OEJIEPAJIBHOE ATTEHTCTBO I10 ObPA3OBAHUIO
I'OY BIIO «Ypanbckuil rocy1apCTBEHHbIN TEXHUUECKHI yHUBepcuteT — Y [T
['OV BIIO «Ypanbckuii rocyaapcTBEHHbIN yHUBEpCUTET UM. A.M.I oppKOro»
'OV BIIO «YpanbCkuii rocy1apCTBEHHBIN ITEJarOTMYE€CKUN YHUBEPCUTET
'OV BIIO «Ypaibckas rocy1apCTBEHHAS] apXUTEKTYPHO-XYJ0KECTBEHHAS aAKaIEeMUSD)
I'OY BIIO «Ypanbckuii rocyJapCTBEHHbBIN JIECOTEXHUYECKUN YHUBEPCUTET
'OV BIIO «Ypanbckas rocy1apCTBEHHAs FOPUAUYECKAS aKAIEMUSI»

HoBrkle 0Opa3oBaTeabHbIC TEXHOJIOTHHU B BY3€

[TsaTas MexayHapoaHas
HAay4YHO - METOJIMYECKasi KOH(EepEeHIUsI

4 — 6 depas 2008 .

COOpHUK JTOKJIaJIOB
Yacts 1

ExarepunOypr
2008
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HBIX Y4€OHUKOB, TOCOOMH, MPE3EHTAI[Ml B TECHOM COTPYAHHYECTBE C MPENOaBare-
JIIMHU CTIELIUATIbHBIX TUCLUIUINH.

BrnocnenctBum nostydyeHHbIE 3HAHUSA N0 CIELUAIBHBIM AUCUUILIMHAM IIPEIIO-
JaBaTeI MHOCTPAHHOTO A3bIKAa MOTYT MCIOJIB30BaTh U JUIsl Apyroi padotel. Hampu-
MEp, BBIIIOJHEHNE TEXHUYECKUX NEPEBOAOB IO 3aKa3aM IPOMBIIIIEHHBIX. MOXHO
OCYLIECTBUTh MX U C NPHUBJICUYEHUEM CTYJIEHTOB, YTOOBI OHM OCO3HAJIU BaXHOCTb
U3y4YeHUs] MHOCTPAHHOIO s3bIKa sl Oynymiedl pabotsl. M, KOHEUYHO XKe, BiaJieHHue
IpENoAaBaTeIei NHOCTPAHHOIO SI3bIKA TEXHUYECKUMM 3HAHUSIMHU HE3aMEHUMO IPHU
CONPOBOKJICHUN MHOCTPAHHBIX JIEJIEraliii Ha MPOMBIIUICHHBIE IPEANPUATHS.

HecomHeHHO, MHTErpanus crel. AUCHUIUIMH U HHOCTPAHHOTO SI3bIKA ITOJIE3HA
KaK JUIs CTYyI€HTOB, TaK U JUIsl IPENoAaBaTeNeH.

CapanysoB @.H., Unuaryiaun A.A., ®arkyiaud C.M., @pusen B.J., Capany-
JaoB C.®., JImutpueBckuii B.A.
NCTIOJIb3OBAHUE COBPEMEHHbBIX KOMITBIOTEPHBIX [TPOI'PAMM I1PU
[NOAIOTOBKE MHXEHEPOB HA KA®E/IPE «3JIEKTPOTEXHUKA U SJIEK-
TPOTEXHOJIOTUYECKUNE CUCTEMBI» YI'TY-VIIN, ,

sarapulovin@yandex.ru

'Oy BIIO VI'TY-VIIH

2. Examepunoype

B cmamve paccmompernvi 0cHo8HbIE npocpammmuble Cpedcmed, KOmopvle Uc-
noav3yromces 0l N0O2OMOBKU chneyuanucmos Ha kageope. Cozdan psd yueOHO-
MemoOu4ecKux KOMNIEKCO8 NO MOOEIUPOBAHUIO U pacdemy 21eKmpomexHoIo2ude-
CKUX YCMAHOBOK, a MAK JHce MYIbMUMEOUNHbIX AHUMAYULL 8 UX CcOCmase, NO360JIsI0-
WuUx Ha2nsi0Ho noKazame ycmpoucmeo u npunyun oevicmaus smux ITY. I[Ipusoosam-
csl onucanue 2 naxkemos, Komopwvle UCNOAb3VIOMCs Ol peuleHusl Noaeevlx 3a0ad, d
Mak dce pe3ynomamol peueHuss 00OHOU KOHKPEMHOU 3a0au.

