HH-
Tepdeiicy.

16. Tuner Mmatepuanbubx nogobnacreii B 1D, 2D, 3D.

17. Ilonb30oBaTenbCKHE NEPEMEHHBIE B pas/ienie onpeieeHuii KoMnoHenTa. X yposHH,

18. ITepemennsie (ynkunit popmbl. 3aBUCHMBIE TEPEMEHHBIE,

19. Beropennsie rnobansasie nepemernsie B COMSOL Multiphysics.

20. l'eomerpuueckue nepemennsie B COMSOL Multiphysics.



21.
22.
23.
24,

25.

26.

27.

28.

29.
30.
Sl
32.
33.
34.
35.
36.
37.
38.

@usnyeckue koncrantel B COMSOL Multiphysics.

Oneparope! nenokanbueix cazeil B COMSOL Multiphysics.

ITonsiTHE O KOHEYHBIX JIEMEHTAX.

Koneuro- snementnas untepnonsus. ®ynkiun Gopmsl. VX cBoiicTsa H onpejiesienue ue-
pe3 KOOpJIHHAThI Y3JIOB.

JlarpamkeBbl KOHEYHBIE 5IEMEHTBI PA3HOTO MOPSAKA M HX [OJHHOMHANbHbIC (DYHKIHH
(popMBIL.

Omnpezenienne NPOCTPAHCTBEHHBIX AH((PEPeHIHATBHBIX 0NepaTopoB PHIHYECKHX BEHYHH
Yepe3 UX y3J10Boe pacnpejeneHne H GyHKIHH GopMbi.

[Ipoekunonnas KoHeUHO- 3IEMEHTHaA TeXHOTOTHA npeobpasosanus PDE B Gonbmyio cre-
TEMY YPABHEHHH OTHOCHTENILHO Y3JIOBOTO PACIpe/ielIeHHs MOLEIHUPYEMOro (PM3HYECKOro
TOJIS.

. IlpuMeHenne MHTErpPAIBHBIX TEOPEM MOHIKCHHS MOPSJIKA NPOCTPAHCTBEHHBIX Iupde-
PEHIHATLHEBIX ONEPATOPOB IS MONYYECHHs OcIableHHOH KOHEUHO- 2JIEMEHTHOIH (hopMyH-
POBKH 3a/1a48 MaTeMaTH4eckoi hU3nuKH.

Trrbr koHEYHO- d7IeMEHTHBIX ceToK, noaiepkuBaemMbix B COMSOL Multiphysics.
Texnonorus reomerpudeckux nocrpoeruii B 1D.

Texnonorus reoMeTpu4eckux nocrpoeHuii 8 2D.

Texunonorus reomerpuueckux nocrpoenuii B 3D.

Tunsr pasaenos ynpasnenus pemarensmu 8 COMSOL Multiphysics.

Kparkuii 0630p jmneiinpix u Henmuuelnsx pemareneii 8 COMSOL Multiphysics.

Tunsi rpadgukos pemenus B 1D pexnme Mo/ieHpOBaHHS.

Tuner rpadgukos pements B 2D pexnme MoempoBanusi.

Tunsl rpadgukos pemenus B 3D pesxume MoJIe/IMpOBaHHMS.

Tabnuunbie cnocobrl npescTapienns pesynbraToB Beraucaennii 8 COMSOL Multiphysics.

7. YHEBHO-METOJAUYECKOE U UH®OPMAILIMOHHOE

OBECIIEYEHHUE JUCHUITJIUMHBI

a) ocHoBHas ynureparypa ((ponn 6Gubmuorexn Bal'VY u anexrponnsie 6Gubnnoreunsie cuc-

TEMBI CO CBOOOIHBIM JOCTYIIOM JUTS COTPYAHHKOB H cTy1eHToB Bal'Y):

1. YpaBHeHusl B 4aCTHBIX NPOM3BOAHBEIX [DiekTpoHnslii pecype]/ Tpenorun B.A.,

Henocexkuna U.C. — M. : ®USMATIIUT, 2013. — 228 c. — ISBN 978-5-9221-1448-6. —
http://www.studentlibrary.ru/book/ISBN9785922114486.html.



2. YpaBHeHHs1 MaTEMaTHUYECKOH (DH3MKHM : TEOpPHs M NpaKTHKa [DJICKTPOHHBINH pe-
cype] : yueb. nocobue / coct. B.I'. A6apaxmanos, I'.T. Bynarakosa. — M. : ®JIMHTA, 2014.
- 338 c. - ISBN 978-5-9765-1988-6. -
http://www.studentlibrary.ru/book/ISBN9785976519886.html.

3. @yHKUMOHANBHBIH aHanu3: yaebnoe nocobue / B.JI. Kpenkoropcknii; M-Bo o6pas.
u Hayku Poccun, Kazan. nan. uccnen. texunoin. yu-t. — Kazans : U3n-s0o KHUTY, 2014. —
116 & - ISBN 978-5-7882-1650-8. -
http://www.studentlibrary.ru/book/ISBN9785788216508.html.

4. 3ajauM ¥ YNPaKHEHHUS 110 YPABHEHUSIM MaTeMaTHYeCKoi Gu3uKn [DIeKTpoHHbIH
pecype] / Cobonena E.C., ®areesa ''M. - M. : DUBMATIIUT, 2012. - 96 c. - ISBN 978-5-
9221-1053-2. — http://www.studentlibrary.ru/book/ISBN9785922110532.html.

