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Jner axTyammsaimm paboseit mporpayMving

PaGowas nporpamsa nepecmorpena, obeywzacHa  ogoGpena vt peannszanun 8 2020 - 2021
vaeGnom rosy ma sace/ianun kadeaput Mamuin # rexnonoran oGpaboTEH JanjicHHeM H
MATHHOCTPOSHMS

[Tporokos o1 09.09. 2020 r. Ne 1

3an. kadenpoii 75 S C.H. [naton

PaGouast nporpamma nepecmotpena, o0ey#iena u ogo0pena i peainsanuy » 2021 - 2022
vaeOHoM roay na saceanun kadeapst Manunnt # 1eXHOA0r Ml 0OPado RN AanjicHHeM 1
[Iporokon o1 20 N
3an. kadeipoit C.H. Inaros

PaGouast nporpaMma nepecmotpen, obeyaiena u ogoGpena st peainsanun s 2022 - 2023
yueOHOM 1oy Ha tacejanuu Kadeapsl Mamuue i Texnonor ui o6paboTkH JapieHHEM H

Hpotokonor 20 N
Fan. xadeapoi C.H. Inaron

PaGouast nporpamma nepecmotpena, ofeyaiaena u ogoGpena s peatasanny » 2023 - 2024
yueGHoM roay na tacefanun kadeapsl Mamnnet 0 rexuosorun oGpadoTKy aBieHHeM H

[Iporokonor 20 N
Fan. Kadeapok C.H. Inaron



1 Ilesin ocBOCHMSI IMCUMILTUHBI (MOIYJISA)

LensmMu ocBoeHUs AUCHUIUITMHBI (MOAyssl) «OCHOBBI MojaenupoBaHus mporeccoB OM/»
SBIISIIOTCS:  Pa3BUTHE Yy CTYIEHTOB JIMYHOCTHBIX KadyecTB, a Takxke (OpMHpPOBAHUE
OOLIEKYIb-TYPHBIX M NPO(PECCUOHAIBHBIX KOMIIETEHIIMI B COOTBETCTBUU C TPEOOBAHUSIMHU
®I'OC no nampasnernto 150301 - Mammnuoctpoenue. CTyIeHT JOJDKEH MOJIYYUTh 3HAHHUE U
HABbIKM MPUMEHEHHUS TJIaBHBIX HAy4YHBIX METOJIOB HCCIICJJOBAHMUSI TEXHUYECKHUX OOBEKTOB:
MaTeMaTU4ye-CKOro  MOJEJIMPOBAHUA C HCIOJIb30BAHHUEM COBPEMEHHBIX IPOTrPaMMHBIX
MPOJYKTOB, MOJIYYUTh IPECTABICHUE O CUCTEMAaTUUYECKON MPUPOE TEXHUYECKUX 3aBUCUMOCTEH
¥ 3aKOHOMEPHOCTEH; N3YUUTh YCIOBUS OO0 IPU MOJACTHPOBAHUH, METOIBI HHTEPIIPETAILIUH
PE3YJILTATOB UCCIIe-T0BAHUM.

2 MecTo TUCHUIJIMHBI (MOYJIsI) B CTPYKTYpe 00pa3oBaTe/ibHOI MpOrpaMmbl

Jucuummuaa OCHOBBI MOJEIMPOBAHUS MPOIECCOB OOpPaOOTKM METAJIOB JaBICHHEM
BXOJIMT B BApUAaTUBHYIO YacTh Y4eOHOIO IJIaHa 00pa30BaTeIbHOM IPOrpaMMBl.

Jis m3ydeHust TUCIMITIMHBI HeOOXOAMMBI 3HaHUs (YMEHHS, BIaIeHHs ), CPOPMHUPOBAHHBIC
B pe3yJIbTaTe U3Y4YEHUS JUCLUIUIMH/ IPAKTHK:

HauepraTenbHas reoMeTpHs U KOMIbIOTEpHAs Tpaduka

dusuka

Maremarunka

NudopmaTuka

3nanus (YMEHHS, BIAJICHUS), MOJyYCHHbIC NMPU U3YYCHHH AHHON JMCHUIUTUHBI OymyT
HEO0XO0AUMBI JUIsl U3yYeHUS UCHUILINH/TIPAKTHK:

MogenupoBanue mnpoueccoB 00paOOTKM METaIOB JIaBJICHHEM C HCIOJIb30BAHUEM
COBPEMEHHBIX IIPOrPAMMHBIX IIPOAYKTOB

[ToaroToBKa K 3amUTe U 3aIIMTa BBITYCKHON KBATM(UKAIIIOHHON paboThI

3 Komnerenuun odyyarouierocsi, popMupyembie B pe3yJbTaTe 0CBOECHHUS

AUCHUILIMHBI (MOAYJISA) M IVIAHUPYEMBbIE Pe3yaIbTAThl 00y4eHH s

B pesynbraTe ocBoeHUs AUCHUILTUHBI (MOayssi) «OCHOBBI MOJEIMPOBAHUS MPOIECCOB
00pabOTKM METaNIOB  JaBJIEHUEM» oOydaroluiics JOobKeH o007anaTh  CleTyIOLUMU
KOMIETEHIMSIMU:

CtpyKTypHBII [Inanupyemsble pe3yabTaThl 00yUeHHS
JJIEMEHT
KOMIIETCHIINHN

IMK-2 ymeHnueM odecrieyuBaTh MOJEJTUPOBAHNE TEXHHYECKHX 00bEKTOB U
TEXHOJIOTHYEeCKHUX MPOLECCOB ¢ HCIOJIb30BAHMEM CTAHIAPTHBIX NAKETOB U CPEICTB
aBTOMATU3HPOBAHHOIO MPOEKTUPOBAHUSA, IPOBOIUTH IKCIIEPMMEHThI 10 3aJAHHBIM
METOIMKAM ¢ 00pad0TKOH U AHAJTHU30M Pe3y/IbTATOB

3HaThb ] OCHOBHBIE MaTeMaTH4YecKHe, (PU3nuecKue, XuMHUUECKUE U JP. TOJIOKEHHS,
3aKOHBI U T.II. CBEJICHUS, HEOOXOAUMBIE JIJIsl MPUMEHEHUs B 001acTh
MozenupoBanus npoueccos OM/I.

