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JIHCT perucTpalfi H3MEHeHHH

Ne | Pasgen Kparkoe  copepxarme | Hara. Ne | llomwcs 3as. kadeapoii
IVI1 | IIPOrPaMMBbl | H3MEHEHHA/ TOIIOJIHEHU | [IPOTOKOJIA
3ace AU
Kadepol
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METOAHYECKOIO | . Nel %ff..-«.—w,;’ 1 B
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obecreeHms

2. | Paznen 9 AKTyamaiug 31.08.2018r - St
MaTepHajbHO- . Nel %::_.1;W‘;f;;_ e
TEXHHYECKOTO
obecreyeHms

3. | Pazymen 8 Axryampaiug yiuedHo- | 09.10.2019r 7, ——
METOTHMCCKOTO H | . Ne2 *}é‘:;_“m,,_’,‘;:_;_u*_
HH(POPMALIHOHHOTO
obecrieyeHI

4. | Paznen 9 AxTyamzaius 09.10.2019r 7. s 1
MaTepHaTLHO- . Na2 'ﬂ}é‘f.w.“—.__. - T
TEXHHYECKOTO
obecreyeHHs

Paszgcn 8 AxTyampaiug yacoio- | 09.09.2020r f‘_, e

5. METOTHMCCKOTO | . Nel f}é_ s e

HHPOPMAT[HOHHOTO

obecrieueHHs




1 Ilesin ocBOEHMSI IMCUMILIUHBI (MOIYJISA)

[enssmMu ocBoeHUs MUCHUIUTMHBI (MOAyssl) «OCHOBBI MojaenupoBaHus mporiecco OM»
SIBIITFOTCSI:  pPa3BUTHE Y CTYIEHTOB JIMYHOCTHBIX KadecTB, a Takke (QopMmupoBaHUE
OOIIEKYIb-TYPHBIX W TMPOGECCHOHATHHBIX KOMIIETCHIIMA B COOTBETCTBHHM C TPEOOBaHUSIMHU
@I'OC no nampasneruto 150301 - Mammnoctpoenue. CTYACHT JOJDKEH NMOJTYYUTh 3HAHHUE U
HaBBIKM TPUMEHEHUS TJaBHBIX HAyYHBIX METOJIOB HCCICIOBAHUS TEXHUUYECKHX OOBEKTOB:
MaTeMaTu4ye-CKOro MOJEJIHMPOBAHUS C  KCIOJIB30BAHUEM COBPEMEHHBIX IMPOTrPaMMHBIX
MIPOJIYKTOB, MOJTYYUTh MPEICTABICHUE O CUCTEMATHIECKOM MPUPOJIC TEXHUUECKUX 3aBHCUMOCTEH
Y 3aKOHOMEPHOCTEH; U3YYUTh YCIOBHUS MOAOOUS MIPH MOJICTHPOBAHUH, METOABl HHTEPIIPETAIIH
pPE3YIIBTATOB MCCIIS-IOBAaHUH.

2 MecTo JUCHUNJIMHBI (MOYJIsI) B CTPYKTYpe 00pa3oBaTe/ibHOIi MPOrpaMmbl

Jucuummaa OCHOBBI MOJENMPOBAHUS MPOIECCOB OOPaOOTKM METAJIOB JIaBJICHUEM
BXOJIMT B BApUATUBHYIO YacTh y4eOHOIO IJIaHa 00pa30BaTeIbHON IPOrpaMMBI.

Jnist u3ydeHust TUCIMITIMHBI He0OOXOAMMBI 3HaHUS (YMEHHUS, BIaeHH), COpMUPOBaHHBIC
B pe3yJIbTaTe U3Y4YEHUS JUCLUIUIMH/ IPAKTHK:

HauepraTenbHas reoMeTpHs ¥ KOMIbIOTEpHAs rpaduxa

®usnka

Maremaruka

NudopmaTtuka

3HaHus (YMEHHMS, BIAJEHUS), MOJyYCHHbIE NMPU M3YYCHUM NAHHON JMUCHUILTUHBI OymyT
HEO0XOAUMBI JUIsl U3yUEHUS U CLUILINH/TIPaKTHK:

MogenupoBanue mnpoueccoB 0OpabOTKM METa/IOB JIaBJICHHEM C HCIOJIb30BAHUEM
COBPEMEHHBIX IIPOrPAMMHBIX IIPOAYKTOB

[TonroroBka K 3amuTe ¥ 3aIIUTa BBITYCKHON KBAIM(UKAITUOHHON pabOTHI

3 KomnereHnnu o0y4aiierocsi, popMupyemMbie B pe3yabTaTe 0CBOECHUSI

JMCHUIIMHBI (MOXYJIS1) M IJIAHUPYeEMbIe pPe3yJIbTaThl 00y4eHus

B pesynbTaTe OCBOCHHS AMCHUILTUHBI (MOAYNsl) «OCHOBBI MOJETHPOBAHUS TPOIECCOB
00pabOTKM METa/UIOB  JIaBJICHHEM» OOy4JaloIMics JOKeH o0JaaTh  CIeAyIOIUMU
KOMTICTCHITUSIMHU:

CrpyKTypHBIi [Tnanupyemble pe3ynbTaThl 00y4eHUs
JIIEMEHT
KOMIIETCHIIUU

IIK-2 ymeHuem o0ecrieunBaTh MOJEJIMPOBAHNE TEXHUYECKUX 00BEKTOB M
TeXHOJIOTHYEeCKHX NMPOLECCOB ¢ HCIO0Jb30BaHNEM CTAHJIAPTHBIX MAKETOB M CPEJCTB
aBTOMATH3HPOBAHHOIO NPOCKTHPOBAHMS, IPOBOANTH IKCIIEPUMEHTHI 110 32JAHHBIM
METOAMKAM ¢ 00padOTKOM U AHAJTU30M Pe3yJIbTAaTOB

3HaThL ] OCHOBHBIC MaTeMaTHYECKUE, PU3HMIECCKUE, XUMUICCKHE U JP. TIOJIOKCHHUS,
3aKOHBI U T.II. CBEICHUS, HEOOXOAMMBIE JIJIsl IPUMEHEHHUs B 00JacTh

Mo ienupoBanus nporeccoB OMJI.

| OCHOBHBIE TOJIOKEHUS TEOPHUH MTOA00WS U MOJICTUPOBAHUS;
KJIACCU(PUKAITNIO U

] ocHOBHBIE OpMBI MaTeMaTHUECKUX Mojeneir (MM); TpeboBaHUS K
MaTeMaTUYEeCKUM MOJIEIISIM;