5. Uncnennsie MeTo/ibl. JlocTroBepHOEe M TOUHOE YHCIIEHHOE pelnenne auddepeniin
anrebp.ypasuenuii B CAE-cucremax CAIIP: Yu.moc. / Maunues B.b., I'nazkoa B.B.,
Kyspmuna U.A. - M.: HUL] UH®PA-M, 2016. - 152 c.: 60x90 1/16. - (BO:bakanasp.) (0)
ISBN 978-5-16-010366-2. — http://znanium.com/catalog.php?bookinfo=423817.

0) nononuuTensHas aureparypa (ponn 6Gubnuorexn Bal'V u snexrponnsie 6ubnunoreunsie
CHCTEMBI CO CBODOIHBIM JIOCTYIIOM JUIsl COTPYAHHKOB M cTyaenToB Bal'V):

1. Karanor CAIIP. IIporpammsl u npousBoautenu. 2014-2015 [DnekTpoHHBIH pe-
cype)/ ILH. Jlateimes. 4-¢ usn. — M.: COJIOH-TIPECC, 2014. — 694 c.: un. — (Cepus "Cuc-
TEMBI NIPOEKTHPOBaHHS") - ISBN 978-5-91359-142-5. -
http://www.studentlibrary.ru/book/ISBN9785913591425 .html.

2. Bnagumupos B.C., Xapunos B.B. YpaBuenus maremarnyeckoil dpuszuxu: Yueb.
JUIsl BY30B. - 2-¢ u3]1., ctepeotun. — M.: DUSMATIIMUT, 2008. — 400 c. — ISBN 978-5-9221-
0310-7. — http://www.studentlibrary.ru/book/ISBN9785922103 107.html.

3. Mneun A.M. Ypasuenus marematuueckoii pusuku. - M.: ®UIMATIIUT, 2009. —
192 C. - ISBN 078-5-9221-1036-5. -
http://www.studentlibrary.ru/book/ISBN9785922110365.html.

4. Ypasuenus marematudeckoi ¢usuxu. COOpHMK 3ajay ¢ pemieHHAMH: ydeOHOE
nocobue / B.I'. Kpymun, A.JL. [Tasnos, JL.I'. [Tonos. — M.: U3narensckuii jom MOU, 2011.
- 352 C. - ISBN 978-5-383-00640-5. -
http://www .studentlibrary.ru/book/ISBN9785383006405 .html.



B) nepuoudeckue nsaanus (Gpony 6ubnmorexn Bal'V):

1. )Kypnan «BecTHHK KOMIBIOTEPHBIX H HHPOPMAITHOHHBIX TEXHOJIOTHITY.
2. Kypuan «Becrauk PAH».

3. XKypnan «BplaucinTesbHbIe TEXHOIOTHHY.

4. Kypnan «Kpaur».

3. Kypuan «Ycnexu MaTeMaTHHECKHX HAYK».

r) Internet-pecypchbi:

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.ru/article.aspx?id=6736&iid=275

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

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUITIIMHBI

Jlexin uuralores B ayauTopusax Kadeapsr ITOH, 060pYI0BAHHBIX JIEKTPOHHBIMH TTPOEK-
Topamu (aya. 520-3, 522-3, 517-3), ¢ HCNOIB30BAHHEM HILTIOCTPATHBHOTO JIEKTPOHHOTO MaTepHa-
na B cranapTaeIX rpaduuecknx popmarax u B Microsoft Office.

Jlns BemoaHeHus pacy€THO- rpaduyeckoil 1 KOHTPOJILHON paboThl, a TAKXKe MOATOTOBKH K
1a00paTOpPHBIM 3aHATHAM CTYJCHTBI MOTYT BOCHOJIB30BATHCH KOMIIBIOTEPHBIM KJIACCOM Kadeapsl
O10n (1ab. 519-3; 16 KoMIBEIOTEPOB) ¢ MpUMeHeHHEM oducHOro 1 MaTemarudeckoro I10. OcHos-
HbIM MaremarideckuM [0 sBnsercs cucTeMa HIKEHEPHBIX U Hay4HBIX pacuétoB MATLAB. Kpo-
Me s/Ipa 3TOH CHCTEMBI Ha KoMIIbloTepax siab. 519-3 ycraHoBlieH Takke MakeT pacHIMpeHHs, PH-
MEHAEMBIH JIIA KOHEYHO- 3JIEMEHTHOrO peIneHus 3anay maremaruyeckoit ¢pusuxku PDE Toolbox.

Hwmeerca Taxoke nporpamMusiii komiuieke COMSOL Multiphysics.



PaGouas nporpamMma MCIMIUIHHBL COCTABNCHA B COOTBETCTBIH ¢ TpeGosannsmu GI'OC BO

1o nanpasinennio 13.03.02 «DnexrposnepreTika u HMEKTPOTEXHUKAY.

Pabouyio nporpammy cocrasui: [lmenés B.E.. k.1.1.. J10 Kadeapbl «INeKTPOTEXHHKA
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Penensent: Hauas

Yebpsikosa 10.C.

IIporpamma pacemotpena u os06pena Ha 3aceanun kadeapst DT IH

IIporoxon Ne 14 ot 24.06.2016.

3aseyroumii kadepoii %‘v Cournen C.A.

v

Pabouas nporpamma pacemorpena M 0j00peHa Ha 3aceaHHM  YUeBHO-METOHHYECKO
Komuccnn HanpasiaeHnus 13.03.02 «Dnexrposnepreruka u aiekTpoTexunka» 24 mons 2016 roja.

ITporokon Ne 14 or 24.06.2016.

[Ipencenarens KOMHCCHE ‘% Cournen C.A.




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




