Munucreperso obpasosanns i naykn Poceniicxkoi depepanun
dezepaibHOE TOCYIAPCTBEHHOE G10/DKETHOE 00pa30BaTEIbHOE YIPEHKICHUE
BBICIIEr0 oOpa3zoBaHus
«BaaguMupeknii rocy1apcTBeHHbI yHHBEPCHTET
umenn Anexcapapa I'paropsesnya u Hukosasn I'paropsesuia CT10/1€TOBBIX»

(BaIy)

P D
69:!33"“]'0“!."
F T 08 eopiuTer g i
Ol %K g e, M, © R
F & e -5,7,-]-;- %

v S

A.A. [landunos
2016 .

PABOUYASI TIPOI'PAMMA JIMUCIHUTIJIMHBI

TIporpammuoe obecriedenue JUis 3a/1a4 MaTeMaTHYeCKOH PUIMKH B ICKTPOIHEPIeTHKE

Hanpasnenue noarotoskn: 13.03.02 DnekTpodHEpPreTHKa H JICKTPOTEXHAKA
[Ipogus noAroTOBKH: DNEKTpOCHAOKEHHE
Yposens Beicinero obpazopanus: OakanaBpuar

®opma o0yueHHs: O4HAs

Cemectp | Tpymoémxocts, | Jlexmwmii, | Ilpaxruy. Jla6. | CPC, | ®opma npome-
3ad4. ej1./ Jac. Jac. 3aHaTHH, | paboT, | Yac. | JKYTOYHOrO KOH-
gac. qac. Tpous (3k3/3a4€T)
4yeTBEPTHIH 5/180 36 18 90 Dk3ameH (36)
Uroro 5/180 36 18 90 Dk3amen (36)

Bnagumup — 2016



1. IIEJIM OCBOEHU S AUCHUTIIJIAHBI

[lestMU M3ydEHHS JIMCUMILIMHBI SBISIOTCS: W3Y4CHHE MAaTEMaTHYecKoro nporpaMMHoOro
obecneuenns I1K, npeaHa3HadyeHHOro JUIA PEHICHHA 3a/1a4 MareMarnyeckoi GHU3MKH B 3JIEKTPO-
TeXHUYECKUX pacuérax; (POpPMHPOBAHHE TOTOBHOCTH Y4ACTBOBATh B MCCICNOBAHHH OT/CIBHBIX
KOMITOHEHTOB CHCTEM 3JIEKTPOIHEPIeTHKH M DJICKTPOTEXHHKH.

Heo6X0MMOCTh B PEIIICHUH 3a/1ad MATeMAaTHYECKO#H (HU3HKH MOXKET BOSHHKATH IPH TIPOCK-
THPOBAHMH DJIEMEHTOB YCTPOHCTB 3JIEKTPOTEXHHKH H OJICKTPOIHEPTETHKH Ha [IPOCTPAHCTBEHHO-
pacipe/IeNiEHHOM yPOBHE (T.¢. Ha ypOBHE (PH3HUCCKUX noneit) B 1D, 2D, 3D pacuétnbix 00nacTax
npoctpanctsa. Takoe 10 ocobenno HEOOXOIHMO B Ciydae CIIOXKHOI reomerpuyeckoif Gopmel
NPOEKTHPYEMOTO WIIH AHAIM3HPYEMOro yCTPOHCTBA NPH HEOJHOPOIHOM NPOCTPAHCTBEHHOM pac-

Tpe/ie/IeHHH TapaMeTPOB JIEKTPOPH3HICCKHX CBOHCTB MaTePHATIOB.

2. MECTO JUCLUMILJIMHBI B CTPYKTYPE OIIOII BO

Jincnmmymaa «IIporpammuoe obecrieuenne Juisl 3ana4 MaTeMaTH4eCKOH (PHU3HMKH B 3JIEKTPO-
SHEPreTHKE» OTHOCHTCS K BAPHATHBHOM YacTH JMCIHMIUIHH yueGHOro njaHa HanpasJeHHs MOAro-
TOBKH 0aKanaBpoB «DJIEKTPOIHEPIETHKA U DIICKTPOTEXHHKA» JUIA npoduist «DIeKTPOCHAOKEHHEN
(610x B1.B.JIB). Jluciumnixza JOrHYecKH H COIEPKATEIbHO- METOAMYECKH TECHO CBSI3aHa C PsJIOM
JPYTHX JMCIUILIHH yueOHOro riaHa.

Jlucrmmumansl «Beicimas marematukay, «HGOPMAIHOHHBIC TEXHOJIOTHH B IPOCKTHPOBAHMH
W3IEITHil TeXHUKHY, «BBIUMCIHTEIBHBIE METOJIBI B DJIEKTPOTEXHHYECKHX pacutrax» (opMHpYIOT
HEOOXOMMBIE JUIs PEIICHHS 3a1a4 MaTeMaTHIeckol Gusuku crnocoOHOCTH K 0000IIEHHIO W aHAJTH-
3y WH(OPMAIHH, HABBIKH IOCTAHOBKH 1IE/H H BbIGOpa myTeil €€ NOCTHKEHHS; TOTOBHOCTL HCHOJIL-
30BaTh KOMITBIOTED KaK OIHO M3 CPEJICTB OCBOCHHs HOBOH JIMCIATUIHHEL crnocoOHOCTH MaTeMaTH-
HeCKOro AHAIM3a M MOJIETMPOBAHHS MEKTPOMATHATHBIX H IPYTHX (PU3HYECKUX NOJIEH; FOTOBHOCTE
BBLISBHTH HH(OPMAITHOHHYIO OCHOBY AJIIOPHTMHYECKON peaiH3aluy YHCICHHBIX METO/IOR, MPHME-
HSEMBIX NIPH PELICHHH 3a/1a4 3JIEKTPOTEXHHKH H 3JIEKTPOIHEPreTHH.