] TUTIOBBIC 33J]a4H MOJICTUPOBAHUS U CIIOCOOBI X PEUICHHS; TEXHUIECKIE
Y TIpOTpaMMHBIE CPEJICTBA

[] MOAEeIMpOBaHHUS




VYmeTb

| npuMeHATh (PU3UKO-MaTeMaTHYECKHE METO bl MOAEIUPOBAHUS IIPOLIEC
-coB OM/I 111 NpOEKTUPOBAHUS U3AEINN U TEXHOJIOTUYECKUX ITPOLIECCOB B
MAaIIMHOCTPOCHUH C IPUMEHEHUEM CTaHJapTHBIX IPOrPAMMHBIX CPEJICTB;

| nccnenoBaTh XapakKTEPUCTUKU TPOEKTUPYEMBIX CUCTEM C ITOMOIIBIO

[ BBIYMCIIMTEIIbHON TEXHUKH 000011aTh CBOMCTBA HCCIIEyeMOTO 00BEKTa U
co3zaBaTh (pusnyeckue,

| MaTeMaTHuYeCKue, NKOHOTpau4ecKrue 1 UMUTALlMOHHbIE MaTeMaTH4e-
CKH€ MOJIENH; CTPOUTH

| MaTeMaTHYeCKUe MOAEIU U IPOBOIUTH HEOOXOAUMBINH 00BEM IKCHIEpU-
MEHTOB ]ISl 3TOT0;

| onpenensTh 3HAYUMOCTb T€X WJIM UHBIX ()aKTOPOB IIPU NOCTPOEHUU MO
-JIeNeH;

| IPOBOIUTH UCCIIEAOBAHUS OOBEKTOB C IIOMOIIBIO MOZEIEH

Bnanets

"] HaBBIKAMU pa3pabOTKH HOBBIX M IPUMEHEHHS CTaHAapPTHBIX
IIPOTPaMMHBIX CPEJICTB Ha 0a3e Pu3nKo-MaTeMaTHUECKUX MOJeneit o0macTi
Mo enupoBanus nporeccoB OMJI;

| HaBBIKaMU (pOPMATILHOTO MPEACTABICHUS TEXHUUECKUX O0BEKTOB U
TEXHOJIOTMYECKUX MPOILECCOB U MX aBTOMATH3aLMH B PaMKax
CYIIECTBYIOIIMX CTaH/IAPTHBIX ITAKETOB U CPEJICTB ABTOMAaTU3UPOBAHHOTO
POEKTHPOBAHNS;

| HaBBIKAMU TPUMEHEHHUS PA3TUYHBIX HHCTPYMEHTOB U METOIOB
MOJICTTMPOBAHMS M aBTOMATH3aLlUN TEXHHYECKUX 00BEKTOB U
TEXHOJIOTUYECKUX MPOIECCOB M OMHMCAHUS (PU3NUECKUX CUCTEM JIJIS
pELICHNUS pa3InYHBIX TPOOIEM, BOZHUKAIOIINX IPH MOJICITHPOBAHNM;

"] o0IIenpUHATHIMU METOTUKAMHU 00paOOTKH Pe3yJIbTaTOB MOJICTUPOBAHMS;
"] HaBBIKAMU MHTEPIPETALUH PE3YIIHTATOB NCCIETOBAHUI CO3TaHHBIX
MOJIETIEH.

4. CTpyKTYypa, 00bEM U coiep KaHne TUCUMILTUHBI (MOIYJIs)
OO0mmast TpyI0eMKOCTh AUCIHILTUHBI COCTaBiseT 4 3aueTHbIX eauHui 144 akasn. 4acoB, B TOM

HHUCIIC:

— KOHTaKTHas paboTta — 57,2 akaj1. 4acoB:

— ayuTopHas — 54 akaJ. 4acos;

— BHeayIuTOpHas — 3,2 akaJl. 4acoB

— caMocTosTeNnbHas padora — 51,1 akan. yacos;
— MOJTOTOBKA K dK3aMeHy — 35,7 akaj. yaca
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MIPOTrPaMMHBEIX ITPOJYKTOB.
porp pony 3AHSITHSIM.




2.1 OcHOBE  TeopuH

CaMoCTOsITeNIbHOE
u3yueHue yueOHou
JIUTEPATYypPhIL.

2 4,21 5 Pemienue 3amay. TIK-2
mo100us TloaroroBka k
MPAKTHICCKHUM
3AHITHSIM.
3.1 Merox  KOHEYHBIX
3JIEMEHTOB. CamocTosTensHOe
IIpeumymiecTsa u u3ydeHue yueOHoOM
HEIOCTATKH. Ucropus 2 40U 5 JUTEPATYPBHI. — MK-2
pa3BUTHSA METOo/a. TloaroroBka k
Cucremsl aHaIM3a, MPAKTHICCKHUM
OCHOBaHHBIE Ha METOJE. 3AHITHSIM.
IIporpammuoe
CamocTosTensHOe
u3ydeHue yueOHoOM
4.1 XapaKkTepUCTHKH 2 40U 5 JUTEPATYPBHI. Pemenie 3aza1. K-2
00BEKTOB MOJICITUPOBAHUS TloaroroBka K
MPAKTUYECKUM
3AHSITHSIM.
CaMOCTOSTEIBHOE
5.1 IIporpammHBbIe u3yueHue yueOHou
TPOALYKTBI e 2 4,21 5 MTEPATYPBL. Pemienue 3amay. TIK-2
MO/JICITUPOBAHUS TloaroroBka k
CBAapOYHBIX POLIECCOB MPAKTHICCKHUM
3AHITHSIM.
6.1 OcobeHHOCTH CaMOCTOSTEIIbHOE
MaTEeMaTHYECKOTO u3yueHue yueOHou
MOACIHPOBAHHA 2 4/21 5 [HTEPaTyphL Pemenue 3agad. IK-2
MpPOIIECCOB  CBapKu ¢ TloaroroBka k
HC-TI0JIb30BaHHEM MPAKTHICCKHUM
MPOTPaMMHBIX MTPOAYKTOB. 3AHITHSIM.
CamocTosTensHOe
7.1 XapaKTepucTHKa u3ydeHue yueOHoOM
pewenunii ot ESI Group, 2 40U 5 JIUTEPATYPBHI. Peenie 3axat K-2
MSC Marc " Ip. TToaroroBka k ’
Ppa3paboT4YHKOB. MPAKTUYECKUM
3AHSITHSIM.
CaMOCTOSTEIBHOE
8.1 O6paboTka u u3yueHue y4eOHOu
HMHTCPTIpETALls 4 8 15 MTCPATYPBL. Pemienne 3amay. TIK-2
pe3ynbpTaToB IToaroroBka k
MOJICTIUPOBAHHUSL. MPAKTHICCKHUM
3AHITHSIM.
9.1 Dk3amen TIK-2
TIK-2
Hroro 3a cemectp 18 36/1411 | 51,1 SK3aMeH
Hrtoro no qucuurinee 18 36/141 | 51,1 9K3aMEeH TIK-2




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

1. TpamunuoHHble 00pa3oBaTeNbHbIE TEXHOJOTMH OPHEHTHUPYIOTCS Ha OpraHU3aluIo
00pa30BaTeNFHOTO  IpoIecca, MPEANONATAONIYI0 MPSAMYI0  TPAaHCIALMIO 3HAHUM  OT
npenoaaBaresss K CTyJIEHTY (MPEeuMYIIECTBEHHO Ha OCHOBE OOBSICHUTEIbHO-UJLIIOCTPATUBHBIX
METO0B 00ydeHus1). YueOHasi qesITeIbHOCTh CTYACHTAa HOCUT B TaKUX YCJIOBHSIX, KaK IPaBUIIO,
pETPOIYKTUBHBIN XapaKTep.