In the paper have been considered basic software, which is being used for
training a technician on the department. It was constructed a number of the training-
methodical complex for simulation and calculation the electrotechnological units
(ETU), and just as a number of multimedia applications, allowing obviously to show
the structure and mode of functioning this ETU. It is equates the definition of two
educational software, in which is being solved a finite element analysis problem, and
just as is proposed the results of the solution the specific one.

Kadenpa snekTtporexHUku u sekTporexHoioruueckux cuctem YI'TY-VIIU B
TEYEHUE JJIUTEIBbHOIO0 BPEMEHU CO3/AET M MCIOJIb3YET KOMIIBIOTEPHBIE METOJHAYE-
CKHE MaTepuajbl MPU NPENOJaBaHUU CIEUUATBHBIX TUCUUIUIMH. JTO OOBSCHSAETCA
BIIOJIHE TOHSATHBIMUA NPUYMHAMU — BO3MOXHOCTBIO HAIJISIIHOTO IPEACTABICHUS
CJIOKHBIX KOHCTPYKUHW 3JEKTPOTEXHOJOIMYECKUX YCTAHOBOK M MPOUCXOASUINX B
HUX TPOIECCOB, a TaKKe HEOOXOJAMMOCThIO 3aMEHbI B OOJIBIIMHCTBE CIIy4aeB JOPO-
rux Quanyeckux 1abOpaTOPHBIX MPAKTUKYMOB MPOCTHIMU, TOCTYIHBIMU U Oe30mac-
HBIMH BUPTYaJibHbIMU. C MIEpex0/10M Ha MOJIrOTOBKY 0aKaliaBpOB 3TOT BUJl U3yUCHUS
AIEKTPOTEXHOJIOTUUECKOTO 000PYAOBAHUS MOXKET OKa3aThCS OCHOBHBIM, TTOCKOJIBKY
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3HAKOMCTBO C PE€aJbHBIM IPOU3BOJCTBOM CBEAETCS B KOHIIE KOHIIOB K 3IM30JHAYE-
CKUM 3KCKYpCHUsSM Ha npoduiabHoe npeanpustue [1].

B mnactosimiee Bpemsi mnpenonaBaTenu Kadeapbl pazpaboTanu  yueOHO-
Meroaudeckue komiuiekcbl (YMK) 1o OCHOBHBIM JUCHUIUIMHAM CHEHHUAIBHOCTH
140605 — DneKTpOTEXHOJOTUYECKNE YCTAHOBKHM M CHCTEMBI: TEOpHUs IJIEKTpOMAr-
HUTHOTO MOJs (B NMPUJIOKEHHUSAX), OCHOBBI 3JIEKTPOHATPEBA, DJIEKTPOTEXHOJIOTHYE-
CKHE YCTAHOBKM M CHCTEMBI, MOAEIUPOBAHUE DIIEKTPOTEXHOJIOTHYECKUX YCTaHOBOK
(OTY), cienmnanbabie DTY, MeTOABI pacueTa JIEKTPOMArHUTHBIX U TEIJIOBBIX MOJICH
[1].

bonbmias yacte pacuetrnsix 010k0B YMK opuentupoBana Ha maketr Mathcad-
2001. [IporpaMmHBIi KOMIUIEKC BKJIIOYAET B ce0s 0TpabOoTaHHBIC HA MpakTUKe (Hop-
MYJISIpBI IJisi pacuera Bcex u3ydaeMblx Ha kadeape DTV [2]. Tak ke co3maH psia
MYJIbTUMEIUMHBIX aHUMAIUK, JEMOHCTPUPYIOMINX pabOTy KOHKPETHBIX CHEIUANb-
Hbix DTV,

JIsis uccnenoBaHus 3JIEKTPOMArHUTHBIX M TEIJIOBBIX MOJEH HEOOXOIUMO MpH-
MEHEHHUE CIIELUATM3UPOBAHHBIX MAaTEMATHUUECKUX IMAKETOB, OCHOBAHHBIX HA METOJE
KOHEYHBIX 3yieMeHTOB. O4eHb HMIMPOKO B 00pa30oBaTENbHBIX IENAX Ha Kadeape uc-
MOJIB3YETCSl OTEYECTBEHHBIM KOHEYHOdJeMeHTHbI makeT Elcut, paspaboTanHbIN
OO0O TOP (r. Cankr-IleTepOypr).