[J OCHOBHBIE MOJOXKEHUS TEOPUH MTOJA00US U MOJIETUPOBAHUS;
KJ1accu(UKaLuio u

[J ocHOBHBIE (pOopMBI MaTeMaTHuecKuX Mojenei (MM); TpeboBaHus K
MaTEMaTHYECKUM MOJIEIISM;

[J TUTIOBBIE 33JJa4 MOJICTTUPOBAHUS U CIIOCOOBI UX PELICHUS; TEXHUYECKHE
U IPOrpaMMHBIE CPEJICTBA

[] MOAENIUPOBAHUS




VYmeTb

[ IpUMEHSATh PU3UKO-MaTEMaTUYECKHE METOIbI MOJEIUPOBAHUS TTPOLIEC
-coB OM/JI 17151 TpOEKTUPOBAHMS U3JEIHI U TEXHOJIOTMYECKUX MPOIECCOB B
MAaIIMHOCTPOEHUHU C IPUMEHEHUEM CTAaHIAAPTHBIX MPOIPAMMHBIX CPEJICTB;

[J uccie0BaTh XapaKTEPUCTUKU IIPOCKTUPYEMBIX CUCTEM € ITOMOILBIO

] BBIUMCIUTETHHOM TEXHUKH 0000111aTh CBOMCTBA UCCIIEyeMOro O0BbEeKTa U
co3naBaTh (puznueckue,

[ MaTeMaTHYeCKHe, UKOHOTparuecKue 1 MMUTAllMOHHbIE MaTeMaThye-
CKHE MOJIENIN; CTPOUTH

[J MaTeMaTH4eCKHe MOJIENU U MPOBOIUTH HEOOXOAUMBIN 00BbEM SKCTIEpPH -
MEHTOB JUIs1 3TOrO;

() onpenensaTb 3HAYUMOCTb T€X UJIM MHBIX (DaKTOPOB MPH MOCTPOSHUH MO
-JIeTeH;

[ IpOBOJUTH UCCIIEIOBAaHUS OOBEKTOB C MOMOIIBIO MOJIEIeH

Bnaners

] HaBBIKaMU pa3pabOTKH HOBBIX U IPUMEHEHHUS CTaHAAPTHBIX
MPOrPaMMHBIX CPEJICTB Ha 0a3e (PU3MKO-MaTeMaTHUECKUX MOETIeH 00IacTH
Mo ienupoBanus mporeccoB OMJI;

1 HaBBIKaMU (OPMAITLHOTO TPEACTABICHUS TEXHUUECKUX OOBEKTOB 1
TEXHOJOTMYECKUX IPOLIECCOB U MX aBTOMAaTH3alMH B paMKax
CYLIECTBYIOIMX CTAHJAPTHBIX AKETOB U CPEICTB aBTOMATU3UPOBAHHOTO
IIPOEKTUPOBAHMSI;

(] HaBbIKAMU IPUMEHEHUS PA3IUYHBIX HHCTPYMEHTOB U METO/I0B
MO/JICJIMPOBAHUS U aBTOMATH3AIMH TEXHUUECKUX 00BEKTOB U
TEXHOJOTMYECKUX IPOLIECCOB U ONUCAHUs (PU3UUECKUX CUCTEM IS
peleHusl pa3InYHbIX IPOOJIeM, BO3HUKAIOIIUX [TPU MOJCINPOBAHUH;

[J oOLIEeNpUHATHIMA METOIMKAMHU 00pabOTKHU pe3ysIbTaTOB MOJEINPOBAHMUS;
(] HaBBIKAMU UHTEPIIPETALUN PE3YIBTATOB UCCIIEIOBAaHUI CO3IaHHBIX
MOJETEH.

4. CTpykTypa, 00BEM U coaepkaHue TUCHUILINHBI (MOLYJ151)
OO0mas TpyA0€MKOCTh JUCIHUIUIMHBI COCTABISIET 4 3aueTHbIX enuHull 144 akana. 4acoB, B TOM

qUCJIC:

— KOHTaKTHas paborta — 14,9 akas. 4yacos:
—aynuTtopHas — 14 aka. 4acos;

— BHCAYIUTOPHAA —

2,9 akaj. 4acoB

— caMocTtosTenbHas pabora — 120,4aka. 4acos;
— MOJITOTOBKA K dK3aMeHy — 8,7 akaJ. yaca

<DopMa aTTeCTalluU - SK3aMCH

AynuropHas g
KOHTaKTHas paboTa E = " dopma TeKymero
= =
Pasnen/ Tema 2 (B axaz. 1acax) e Bux . g KOHTpOJIA Kon
> & © | caMOCTOSATENbHOI g YCIIEBaEMOCTH H
JTUCITATUINHEI N = T . | KOMIETEHIIUU
0 B paboTHI c MPOMEXKYTOYHOM
na6. [ npakr. | € 3 4 ATTECTALIIH
Jlek. s < 11
3aH. 3aH. O &
1.1 Beeapenue. llenu CamocTosaTenbHOoe
u 3a71a4n U3ydeHHe
MO/JICITUPOBAHUS yueOHO
nporieccos OMJT c| 3 | 0,5 1/0,251 | 16 JUTEPATYPBI. Pemenue 3anay. IK-2
UCHOJIB30BAHHEM IToxroroBka K
MPOTPaMMHBIX MIPAKTHIECKUM
HPOAYKTOB. 3aHATHAM.




CaMoCTOsATENBHOE
U3yuCHHE
eOHOM
2.1 OcHOBBI TEOpPHU i
HonoGHs p 3105 1/0,251 | 16 JUTEPATYPHI. Permrenue 3anau. TK-2
A TToaroroBka k
MPaKTHICCKHUM
3AHATHAM.
3.1 Meron RoHCTHE CaMOCTOSTENBHOE
3JIEMEHTOB. HBVCHIe
IIpeumymecTsa H yllye%Hoﬁ
Henoctatku. Mctopus
A p 3105 1/0,251 | 16 JUTEPATYPBHI. Perrenue 3anau. TK-2
pa3BUTHSA METOo/Ia. ToaroToska K
CucrtemMbl  aHaju3a, R
OCHOBaHHBIE Ha P SAHSTHAM
METOJIE. ’
CaMOCTOSITEIbHOE
U3ydeHHe
4.1 XapaKTepUCTHKH yueOHOM
00BEKTOB 3105 1/0,2511 | 16 JUTEPATypBI. Pemenue 3anay. [K-2
MOJICTTUPOBAHHS IToaroroBska K
MIPAKTUYECKAM
3AHITHSIM.
CaMocCTosATENBHOE
5.1  IIporpammHbIe my%eHH“e
yueOHO#
MPOTYKTHI LISt
MOIETHPOBAHHS 3105 1/0,251 | 16 ﬁlg;igizﬁi Pemenue 3amau. TIK-2
mpoeccos OM/, MIPAKTUYECKAM
3AHITHSIM.
CaMOCTOSITEIbHOE
H3yYEeHHE
6.1 OcobeHHoCTH yq};6H0171
MaTEMATUYCCKOI'O
3105 1/0,251 | 16 JUTEPATYPBHI. Pemienue 3anau. IK-2
MO/ICITUPOBAHUS ToaroToska K
npoueccos OMJI PaKTUIECKIM
3AHATHAM.
CaMoCTOATETHLHOE
NU3YUYCHUC
7.1 Xapaxrepucruka yq};6H0171
pemennii ot ESI 3|05 10251 | 14
, JINTEPATYPHI. Pemenue 3amau. TIK-2
Group, MSC Marc u ’ Homgmﬁax A
IIp. pa3pabOTYHKOB. P ——
3aHATUSAM.
CaMoCTOATEIEHOE
H3ydeHue
8.1 Oo0paboTka ¥u yqyeq6ﬂoﬁ
HUHTEpIHpECTALIUA
priperan 3105 1/0,251 | 10,4 JIUTEPATYPHI. Pemenue 3aau. TIK-2
pE3yJIbTATOB ITogroroBka k
MOJIETTHPOBAHHS. S ——
3aHATUSAM.
9.1 Dx3amen 3 8,7
HToro 3a Kype 4 8/21 1204 8,7 3K3aMeH
8,7
HToro mo aucuumnInHe 4 821U [120,4 K3aMeH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

1. TpapuuuonHsle 00pa30BaTeNbHbIE TEXHOJOIMM OPUEHTHPYIOTCS Ha OpraHHU3aluio
00pa30BaTeNbHOTO  IIpOLlEecCa, MPEANOJAralllyl0 MpPsAMYH TPaHCISALUI 3HAHUM  OT
IpenojiaBaTess K CTyAEHTY (IIPEUMYLIECTBEHHO Ha OCHOBE OOBSCHUTEIbHO-MILIFOCTPATUBHBIX
METOM0B 00ydeHus). YueOHasi esTeIbHOCTh CTYJCHTAa HOCUT B TaKUX YCJIOBHSX, KaK MPaBUIIO,
PENpOayKTUBHBIN XapakTep.