®opmbl y4eOHBIX 3aHATHI C UCTIOIB30BAHUEM TPAJAULIMOHHBIX TEXHOJIOTHIA:

Nndopmannonnas yekuust —  MOCIEAOBATEIbHOE HW3JIOKEHHWE MaTepuaiga B
JTUCLHUTUTMHAPHOM JIOTHKE, OCYIIECTBISIEMOE NPEUMYIIECTBEHHO BepOaJbHBIMU CPEICTBAMU
(MOHOJIOT TpernoaaBaTesl).

[IpakTHyeckoe 3aHATHE, MOCBALICHHOE OCBOCHUIO KOHKPETHBIX YMEHHH U HABBIKOB IO
MPEIOKEHHOMY aITOPUTMY.

JlaGopaTopHnas paboTa — opranu3zaius yueOHoi paboThI C pealbHBIMU MaTepPHATIbHBIMHU U
MH(OPMALlMOHHBIMU O0BEKTaMH, HKCIEpPUMEHTalbHas paboTa € aHAJIOrOBBIMH MOJEISIMHU
peabHBIX 00BEKTOB.

2. TexHOJOTHH TIPOCKTHOTO OOYUEHHMsI — OpraHU3alus 00pa3oBaTEIHHOTO IMpoIecca B
COOTBETCTBUHU C aITOPUTMOM IIOATAIMHOTO PELICHHS MPOOJIEMHOW 3a/layll WM BBITIOTHEHUS
yuebHoro 3ananus. [IpoekT npeamnonaaraeT COBMECTHYIO Y4eOHO-TI03HABATEIbHYIO IEATEIbHOCTh
TPYNIBI CTYIEHTOB, HAMPABJICHHYIO HA BHIPA0OTKY KOHIEMIINH, YCTAHOBICHHUE IeNel U 3ajad,
(GOpMYyITUPOBKY O0XHMJIA€MBIX PE3yJIbTAaTOB, OMNPEICICHUE MPHUHIMIIOB W METOJIUK pEIICHUS
MOCTABIICHHBIX 3a7ad, I[UIAHUPOBaHWE XoAa pabOThl, TMOUCK IOCTYIMHBIX W ONTUMAJIBHBIX
pecypcoB, MOATANHYI peaTu3alyio IJlaHa paboThl, MPE3EHTAIMI0 PEe3yNbTaToB PaldOTHI, HX
OCMBICIICHUE U peIKCHIO.

OcCHOBHbIE TUTIBI TPOEKTOB:

HccnenoBaTenbCckuii TPOSKT — CTPyKTypa npuOmmkeHa K QopMmaTy HaydHOTO
UCCIIeIOBaHMs (JI0Ka3aTeIbCTBO AaKTYyaJlbHOCTH TEeMbl, OMNpEJe/IeHHe HAay4HOH MpoOseMsl,
npeaMera U 0OBEKTa HCCIEeNOBaHMA, LENed W 3ajad, METOAO0B, MCTOYHUKOB, BBIIBH)KEHUE
TUIOTE3bl, 00001IIeHUE Pe3yTBTATOB, BBIBOBI, 0003HAUEHUE HOBBIX ITPOOIIEM).

NudopmannoHHplii  MpoeKT — y4yeOHO-TO3HABAaTENIbHAs JACSITENBHOCTh C  SPKO
BBIPAXCHHOW 3BPUCTUYECKON HAMPABICHHOCTHIO (MTOUCK, 0TOOP M cCUCTeMaTH3amus THGOpMaIun
0 KakoM-TO 00BEKTe, 03HAKOMJIEHHE YYAaCTHHUKOB MPOEKTa C 3TO MH(pOpMalMel, ee aHaIu3 U
o0o011eHune 115 Mpe3eHTauy 60see HIMPOKON ayTUTOPHH).

3. HTepakTUBHBIE TEXHOJOTUU — OpraHu3alus 00pa3oBaTENbHOIO IMpoliecca, KOTopas
MPEAIONAracT aKTUBHOE U HEJIMHEMHOE B3aMMOICMCTBUE BCEX YUYACTHUKOB, JOCTHKEHUE HA 3TOU
OCHOBE JIMYHOCTHO- 3HAUYMMOIO JMJii HHUX oOpa3oBarenbHOro pesynprata. Hapsgy co
CHEIUAM3UPOBAHHBIMA ~ TEXHOJOTHUSIMH  TaKOro  pojJa MNPUHIUN  WHTEPAKTUBHOCTH
IpOCJIEeKUBAaeTC B OOJIBIIMHCTBE  COBPEMEHHBIX  0Opa30BaTENbHBIX  TEXHOJOTHUH.
HHTepakTHUBHOCTH MOJPa3yMeBaeT CyOBbEKT-CYObEKTHBIC OTHOILIEHHS B X0/ 00pa30BaTeIbHOIO
mpolecca 1, Kak cieicTue, GopMUpoBaHHE caMOpa3BUBAIOLIEiiCs HHPOPMAIMOHHO-PECYPCHOM
CpEJBl.

CeMuHap-aucKyccHsi — KOJUIEKTHBHOE OOCYXJAEHHE KaKoro-iudo CIOpHOro BOIpOCa,
npoOJieMbl, BBISBIICHUE MHEHUH B Tpymme (MeX-TPYIMOBOM OUANOr, JIHUCKYCCHS Kak
CIIOP-TUAJIOT).

6 YueOHO-MeTOIMYeCKOEe 00ecleyeHne CAaMOCTOSATeIbHOM padoThl 00y4YaroLIUXCcst

Ilo oucyunnune «OCHOBBI MOJCITUPOBAHHS MTPOIECCOB 0OPAOOTKU METAIIOB JABICHUEM»
npeoycMompena ayoumopHas u 6HeayoOumopHas camocmosamensras paboma o0yuaruuxcs.

Camocmosmenvras paboma cmyoeHmos npeonoiazaem peutenue 3a0ay.

IIpumepHbIe 3aJaHUA 111 CAMOCTOSITEILHOTO PellieHUs

Nel. BeiBeauTe U3 3aBUCHMOCTEN KPUTEPHUU NOJO0HS I yKa3aHHOTO MpoLiecca.

[IpuMeHuTe >HEPreTUYECKUl MOAX01 sl cocTaBiieHuss moaenu B MKD nng ykazaHHoro
npouecca.



Ne2. Pemmts cnenyromiee ogHoMepHoe uddepeHnanbHoe ypaBHEHHIE

B  omnomepHoM  mpoctpanctBe Pl omnpeneneHo  cieaymoomiee — OJHOMEPHOE
nuddepeHMaIbHOe ypaBHEHHE Ui HaXOXKAeHUS (QyHKIuu U Ha mpomexytke ot 0 go 1. Ha
rpaHunax obyacty, 3HaueHue GyHKIuH 1 paBHO 0:

u’(z) = f(z) in (0,1),
u(0) =u(l) =0,

rae I ussectnas byHKMA, U Heu3BecTHas (YHKUUS OT X . u” BTOpas IPOU3BOAHAS
OT i o . Pemenue mocTaBieHHOM 3a7]a41 METOI0M KOHEUHBIX AJIEMEHTOB Pa300bEéM Ha 2 Tana:

= [IlepedopMynupoBaTh TPAaHUYHYIO 33/1a4y B TaK Ha3bIBaEMYIO C1a0yio (BapHAIIMOHHYIO)
dbopmy. Ha 3TOM 3Tarme BerarcieHui oyt He TpeOyeTcs.