K umcny juciamms, naubosee TecHO cBasanubixX ¢ «lIporpaMmuoe obecrnieueHne Ui 3a1a4
MatemaTHueckoii pusuku B anekrposneprerukey (IIO3M®I), oTHOCHTCS «TeopeTH4eCKHE OCHOBBI
snextporexuukny» (TOD), mepsas yacTh KOTOPOH Oblia M3yueHa CEMECTPOM paHee, a Bropas JacThb
u3yudaercs napauiensho ¢ [103M®@3. B pesysibraTe 0CBOCHH TOD crynentsl nprobpeTaloT Heod-
XOJMBIE JUIsi H3Y4eHHs CBOMCTB OOBEKTOB 3JIEKTPOTEXHHKH H HJICKTPOIHECPIETHKH H aHAIM3A HX
PEXHMOB 3HAHHMSI OCHOBHBIX [OHSTHIi H 3aKOHOB TCOPHH JJIEKTPHYECKHX H MarHMTHbIX nenei. B
pesynsrare mayuenus [TO3sM®PD cTyIeHTHl 0BJAAAEBAIOT HAYATLHBIMH TEXHOJIOMMSAMH BBIYHCIIH-
TeNBHOr0 MATEMATHUECKOIO MOJIEJIMPOBAHHS CBOMCTB OOBEKTOB 3JICKTPOTEXHHKH H JJICKTPOIHED-

IeTHKH HA TPOCTPAHCTBEHHO- paCHpeﬂCHéHHOM YPOBHC.



3HaHUA ¥ YMCHHS, TOJIydaeMble B X0Je H3yueHus Jucuuiuimabl [I0sM®D ciyxar Hasoii
JUIS TIOCHEYIONIEro M3y4eHHsi TakuxX muciumme xkak TOD (wacts 3), «DNeKTpOMEXaHHKaY,

((BﬂeKTIJOMaI‘HHTHEUI COBMECTHMOCTD B JJIEKTPO3HCPICTHKEY, «Kabenbnbie u BO3QYIIHBIC JTHHHHY.

3. KOMIIETEHIIMU OBYYAIOLIETIOCsl, ®OPMHUPYEMBIE B
PE3YJBTATE OCBOEHHUSA JTUCHUIIJIMHBI

B npouiecce 0CBOSHHUS JAHHOI JHCINILIHHBI CTY/IEHT GOPMHDPYET U JISMOHCTPUPYET Clie-
JYIOIIHE KOMIIETEHIIHH:

3HaTk:

U obnagars crioco0HOCTHIO K camoopraiusaiiu 1 camoobpasosanuio (OK-7);

W obnajsark crocoGHOCTHIO NPHMEHATH COOTBETCTBYIONIMH MareMaTHYeCcKHii anmapar, Me-
TOJIbI AHAKM3A W MOJIE/IHPOBAHKS NIPH pelleHH npodecconanbHbix 3anad (OT1K-2).

YMmers:

OCYIIEeCTB/IATH TOUCK, YHCICHHYIO 00paboTKy M aHann3 HHGOPMALWH C HCHONL30BAHHEM
koMnbioTepHbIX TexHonorui (OITK-1);

[IpuMenssi METO/bI MATEMATHYECKOIO BBIYMCIHTEIBHOIO MOJICMPOBAHHUS ONPECIATE I1a-
paMeTpEl CBOHCTB 00BEKTOB eKTpoTeXHukH | anekrposnepreTuku (ITK-5);

MareMaTH4ecKH MOJIEMpPOBAaTh M PACCYMTHIBATE YCTAHOBMBIIMECS PEKHMBI OOBEKTOB
MEKTPOTEXHHKH H 3jiekTpoanepreTuky (I[TK-6) Ha npocTpancTBEHHO- pacnpe/leIEHHOM YPOBHE.

Bnaners:

MeTo/aMH aHAIK3a ¥ MAaTeMaTHYeCKOro MOJEJIMPOBAHHMS IPH peIleHHH NpopecCHOHATb-
ueix 3aaa4 (OI1K-2);

MeToaaMH MaTeMaTH4YeCKOro BBIMHCIIHTEILHOIO MOJIEIHPOBAHMSA Ul ONpPENCICHHUs Mapa-
METPOB CBOHCTB OOBEKTOB NIEKTPOTEXHHKH M JIEKTPOIHEPreTHKH (TIK-5), a Taxxe ans pacyéra
PEKHMOB 0OBEKTOB IEKTPOTEXHHKHM H d7ekTposHepreTrkH (I1K-6) Ha mpocTpancTBeHHO- pacipe-

JIeNIEHHOM YPOBHE.



4. CTPYKTYPA U COAEP)KAHUE JUCIHHUIIIUHbI

O61mast TPYI0eMKOCTh JIHCIMIUTHHEI COCTABIISET 5 3a4eTHBIX euHuLl, 180 yacos.

Buabl yueGnoit paGoTsl, BiJio4as O6bém | Dopmbl TeKy-
CamMOCTOATENbHYIO paboTy CTY/IGHTOB Y4EOHOH | IIEro KOHTpO-
- M TPY/I0EMKOCTb (B Hacax) paborsl | s ycrneBaemo-
E = ¢ npume- CTH
Ne Paszen (rema) g- % g é E HEHHEM (no nedensm
= = 2 ] UHTEpaK- cemecmpay),
n/n JIMCHHTLUTHHBI 5 = < |@ o a
&) 3 = Y |2 .| 2 ) & THBHBIX (dhopma nipo-
g 2 |8 E|&E| £ | & | = | Meronos | MexyrouHow
SE || B 2
8 (Buacax/ | aTTecTallH
2 '~§ E- %) (no cemecm-
= F | & paw)
1 | Knaccudukaums
ypaBHEHHH MaTema-
THYECKOH (PH3HKH
(amddepermansipix | 4 | 1,2 | 4 2 6 2/33%
ypaBHEHHH B 4acT-
HBIX TIPOM3BOJIHBIX
(PDE))
2 | Kparkwii 0630p
CAE-cucrem Juis
penicsms SR\aNMa | 4 | 3 | 2 1 6 1/33%
TeMaTH4ecKol (hH3u-
KM B @aHAJIH3€E H MPO-
eKTHPOBAHHH
3 | BeeneHue B cHCTEMY
KOHEYHO- JJIEMEHT-
HBIX pacuEéToB 4 4 2 1 6 1/33%
COMSOL
Multiphysics
4 | Haubonee BaskHbie
3/IEMEHTBI MOCTPOH-
Tess MOJETH B 4 5 2 1 6 1/33%
COMSOL
Multiphysics
5 | Cpencrsa reOMeTpH-
YECKOro MOJIENHPO- 0 peHTHHT-
sanus 8 COMSOL ! § < I ° s KOHTpOJIb
Multiphysics
6 | Tunbl nepeMeHHbIX B 5
monenn COMSOL ! ! s : 6 L33
7 | Tunel MmaTepHanbHbIX
noaobnacrei pac- 4 8 ’ | 6 1/33%
uérHoi obnactu B
1D, 2D, 3D
8 | 3ananue marepHab-
HBIX CBOMHCTB Moao6- | 4 9 2 1 6 1/33%
nacreii
9 | Onpenenenue pe-
1AEMOH CHCTEMBI 4 10 2 1 6 1/33%
PDE, rpaHH4HBbIX H