®opmbl y4eOHBIX 3aHATHH C UCTIOIB30BAHUEM TPAAUIIMOHHBIX TEXHOJIOTHIL:

WudopmannonHas Jekuus — IOCIeNOBaTelbHOE H3JIOKEHHE MaTepuala B
JUCHUTUTMHAPHOM JIOTHKE, OCYIIECTBISIEMOE NPEUMYIIECTBEHHO BepOAJbHBIMU CPEICTBAMU
(MOHOJIOT TIperoaaBaTesl).

[IpakTUyeckoe 3aHATHE, MOCBAIICHHOE OCBOCHUIO KOHKPETHBIX YMEHHH M HaBBIKOB I10
IPEI0KEHHOMY aJITOPUTMY.

JlaboparopHast paboTa — opranu3anus yueOHOH paboThI C peallbHBIMA MaTEPUATLHBIMUA U
UH(POPMALIMOHHBIMU OOBEKTaMM, HKCIEPUMEHTabHAsi pPaboTa C AaHAJIOrOBBIMH MOJEIISIMHU
peaTBbHBIX 0OBEKTOB.

2. TexHonoruu NpoeKTHOro oO0y4YeHUs — OpraHuszalus o0Opa30BaTENBLHOrO Ipolecca B
COOTBETCTBUHM C AJITOPUTMOM IIOATAITHOTO PEIICHHs MPOOJEMHON 3a/Ja4d WJIM BBITIOJTHEHUS
yuebHoro 3ananus. [IpoekT npennogaraet COBMECTHYIO y4eOHO-I103HABATEIbHYIO 1€ TEIbHOCTh
TPYIIIBI CTYACHTOB, HANPABICHHYIO HA BBIPA0OOTKY KOHIIEMIMH, YCTAaHOBJICHHUE IENIeH U 3a1ad,
(GOpMYIHPOBKY OKHJAEMBIX PE3yJbTaTOB, OIpPEJC/IEHUE MNPUHLUIOB U METOAMK peIIeHUs
MOCTABJIICHHBIX 3aJ]la4, IUIAHUPOBAHWE XoJa pabOThl, MOWUCK JOCTYMHBIX M ONTHUMAIIbHBIX
pecypcoB, MO3TAHYI PEANM3ALUI0 IUIaHA pabOThI, MPE3CHTALUI0 PEe3yJbTaToOB pPabOThl, MX
OCMBICJICHHE B Pe(DIKCHIO.

OCHOBHBIE TUIIBI IPOEKTOB:

HccnenoBaTenbCKUil TPOEKT — CTPYKTypa NpuOMmkeHa K ¢Gopmary HAy4dHOTO
UCCIIEIOBaHMs  (JI0Ka3aTeIbCTBO AKTYaJlbHOCTH TEMBI, ONpeAEJeHHE HayyHOW MpoOsieMBbl,
npeaMera U O0bEKTa HCCIEAOBAaHMA, LieJiel W 3a/ad, METOJO0B, MCTOYHHKOB, BBIJIBUKEHUE
TUIO0TE3bl, 000011IeHUE PE3YIBTATOB, BBIBO/IbI, 0003HAUEHUE HOBBIX ITPOOIIEM).

NHpopMalMOHHBIM MpOeKT — y4eOHO-TIO3HABATENIbHAS JEATENBHOCTh C  SIPKO
BBIP)KEHHON dBPHCTUYECKOI HAIPABICHHOCTHIO (TTOUCK, OTOOP U cHCTeMaTH3aIus HHPOpMauu
0 KakoM-TO 0OBEKTe, 03HAKOMJICHHE YYaCTHUKOB IPOEKTa ¢ 3TOM MH(OpMaIuei, ee aHaIu3 U
0000111eHre /I pe3eHTaluu 0oJiee UPOKOH ayITUTOPUN ).

3. HTepakTHBHBIE TEXHOJIOIMH — OpraHu3anus oOpa3oBaTENbHOrO Mpolecca, KOTopas
IpeJinoiaracT akTUBHOE U HEJTMHEIHOE B3aUMO/IEHCTBUE BCEX YUACTHUKOB, JTOCTH)KEHNE HA ATON
OCHOBE JIMYHOCTHO- 3HAUYMMOIro s HHMX oOpa3oBareibHOro pesyiapTara. Hapsay co
CHECNMATM3UPOBAHHBIMA  TEXHOJIOTHSIMH ~ TaKOTO  poJa  NPUHIHUI  HHTEPAKTUBHOCTH
IOpOCIEXHUBAaETCsI B OONBIIMHCTBE  COBPEMEHHBIX  OOpa30BaTENbHBIX  TEXHOJIOTMH.
HHTEepakTUBHOCTD MOAPA3yMEBAET CYyOBEKT-CyOBEKTHBIE OTHOILIEHHUS B X0Jie 00pa30BaTeIbHOTO
npoliecca U, Kak clieZicTBUe, (OpMUPOBaHUE caMOpa3BHBarolIeiicss HH()OPMaIIMOHHO-PECYPCHOM
CpEe.IbL.

CemuHap-IuCKyccusi — KOJUIEKTUBHOE OOCYXKIEHHE Kakoro-iubo CIIOpHOTO BOIIpOCa,
npoOJeMbl, BBISIBJIGHWE MHEHHH B Tpynmne (MEX-TPYIIOBOH JHAlor, AHCKYCCHS Kak
CIIOp-/IUAJIor).

6 YueOHo-MeTOIMYECKOE 00ecIedeHrne CAMOCTOATETbHOI PadoThl 00yYAIOLIUXCS

Ilo oucyunnune « OCHOBBI MOJCITHPOBAHHS MPOLECCOB 0OPAOOTKH METAIIOB JIAaBICHUEM»
npedycmMompena ayoumopHas u 6HeayOUmopHasi CamoCmosmenbHas paboma 00y4auuxcs.

Camocmosmenvras paboma cmyoeHmos npeonoidzaem peuieHue 3a0au.

IIpumepHbIe 321aHUA AJISI CAMOCTOSITEILHOIO PelIeHUs:

Nel. BeiBeauTe U3 3aBUCUMOCTEH KPUTEPUH MTOA00MS ISl YKa3aHHOTO MpoIiecca.

[TpuMmeHnTe dHEpPreTUYecKuil Moaxo A cocTaBieHus moaenu B MKD s ykazaHHOTro
mporecca.