* Pa3o0uth cnabyro GpopMy Ha KOHEUHBIC OTPE3KHU-IJIEMEHTHI.

A

P1

» OyHKIMS 16 C HYJIEBBIMH 3HAueHHUs Ha KoHIAX (rosy0as), W anmpOKCHMAaLUs ITOH
GbyHKIMH OTpe3Kamu (KpacHast).

A

Ne3. TTomyunTe 3aKOHBI IBHKEHUSI PU3MUECKOM CHUCTEMBI TI0 3aJaHHBIM YPaBHEHUSIM

Ne4. B 3amannu ypaBHEHHS MOJHBIX KHHETUYECKON U MOTEHIMAIIBHON YHEPTHIA.
1. Ilponud dhepeHunpoBaTh ypaBHEHHUS B CHMBOJIBHOM BHUJIE C IOMOIIBIO MATEMaTHUECKOTO
nakera.
2. lNonyuuts nuddepeHnnanbHble ypaBHEHNUS ABHKEHUSL.
3. Pemmuth auddepeHnnanbHble ypaBHEHUS JBUKEHHS C TMOMOIIBIO MaTeMaTHYEeCKOTro
MakKeTa.
4. lIpencraBuTh pe3yibTaT B BUJE YPAaBHEHMs 3aBUCUMOCTH MEPEMEIICHUN OT BPEMEHH U
rpaduKOB MepeMEeICHUN.
5. Iloka3aTh BO3MOKHBIE IPUMEPHI PEATBHBIX CUCTEM C MOAOOHBIMU 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, 5, €6)
% KomnoneHnTs! ypaBHeHus Jlarpanxka
dT___ d_dqdt=diff(T,v1)+diff(T,V2)+diff(T,v3)
%I Ipu muddepeniprpoBannu o ckopocreit dqdt mo BpemeHu t MOTydIUM YCKOPEHHSI
%ddqdltt, T.e. 3amenum ckopoctu dqdt yckopenusmu ddgdtt
ddT__ d_dqdt_ dt=diff(dT___d_dqdt,vl).*al...
+diff(dT___d dqdt,vV2).*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_dqdtv3).*a3

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

No6. 3aganbl puznueckue 3aKOHBI ... U OTPAHWUYCHUS ISl TEXHOJOTHYECKOTO Iporiecca
(HampuMep BBITSKKU CTaKaHa)...., arperara (MHCTPYMEHTA) U 3aTrOTOBKH.

ChopmynupyiiTe MOIEIb.

CHM3BTE pa3MEepPHOCTh YKa3aHHOW MOJIETH.

CocraBbTe rpaHMYHBIE YCIOBUS AJISL MOJIEIH

3anumute Jlarpankuan 2-ro poja Ajisl yKa3aHHBIX YHEPTeTUUECKUX YPABHCHHIA.

CocraBbTe muddepeHnaibabie ypaBHEHHUS U YKakuTe permenrne MKD s manoit oomactu
onuuMm KD.

BOl'IpOCbI AJISl MOATOTOBKH K IK3aMEHY:

1.
2.
3.

MOJENeN.
4,

Boo~NoO

0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.

HazoBuTe 0CHOBHBIE ATAMbl AITOPUTMA TOCTPOCHHS AHATTUTHUECKON MOJIEIH.
HazoBuTe 0CHOBHBIEC 3TAIIbI AJIropuTMa NoCTpOCHUA 3MHHpH‘-I€CKOfI MOACIIN.
PacckaxkuTte 0 pa3nuuusx B aJropuTMax MoCTPOEHUS AHATUTUYECKOW U AMITUPUYECKON

HazoBuTe HCTOYHUKY anprOpHOM HHPOPMAIIUH.

Uro siBiIsieTCs pe3yIbTaToOM aHalln3a alpuopHoi nHpopmarumn?

Kakue TpeboBanus mpeabsaBiIsSIOTCS K BXOJHBIM U BBIXOAHBIM (akTopam?

UYro Takoe KpUTEepUil ONTUMHU3ALUH?

[lepeuncnnre BUIBI KpUTEPUEB ONITUMHU3ALIAH.

UYro Takoe panr?

Yro Takoe hopmanmsanus’?

Uro Takoe UHTEpnpeTanus?

UTto Takoe sKCepUMEHT?

UYrto Takoe njIaHUpOBAaHUE IKCIIEPUMEHTA?

O0603HaubTe 1eNM IUTAHUPOBAHMSI SKCIIEPUMEHTA.

Urto Takoe onbIT?

Kakwue BUJIbI 5KCIEPUMEHTOB CYIIECTBYIOT?

UYro Takoe miaH 3KcrepuMeHTa?

Yro Takoe HyNeBol ypoBeHb dakTopa? Kak oH BeIOMpaeTcs?

Uro Takoe uHTepBaa BapbupoBanusa? Kak on BeiOupaercs?

Yo Takoe MoHBINA (HaKTOPHBIN IKCIIEPUMEHT?

UYro Takoe MaTpuIa JIaHUPOBAHUS SKCIIEPUMEHTA?

HazoBuTe cBoiicTBa MaTpHIIbl MOJHOTO (DAKTOPHOTO IKCIIEPUMEHTA.

UYro takoe npobHas perumka?

Urto Takoe pangomuzanua? Kakosa 1iesib mpoBeACHUS paHIOMU3ALUN?

UYTto Takoe 3KCTpEMaJIbHBIN dKCIIEPUMEHT?

UTo Takoe MHTEPIOALMOHHBIN YKCIIEPUMEHT?

Uro Takoe MHOTO(aKTOpHAs JIMHEHHAs perpeccus?

Kak orieHuBaeTcs TOUHOCTh MHOTO(DAKTOPHON JTMHEHHOW perpecCHOHHON MOIen?
Kak oniennBaercs afiekBaTHOCTh MHOTO(aKTOPHOM JIMHEHHON PerpecCHOHHON Moien?
Kakue 3HaueHHs MOKET IPUHUMATh MHOKECTBEHHBIN KO3 ULIMEHT Koppensunun?
UYTto Takoe HETMHENHBIE MOJENHN C «BHYTPEHHEN JTMHEUHOCTBION?

Kaxkue ObIBaroT HEeJTMHEHHBIE MOJICIH C «BHYTPEHHEH JIMHEHHOCTHIO»?

UYrto Takoe HETMHENHBIE MOJENIN C «BHYTPEHHEN HEJIMHEWHOCTHION?

0O0603HaubTe OCHOBHBIE ATAINbl METO/IA BKIIOYECHHUSI IEPEMEHHBIX.

UYro Takoe KoppesLuoHHas MaTpuna?

Uto Takoe dYacTHBIM KpuTepuid Puiepa il BXOAHOW TmepeMeHHo? YTo oH

XapakTepusyeT?



37.
38.
39.
40.
41.

0603Ha‘H>Te OCHOBHBIC 3Tallbl METOJAa UCKIIFOUCHUS TICPCMCHHBIX.

UTo Takoe MHTEpIpeTaAUs MOJAETN?

Jli1 4ero BBINOJIHAETCS UHTEPIIPETALMS MOAETN?