HaYaJIbHbIX YCIOBHH

10 | Haubonee BakHbIE - )
ONepaTopbl HENO- 4 | 11| 2 1 6 1/33% pri

- KOHTPOJ1b
KallbHBIX CBsi3ei

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

KH

12 | Haubonee BaxkHbie

g%“ﬁgegt B 4 | 14 | 2 I 6 1/33%

Multiphysics

13 | 3anyck Moae/d Ha

E%“ﬁg‘&" 4 | 15 | 2 1 6 1/33%

Multiphysics

14 | OcuoBbl  MOCTNPO-
ueccopHoii obpabor- | 4 | 16,17 | 4 2 6 2/33%
KM peLieHHs

15 | Busyanuzanms B
COMSOL 4 18 2 1 6 1/33%

Multiphysics

peTHHI-
KOHTPOJIb

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

TemaTuka 1a00paToPHBLIX 3aHATHH

1) Ananus u obcysxienne KIacCH(PUKAMOHHBIX IPH3HAKOB YPaBHEHHH MaTeMaTH4ecKoi (u-
3MKH 110 JIMHEHHOCTH, CTAIHOHAPHOCTH, MAKCHMAILHOMY IOPSIAKY [MPOCTPAHCTBEHHBLIX H BPEMEH-
HBIX JH((epeHIMaTLHEIX ONIEPATOPOB, PA3MEPHOCTH NPOCTPAHCTBEHHON pacuéTHOl obnacTH, 21
JIMIITHYHOCTH, NapaboMYHOCTH ¥ runepbomudnocTy. (2 yaca).

2) Usyuenne ¢ momopio Internet-pecypcoB XapaktepicTHk H BosmoxHocted CAE-cucrem
JUIS pElIeHMs! 33184 MaTeMaTHYeCKOH (DM3HKH, IPUMEHAEMBIX B aHAJIM3e W MIPOCKTHPOBAHHH H3/1e-
nuit TexHukH (1 gac).

3) 3HAKOMCTBO C CHCTEMO#M KOHEYHO- ieMeHTHBIX pacuéroB COMSOL Multiphysics u e€ un-
tepdeiicom (1 yac).

4) 3uakoMcTBO ¢ Hambosnee BaKHBIMH dneMeHTaMu mnoctpontens mozxendn B COMSOL
Multiphysics (1 1ac).

5) TlocTpoeHne reoMeTpHUECKMX Mojelell pacuérnbix obnacreit B nakere COMSOL
Multiphysics (1uac).

6) Cosmande ¥ ONpeJeNeHHE pasMYHBIX THIIOB mnepemeHHbIX B Mozensx COMSOL
Multiphysics (1 gac).

7) 3amanne mapaMeTpoOB MaTePHAIBHBIX CBOHCTB nojo6nacTel pasmununoil pasmeproctd B 1D,
2D, 3D pacuérabix obnactsx (2 uaca).

8) HanonHenue reoMeTpHYECKH OCTPOCHHBIX Pacu€THBIX 06acTell ypaBHEHHAMH MaTeMaTH-
yeckoil pU3MKKM M rpaHUYHBIME yenoBusMH (1 Hac).

9) Co3janue onepaTopoB HenokanbHbx es3eil B Mozensx COMSOL (1 uac).




10) Ynpa)kHeHHs 110 MOCTPOSHHIO KOHEYHO- JIEMEHTHBIX CeTOK (2 4aca).

11) Ananus u Beibop pewmareneii B COMSOL- mozenu (1 wac).

12) [Monnoe noctpoenne COMSOL- mozeneii ¢ 3amyckom pemenuii (1 gac).

13) OrpabGorka aeiicTBHii 1Mo nocrinponeccopHoii obpaborke nonydaemeix pemenuit PDE (2
yaca).

14) Busyaymsanms NpocTPaAaHCTBEHHBIX PACIpeIeIeHHH MOJIeIMpYEeMBIX (H3HYecKuX mosei (1

qac).

CamocrosiTeJibHasi padoTa CTy/IeHTOB
CamocTositenibHasi paboTa CTy/IEHTOB NPElyCMATPHBACT CAMOCTOSTEIBHYIO IOJNOTOBKY 110
cbopy, cucremaruzaunu U oOpaboTke MarepHana U3 NPEUIOKEHHOIO CIUCKA JHTEPATyphl (M 10-
MOJNHUTEIBHONW JIMTEPATYphl), JIEKIIMOHHOTO Marepuaia, K J1abopaTOpHBIM 3aHATHAM, PEHTHHI-
KOHTpoO, Sk3ameny. Ciofla BKIIOYAETCA TaKKe CAMOCTOATEILHOE BBINOJIHEHHE PacyETHO-
rpaduyeckoii paborsl (PI'P). YueGubiM mianoM nmpeycMOTpeHa ojHa pacuérHo- rpaduueckas pa-
6ora Ha Temy «KoHeuHO- 37IeMEHTHOE MOJICIIHPOBAHNE NOBEPXHOCTHOTO 3(dexTa B Kpyriom mpo-

BOJIEY.

5. OBPA30OBATEJIBHBIE TEXHOJIOI'MH

Jlek1MOHHBIE TTPOBOIATCS B AYJAUTOPHAX, 000PY/IOBAHHBIX KOMIIBIOTEPAMH, JIEKTPOHHBIMH
POEKTOPAMH, YTO I1O3BOJISET COYETaTh AKTHBHBIE H HHTEPAKTHBHBIC (JOPMBI IPOBEICHHS 3aHATHI.
Urenue nekuuit CONpPOBONKIAACTCS JIEMOHCTpAIHEH KOMIIBIOTEPHBIX CIAMI0B, KOMIUIEKT KOTOPBIX
COIEPXKHTCS B JNEKTPOHHOM IPHIIOKEHHH K paboueit nporpamme. JlaBopaTopHbie 3aHATHA MTPOBO-
nares B KomnbiotepHoM Kinacce 519-3. MatepaktuBHbie GOPMBI — KOMIBIOTEPHEBIE CHMYJISINH, A
TaKKe pazdop CHTYallHil, CBA3aHHBIX C W3MEHEHHEM MCXOJHBIX JIAHHBIX pemaembix 3anad. Kom-
TPOJIb TEKYLIEH YCIIEBAEMOCTH H CaMOCTOSTEIbHOM paboThl CTY/IGHTOB IIPOH3BOAMTCA B (hopMme oIl
pocos. [TepeyHH KOHTPOJIBHEIX BOIPOCOB IPEACTABICHBI HHXKE.