Ne2. Pemmnts crnenyromiee onHoMepHoe TuddepeHanbHoe ypaBHEHNE

B  omnomepnom  mpoctpanctBe Pl ompenmeneHo  cienyromiee — OJHOMEpPHOE
muddepeHaIbHOe ypaBHEHHE Il HaxoxaAeHus QyHkiuu 1 Ha npomexxytke ot 0 go 1. Ha
rpaHMIax 00JacT, 3HaYeHHe GYHKIUH U paBHO O:

u’(z) = f(z) in (0,1),
Fl u(0) =u(l) =0,

rae I ussectnas ¢GbyHkus, 1 HeusBecTHas (QyHKUUS OT I . u” BTOpasi IPOU3BOIHAS
oT i o . Pemenue mocTaBneHHOM 3a1a491 METOI0M KOHEYHBIX JIEMEHTOB pa300hEM Ha 2 HTama:

= [TepepopmysnpoBaTh TpaHUYHYIO 3a7ady B TaK Ha3bIBAEMYIO CJIa0yI0 (BapHaIlMOHHYIO)
dbopmy. Ha 3TOM 3Tare BEIMUCICHUH MOYTH HE TpeOyeTCsl.

* Pa3o6uth cnadyro GpopMy Ha KOHEUHBIC OTPE3KHU-IJIEMEHTHI.

A

» OyHKIMA U C HYJEBbIMU 3HAa4Y€HUs Ha KOHIAX (Tomy0ast), W anmpoKCUMAIUS STOM
GbyHKIIMHM OTpe3KaMu (KpacHas).

A

Ne3. HOJ'IyLII/ITC 3aKOHBI IBUXKCHUA (I)I/I?»I/I"IeCKOI\;I CHUCTCMEI 110 3aITaHHBIM YPABHCHUAM

Ned4. B 3amanuu ypaBHEHUs MOJHBIX KUHETUYECKOM U MOTEHIIMAILHON SHEPTHil.
1. IlpomuddhepeHnupoBaTh ypaBHEHHSI B CHMBOJIBHOM BHJIE C TIOMOIIHIO0 MaTEMATHIECKOTO
HaKeTa.
2. lonyunts mudepeHnmanbHbie ypaBHEHUS BIKEHHS.
3. Pemuth nuddepeHnnanbHble ypaBHEHUS IBMXKEHUS C IMOMOIIBIO MaTEeMaTHYEeCKOIro
nakera.
4. IlpeacraBuTh pe3yabTaT B BHJIE YPaBHEHUS 3aBHCHMOCTH IEPEMEIICHUN OT BPEMEHHU U
rpauKoB nepemMernieHui.
5. Iloka3zaTe BO3MOXKHbIE TPUMEPHI PEAIbHBIX CUCTEM C MOAOOHBIMH YPaBHEHUSIMU
function Qr=fQr(T, U, Qr,...
ql, g2, g3,...
vl, V2, v3,...
al, a2, a3,...
m1, m2, m3, m4, m5, m6, el, e2, e3, e4, e5, e6)
% KomnoneHTs! ypaBHeHus Jlarpanxa
dT___ d_dqdt=diff(T,v1)+diff(T,V2)+diff(T,v3)
%I 1pu muddepenpmupoBannu 1o ckopocrei dqdt mo Bpemenu t moaydnuM yCKOpeHUsI
%ddqdltt, T.e. 3amenum ckopoctu dqdt yckopenusmu ddqdtt
ddT__ d_dqdt_ dt=diff(dT___d_dqdt,vl).*al...
+diff(dT___d_dqdt,V2).*a2...


http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Finite_element_method_1D_illustration1.png
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Finite_element_method_1D_illustration2.png

+diff(dT___d_dqdt,v3).*a3

dT___ dg=diff(T,ql)+diff(T,q2)+diff(T,g3)
dU__ dg=diff(U,q1)+diff(U,q2)+diff(U,q3)
Qr=ddT__ d dqdt_ dt-dT__ dg+dU__ dq;

Neb6.

3aHaHBI q)HSH‘IGCKI/IC 3aKOHBI ... U OIrpaHU4YCHHA IJIsI TEXHOJOIMYCCKOI'0 ITpomecca

(HampuMep BBITSDKKH CTaKaHa). ..., arperata (MHCTpPYMEHTA) U 3arOTOBKH.
ChopmynupyiTe MOIEIb.
CHU3bTE pa3MEpPHOCTh YKa3aHHOW MOJEIH.
CocTaBbpTe rpaHMYHBIE YCIOBUS AJISI MOJIEIH
3anuuute Jlarpankuan 2-ro poja A yKa3aHHBIX SHEPreTUUECKUX YPABHEHUM.
CocraBbTe muddepeHnraibable ypaBHeHHS U yKaxkuTe pemenne MKD nis manoii obnactu
onuuM KD.

BOl'lpOCbl AJIA MOATOTOBKH K 3K3aMEHY:

1.
2.
3.

MOJICIIEN.
4,

©CoNo O

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Ha3zoBuTe OCHOBHBIE ATAIlbl aJIropuTMa 1nmoCTpoCHUA aHAJUTHYECKOM MOJOCIIH.
HazoBuTe OCHOBHBIC ATAIEI aJiIropuT™Ma 1noCTpoCHUsA BMHHquCCKOﬁ MOJCIIN.
Pacckaxxute o pasiinuusax B aJiIrOpUTMax IMOCTPOCHUA AHAJTUTUYECKOH U SMHHqueCKOﬁ

Ha3zoBuTe NCTOUHUKYU anpuOpHOI HH(OPMALIHH.

Uro sBIsETCS pe3yJIbTaTOM aHaIN3a alpuopHOi nHpopmarmm?

Kakue TpebGoBaHMs NPeIbBIAIOTCSA K BXOAHBIM U BBIXOJHBIM (pakTopam?

Uro Takoe KpuTepuil ONTUMU3ALMU?

[Tepeuncnnre BUIBI KpUTEPUEB ONTUMU3ALINH.

UYrto Takoe panr?

Yro takoe hopmanuzanus?

Uto Takoe uHTEpIIpeTaIs?

Yro Takoe FKCIIEpUMEHT?

Uro Takoe niaHUpOBaHUE dKCIIEPUMEHTA?

O0603HaybTe 11eTH MJIAHUPOBAHUS SKCIIEPUMEHTA.

UYro Takoe ombIT?

Kakue BUIbI 5KCIIEPUMEHTOB CYILIECTBYIOT?

Urto Takoe raH dKCcrepumMeHTa’?

Yro Ttakoe HyneBoi ypoBeHb (akTopa? Kak oH BeiOMpaercs?

Uro Takoe nHTepBas BappupoBanusi? Kak oH BeiOupaercs?

Yro Takoe MoaHbIN (GaKTOPHBIN SKCIIEpUMEHT?

Uro Takoe MaTpuIla JIaHUPOBAHUS SKCIIEpUMEHTA?

Ha3zoBute cBoiicTBa MaTpHIIbl TOJHOTO (PAaKTOPHOTO SKCIIEPUMEHTA.

Yro Takoe npobHast perumka?

Yro Takoe pannomuzanusa? Kakosa 1iesb NpoBeIeHUs paHIOMU3AINN?

YTo Takoe SKCTpEMaIbHBIN SKCIEPUMEHT?

Yo Takoe MHTEPIOIALMOHHBIA IKCIEPUMEHT?

Yro Takoe MHOrOGaKTOpHas JIMHEWHas perpeccus?