O0603HauybTe ATANBl UHTEPIPETAIMN MOIeTH. UTO Takoe rpaiueHT PyHKITUN?

IToyemy mpu OTBICKAHMM MAaKCUMyMa KPUTEPHUs ONTUMU3ALUU MOKHO IEPEMEIAThCS

110 TPAIUEHTY?
Yro ACJIaTh, CCJIM HC yAaJIOCh PCIIUTL 3aJa1y ONITUMH3AINHN OJId UCCICAYEMOTO O6’beKTa



7 OueHo4YHBIE CpeCcTBA /15l IPOBEAeHUsI IPOMEKYTOYHON aTTeCTALUM
a) Ilnanupyembie pe3yabTaTbl 00Yy4eHHsI M OLICHOYHbIE CPeACTBA VIS IPOBeIeHHUs MPOMEKYTOYHONH ATTeCTAlluM:

CTpyKTypHBIi
3JEMEHT

KOMIIECTCHIIUN

[Tnanupyemble pe3yabTaTbl 00ydeHUs

OneHouHblE CpeICTBA

IIK-2: ymenuem
CPeACTB ABTOMATH3HPOBAHHOI0 MPOEKTHPOBAHMNS, IPOBOAUTH

o0ecrmeynBaTh MOACTHUPOBAHUEC TEXHUICCKHUX 00bEKTOB M TEXHOJOIMYeCKHX nmpoueccoB ¢ UCIOJb30BAHUEM CTAHAAPTHLIX MAKETOB H

IKCIIEPUMEHTHI M0 33JaHHBIM METOMKAM ¢ 00pa00TKOH M aHAJIM30M Pe3yJIbTATOB

3HaTh

OCHOBHbIE MaTeMaTH4eckue, (hu3nueckue,
XUMHUYECKHE U Jp. MOJIOKEHHUS, 3aKOHBI U T.II.
CBEICHMsI, HEOOXOUMBIC IJisi MPUMEHEHUS B
o0JyacTu MOIETTUPOBAHUS IIPOLIECCOB CBAPKHU.
OCHOBHBIE TIOJIOKEHUS TCOPHH MOJ00US U
MOJICTTUPOBAHUS; KIIACCU(PUKALIUIO U

— OCHOBHbIE  (OpPMBI ~ MaTEeMaTUYECKHX
Moenen (MM); TpeboBaHUs K
MaTeMaTHYECKUM MOJICTISIM,

— TWIOBBIE 33aJaud  MOJCIUPOBAaHUS U
CrocOOBl HMX peHICHHS, TEXHHYECKHUe W
IpOTpaMMHBIE CPEACTBA

—  MOJCIMPOBAHUS

Bomnpocsl Kk 3xk3aMeHy:

HazoBuTe 0OCHOBHBIE ATaNbl AJITOPUTMA IOCTPOEHUS AHATTUTUYECKON MOJIEIH.
Ha3oBuTe 0OCHOBHBIE ATamnbl AITOPUTMA OCTPOEHUS SMITUPUIECKON MOJIEIH.
Pacckaxure O pasnuuMsaX B aIrOpUTMax IIOCTPOCHHUs AHAIUTUYECKOM M OMIIMPUYECKOU
MOJIEIIEN.

Ha3zoBuTte ucTOUHMKN anpuopHON HHPOpMAIUH.

Uro sBNIsSIETCS pe3yAbTaTOM aHAIM3a alPUOPHON HHGOpMAITIH?

Kakue TpeOoBaHMs NPEeIbIBIAIOTCSA K BXOAHBIM U BBIXOJHBIM (pakTopam?
Uto Takoe KpUTEpU ONTUMHU3ZALUN?

Ilepeuncnure BUIbl KpUTEPUEB ONTUMHU3ALMY.

Uto Takoe paHr?

Yro takoe popmanuzanus’?

Uto Takoe nuHTEpHpeTaIsn’?

UTto Takoe S3KCIEePUMEHT?

Uto Takoe rmiIaHupoBaHUE HKCIIEPUMEHTA?

O0603HaubTe 1ETH IIJIAHUPOBAHUS SKCIIEPUMEHTA.

Yo Takoe onbIT?

Kaxue BUbI 3KCIIEPUMEHTOB CYIIECTBYIOT?

Uto Takoe miaH 3KcrepuMeHTa?

Yro Takoe HyneBoi ypoBeHb (akTopa? Kak oH BeiOMpaercs?

Uro Takoe nHTEepBaa BappupoBaHusi? Kak oH BeiOnpaeTcs?

Yro Takoe moyHbIi (aKTOPHBIN SKCIIEPUMEHT?

Uto Takoe MaTpuila IIIaHUPOBAHUS YKCIIEPUMEHTA?

Ha3zoBure cBolicTBa MaTpUILIbI TOJHOTO (PaKTOPHOTO SKCIIEPHUMEHTA.

Urto Takoe qpoOHas peruimka’?

UYro Takoe pannomuzanusa? Kakosa 11e1b NPOBEIEHUS PaHIOMU3AUH?




CTpyKTypHBI
3JEMEHT

KOMIIECTCHIIUNU

[Tnanupyemblie pe3yapTaTbl 00ydeHUs

OneHouHbIE CpeICTBA

Uto Takoe 3KCTpeMaIbHbIH SKCIEPUMEHT?

Yo Takoe MHTEPHIOISLMOHHBIN SKCIIEPUMEHT?

Urto Takoe MHOTO(aKTOpHAS JIMHEHHAS perpeccHs?

Kak orieHrnBaeTcst TOUHOCTh MHOTO(aKTOPHOM JTMHEHHOM PerpecCHOHHON MOJIenu?

Kak onenuBaercs afekBaTHOCTh MHOTO()AKTOPHOM JIMHEHHON PErPEeCCHOHHON MOIETH?
Kakue 3HaueHus1 MOXeT IPUHUMATh MHOXECTBEHHBIN K03 duItneHT koppensuu?

Uto Takoe HETMHENHBIE MOJEIH C «BHYTPEHHEN JTUHEHHOCTHION?

Kakue ObIBalOT HEJTMHENWHBIE MOETH C «BHYTPEHHEH JTMHEHHOCTHION?

Uto Takoe HETMHENHBIE MOJAEIH C «BHYTPEHHENH HEIMHEHHOCTHION»?

O0603HaUbTE OCHOBHBIE ATAIbI METO/Ia BKJIIOUCHHSI IEPEMEHHBIX.

Uto Takoe KoppesLHOHHas MaTpuiia?

UYro Takoe yacTHbIN Kputepuil duiepa 11 BXoAHOM nepeMeHHoN? UTo OH XapakTepusyeT?
O603HaubTE OCHOBHBIE ATAIBI METOJA UCKIIIOUEHUSI IEPEMEHHBIX.

Yro Takoe HHTEpHIpeTanys Moaenn?

JIns1 9ero BBIMOJHSIETCS UHTEPIpETAs MOIen?

O0603HaubTe 3TANBl HHTEPIPETALUU MOAETH. YTO Takoe rpajueHT GpyHKIun?

[louemy mnpu OTBHICKAHMM MaKCHMyMa KpPUTEpHUS ONTHUMHU3ALMM MOYKHO IMEPEMEIIAThCA IO
IpagueHTy?