B pamkax yueGHOro Kypca ImpeiyCMOTPEHbl BCTPEYH CO CIEeHHalIHCTaMH, paboTaloNHMH B

00s1acTH ANEKTPOIHEPTETHKH H DIIEKTPOTEXHHKH.



6. OLIEHOYHBIE CPEJCTBA JUISI TEKYIETO KOHTPOJISI
VCIHEBAEMOCTH, TIPOMEKYTOYHOM ATTECTALIAM 110 UTOT'AM
OCBOEHMSI TUCHUILIMHBI H VYEBHO-METOIMYECKOE
OBECINEYEHUE CAMOCTOSITEJBHOW PABOTHI CTY/JIEHTOB

6.1. Bonpocsl no pasae/iaMm nporpaMmsl IJisi IPOBeJeHHsA TEKYIIEro KOHTPOJIsi
Pefitunr- koutpons 1.
1. Kak xnaccnpummpytores PDE no muneitnoctn? Yro o3Hauaer 3107 KiaccH(pUKAIHOHHBIA TTpH-
3HAK?
2. Kak knaccupuuupyrores PDE no craumonapuoctu? Yro o3Hauaer 3TOT KiacCH(UKAIMOHHBIH
npu3HaK?
3. Kak knaccuduuupytoress PDE no mMakcuMaibHOMY MOpPSJIKY IPOCTPAHCTBEHHBIX M BPEMEHHBIX
JupdepernmanbHeIX onepatropos? Uro 03HavaoT 3TH KnaccH(UKAIMOHHbBIE IPAZHAKH?
4. Kak xnaccudpunmpyiores PDE mo pasmeprHocTH npoctpaHcTBeHHOM pacuéTHoi obnactu? Yro
03HA4aeT TOT KiaccHPUKAIMOHHBIH NpHU3HAK?
5. Kak xnaccuduumpyrores PDE no sjumntuyaHocTy, napaboiMYHOCTH B rHIepOoInIHOCTH ?
6. Kak Beirysiaut 0o6o6ménnas koadduumentuas dopma PDE s neognopoauoi cpeasi?
7. Kax oirnsaut o606ménnas nuseprentas ¢popma PDE st HeoguopoaHoii cpejibi?
8. B uém 3akmouaeTcs CyIHOCTb MPOSKIHOHHBIX METOOB B3BEIIEHHBIX HEBA30K?
9. Kax Beirsiat ocnabniennas npoekuuonHas ¢popma PDE s neogHopoaHol cpeasi?
10. Jlnst wero npennasHaven nporpamMmubii kommuieke COMSOL Multiphysics?
11. Yro npencrapnsier coboit nmocrpoutens mojenn B COMSOL Multiphysics? Kakue nacrpoeu-
HbIE NIApaMeTPbl HMEeT KOPeHb IOCTpouTeisn?
12. Yro takoe komnonenT COMSOL- mozenu ¢ Touku 3penus knaccupukaimn PDE?
13. M3 xakux noapaz/iesioB COCTOUT rodanbHblif pa3aen nocrpourteis? KakoBo ux HazHavyeHue?
14. Kak cosnatores u pegaktupyiores napamerpsl COMSOL-monemu? KakoBo ux naznavenue?
15. Kak cosnatorcs W penakTupyiorcs riobanbHble noiwb3oBarenbekue nepemernsle COMSOL-
Mojienu?
16. Kak co3paiorest M pejakTupylorest riobajibhele pyHkuuoHanbHble 3asucumocts COMSOL-
MozenH?
17. Kaxue THIBI QyHKIIHOHANBHEIX 3aBHCHMOCTEH 1O UICPIKHBAIOTCS MOCTPOHTEIEM MOIEIH?
18. Kakue HacTpoe4HbIe apaMeTpbl HMeeT KopeHb Komnonenta COMSOL-monenun?
19. U3 kakux nospaszaenoB coctout kommnoneHT COMSOL-moenu?
20. Kak co3iatoTesi ¥ pelak THPYIOTCS 110J1b30BaTeNIbCKHE TEPEMEHHBIE KOMIIOHEHTHOTO YPOBHSI?