Kak oniennBaeTcs TOUHOCTh MHOTO(AKTOPHOM JIMHEHHON perpeccHoHHOM Moienu?
Kax orniennBaeTcst aieKBaTHOCTh MHOTO()aKTOPHOM JTMHEHHON perpecCuOHHON MO ?
Kakue 3HaueHust MOXKET MPUHUMATh MHOKECTBEHHBIN KO3((UIIMEHT KOppesiun?
YTt0 Takoe HETUHEHHBIE MOJEIH C «BHYTPEHHEN JIMHEMHOCTBIO»?

Kakue ObIBatoT HeMMHEHHBIE MOJIENH C «BHYTPEHHEN JINHEHHOCTHION?

YTo Takoe HEITMHENHBIE MOJEIH C «BHYTPEHHEN HEJIMHENHOCTHIO»?

O0603Ha4YbTE OCHOBHBIE ATAIbI METO/Ia BKJIIOUCHHSI IEPEMEHHBIX.

Uto Takoe KoppensuoHHas MaTpuua?

Yro Takoe wyacTHbIi Kputepui @Pumepa 118 BXoaHOM mnepeMeHHOW? YTo OH

XapakTepusyer?



37.
38.
39.
40.
41.

0603Ha‘H>Te OCHOBHBIC OTaIlbl METOdAa NCKIIFOUCHU A HepeMCHHLIX.

Uto Takoe MHTEepIpeTanus MOAeIn?

J71s1 4ero BBIMOJIHSAETCS UHTEPIPETAIUS MOIETN?

O0603HaubTe ATAbl HHTEPIPETANH MOJIeTH. YTO Takoe rpaueHT QyHKIu?

ITouemy nIpy OTBICKAHUH MAaKCUMyMa KPUTEpHUs ONTUMHU3ALMKA MOXKHO IIEPEMEIATHCS

10 TPAIUEHTY?
Uro nenaTh, €CIM HE yAAJI0Ch PEMINTD 33Ja4y ONTUMU3ALNHU ISl HCCIIEyEMOro 00BbEKTa



7 OneHOYHbIE CPeICTBA ISl IPOBeIeHNsI POMEKYTOYHOH aTTecTallun
a) [lnannpyemble pe3yabTaThl 00y4eHHsI H OIIEHOYHbIE CPeICTBA /I IPOBeAeHHs POMEKYTOUYHOM ATTeCTANNH:

CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemsble pe3yabTaTbl 00ydeHUs

OneHouHble CpeaCTBa

IIK-2: ymenuem
CPeJCTB ABTOMATH3MPOBAHHOI0 NPOEKTHPOBAHMS, IPOBOIAUTH

o0ecreuynBaTh MOACTUPOBAHUE TEXHUYECCKHUX 00bEKTOB M TEXHOJOIMYeCKHX NMpouecCoB ¢ UCNMOJAB30BAHUEM CTAHAAPTHLIX INMAKETOB M

IKCHEPUMEHTHI 10 33JaHHBIM MEeTOIMKAM ¢ 00pa00TKOI M aHAJIN30M Pe3yJIbTATOB

3HaTh

OCHOBHBIE MaTeMaTH4ecKue, (U3NUEcKHe,
XMMHUYECKHE U JIP. TIOJIOKEHHUS, 3aKOHBI U T.II.
CBCACHMUA, HCO6XOIII/IMI>IC 411 IpUMCHCHUS B
00JIaCTH MO/ICIMPOBAHMUS TIPOLIECCOB CBApPKHU.
OCHOBHBIC ITOJIOKCHUSA TCOPpHUU HOI[O6I/I$I u
MOJICIIMPOBAHMS; KIIACCH(PHUKAIINIO U

— OCHOBHBIE  (OPMBI  MaTeMaTUYECKUX
Mojienen (MM); TpeOoBaHUS K
MaTeMaTHYECKUM MOJIETISIM;

— THWIIOBBIE  33aJ]aud  MOJICIIMPOBAHUSI U
CHOCOOBI HMX pEIICHHS; TEXHHYECKHE |
porpaMMHBIE CpeCTBa

— MOJCTUPOBAHUS

Bomnpocs! Kk 3k3aMeHy:

Ha3oBuTe 0OCHOBHBIE ATalbl AITOPUTMA ITOCTPOEHUS AHATTUTUYECKON MOJIEIIN.
HazoBuTe 0OCHOBHBIE ATalbl AJITOPUTMA IIOCTPOEHUS SMIIUPUIECKON MOJIEIIH.
Pacckaxure O pasnuuMsaX B aIrOpUTMax ITOCTPOCHUS AHAJIUTHUYECKOM M OMIIMPUYECKOU
MOJIEJIEN.

Ha3zoBuTte uCTOUHMKN anpuoOpHON HH(DOPMAITIH.

Uro sBisieTcs pe3yabTaToOM aHaJIM3a anpuopHoi uHpopmaruu?

Kakwne TpeboBaHMs NPENbIBIAIOTCS K BXOAHBIM U BBIXOTHBIM (hakTopam?
Yro Takoe KpUTEpUd ONTUMHU3ALUH?

[lepeuncnure BUIbI KpUTEPUEB ONTUMHU3ALUH.

Yro Takoe paHr?

Uro Takoe popmanuzanms’?

Yro Takoe HHTEpHpeTanys?

UTto Takoe SKCTIEPUMEHT?

Yro Takoe MIaHupOBaHUE dKCIIEPUMEHTA?

O0603HaYbTe 1EJIH TAHUPOBAHUS IKCIIEPUMEHTA.

Yro Takoe onbIT?

Kakne BUIbI SKCITEPUMEHTOB CYIIECTBYIOT?

UYro Takoe niaH dKcepuMeHTa’?

Uro Takoe HyNneBo# ypoBeHb (pakTopa? Kak oH BeiOMpaeTcs?

Uro Takoe nHTepBai BapbupoBanus? Kak oH BeiOupaercs?

Uro Takoe MoyHbIN PaKTOPHBIA HKCIIEPUMEHT?

UYro Takoe MaTpuIa JIaHUPOBAHUS SKCIIEPUMEHTA?

HazoBure cBoiicTBa MaTpHIlbl HOJHOTO (PAKTOPHOIO IKCIIEPUMEHTA.

Yro Ttakoe apobOHas perumka’?

Uto Takoe pangomusanus? Kakosa 1esb TpoBeAEHUS paHIOMU3AINK ?




CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaTbl 00ydeHUs

OneHouHble CpeaCcTBa

UYto Takoe 3KCTpeMaabHbIH AKCIIEPUMEHT?

Urto Takoe MHTEPIOSILIMOHHBIN SKCIIEPUMEHT?

Urto Takoe MHOTO(aKTOPHAS JIMHEHHAS perpeccusi?

Kak orniennBaeTcsi TO4HOCTH MHOTO(AKTOPHOU JTMHEWHON pEerpecCHOHHON MOen?

Kak oniennBaercs aieKBaTHOCTh MHOTO(aKTOPHOUM JTMHEHHON perpecCuoOHHON Moaenu?
Kakwue 3HaueHus1 MOXKET IPUHIMATh MHOKECTBEHHBIN KOA((MUIIMEHT KOPPEsIun?

UTo Takoe HETMHENWHBIE MOJIENH C «BHYTPEHHEN JTMHEHHOCTBIO»?