Uro nenath, €M HE y1aJ0Ch PEIINTh 3aJjauy ONTUMU3ALNHU JJI UCCIIEyeMOro 00beKTa?

YMmeTn

— TPUMEHATH (bu3UKO-MaTeMaTHYECKUE
METOJIbI MOJICIIUPOBAHMS TIPOIECCOB CBAPKH
JUISt MPOCKTUPOBAHHMS 13631 (0707 u
TEXHOIOTHYECKUX MIPOILIECCOB B
MAaIIHHOCTPOCHUHT c MIPUMCHCHHEM
CTaHIAPTHBIX MPOTPAMMHBIX CPE/ICTB;

— HCCIENoBaTh XapaKTePUCTUKN
MPOEKTUPYEMBIX CUCTEM C MTOMOIIIBIO

— BBIYHCIHUTEIBHONH  TEXHUKH  0000IaTh
CBOMCTBA MCCJICTYEMOr0 0ObEKTa U CO3/aBaTh

IIpumepHbIe 3aJaHUA IS MPAKTHYECKUX PadoT:

1. BeiBenuTe U3 3aBUCUMOCTEH KPUTEPUU MTOAOOUS ISl YKa3aHHOTO MPoLecca.

[IpumenuTe sHepreTMYecKuid MOAXOM sl cocTaBieHus Mojenu B MKD nns ykasaHHOro
npoiiecca.

2. 3agaHpl (U3MUECKUE 3aKOHBI U OTPAHUYEHUS IS TEXHOJIOTMYECKOro IMpolecca, arperara
(MHCTpPYMEHTA) ¥ 3arOTOBKH.

Cdhopmynupyiite MOIEIb.

CHu3bTE pa3MEPHOCTh YKAa3aHHOW MOJIETIH.

CocTaBbTe TpaHUYHBIC YCIOBUS ISl MOJIEIH
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CTpyKTypHBI

3JEMEHT [Tnanupyembie pe3yabTaThl O0yUeHUs OueHouHbIE CpeCTBa
KOMIIETEHIINHU
busndeckue, 3anumure Jlarpankuad 2-ro poja Juisl yKa3aHHbIX SHEPIeTUYECKUX YPAaBHEHUM.
— MaremaTnueckue, ukoHorpaduueckue u |CocTtaBbTe nudQepeHnranbuble ypaBHeHUs M ykaxkure pemenrne MKD mna manoil obnactu
UMHTAIIMOHHBIE ~MaTeMaTHdYeckue mojenu; [ oxauM KO.
CTPOUTH
— MAaTeMaTUYeCKUe MOJEIH U NPOBOIAUTH
HEOOXOAUMBIH 00BEM SKCIIEPUMEHTOB IS
3TOTO;
— ONpeneNsiTb 3HAYUMOCTh TE€X WM HHBIX
(bakTOpOB U MOCTPOCHUU MOJICTICH;
— TPOBOAUTH UCCIEIOBAaHUS OOBEKTOB C
ITOMOIIBIO MOJENEN
Bnaners — HaBBIKaMH pa3paboTku HOBBIX U
NPUMEHEHNs  CTAHJAPTHBIX  MPOTPAMMHBIX

cpeAcTB Ha 0aze (U3MKO-MAaTEMATUYECKUX
Mozesel 00J1IacTH MOAETMPOBAHMS MTPOIIECCOB
CBapKH;

— HaBBIKaMH (OPMAIBHOTO MPEACTaBICHUS
TEXHHYECKHX OOBEKTOB M TEXHOJOTMYECKUX
IpPOIIECCOB M MX aBTOMAaTHU3allUd B paMKax

CYLIECTBYIOIIUX CTAaHIAPTHBIX IaKETOB H
CPEICTB ABTOMAaTU3UPOBAHHOTO
MPOEKTUPOBAHNUS;

— HaBBIKAMH  TNPUMEHEHHUS  Pa3THMYHBIX

HHCTPYMCHTOB U MCTOHNOB MOICIUPOBAHUA U
AaBTOMATH3allMH TEXHHYECKHMX OOBEKTOB U
TCXHOJIOTUYCCKUX MPOHCCCOB W OINHCAHHA
(U3NIECKUX CUCTEM JUTS PEIICHUST Pa3IHIHBIX
HpO6HeM, BO3HHUKAIOMUX ITPU MOJCIUPOBAHUHN,
—  OOIIENPUHATHIMA METOJMKAMU 00pabOTKH

IIpumepHbIe 3aJaHUA IS MPAKTHYECKUX PadoT:

Pemnte cnegyromee ogqHoMepHOE AuddepeHIInaTbHOe YPaBHCHHE

B ognomepnom npoctpanctBe Pl ompeneneHo cienyromiee ogHoMepHoe auddepeHunansuoe
ypaBHEHHE AJIsl HaXOKIeHUs (QpyHKuuu il Ha npomexyTke oT 0 mo 1. Ha rpanumax obnactw,
3Ha4yeHue GpyHkuuu U paBHo 0:

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

rie I wssecrnas ¢byHKuus, U Heu3BecTHasE (PyHKIMS OT . u’ BTOpasi MPOU3BOIHAS OT U 1O .
Pemienue nmocraBneHHO 3a/1a4 METOI0M KOHEUHBIX 3JIEMEHTOB pa3o0b&M Ha 2 dTamna:

= [lepedopmynupoBaTh TpaHUUYHYIO 3a7ady B TaK Ha3bIBaeMylo clia0yro (BapHallMOHHYIO)
¢dbopmy. Ha aTOM dTame BeIYHCIEHUN TTOYTH HE TPEOyeTCs.

= Pazo0uts cnabyro popMy Ha KOHEUHBIC OTPE3KH-IJIEMEHTHI.
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CTpyKTypHBI
3JEMEHT

KOMIIECTCHIIUNU

[Tnanupyemblie pe3yapTaTbl 00ydeHUs

OneHouHbIE CpeICTBA

pe3yJIbTaTOB MOJEITUPOBAHHUS;
— HaBBbIKAMH I/IHTepHpeTaI_II/II/I pe3yanaT0B
HUCCIIENOBAHNI CO3aHHBIX MOJIEIIEH.

A

» OyHKuus U C HYJIEBBIMH 3HAYeHHMS Ha KOHIAX (romy0as), M ammpoKCUMAIlHs STOU
GbyHKIIMM OTpe3KamMu (KpacHast).

A

2. TlomyuuTte 3aKOHBI ABMXKEHUS (DU3UYECKON CHCTEMBI 110 3aJaHHBIM ypaBHEHUSM

3. B 3apaHuun ypaBHEHUS MOJHBIX KHUHETUYECKOW U MOTEHIIMAIbHOW SHEPTUH.

3.1. IlpoauddepeHnnpoBaTh ypaBHEHUSI B CUMBOJIILHOM BHJIE C IMTOMOIIBI0O MaTeMaTUYECKOTO
MakKera.

3. 2. Ilonyuuts nuddepeHnanbuble ypaBHEHUS ABHKEHHSL.