21. Kak co3atoTest B pelakTHPYIOTCs (DYHKIIHOHAIBHBIE 3aBHCHMOCTH KOMIIOHEHTHOIO YPOBHA?



22. Kak co3/1ai0TCs B peJIak THPYIOTCS ONIepaToOpbl HEJIOKAIBHBIX CBA3€H KOMIOHEHTHOIO YPOBHA?
23. Kak co3/ai0Tcs ¥ pelakTHPYIOTCS KPYTOBBIE F€OMETpHYECKHE 00beKThI?
24. Kak co3/ialoTesi ¥ peJak THPYIOTCA UTHIITHYECKHE T'€OMETPHYECKHE 00BEKThI?
25. Kak co3JiaioTest 1 peJak THPYIOTCS PSAMOYTOIbHBIE FeOMeTpHYECKHE 00bEKThI?
26. Kak co31ai0Tcs ¥ pelakTHPYIOTCS KBaJIpaTHBIE FeOMETPHYECKHE 00BeKThI?
Peittunr- kouTposs 2.
1. Kakue THIBI 110JIb30BATENLCKUX NepeMeHHBIX nouiepkuBatotes B COMSOL Multiphysics na
KOMIIOHEHTHOM ypoBHE?
2. Yro Takoe He3aBMCHMBbIE MEPEMEHHBIE H KaK OHM CBS3aHbl C PA3MEPHOCTBIO pacdyéTHOM obsacTH
B COMSOL Multiphysics?
3. Kakne TMnsl MaTepHaibHBIX nojgobaacted MoryT cymectBoBarh B 1D pacuérnoii obnactn?
4. Kakue THIIBI MaTEepHATBHBIX TI01001acTel MOryT cyuiecTBoBath B 2D pacuérHoii obnactu?
5. Kakue THIBI MaTepraibHbIX rojobnacreif MmoryT cymecrsoBath B 3D pacuérnoii obnactu?
6. Kaxoii cMpicn umeet 0D monenuposanue?
7. Kak nobasnsiercs (pusnko- Marematuieckuit uurepdeiic k komrnonenty COMSOL- motenu?
8. Uro takoe 3aBucumbie nepemennsle? Kak penaktupyercs ux cocras? Kak pepaktuposarh Clu-
cok mojobnacteii, B KOTOPLIX (HU3HKO- MaTeMaTH4YeCKuil nuTepdeic akTHBeH?
9. M3 kakux mojpaszienos MOXKET COCTOAThL paszen (pu3uko- MateMaruueckoro unrepdeiica B Io-
crpoutesie Mozenu? Kak ynpasiisiTe COCTABOM THX 10Jpa3iesion?
10. Kak MOKHO yIpaBiSTh pacipele/IeHHeM IPAaHUYHBIX YCIOBHIl 0 TPAaHUYHBIM CETMEHTaM pac-
uérHoii obnacTn?
11. Kak M0okHO co3jiaBath H pelakTHpoBaTh pEOEpHbIE M TOYEUHBIE HCTOYHHKH MOJEIHPYEMOro
(uznyeckoro nons?
12. Berpoennbie riobaibHEIE IIEpeMEHHBIE: BpeMsi, 4acToTa, (aza, yucio crenenei csobopl.
13. T'eomerprueckue nepemenusie B COMSOL-mozensx.
14. Tlepemennsie pynxuuii popmer B COMSOL-Mozensx.
15. Berpoennblie uzndeckne konctantsl B COMSOL Multiphysics.
16. Berpoenusie Gpynkian 8 COMSOL Multiphysics.
17. Tunsl onepaTopoB HemokanbHeX cesaseit B COMSOL Multiphysics.
18. Kak co31aioTcsi 1 peIakTHPYIOTCS NOJIb30BaTEIbCKUE NIEPEMEHHBIC, HMEIOIHE pasHbIe onpejie-
JISIFOLIME BBHIPAKEHHs B pa3HbIX 30HaX pacuéTHoM obmacTu?
19. Kak co3/ai01csi ¥ pelakTHPYIOTCS NOJIb30BaTe/IbCKHE IEPEMEHHBIE, HMEIOIHE Pa3HBIE Onpe/e-
JISIONIHE BBIPAKEHHsI HA Pa3HbIX FPAHMYHBIX CErMEHTax pacuéTHoi obnactu?
20. Kak co3zaioTes H peakTHPYIOTCS 10JIb30BATEILCKHE IIEPEMEHHBIE, HMEIOIIHE Pa3Hbie Onpe/ie-

JISFOIIHE BBIPAKEHHUS HA pasHBIX péOpax pacuéTHol obnactu?



21. Kak co3/aioTest H peJakTHPYIOTCS 110J1b30BaTEILCKHE NIEPEMEHHBIE, HMEIOIIHE Pa3HbIe OIpejie-
JISIOLIHE BHIPAYKEHUSI B Pa3HBIX BepIInHaX pacyéTHoi obmactn?
22. Kax 3ajnasats paszusie PDE B pazneix 3onax pacuérnoii obmactu?
23. Kak 3az1aBaTh pa3Hble rpaHHYHBIE YCIIOBHS B Pa3HBIX TPAHMYHBIX CErMEHTaX pacuérHoi obmac-
TH?
24. Kak co3natorest ¥ peJlak THPYIOTCS HHTEIPHPYIOIIME orepaTopsl?
25. Kak co3aaioTest 1 peJlak THPYIOTCS YCPEAHSIOIHE OnepaTopbi?
26. Kak co3zaioTcst ¥ peIakTHPYIOTCSE ONIEPATOPhI, ONPEEIAONINEe MAKCHMYMBl H MUHHMYMBbI CKa-
JISPHBIX TOJNEH?

PeliTHHr- KOHTpPOJIB 3.
1. Yro Takoe KOHEYHBIH JIEMEHT, Uil Yero CTPOUTCS KOHEYHO- IEMEHTHAs ceTKa IPH YHCIeHHOM
pemenuu PDE?
2. Yrto Takoe KOHE4YHO- dneMenTHas uHTepnoysnua’? Yro Takoe Gpynkiuu GopMbl KOHEUHBIX JJle-
MEHTOB?
3. Yto Ha3BIBAIOT JArpaHXeBbIMH KOHeuHbIMH 2iementamu? Kak onpezpensitorcss ux (yHKIuu
hopmb1?
4. Kax ¢ noMonpio GyHKimii GopMbl onpeessioTes NpocTpaHcTBeHHbIE TH(depeHHanbabie one-
patopbl GU3MUECKUX BEJIMYMH Yepe3 HX y3JIOBBIC pacnpeeneHus?
5. Ha uém ocHOBaHa MPOEKIMOHHASA KOHEYHO- 3JIEMEHTHas TexHojorus npeobpaszosanus PDE B
BONBIIYI0 CHCTEMY YPaBHEHHH OTHOCHTEIBHO Y3JIOBOIO paclpe/ie/ieHHsl MoJIeHpyeMoro Gusuye-
CKOTO 110J1s1 (3aBHCHMOM NepeMeHHO#H)?
6. Kak B KOHEYHO- JIEMEHTHOH TEXHOJIOTHH NPUMEHSIOTCS HHTErPAJbHBIE TEOPEMBI TTOHHKCHHS
nopsiaka npoctpancTBeHnbix Juddepennuansabix onepatopos? Kak u3 PDE monmyuaercs ocnab-
JIeHHAs IpoeKIMoHHas (OPMYJIHPOBKA 3a/1aud MaTeMaTHICCKOH (Gu3uku?
7. Kakyio mocjieoBaTelIbHOCTh JICHCTBUE HYKHO BBINOJHHTH, YTOOBI 100aBHTH H MOCTPOUTH KO-
HEYHO- 3JIEMEHTHYIO CETKY B BHIOPAHHOM KOMIIOHEHTE MOJEIH?
8. Kakue tunel cerok noaepxusatores B COMSOL Multiphysics B 2D?
9. HazoBuTe Hauboliee BaXKHbIE ONEPALIHN HAJl CETKAMHU.
10. Kakue tunel cetok noyiepxusaiores B COMSOL Multiphysics B 1D?°
11. Kakue tunsi cerok noiepxuaorcs B COMSOL Multiphysics B 3D?
12. Kak 8 COMSOL-Mo1e/16 BKJIIOYHTE pa3/ie YIpaBJIeHus permarensimMu?
13. Kakue THIIBI pas/ienoB yupasienus pemarensmu noyiepxusaiores B COMSOL Multiphysics?
14. Hazosute Hanboliee BaKHbIE KOMAH/IbI pa3jiesia ylpaBJIeHHs peluaTe/IaMH.,
15. Kak MOXHO yNpasisiTh BEIOOPOM peraeMbiX (H3MKO- MaTeMaTHYECKHX HHTepdeiicon?