Kaxue ObIBatoT HEJIMHENHHBIE MOJIENH C «BHYTPEHHEHN JTMHEHHOCTBION?

UT0 Takoe HETMHENUHBIE MOJIENU C «BHYTPEHHEN HEJTMHEHHOCTHIO»?

O0603HaubTE OCHOBHBIE ATAIbl METO/IA BKIIOUEHUSI IEPEMEHHBIX.

UTto Takoe KOoppesLMOHHAas MaTpuua’?

Uro Takoe yacTHbIN KpuTepuil Ouinepa 11 BXoAHON nepeMeHHon? UTo OH XapakTepusyerT?
O0603HaubTe OCHOBHBIE ATAIBI METO/Aa UCKIIIOYEHUS IEPEMEHHBIX.

UYro Takoe HHTEpHpeTaus Moaenu?

JU1 4ero BBIMOJIHAETCS MHTEPIIPETALNAS MOETHN?

O0603HaubTe 3TAIBl UHTEPIPETAIMN MOENU. YTo Takoe rpaiueHT GyHKuunu?

IloueMy mnpu OTBICKAHMM MaKCHMyMa KPHUTEpHsl ONTHUMH3ALUH MOXHO IEpEMEIIAaThes 10
IpagueHTy?

Uto nesaTh, €CIM HE Y1aJ0Ch PEIIUTh 331a4y ONTUMH3AIMU AJIs HccaeayeMoro oobexTa?

YMmeTs

— IPUMEHATH ¢u3MKo-MaTeMaTHYECKHe
METO/Bl MOJEIMPOBAHMS IPOLIECCOB CBAPKH
JUTS IIPOEKTUPOBAHUS U3Jenuin u
TEXHOJIOTMYECKUX IIPOLIECCOB B
MalIUHOCTPOEHUU c IIPUMEHEHUEM
CTaHJAPTHBIX IPOIPAMMHBIX CPEJICTB;

— HCCIenoBaTh XapaKTEPUCTUKH
MIPOEKTUPYEMBIX CHCTEM C IIOMOIIIBIO

— BBIYMCIMTEIBHONH  TeXHUKHM  0000IIaTh
CBOWCTBA HMCCIIETyeMOro 0ObeKTa U CO3/1aBaTh

IIpumepHbIe 3a1aHUA 1JIs1 IPAKTHYECKHUX PadoT:

1. BsiBeguTe U3 3aBUCUMOCTEN KpUTEPUHU NO00US JUIsl YKa3aHHOTO IIpolecca.

[IpumenuTe sHepreTHyecKui noaxona ans coctaBieHus monenun B MKD nmns ykazanHoro
mporuecca.

2. 3amaHbl QU3NYECKUE 3aKOHBI U OTPAHWYCHHS IS TEXHOJOTHYECKOro IpoIllecca, arperara
(MHCTpYMEHTA) U 3aTOTOBKH.

ChopmynupyiiTe MOIETH.

CHU3BTE pa3MepHOCTh yKa3aHHOW MOJIEIH.

CocraBbTe TpaHUYHBIC YCIIOBUSA JJIs1 MOACIIN
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CTpyKTypHBI

3JIEMEHT [TnanupyemMble pe3ynbTaThl 00yUCHHS OueHouHbIE CpEACTBA
KOMIIETCHIIMHU
busndeckue, 3anumure Jlarpanxuan 2-ro poja sl yKa3aHHbBIX SHEPreTUYECKUX YPaBHEHUH.
— wMaremaTnueckue, ukoHorpapuueckue u |CocTaBbre nuddepeHnranbHble ypaBHeHHd M ykaxkute pemienne MKD juis manoii obnactu
UMHUTALMOHHBIE MaTeMaTHueckue Moeiu; | oxaum KO.
CTPOUTH
— MaTeMaTUYeCKHUe MOJECIH U TPOBOIUTH
HEOOXOAUMBIM O00BEM IKCHEPUMEHTOB IS
3TOrO;
— ONpeneNsiTb 3HAYUMOCTh TE€X WU MHBIX
($haKkTOpOB IIPH MOCTPOCHUH MO/IEIICH;
— TPOBOJUTH HCCIEAOBAaHUS OOBEKTOB C
MTOMOUIIBIO MOJEJIEHN
Branets — HaBBbIKaMH pa3paboTKu HOBBIX u
NPUMEHEHUS  CTAHJAPTHBIX  MPOTrPaMMHBIX

cpenctB Ha 0Oasze (pU3MKO-MaTeMaTHUECKHX
Mojieie 001acTi MOJIETTUPOBAHUS MTPOIIECCOB
CBapKH;

— HaBbIKaMH (OPMATBHOTO MpPEACTaBICHUS
TEXHUUYECKUX OOBEKTOB U TEXHOJOTMUYECKUX
nmponeccoB M HMX aBTOMATHU3AllMM B paMKax

CYHICCTBYIOIIUX  CTAHAAPTHBIX IIAKETOB U
CpEaAcCTB ABTOMATHU3UPOBAHHOI'O
MMPOCKTUPOBAHUA,

— HaBBbIKaMH MMPUMCECHCHUA Pa3INYIHBIX

WHCTPYMEHTOB M METOJIOB MOJICIIMPOBAHUS H
aBTOMAaTH3allMM TEXHUYECKHUX OOBEKTOB H
TEXHOJIOTHYECKHX TIPOIECCOB W  OIMUCAHHS
(GUBHYECKUX CUCTEM JUIS PEIICHUS Pa3TUIHBIX
po0JIeM, BOSHUKAIONTUX TIPH MOJICITHPOBAHHH;
— OOIIeNPUHSATHIMA METOTUKAMU 00pabOTKH

IIpuMmepHbIe 3aaHus 1Sl IPAKTHYECKUX padoT:

Pemuts crnepyromee oqHoMepHoe AuddepeHnranbHoe ypaBHEHHE

B omnomepnom npoctpanctse P1 ompexneneno cnemyromiee onHoMepHoe nuddepeHnnanbuoe
ypaBHEHUE NI HaxoxaeHus: GyHKIuU U Ha npomexyTtke oT 0 go 1. Ha rpanunax oGnactu,
3HaueHue QyHKuMHU it paBHoO O:

u’(z) = f(z) in (0,1),
Fl u(0) =u(l) =0,

TIe f n3BecTHas QYHKIUA, 1L HEU3BeCTHAsT (PYHKIUS OT . u” BTOpas MPOU3BOHAS OT 1L MO .
Pemrenne nmocraBneHHOM 3a71a4M METOJIOM KOHEYHBIX JJIEMEHTOB pa3o0b&éM Ha 2 JTarma:

= [lepedopmynupoBaTh IpaHUYHYIO 33Ja4y B TaK Ha3blBaeMyl0 Cla0yio (BapHUallMOHHYIO)
dbopmy. Ha aToM 3Tare BIYUCICHUH TTOUTH HE TpeOyeTcs.

= Pazo0uth cnabyro Gpopmy Ha KOHEUHBIE OTPE3KU-IIIEMEHTHI.
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CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Mnanupyembie pe3yabTaThl 00yUeHUs

OneHouHble CpeaCcTBa

PE3YIBTATOB MOJICITUPOBAHNS;
— HaBBIKaAMH I/IHTepHpeTaHI/H/I pesyanaTOB
HUCCJIENOBAHNI CO3aHHBIX MOJIEJIEN.