3.3. Pemuts quddepeHnnanbHble ypaBHEHUS IBXKEHUS C TOMOIIBI0 MATEMAaTHYECKOTO MaKeTa.
3.4. IlpencraBuTh pe3yabTaT B BUJAEC YpPaBHEHHUs 3aBUCHUMOCTU IMEpPEMEIIEHUN OT BPEMEHHU U
rpaduKoOB IepeMenieHU .

3.5. [Toka3zath BO3MOXHBIE IPUMEPHI PEATTLHBIX CUCTEM C TTOJIOOHBIMU YPaBHEHUSMU

function Qr=fQr(T, U, Qr,...
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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

CTpyKTypHBI
3JEMEHT

KOMIIECTCHIIUNU

[Tnanupyemblie pe3yapTaTbl 00ydeHUs

OneHouHbIE CpeICTBA

ql, g2, g3,...
vl, V2, v3,...
al, a2, a3,...
m1, m2, m3, m4, m5, m6, €1, e2, €3, e4, €5, €6)
% KomnoHeHTsl ypaBHeHUs Jlarpanxka
dT___ d_dqdt=diff(T,v1)+diff(T,V2)+diff(T,v3)
%l Ipu nuddepenpmrpoBanuu mo ckopoctei dqdt mo BpemMeHu t OTyYUM YCKOPEHHSI
%ddqdtt, t.e. 3amenum ckopoctu dgdt yckopenusimu ddgdtt
ddT___ d_dqdt_ dt=diff(dT___d_dqdt,vl).*al...
+diff(dT___d_dqdt,vV2).*a2...
+diff(dT___d_dqdt,v3).*a3
dT__ dqg=diff(T,q1)+diff(T,q2)+diff(T,g3)
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) Ilopsiiok mpoBeeHUs] MPOMEKYTOYHOH aTTECTAIMH, MOKA3aTeJd W KPHUTEPHH
OlleHUBAHUS:

I[IpomexyTouHasi aTTeCTAUMS BKJIIOYACT TEOPETUYCCKUE BOIMPOCHI, TO3BOJISIONINE
OLICHUTh YPOBEHb YCBOCHHS OOyUYaIOUIUMUCS 3HAHUU, U MPAKTUUYECKHE 3aJaHMsl, BBIABIIAIONINE
CTereHb CPOPMUPOBAHHOCTH YMEHUH U BIIQJICHUH, TPOBOAUTCS B (hopMe 3K3aMeHa.

IToxka3aTenu U KPUTEPUH OLIEHUBAHHUS IK3aMeHA:

DK3aMeH MO JaHHOM MUCHMIUIMHE MPOBOIUTCS B YCTHOW (hopMe IO 3K3aMEHALMOHHBIM
OumiietaM, KaXIbld M3 KOTOPBIX BKIIIOYAET 2 TEOPETHYECKHX BOIMPOCAa M OJHO MPaKTUYECKOe
3a/laHue.

— Ha OICHKY «OTJIUYHO» (5 0aIoB) — 0OyJarOIIUICS JEMOHCTPUPYET BBICOKHI YPOBEHB
c(OpPMHUPOBAHHOCTH KOMIIETEHIINI, BCECTOPOHHEE, CHUCTEMATHYECKOe M TIyOOKOe 3HaHUe
ydeOHOro Marepuana, CBOOOIHO BBIMONHSAET MPAKTUUYCCKHE 3aJaHMs, CBOOOJHO OMEPHUPYET
3HAHUSAMU, YMCHUSAMU, [IPUMCHACT UX B CUTyallUIdX MOBBIIICHHOM CIIOXKHOCTH.

— Ha OIIEHKY «Xopomo» (4 Oamia) — oOyJaroniuics IEMOHCTPUPYET CPEIHUM YPOBEHB
Cq)OpMI/IpOBaHHOCTI/I KOMHGTGHHHﬁZ OCHOBHBIC 3HaHHA, YMCHUSA OCBOCHLI, HO HOITYCKAKOTCHA
HE3HaYUTeNIbHbIE OINOKN, HETOYHOCTH, 3aTPYJHEHUS PU aHATTUTHYECKUX OIepalusx, epeHoce
3HAHUU U yMeHI/II\/'I Ha HOBBIC, HCCTAHIAPTHBIC CUTYAallUU.

— Ha OIICHKY «YyJAOBJIETBOPHUTEJbHO» (3 Oamra) — oOOydYarOmIMiiCs EMOHCTPUPYET
MOPOTOBBI YPOBEHb C(HOPMHUPOBAHHOCTH KOMIIETEHIUI: B XO/Ie¢ KOHTPOIBHBIX MEPONPUITUN
JOTIYCKAlOTCA OIIMOKH, MPOSBISAETCS OTCYTCTBHE OTACNIbHBIX 3HAHWW, YMEHUW, HaBBIKOB,
O6y‘-IElIOH.IHﬁCH HCIBITBIBACT 3HAYUTCIIBHBIC 3aTPYAHCHUA IIPpHU OINCPUPOBAHHMU 3HAHUAMH U
YMEHUSIMH MPU UX MEPEHOCE HA HOBBIE CUTYALIUU.

— Ha OIICHKY «HeyA0BJIETBOPUTEIbHO» (2 Oaa) — 00yJaronuiicss AeMOHCTPUPYET 3HAHUS
He Oonee 20% TeOpeTUYECKOTro MaTepuana, JOMYCKaeT CYIIECTBEHHbIE OIIMOKHU, HE MOKET
MMOKa3aTbh MHTCIUICKTYAJIbHBIC HABBIKU PCIICHUS ITPOCTHIX 3a1a4.

— Ha OIICHKY «HEeYJOBJIETBOPUTEAbHO» (1 Oamt) — oOyyaromuiicsi He MOXKET IOKa3aTh
3HAHUA Ha YPOBHC BOCIHPOU3BCACHHA U O6’b$ICHeHI/I5I I/IH(bOpMaI_[I/II/I, HE€ MOXET I10Ka3aTh
MHTEJJIEKTYaJIbHbIe HABBIKU PELIECHUS MPOCTHIX 3a1a4.

a) OcHoBHas JInTepaTypa:

1. Kampuenko, A. A. IlmaHupoBaHuWe O3KCIIEpUMEHTa M 00pabOTKa pe3yJabTaTOB C
ucnons3oBanueM JBM : yuebnoe mocobme / A. A. Kampuenko, K. I'. [lamenko ; MI'TVY. -
Marnutoropck : MI'TY, 2017. - 1 ogektpon. onr. guck (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). - Makpooosekr. - Tekcr
AJIEKTPOHHBIN.

2. Kanpuenko, A. A. MoaenupoBanue mpoieccoB OMJI ¢ UCIonb30BaHHEM COBPEMEHHBIX
IPOTPaMMHBIX MPOAYKTOB : yueOHoe mocobue / A. A. Kampuenko, K. I'. ITamenko ; MI'TVY. -
Marnutoropck : MI'TY, 2017. - 1 omektpon. onr. guck (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2992.pdf&show=dcatalogues/1/1134
932/2992.pdf&view=true  (mara o6pamienus: 04.10.2019). - Makpooosekr. - Tekcr
AJIEKTPOHHBIN.