16. Kak MOXHO CO3/1aTh MHOIOLIArOBEIN paszieN ynpasjieHus pemmaresMu?



17. Kak 3anmyckaetcs pemenne Mmoaenu? Kak KOHTpoJImpyercs Mporpecc u CXoMMocTh?
18. Kakue tuns! muHelnbIx pemareneit noyepxusatorcs B COMSOL Multiphysics?
19. Kakue tunsl HesmHeHHBIX pemateneit noepxusatotrcs B COMSOL Multiphysics?
20. Kaxue tunbl rpaduxoB pemenus nojaepxkusaiorcsa B 2D pexxume monenuposanus?
21. Kakue Tunsl rpadukoB pemenus noiepxusaiores B 1D pexxume moennposanus?
22. Kakue Tarbl rpaMKoB pelneHus noyiepxusaiores B 3D pexxume MoaeTupoBaHus?
23. Kakne tabnuunbie crocoObl NMpeiCTaBleHHs Pe3yIbTATOB BBIYHCICHHH IOIJIEPKHBAIOTCS B
COMSOL Multiphysics?

Konrponsubie Bonpocs! no CPC.
1. Jlnsi wero npeanazHadyeH nporpaMMHusbli komrieke ANSYS?
2. Jlns gero npejaHazHayeH nporpamMMmublii komiseke NASTRAN?
3. Jlns yero npeaHasHayeH nporpaMMHbIi koMiieke Abaqus?
4. Jlns wero npejiHasHaveH nporpaMmublii kommieke LS-DYNA?
5. Kak 8 COMSOL Multiphysics co3natorcs 1 pelakTHPYIOTCS KPUBbIE H MHOTOYTOJILHHKH bespe?
6. Kak 8 COMSOL Multiphysics co3aaiorcss U peAakTHPYIOTCS IMOTOYEHYHO HHTEPIOJIHPYEMBbIC
KpuBbie?
7. Kax 8 COMSOL Multiphysics co3aaioTcs H pelak THPYIOTCS KpHBBIE, 3a/laBaeMbie B IIapaMeTpH-
yeckoii popme?
8. Kak 8 COMSOL Multiphysics co3ziaiores U peJakTHPYIOTCS TOUEUHBIE reOMeTpHYecKie 00bek-
TBI?
9. Kak B COMSOL Multiphysics co3iaiwTest H pelakTHPYIOTCS MHOTOYTOJIbHUKH H JIOMaHbie?
10. Kak 8 COMSOL Multiphysics co3naiorcss KOMIO3HIIHOHHBIC IeOMeTpHYecKHe 00BEeKTHI ¢ I10-
MOILBIO OTIepaliii HaJl MHOJKECTBAMH?
11. Kakue npeobpazoBanusi (TpaHc(opMaiuu) reoMeTpuyeckuX OOBEKTOB IOJUICPKHUBAIOTCA B
COMSOL Multiphysics?
12. Kak 8 COMSOL Multiphysics ocymectsisercs npeoOpa3oBaine reoMeTpHYecKoro oobexra B
COJIH/IHBIH (TeNeCHbIH), NOBEPXHOCTHLINH, KPHBOJIMHEHHBIN H TOYCYHBIH (BepIIMHHLIH) BHJ?
13. Kax 8 COMSOL Multiphysics cnuMatorcst packu B 3aKpyTrisiOTCs yrifbi?
14. Kak 8 COMSOL Multiphysics co3aiorest ¥ peJakTHPYIOTCS [IPSIMOYTOJIbHBIE Napajieliernue-
Ib1?
15. Kak 8 COMSOL Multiphysics co3aioTcst ¥ peJakTHPYIOTCS KOHHYECKHE I'€OMETPHYECKHE
00BeKTHI?
16. Kak B COMSOL Multiphysics co3naiorest ¥ peJakTHPYIOTCS LMJIMHIPHYECKHE IeOMETPHYECKHE

00BeKTHI?



17. Kak 8 COMSOL Multiphysics co3aaloTcss B peakTHPYIOTCS ChepHUECKHE TeOMETPHYECCKIE
00BeKTHI?

18. Kak 8 COMSOL Multiphysics co3nalorcss H pelaKTHPYIOTCS 3KCIEHTPHYECKHE KOHHYECKHE
00beKThHI?

19. Kak 8 COMSOL Multiphysics co3aiorcs 1 peJaKTHPYIOTCS JUTHIICOM I

20. Kak 8 COMSOL Multiphysics co3aaiorcst H peJakTHPYIOTCS IeJTHKOHIbI?

21. Kak B COMSOL Multiphysics co3natorest ¥ peJakTHPYIOTCS apaMeTPHIECKH 3a/1aBaeMble T10-
BEPXHOCTH?

22. Kak 8 COMSOL Multiphysics co3iaiotcs 1 pelakTHPYIOTCS TAPAMH/IbI?

23. Kak 8 COMSOL Multiphysics co3aiotest 1 peIlaKTHPYIOTCS TepTasIphi?

24. Kak 8 COMSOL Multiphysics co3aiotest # pelakTHpYIOTCs TOpbi?

6.2. Bonipochl K 3K3amMeHy
1. Kparkuit 0630p HHKEHEPHBIX MPOrpaMM, B KOTOPBIX PEINAIOTCS 3a/1auyd MaTeMaThbHYeCKOi
(buzukn.
Knaccnduxanus muddepeHnanbHbX ypaBHEHHI B YaCTHBIX POU3BOIHBIX.
3ajiaun MaTeMaTH4YecKoi (u3ukn Ha ocHoBe PDE.
O6obménnas xoappunmentnas popma PDE s HeogHOpOHO#M cpeibl.
O606ménnas nuseprenThas Gopma PDE nns HeoHOpOIHOM cpebl.