A

» @yHkus U C HYJEBBIMM 3HAa4€HMs] Ha KOHUAX (roiy0as), W anmpoKCHUMalus STOU
GbyHKIIUMU OTpe3kaMu (KpacHas).

2. [MonyuuTe 3aKOHbI ABUKEHWNA GU3MYECKON CUCTEMBI NO 3a4aHHbIM YPAaBHEHUAM

3. B 3ag4aHNM ypaBHEHMA NONHbIX KNHETUYECKON U NOTEHLMAIbHOW SHEPTUA.

3.1. NpoanddepeHLNpPOBaTb YPaBHEHNS B CUMBOJIBHOM BUAE C MOMOLLbIO MaTEMaTUYECKOIO
nakeTa.

3. 2. NonyunTtb anddepeHumanbHble ypaBHEHNA ABUKEHUA.

3.3. Pewuntb anddepeHumanbHble ypaBHEHUA ABUKEHUA C MOMOLLLIO MaTEMATUYECKOTO
nakeTa.

3.4. NpepacTaBuTb pe3ynbTaTt B BUAE YPaBHEHUA 3aBUCMMOCTU NepemeLLeHnit OT BpeMeHU 1
rpadunKoB NepemeLLeHunn.
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CTpyKTypHBI
JJIEMEHT

KOMIICTCHI N

[Tnanupyemble pe3yabTaTbl 00ydeHUs

OneHouHble CpeaCcTBa

3.5. [Toka3zatb BO3MOXHbBIE IPUMEPHI PEATBHBIX CUCTEM C TIOJJOOHBIMH YPaBHEHHUSIMU
function Qr=fQr(T, U, Qr,...
ql, g2, g3,...
vl, V2, v3,...
al, az, a3,...
m1, m2, m3, m4, m5, m6, el, e2, e3, e4, e5, e6)
% KomnoHeHTs! ypaBHeHus Jlarpanka
dT__ d_dqdt=diff(T,v1)+diff(T,V2)+diff(T,v3)
%l Ipu nuddepenprpoBanuu mo ckopoctei dqdt mo BpemMeHu t MOTYYUM YCKOPEHHSI
%ddqdtt, t.c. 3amenum ckopoctu dgqdt yckopenusmu ddgdtt
ddT___ d_dqdt_ dt=diff(dT___d_dqdt,vl).*al...
+diff(dT___d_dqdt,V2).*a2...
+diff(dT___d_dqdt,v3).*a3
dT__ dg=diff(T,q1)+diff(T,q2)+diff(T,q3)
dU___ dg=diff(U,ql)+diff(U,q2)+diff(U,q3)
Qr=ddT__ d dqdt dt-dT__ dg+dU__ dg;
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0) Ilopsinoxk mpoBeAeHUs] NMPOMEKYTOYHOM aTTeCTAIlMU, NMOKA3aTeJId M KPUTePUHU
OlLleHUBAHUS:

IIpoMekyTOouHasi aTTeCTAIUMSl BKIIOYACT TEOPETHUECKUE BOIPOCHI, IT03BOJIAIONINE
OLICHUTh YPOBEHb YCBOCHHMS OOy4YaIOUIMMUCS 3HAHUMN, U MPAKTHUECKHUE 33/JaHUS, BBISBISIONINE
CTerneHb CPOPMUPOBAHHOCTH YMEHUH M BIIAICHUI, TPOBOIUTCS B (hOpME dK3aMEHa.

Iloxka3aTeu U KPUTEPUHU OLIEHMBAHUS IK3aMeHa:

DK3aMeH MO JaHHOM TUCHMIUIMHE MPOBOJUTCA B YCTHOW (opMe MO 3K3aMEHAIMOHHBIM
OousietaM, KaXIbId M3 KOTOPBIX BKIIOYAET 2 TEOPETHMUYECKHUX BOIPOCA U OJHO MPAKTHUECKOE
3a/laHue.

— Ha OLEHKY «OTJHYHO» (5 6aiioB) — 00yYaromuiicss TEMOHCTPUPYET BBHICOKHI YpOBEHb
c(OPMHPOBAHHOCTH KOMIIETEHIMI, BCECTOPOHHEE, CHUCTEMAaTHYEeCKOe U TIIIyOOKOe 3HaHue
yueOHOro Marepuaja, CBOOOJHO BBIMOJHSET MPAKTUYECKHE 3a/laHus, CBOOOJIHO OIEepUpyeT
3HAHUSIMH, YMEHUSIMH, IPUMEHSET UX B CUTYalUAX MOBBIIICHHOHN CI0KHOCTH.

— Ha OLEHKY «Xxopomo» (4 6amra) — o0yJaromuiicss 1eMOHCTPUPYET CPEAHHI YpOBEHb
c(OPMHPOBAHHOCTH KOMITCTCHIIMH: OCHOBHBIC 3HAHHS, YMEHHS OCBOCHBI, HO IOIMYCKAIOTCS
HE3HAYUTENbHbIE OIMOKH, HETOYHOCTH, 3aTPYAHECHHUS [IPH aHATUTUYECKUX ONepalusiX, IEPeHoce
3HaHUH U yMEHUI1 Ha HOBbIE, HECTAH/IAPTHBIC CUTYAI[HH.

— Ha OICHKY «YIOBJIETBOPUTEJNbHO» (3 Oamia) — oOydarouuiicss JIEeMOHCTPHUPYET
MIOPOTOBBIA YPOBEHb C(HOPMHUPOBAHHOCTH KOMIIETCHIIMH: B XOAE KOHTPOJBHBIX MEPOIPHITHI
JOTYCKAlOTCA OIIMOKM, MPOSBISETCS OTCYTCTBHE OTAEIbHBIX 3HAHUM, YMEHHUI, HaBBIKOB,
00yYaromuiCsl UCTBITHIBACT 3HAYUTEIbHBIC 3aTPYyAHEHHUS TPU OINEPHUPOBAHWUU 3HAHUSIMHU U
YMEHHSIMH TIPU UX MIEPEHOCE Ha HOBBIE CUTYALIUU.

— Ha OLIEHKY «Hey/10BJIETBOPHUTEJIbHO» (2 Oaia) — 00yJarouiicss IeMOHCTPUPYET 3HAHUS
He Oonee 20% TeOpeTHUECKOTO MaTepuana, JOMYCKaeT CYIIECTBEHHbIC OIIMOKU, HE MOKET
M0Ka3aTh MHTEJUICKTYaJIbHbIC HABBIKU PEIICHUS MPOCTHIX 3a/1a4.

— Ha OILICHKY «HeyIOBJIeTBOPHTeabHO» (1 Oamn) — oOydarouuiics HE MOXKET MOKa3aTh
3HaHUSI HAa YPOBHE BOCIIPOM3BEICHHS W OOBSCHEHHS WHPOpPMAIUU, HE MOXKET II0Ka3aTh
MHTEJUIEKTYaJIbHbIC HaBBIKU PEIIEHUs MPOCTHIX 3ajau.

a) OcHoBHas JquUTEpaTypa:

1. Kambuenko, A. A. IlnanupoBaHue >KclepuMeHTa M 00paboTKa pe3ysbTaToB C
ucrnonp3zoBanueM OBM : yueOnoe mocodue / A. A. Kampuenko, K. I'. [Tamenko ; MI'TY. -
Maruuroropck : MITY, 2017. - 1 oanekrpon. ont. auck (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3044.pdf&show=dcatalogues/1/1135
031/3044.pdf&view=true  (mara o6pamenus: 04.10.2019). - Makpooosekt. - Tekcr
AJIEKTPOHHBIN.