Elcut no3BonsieT pemath claeAyrooIUe THUIbI 3a1a4 (ONPENeNsTh CIEIyIOLue
THIIBI TIOJICH):

1. MaruurocTaTuka (B 3TOi 3a/1aue pacCUUTHIBAETCS MATHUTHOE MOJIE TTOCTOSIH-
HBIX MAarHUTOB, a TAK)KE MMPOBOJIHUKOB C MOCTOSTHHBIM TOKOM B Cpejie C 3a/aH-
HBIMH MarHUTHBIMU CBOMCTBaMH);

2. DnekTpocTaTuka (B 3TOM 3ajjaue pacCUMTHIBACTCS DJIEKTPUUYECKOE TI0JIe 3aps-
JIOB, 33JIaHHBIX 3HAYEHUH NMOTEHIIMAJIA B CPEJIE C 3aJaHHBIMU JIEKTPUUECKUMU
CBOWCTBaMHU);

3. Pacrtekanue TOKOB (B 3TOM 3a/1au€ pacCUMTHIBAECTCS PACIPEACIICHUE DIICKTPU-
YECKOro MOTEeHI[Majla U TOKa B CUCTEMaX MPOBOIHUKOB);

4. MarHuTHoe 1oJie MEPEMEHHBIX TOKOB (pacuéT 3IEKTPUUECKOTO U MATHUTHOTO
1oJ1s1, BO30YKAEHHOTO MPUII0KEHHBIMU IEPEMEHHBIMU CUHYCOUIAJIbHBIMH TO-
KaMH WM BHEIIHUM MarHUTHBIM NIEPEMEHHBIM MOJIEM);

5. TemnepaTtypHoe noJie (pacyéT TeMIepaTypHOro noJjs B Cpesie ¢ 3alaHHOM Ten-
JIOMPOBOJTHOCTHIO M TPAHUYHBIMU YCIIOBUSIMU TIEPBOr0-4€TBEPTOrO pojia B CTa-
THUKE;

6. Hecrauunonaphas Teruonepeaaya (pacuér AMHAMUKH TEIJIOBBIX MTPOLIECCOB);

7. 3agauu TEOpPUH YIPYTOCTH.

[Iporpamma Elcut mo3BossieT Takke MPOU3BOAMTH CBSI3aHHBIE PAcyEThl, T.€.
BBIYMCIICHHBIE MapaMeTpbl B OJHOM 3ajiaye nepeaaTh B JAPYrylo 3a/ady B KauecTBe
UCXOJIHBIX JaHHBIX.

Pacué&Tpl mpou3BOAATCS B JBYMEPHON TJIOCKON MIJIM OCECUMMETPUYHON MOCTa-
HOBKE 3a71a4. B m10cko#l MocTaHOBKE 3a/1a4yu reOMeTpruyecKasi MOJIeb IPeICTaBISET
co0oli cedyeHne OCCKOHEYHO MPOTSHKEHHOW B TUIOCKOCTh YEepPTEX,a CUCTEMBI, B OCE-
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CUMMETPUYIHON — TIOJIOBHHY OCEBOT'O CEUEHUS Tesia BpamieHus. [Ipu 3ToM och CHM-
METPHH PACIIOIaracTcsl Ha JJMHUH ¢ KoopArHAaTaMu 1 = 0.

[Tpu mcnons3oBanuu Elcut mpou3BoauTcst padoTa ¢ pa3HbIMH THIIAMH JIOKY-
MEHTOB: 33J]a4l, TEOMETPHUYCCKUE MOCITH, OMOIMOTEKN CBOWCTB MAaTCPUAIIOB H JIp.
Kaxxaplii JOKyMEHT OTKpBIBACTCS B CBOEM OKHE BHYTpPH IIaBHOTO okHa Elcut.

OMHOBPEMEHHO MOYKHO OTKPBITH JH000€ KOJIMUYECTBO JIIOOBIX OKOH. Ilepexoms
U3 OKHA B OKHO, ITPOM3BOIUM TIEPEKIIFOUEHUE C OJTHOTO JOKYMEHTa Ha Apyroi. Tob-
KO OJIHO OKHO B Ka)KJIbIii MOMEHT BPEMCHH SIBJISICTCS aKTUBHBIM. MOKHO M3MEHSTH
CoJiep)KaHUEe aKTUBHOTO JJOKYMEHTA, MCIIOJIb3Ysl MMO3UIIMH MEHIO, PacroI0KEHHOTO B
MeHIo riiaBHoro okHa Elcut. ConepikaHne MEHIO pa3iMyHO JJIs TOKYMEHTOB pa3iind-
HBIX THIIOB.