O A b LY B

MeToibl B3BEIIEHHBIX HEBA30K M ocnablieHHasi NpOeKUMOHHAs (POPMYJIHPOBKA 3a/1a4d Ma-

TEeMaTHYeCKOM (PU3HKH.

7. Hasunauenue nporpammuoro komiiekca COMSOL Multiphysics.

8. Tlocrpoutens mosenn B COMSOL Multiphysics.

9. Komnonent COMSOL- moznenu. HezaBucuMeble nepeMeHHbIe.

10. TlapameTtps! 1 rnobanbHbIe noJb30BaTeNbcKkHe nepemerabie COMSOL- mozenn.

11. Beox pyaxmmonansubix 3asucumocteit B COMSOL- mozens.

12. Paznien onpezeneHuit KOMIIOHEHTa MOJIEITH.

13. O630p pusuko- maremaTHueckux untepdeiicos supa COMSOL Multiphysics.

14. O630p moayneii pactmapenuss COMSOL Multiphysics.

15. Pasjienibl mocTpouTeniss MOJIENH, OTHOCSIIMECS K OZHOMY (DH3HKO- MATEMATHYECKOMY HH-
Tepdeiicy.

16. Tune matepranbubx nojobnacreii B 1D, 2D, 3D.

17. Ilonb3oBaTenbCKue MEPEMEHHBIE B pasjiene onpeenennii kommnonenta. X ypoBHu.

18. Ilepemennsbie (Gynkimit popmel. 3aBHCHMBIE TEPEMEHHBIE,

19. Beropennsie rnobanbubie nepementsie B COMSOL Multiphysics.

20. l'eomerpuueckue nepemernsie B COMSOL Multiphysics.



21.
22.
23.
24,

25.

26.

27.

28.

29.
30.
. 18
32.
33.
34.
35.
36.
37.
38.

Qusnyeckue koncrantel B COMSOL Multiphysics.

Oneparops! Henokanbubix cBazeii 8 COMSOL Multiphysics.

ITonsiTHE 0 KOHEYHBIX JJIEMEHTAX.

Koneuno- snementnas untepnonsuus. @ynkuun Gpopmel. VX cBoiictsa 1 onpeenenne de-
pe3 KOOpAHHATHI Y3JIOB.

JlarparkeBbl KOHEYHBIE JNMEMEHTHI PA3HOrO MOPSJAKA M HX MOJMHOMHAIBHBIE (YHKIHH
(hopMBI.

Omnpezenenre npocTpaHCTBEHHBIX IH(HepeHIHATBHBIX ONepaTopoB (PHIHUECKUX BEIHUYHH
Yepe3 MX y3110Boe pacnpezeneHie U GyHKIHn GopMBI.

IIpoeknnonnas KoHeUHO- 3eMEHTHAA TeXHOMorus npeobpasosanus PDE B Gonbmyio cuc-
TEMY YPaBHEHHH OTHOCHTEJILHO Y3JIOBOIO pacrpelelieHUsi MOACTHPYEMOro (GU3HYecKoro
TOJIS.

. IlpuMeHeHre MHTETPAIBHBIX TEOPEM MOHMKCHHS IOPS/KA MPOCTPAHCTBEHHEIX Judde-
PCHIHANBLHBIX ONEPATOPOB Ut MOJNYYEeHHs OciabieHHON KOHEUHO- 2JIeMEeHTHOI (hopMyIiu-
POBKH 3a/1a4¥ MaTeMaTH4ecKoi HH3HKH.

Trner KoHewHO- 371EMEHTHBIX ceToK, noauepkusaeMbix B COMSOL Multiphysics.
Texnonorus reomerpuyecknx nocrpoenuii B 1D.

Texnonorust reoMeTpu4ecKux nocrpoeHuii 8 2D.

Texuonorus reomerpuyeckux nocrpoenuii B 3D.

Tuner paspenos ynpasnenus pemarensimu 8 COMSOL Multiphysics.

Kparkuii 0630p jmneiinpix u Hemuelnbx pemaresiei B COMSOL Multiphysics.

Tuner rpagukos pemenns B 1D pesxume MoIeTHpOBaHHMS.

Tunei rpadukos pemenns B 2D pexnme MOJIeTHPOBAHHMS.

Tunei rpadukos pemenus B 3D pexxiMe MoieTMpoBaHHts.

Tabnuunblie cnocobwl npescTapienus pesysabratoB Beraucienuii 8 COMSOL Multiphysics.

7. YHEBHO-METOJAUYECKOE U HH®OPMAILIMOHHOE

OBECHHEYEHHUE JUCHUIIJIUHBI

a) ocHoBHas ynuteparypa (ponn Gubmuorexn Bal'V u snekrponnsie 6HGIHOTEUHBIE CHC-

TEMBI CO CBOOOIHBIM JIOCTYIIOM JUIS COTPYAHHKOB H cTyeHToB Bal'Y):

I. YpaBHeHUs B 4acTHBIX NPOM3BOJAHBIX [DiiekrpoHuslii pecypc]/ Tpenorun B.A.,

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



2. YpaBHeHHs] MaTeMaTHYECKOH (H3MKM : Teopus W NpakTHka [DIIEKTPOHHBIN pe-
cype] : yueb. nocobue / coct. B.I'. A6apaxmanos, I'.T. Bynrakosa. — M. : ®JIMHTA, 2014.
- 338 c. - ISBN 078-5-9765-1988-6. —
http://www .studentlibrary.ru/book/ISBN9785976519886.html.

3. @yHKUMOHANBHBIH ananu3: yuyebnoe nocodue / B.JI. Kpenkoropckuii; M-Bo 06pas.
1 Hayku Poccun, Kazan. nau. uccnen. rexnon. yu-t. — Kazans : U3a-so KHUTY, 2014. —
116 c — ISBN 978-5-7882-1650-8. -
http://www .studentlibrary.ru/book/ISBN9785788216508.html.

4. 3ajauM ¥ yNIPaKHEHUS 10 YPABHEHUSIM MaTeMaTHueckoi (Gu3uku [DeKTpoHHSbIH
pecype] / Cobonena E.C., ®@areesa ['M. - M. : DUBMATIIUT, 2012. - 96 ¢. - ISBN 978-5-
9221-1053-2. — http://www.studentlibrary.ru/book/ISBN9785922110532.html.