0) JJonosHuTebHas JUTEpPaTYpa:

1. Kanpuenko, A. A. MatemaTideckue METOJIbI B MHKCHEPUU : yaeOHoe mocoome / A. A.
Kanbuenko, K. I'. [Tamenko ; MI'TY. - Marautoropck : MI'TY, 2017. - 1 31eKTpoH. ONT. JUCK
(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
3JIEKTPOHHBIMN.

2. Kanpuenko, A. A. KoMbIoTepHBIE TEXHOJIOTHH B MAIIMHOCTPOCHUH : yaeOHOe TTocodue /
A. A. Kanpuenko ; MI'TY. - Marauroropck : MI'TY, 2017. - 1 anektpon. onrt. auck (CD-ROM).
- URL:
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https://magtu.informsystema.ru/uploader/fileUpload?name=3044.pdf&show=dcatalogues/1/1135031/3044.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2992.pdf&show=dcatalogues/1/1134932/2992.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2992.pdf&show=dcatalogues/1/1134932/2992.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2835.pdf&show=dcatalogues/1/1133197/2835.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2835.pdf&show=dcatalogues/1/1133197/2835.pdf&view=true

https://magtu.informsystema.ru/uploader/fileUpload?name=2847.pdf&show=dcatalogues/1/1133
261/2847.pdf&view=true  (mara o6pamenus: 04.10.2019). - Makpooosekr. - Tekcr
AJIEKTPOHHBIN.

3. Kanpuenko, A. A. MeTonbl onucanus U aHaim3a GOpMOU3MEHEHHUST MeTaJlIa : yueOHoe
nocobue / A. A. Kanpuenko, K. T'. Tlamenko ; MI'TY. - Marauroropck : MI'TY, 2017. - 1
3JIEKTPOH. OIIT. JTCK (CD-ROM). - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2949.pdf&show=dcatalogues/1/1134
747/2949.pdf&view=true = (mara o6pamenus: 04.10.2019). - Makpooosekr. - Tekcr
JJIEKTPOHHBIN.

4. XaputoHoB, B.A. AHaimmM3 mporecca BOJOYECHHS B MOHOJMTHOM BOJIOKE MNP
MOJIEIMPOBAaHUH B IporpaMMHOM KoMiutiekce Deform-3d : yue6noe nocobue / B.A. XaputoHos,
M.IO. VYcanos ; MI'TVY. - Maruutoropck/ MI'TVY, 2018. — 1 anextpon. onrt. auck (CD-ROM). -
3arn. ¢ Turya. askpana. - URL: http://catalog.inforeg.ru/Inet/GetEzineBylD/321429  (mara
obpamenus: 15.10.2019). - MakpooObeKT. - TekcT : 37eKTpOoHHBIN. - CBEIEHUsI TIOCTYITHBI TAaK)Ke
Ha CD-ROM.

B) MeToanueckue yKazaHusi:

1. MoaenupoBanue cucteM H nporeccoB. [IpakTukym : yuedHOe mocodue m1s By30B / B. H.
Bonkosa [u ap.] ; nox penakuueit B. H. BonkoBoit. — Mocksa : U3parensctBo FOpaiit, 2020. —
295 c. — (Bricmiee oopazoBanue). — ISBN 978-5-534-01442-6. — Tekcr : anextponnsiii // BC
Opaiit [caiitr]. — URL: http://www.biblio-online.ru/bcode/451288 (mata oOpamieHus:
19.10.2020).

r) [Iporpammuoe obecnieuenue u UHTepHeT-pecypcebl:

IIporpammHoe o6ecnneuenne

Haumenosanue I1O Ne norosopa CpoK neicTBUS JTUIEH3UU
MS Windows 7

Professional(mma  [[1-1227-18 ot 08.10.2018 11.10.2021
KJIaCCOB)

MS Windows 7

Professional (mst  |[-757-17 ot 27.06.2017 27.07.2018
KJIACCOB)

MS Office 2007 |\, 135 41 17.09.2007 Geccpouro
Professional

FAR Manager cB0ObOOAHO pacnpocTpaHaemoe 6eccpoyHo

IIpodeccnonanbHble 0a3bl JaHHBIX M HH(OPMaINMOHHBIE CIIPABOYHbIE CHCTEMBbI
Hassanue xypca CchlIKa

DrekTpoHHas 6a3a MepHoaANYEeCKUX M3aaHui East View
Information Services, OO0 «MBUCy
HanmonanpHas uHGOPMaIMOHHO-aHATU TUIECKAsT URL:
cucrema — Poccuiickuii MHAEKC HAYYHOTO [IUTUPOBAHUS :
(PUHIT)
[TouckoBass cucrema Axagemus Google (Google
Scholar)
Nudopmannonnas cucrema - EquHoe okHO gocTyma 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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denepanpHOE roCyJIapCTBEHHOE 0X0/DKETHOE
yapexaenne «Denepansuplii vHCTUTYT npombinuiennoi|URL: http://www1.fips.ru/
COOCTBEHHOCTH

9 MaTepuajbHO-TEXHHUYECKOE o0ecreueHre JUCIUILIMHBI (MOIYJIs1)

MartepuanbHO-TeXHUYECKOE 00ecledeHre TUCITUIINHBI BKITIOYAET:

MartepuanbHO-TEXHHUECKOE 00eCTIeueHUE NUCITUTUTHHBI BKITIOYACT:

1. Y4eOHble ayTuTOpuH It TPOBEACHUS 3aHATHM JICKITMOHHOTO THIa: KOMITIEKC TeCTOBBIX
3a/laHuil I IPOBEICHHUSI IIPOMEKYTOYHBIX U PYOSKHBIX KOHTPOJICH.

2. YuebHast aymuTopus Il POBEAEHUS Ja0OpaTOpHBIX padboT: JIabopaTopHBIN KOPITYC C
nabopaTtopueil CBapku U JIabOpaTopuell pe3aHus: KOMIUIEKT MEYaTHBIX M AJIEKTPOHHBIX BEPCHA
METOJMYECKUX PEeKOMEHIalui, ydyeOHoe mocoOue, IIakatel 1o Temam. JlaGopaTopHoe
obopyoBaHue.

3. YuebOnas ayauTopus Ij1sl TPOBEACHHUS MEXaHUYECKUX HCTIHITAHUMN:

1) MamHbl yHUBEpCadbHbIE UCIBITATENbHBIEC HA PACTSIKEHUE.

2) MepuTenbHBIN HHCTPYMEHT.

3) IpuGops! 11t U3MEPEHUs TBEPAOCTH 10 MetofaMm bpunemnns u Poksema.

4) MuxpoTBepaoMep.

5) Ileun Tepmuyeckue.

4. VueOHas ayauTopus IJis TPOBEACHUS METALUIOrPaPUUYECKUX HUCCIICIOBAaHUM:

Muxkpockonst MUM-6, MUM-7
5. YueOHble ayIuUTOpPUM Ul MPOBEACHUS WHAMBUAYAJIbHBIX KOHCYJbTAllMH, TEKYIIEro

KOHTpOJIA U IPOMEKYTOYHOU arrectanuu: JJocka.
6. Ilomemenue pans XpaHeHHs W NPOPHIAKTUYECKOTO OOCIYKMBAaHUS y4eOHOTO

obopynoBanus: CTemiaku, MHCTPYMEHTHI JJI1 pEMOHTA JIab0paTopHOTO 000PYI0BaAHUS.
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