[TocienoBaTeIbHOCTh BBIMIOJHEHUS PAcu€TOB B OOIIEM BHJIE BBITJISIINT Clie-
TYIOIIAM 00pa3oMm:

co3zanue (aiioB 3aaun, CBOICTB U FTEOMETPHUH C TOMOLIbIO MacTepa;
CO3/1aHHE MOJIENH;

CO3JaHue METOK OJIOKOB, p€0ep U BEPILINH F€OMETPUUECKON MOJIENH;
MOCTPOCHNUE KOHEYHO-3JIEMEHTHON CETKHU;

pelleHue 3aJaud ¥ aHaJINU3 Pe3yJIbTaTOB PELICHUs.

Nh W=

Pesynbrartel pacdyera NmpeACTaBIAKOTCA B JOCTATOYHO MOHATHOW W TOJHOMU
dopme st onmpeneneHHOro Tumna 3aaad. Ha puc. 1 npencraBiieH pe3ysiabTaT OJHOIO
Y3 pacyera dJIEKTPOMArHUTHOrO MOJIS B MHAYKIIMOHHOM TUTEIIbHOM II€YU C MPOBOIS-
UM TUTJIEM.

MaoTHocTs TokS
incrw, (10°%8v%)

1660
1.404

1248

1092

0.938

0.780

] o

0468

0312

0156

0.000

MacwTrab 8mm.

Puc. 1. Kapmuna nons 6 nakeme Elcut

OdyeHb Ba)XXHOW 3aJjayeil Ha CETOJHSIIHUYN JIEHb SIBIIAETCA Mpoliema pacyera
MOJIsS CKOPOCTEH B paciuiaBax MeTajuia B 00JIaCTU JCHCTBUS AJIEKTPOMAarHUTHBIX TO-
neil. Takue pacdeTbl MO3BOJISIET MPOBOAUTH OoJiee coBepieHHbI maketr COMSOL
Multiphysics Femlab. B nacTosiiiee BpeMsi COTpyIHUKaMU U aciMpaHTaMu Kadeapsl
BEIyTCsl pabOTHI 10 OCBOCHHIO ATOTO TAKeTa C IEIbI0 €ro NaJbHEHIIIeTO BHEIPEHUS B
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nporpammy oOyuenus. IIporpamma COMSOL Multiphysics Femlab ocnoBana na
cucreMe MU GepeHNATBHBIX YPaBHEHU B YaCTHBIX MPOU3BOAHBIX. CylIecTByeT
TPU MaTeMaTHYECKUX CIIOCc00a 3aJaHNsI TAKUX CUCTEM:

o Koaddurmentras dhopma, npeaHazHauYCHHAS )11 JUHEHHBIX U OJIU3KUX K JIU-
HEWHBIM MOJE/EH.

e ['eHepanbHas ¢opma, 11 HETUHEHHBIX MOJIETIEH.

e (Cmabas popma (Weak form), miis mogneneit ¢ PDE (partial differential equation

— muddepeHImanbHOe ypaBHEHUE B YACTHBIX TIPOU3BO/IHBIX ) HA TPAHUIIAX,

pebpax uiu Jj1st MOZEJeH, CIIOJIb3YIOIIUX YCIOBUS CO CMEUIAHHBIMU U MPO-

M3BOJHBIMU IO BPEMEHH.

Hcnonb3ys 3Ti criocoObl, MOKHO U3MEHSIThH TUIIBI aHATIN3a, BKIIIOYAs:

CranuoHapHbIii U IepEeXOHbIN aHATU3.

JIMHEWHBIN U HEJTMHEWHBIN aHaIU3.

MoanbHBIN aHAJIN3 U aHAJIN3 COOCTBEHHBIX YacTOT.