5. Uncnenusie MeTo/bl. JlocToBepHOE M TOYHOE YHCIEHHOE peleHue JuddepeHil.u
anrebp.ypasuenuii B CAE-cucremax CAIIP: Yu.noc. / Mauuues B.b., I'naskosa B.B.,
Kyspmuna U.A. - M.: HUL] HHOPA-M, 2016. - 152 c.: 60x90 1/16. - (BO:bakanagp.) (0)
ISBN 978-5-16-010366-2. — http://znanium.com/catalog.php?bookinfo=423817.

0) nononuuTensHas auTepatypa (Gpona 6Gubnmorexn Bnl'Y u anexrponnsie 6ubiuorednsie
CHCTEMBI CO CBODO/IHBIM JIOCTYIIOM JUISl COTPYAHHKOB ¥ cTyaeHTOB Bil'Y):

1. Karanor CAIIP. Ilporpammel u npousBoguresd. 2014-2015 [DnexTpoHHBIi pe-
cypc)/ IL.H. Jlatpimes. 4-e usn. — M.: COJIOH-ITPECC, 2014. — 694 c.: un. — (Cepus "Cuc-
TEMBI NPOEKTHPOBaHHS") - ISBN 978-5-91359-142-5. -
http://www.studentlibrary.ru/book/ISBN9785913591425 .html.

2. Bnagumupos B.C., XKapunos B.B. YpaBuenus maremaruueckoi ¢usmxu: Yueb.
JUIsl BY30B. - 2-¢ U3/, crepeorun. — M.: ©UMATIIAT, 2008. — 400 c. — ISBN 978-5-9221-
0310-7. — http://www.studentlibrary.ru/book/ISBN9785922103107.html.

3. Unbun A.M. Ypasuenus marematuueckoi pusuku. - M.: ®©UIMATIIUT, 2009. —
192 C. - [SBN 078-5-9221-1036-5. -
http://www.studentlibrary.ru/book/ISBN9785922110365.html.

4. YpaBuenuss marematuueckoi ¢usnku. COOpHHMK 3aja4 C pemieHUAMH: ydeOHoe
nocobue / B.I'. Kpyrun, A.JL Ilasnos, JL.I'. [lonos. — M.: U3parensckuii jom MOU, 2011.
~ 352 (3 - ISBN 978-5-383-00640-5. -
http://www.studentlibrary.ru/book/ISBN9785383006405 .html.



B) nepuonveckue n3aanus (pony 6ubnmorexu Bal'y):

1. J)Kypnan «BecTHMK KOMIBIOTEPHBIX H HHPOPMAITHOHHBIX TEXHOJIOTHITY.
2. Kypunan «Bectauk PAH».

3. Kypuan «BeuHCIHTENBHBIE TEXHOIOTHEY.

4. Kypnan «Ksany.

5. Kypnan «Ycnexu MaTeMaTHYECKHX HAYK».

r) Internet-pecypchni:

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 OBECIIEYEHHUE
JUCIHUITJIIMHBI

Jlexkin uutaiores B ayMTopHax Kadeapsr ITOH, 060pYAOBAHHBIX JIEKTPOHHBIMH IPOEK-
Topamu (aya. 520-3, 522-3, 517-3), ¢ HCnoIb30BaHHEM HILTIOCTPATHBHOTO 3JIEKTPOHHOTO MarepHa-
na B cranjiapTHeIX rpaduueckux popmarax u B Microsoft Office.

Jns BeIIONHEHHs Pacu&THO- rpaduueckoi H KOHTPOJILHOM paboThl, a TAKXKE MOArOTOBKH K
1abOpaToOpHBIM 3aHATHAM CTYACHTBI MOTYT BOCHOJIB30BATHCH KOMIIBIOTEPHBIM KJIACCOM Kadeapb
I10n (1ab. 519-3; 16 koMNBIOTEPOB) ¢ MpUMeHEeHHEM oducHOro U Matemaruueckoro I10. OcHoB-
HbIM MaremariyeckuM [10 sBisercs cuctreMa HEKeHEpHBIX W HayuHbIX pacuéToB MATLAB. Kpo-
Me s/Ipa 3TOH CHCTEMBI Ha KoMIbioTepax jiab. 519-3 ycraHoBiieH Takke NakeT pacilIMpeHusl, IpH-
MEHAEMBIH /I KOHEYHO- 3JIEMEHTHOr0 pelneHus 3anau mMareMartuueckoit ¢pusuku PDE Toolbox.

Wmeercs Taxoke nporpamMuslii komiuieke COMSOL Multiphysics.



PaGouas nporpaMma AMCHMIUIMHBL cOCTAaBIEHa B COOTBETCTBAM ¢ TpeGoBanusmu ®I'OC BO

1o nanpasnenuio 13.03.02 «DiaekTpodHepreTHKa 1 21eKTPOTEXHHKAY.

Pabouyro nporpammy cocrasuin: [lmenés B.E.. k.T.10., joucHs, kadeapsl « DieKTpoTeXHIKA
H DJIEKTpOsHepreTukay (D1Iu).

IIporpamma pacemotpena u oz06pena Ha 3aceanun kadeapsr ITIH

IIporokon Ne 14 ot 24.06.2016.

3asejtyronuii Kadepoii ’/%‘v Cournen C.A.

Pabouas nporpamma pacemortpena M 0g00peHa HAa 3acefaHnM  yueGHO-METOMHYECKOi
KomuccHn HanpasieHus 13.03.02 «Dnexrposneprerika u aektporexuukay 24 mionst 2016 roja.

[Ipotokon Ne 14 or 24.06.2016.

[Ipencenarens KOMHCCHI ‘% Courner C.A.




JIMCT NEPEYTBEPXJIAEHUS
PABOYEH IMPOI'PAMMBbI JAUCHHUITIJIUHBI

Pabouas nporpamma o06pena na

IIporokon 3acenanns kadeapsi No

3aBenyrommii kadeapoii

yueOHBIH roj

Pabouas nporpamma ono6pena na

IIporokon 3acenanus kagpeaps Ne

3aBenyromuii kadeapoii

Pabouas nporpamma ooGpena na

IIporokon 3acenanus kapeapur Ne

3apenyrommii Kadenpoii

oT roja
yueOHBIH Toj

oT roaa
yueOHBI roj

oT roaa

C.A. COurnen

C.A. CouTHen

C.A. COburnesn