2. Kanbuenko, A. A. MogenupoBanue nporeccoB OM/] ¢ ncnonap30BaHHEM COBPEMEHHBIX
IPOrpaMMHBIX MPOJIYKTOB : yuyeObHoe nmocobue / A. A. Kanbuenko, K. I'. Ilamenko ; MI'TY. -
Marnutoropck : MITY, 2017. - 1 osnekrpon. ont. guck (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2992.pdf&show=dcatalogues/1/1134
932/2992.pdf&view=true  (mara oGpamenus: 04.10.2019). - Makpooobekr. - Tekcr
AJIEKTPOHHBIN.

0) /lomoJiHUTe IbHASA JIUTEpaTypa:

1. Kambuenko, A. A. MaremaTtnyeckne METObI B MHKEHEPHUH : yueOHoe mocodue / A. A.
Kanbuenko, K. I'. TTamenko ; MI'TY. - Marnutoropck : MI'TY, 2017. - 1 a5eKTpoH. OnT. IUCK
(CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2835.pdf&show=dcatalogues/1/1133
197/2835.pdf&view=true  (mara oOpamenus: 04.10.2019). - Makpooosekt. - Tekcr
JJIEKTPOHHBIN.

2. Kanbuenko, A. A. KoMIblOTepHBIE TEXHOJIOTHH B MAIITHHOCTPOEHUH : yueOHOe mocooue /
A. A. Kanpuenko ; MI'TY. - Maruautoropck : MI'TY, 2017. - 1 anekrpos. ont. auck (CD-ROM).
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3JIEKTPOH. OIIT. JTUCK (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2949.pdf&show=dcatalogues/1/1134
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AJIEKTPOHHBIN.

4. XaputoHoB, B.A. AHaimM3 mpoiecca BOJOYECHHS B MOHOJMTHOM BOJIOKE IMpHU
MOJICJTMPOBAHUH B MporpaMMHoM komiuiekce Deform-3d : yae6HOe mocobue / B.A. XapuToHOB,
M.IO. VYcanos ; MI'TY. - Maruutoropck/ MI'TVY, 2018. — 1 anekrpon. onrt. auck (CD-ROM). -
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B) MeToanuyeckue yKasaHus:

1. MoaenupoBaHue CUCTEM U mpoiieccoB. [IpakTukyM : yueOHOe mocooue st By30oB / B. H.
Bonkosa [u ap.] ; mox penakuueit B. H. BonkoBoit. — Mocksa : U3garensctBo FOpaiit, 2020. —
295 c¢. — (Bricuiee o6pazoBanue). — ISBN 978-5-534-01442-6. — Tekcr : anekrponnsiii // 9bC
IOpaiit [caiit]. — URL: http://www.biblio-online.ru/bcode/451288 (maTa oOpareHus:
19.10.2020).

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:

IIporpamMmmHoe oGecrieueHue

Haumenosanue ITO Ne norosopa CpoKk JIeHCTBYS JIUTICH3UH
MS Windows 7

Professional(mms  [[A-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)

MS Windows 7

Professional (s |1-757-17 ot 27.06.2017 27.07.2018
KJIACCOB)

MS Office 2007

Professional Ne 135 ot 17.09.2007 6eccpodHo

1Zip ¢B0001HO pacmpocrpansemoe [10 0eccpoYHO

IIpodeccuonanbubie 6a3b1 JTAHHBIX H HHGOPMANMOHHBbIE CIIPABOYHbIE CHCTEMbI
HasBanue kypca Cchlika

OnekTpoHHas 0a3a nmeproanveckux m3nanui East View
Information Services, OO0 «MIBHUC»
HammonansHas MH(POPMAIMOHHO-aHATN THYECKAs URL:
cucrema — Poccuiickuii HHIEKC HAYYHOTO IIUTUPOBAHUS '
(PUHII)
[TouckoBass cucrema Axagemus Google (Google
Scholar)
WNudopmannonHas cucrema - EnuHoe OKHO JocTyma K
HHGOPMAIMOHHEIM pecypcaM

https://dlib.eastview.com/

https://elibrary.ru/project_risc.asp

URL.: https://scholar.google.ru/

URL: http://window.edu.ru/
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denepanbHOE roCyJIapCTBEHHOE 010/ DKETHOE
yapexaenne «Denepansupiii uactuTyT npombeinuiennoi|URL: http://www1.fips.ru/
COOCTBEHHOCTHY

9 MarepuajIbHO-TEXHHYECKOE o0ecreuyeHre JMCIUIIMHBI (MOAYJIfA)

MarepuanbHO-TEXHHUECKOE 00eCIIeyeHHEe AUCHUILINHBI BKIHOYAET:

MartepuanbHO-TEXHUUECKOE 00eCTIEUEHNE TUCLUIUIMHBI BKIIOYAET:

1. YuyeOHble ayiuTOpUH AJIs IPOBEACHUS 3aHATUH JIeKIIMOHHOTO THIa: KoMIuieke TecToBbIX
3aJJaHui 111 IPOBEICHHSI TPOMEKYTOUHBIX M PYOESKHBIX KOHTPOJICH.

2. YuebOHas ayauTopus AJs MPOBeNeHUs 1abopaTopHbIX padoT: JlabopaTopHslil kopmyc ¢
nabopaTtopueil CBapku U JIabopaTopuei pe3aHus: KOMIUIEKT MEYaTHBIX U AJIEKTPOHHBIX BEPCUN
METOAMYECKMX pEeKOMEHJalui, ydeOHoe mocobue, miakarbl o TemaM. JlabopaTopHoe
00opyI0BaHueE.

3. YueOHas ayauTopus JUIsl IPOBEACHUS MEXaHUUECKUX UCTIBITAHUI:

1) MamnHbl yHUBEpCaabHbIE UCIIBITATENIbHBIE HA PACTSKEHUE.

2) MeputenbHbI UHCTPYMEHT.

3) Ilpubops! 11t U3MEpEHUs TBEPLOCTH 110 MeToaaM bpunenns u Poksenna.

4) MuxkpoTBepaomep.

5) Ileun Tepmuyeckue.

4. VYuebHas ayauTopus JUISI TPOBEAEHUS MeTaUIOrpapUMuecKux HCCIleI0BaHMMA:

Muxkpockonst MUM-6, MUM-7
5. YueOHble ayIuUTOpPUM Ul MPOBEACHUS WHIMBUAYAJIbHBIX KOHCYJIbTALUH, TEKYILEro

KOHTpOJIA U IPOMEKYTOYHOM arrecranuu: /Jocka.
6. Ilomemenue mns XpaHEHHUS W TPOPHIAKTHYECKOTO OOCIY)KMBAaHUS y4eOHOTO

O60py,I[OBaHI/I$II CTeHHa)KI/I, HHCTPYMCHTBI JJIs1 pCMOHTA na6opaTopHor0 O60py,I[OBaHI/I$I.
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