Hns pemienuss PDE, COMSOL Multiphysics ucnonb3yeT MeToJ KOHEYHBIX
sanementoB (FEM). IlporpamMmmHoe oOecrnieueHue 3amycKaeT KOHEYHORJIEMEHTHBIN
aHaJIM3 BMECTE C CETKOM, YUMTHIBAIOUIEH I€OMETPUYECKYI0 KOH(UIypaluio Tel, U
KOHTPOJIEM OIIUOOK C UCIIOJIb30BAaHUEM Pa3HOOOPA3HBIX YUCIEHHBIX pertarenei. Tak
Kak MHorue (hu3mdeckue 3aKoHbl BbipakatoTcs B opme PDE, cranoBuTcs Bo3MOX-
HBIM MOJICJIUPOBATH IIUPOKUN CHEKTP HAYYHBIX U MHKEHEPHBIX SIBJICHUN U3 MHOTHX
oOnacteil (pU3MKH, TaKUX KakK: aKyCTHKA, XMMUYECKHE peakiuu, Auddy3us, dJeK-
TPOMAarHeTusM, THIPOJUHAMUKA, (QUIBTPOBAHME, TEIIOMACCONEPEHOC, ONTHKA,
KBaHTOBasi MEXaHWKa, MOJIyIIPOBOJHUKOBBIE YCTPOMCTBA, COMPOMAT M MHOTHX JIpY-
THX.

Kpome BbllIE MEepedrcIIEHHOr0 NporpaMMa MO3BOJISIET € IMOMOIIBIO IEPEMEH-
HBIX CBSI3M COCIMHITH MOJICIH B Pa3HBIX TEOMETPUAX U CBA3BIBATH MEXKIY COOON MO-
JIETI Pa3HbIX Pa3MEPHOCTEM.

JUis co3nanust M pacyeTa 3a/layd peKOMEH]IyeTCsl CIeAyollasi Mociae10BaTeNb-
HOCTb JCUCTBUU.

1. BriOupaem pazMepHOCTb MOJENH, onpenessieM pusndyeckuit pazaen B Hasura-
Tope Mojeliel (KaKIoMy pa3Jielly COOTBETCTBYET omnpeaesieHHoe nuddepen-
MaIbHOE YPaBHEHHUE) U OINPEACIIIeM CTallMOHAPHBINA UM HECTAIlMOHAPHBIN
aHaJIM3 TEMIIEPATYPHOTO MOJIA.

OmnpenensieM pabouyro 00JacTh U 337]a€M T€OMETPHUIO.

3a1aéM NCXOIHbIE JAHHBIE, 3aBUCUMOCTH IIEPEMEHHBIX OT KOOPJAUHAT U Bpe-
MEHH.

VYka3bpiBaeM Teruio(pu3ndecKkre CBOMCTBA U HaYaIbHbIC YCIOBHUSL.

VYka3pIBa€M I'paHUYHBIE YCIOBHUS.

3aaém rmapaMeTpsl U CTPOUM CETKY.

OmnpenensieM mapaMeTpsl PELIAOIIET0 YCTPOMCTBA U 3aITyCKAaeM pacyer.
HacrtpanBaeM pexum 0ToOOpakeHuUs.

[Tonydaem pe3ynbTaThl.

Rl

WX
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Ha puc. 2 npencrasiensl pe3yiabTaThl pacueToB B nakere Femlab Toit xe 3ama-
4n, KoTopas Obuia pemeHa B makete Elcut. Kak BugHO, pe3yabTaThl pacueTa MarHuT-
HOTO TIOJISl TIPAKTUYECKU COBITAJAIOT, HO MPH HCIOJIH30BAHUU BTOPOTO MAaKeTa OT-
KPBIBAETCSI BOBMOKHOCTh HMCCJICIOBATh M PAIlMOHAIBLHO (OPMHUPOBATH MOJIE CKOPO-
cTell B 3arpy3ke IiaBwibHOW neun. ClieyeT TakKe OTMETHUTh IUPOKUE BO3MOXKHO-
CTHU TIaKETOB 10 BU3YallM3allU PEe3yIbTaTOB HCCIICAOBAHMUS, YTO O0JIeryaeT moHnMa-
HHUE CTYJCHTAMHU CIIOKHBIX (PU3UUYECKUX TPOIIECCOB, MPOUCXOSIINX B COBPEMEHHBIX
JIEKTPOTEXHOJOTHYECKUX YCTAHOBKAX.

Maw: 1 S67e6 MNosepxHocTe: Mone ckopocTed  CTpenks: MNone ckopocTel Mz 00402
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Puc. 2. Pesynomamwi pacuema 6 nakeme Femlab. a - anexkmpomacnummusiii pacuem, 6
- pacyem noJis ckopocmetu
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