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JIUCT COI'JIACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJIEHA B COOTBETCTBUH C TPEBOBAHUSMU ®ENEPAJIBHOI'O
T'OCYJAPCTBEHHOI'O OBPA3OBATE/IBHOI'O CTAHJAPTA BBICIIIET'O OBPA3OBAHUA (®I'OC BO)

12.04.05 J/Ia3epHas TexHHKA M j1a3epHbIe TEXHOJI0rUH
rog, Habopa rpynrbl: 2024

IIporpamMmmy cocTaBuIu:

Kadenpa 11 JTASBEPHASA TEXHUKA
Kucenes Urops AjiekceeBuY, K.T.H., JOLEHT, JOLIEHT

Kadenpa N1 JIABEPHAS TEXHUKA
Ixramazse 'BaH1ja TeHrM30BHa, CTApIIWi TTpero/iaBaTesib

ITporpamma paccMoTpeHa
Ha 3aceZlaHny Kadepel-pa3paboTumnka
paboueii nporpammel U1 JTABEPHASI TEXHUKA

3apenyromuii kadeapoit bopeiiiio A.C., A.T.H., ipod.

[Tporpamma paccMOTpeHa
Ha 3ace/laH11 BhIIyCKarollel Kadepbl

N1 JIABEPHASA TEXHUKA

3aBepytomuii kKadeapoii Bopeiiio A.C., A.T.H., ipod.




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
IMNPAKTUKYM I10 KOMITBIOTEPHOMY MO/JAE/IMPOBAHUIO

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

5. YYEBHO-METOIMYECKOE 1 UTHOOPMAILIMOHHOE OBECITEYEHUWE OVCLUITIIHBI
6. MATEPUAJIBHO-TEXHMUYECKOE OBECITEUEHWE OVUCHUITJIMHBI

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

o Tlpunoxkenue 1. AHHOTaLMsI paboueli IpOrpaMMbl
¢ TIpunoxenue 2. TeXHOTOTUU U GOPMBI 00yUeHUSA
o [Ipunoxenue 3. OHABI OLIEHOUHBIX CPEJCTB



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI

Lenbto 0CcBOEHUS AUCLUILIVHEI SIB/IsieTCst (POPMUPOBAHUE CIeAYIOIMX KOMITeTeHLUI:

IICK-1/24.5 — cmocoOHOCTb MOfenvMpoBaTh (U3nMUecKre TMpOLecChl B 37eMeHTaX KOHCTPYKLMU Jia3ePHBIX
cucTeM U 000py[0BaHNS afIUTUBHOTO TIPOU3BO/CTBA

DOpMHUPOBaHHIO KOMITETEHI[UH CITY>KUT JOCTKEHUE CJIeIyIOLIUX Pe3y/IbTaToB 00pa30BaHus:
IICK-1/24.5
3HAHUS:
- OCHOB Y MeTO/I0B UMCJIEHHOTO MO/Ie/TMPOBaHUSI C MOMOIIbI0 CTaHAApTHBIX MakeToB CAE;
- MeTOJWK MOJeJIMPOBaHUsl HampshKeHHO-Ae(OPMUPOBAHHOTO COCTOSTHUSI KOHCTPYKI[MU C TIOMOILBIO

SolidWorksSimulation;
- METOZMK MO/Ie/TMPOBaHUSI MPOLECCOB TerI0-MaccoobmeHa ¢ nmomornbio SolidWorksFlowSimulation

- METO/JUK MO/Ie/TAPOBAHMS THPOAVHAMUKY B rakete Ansys Fluent;

YMEHUsL:

- MOJleIMpPOBaTh  HaMpsDKeHHO-Ae(OPMUPOBAaHHOE  COCTOSTHME ~ KOHCTPYKIMM € TIOMOIIIBIO
SolidWorksSimulation;

- MO/Ie/TUPOBATh MPOLECCHI TeII0-MaccoobmeHa ¢ momoisio SolidWorksFlowSimulation

- MO/Ie/TMPOBATh TeUEHUs CTIIOIIHBIX cpef B TlakeTe Ansys Fluent;

HABbIKU:
- pacyeTa HarpspKeHHO-Zie()OpMUPOBAaHHOTO U TEIJIOBOTO COCTOSIHUS 3/1IEMEHTOB KOHCTPYKLIUU

- pacueTa TeueHHsl CIUIOIIHBIX cpef] B makete Ansys Fluent.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Hucuynmnaa IIPAKTUKYM 110 KOMITBIOTEPHOMY MOJE/IMPOBAHUIO siBnsieTcst
TUCLIMTUTUHON YacTH, (popMHUpyeMoii yuaCTHUKAMH 00pa3oBaTe/IbHBIX OTHOILIEHUH 6;10Ka 1, mporpaMmbl
TOATOTOBKM 10 HarpasyieHUto 12.04.05 JlazepHas mexHUKA U /d3epHble MexXHO/102UU.

ConepkaHve  JUCHUIUIMHBI  SIBASIETCS  JIOTMUECKAM  TIPOZIOJDKEHHEM  COofiepyKaHusi  (hHU3WKO-
MaTeMaTHUeCcKoW TOATOTOBKM 0OakajiaBpa M CIYKUT OCHOBOH [y ocBoeHus auciurvdH: HAYUYHO-
NCCIIEJOBATEJIBCKAS ITPAKTUKA, ITIOATI'OTOBKA K ITPOLOEAYPE 3AIINTHI U 3AIIUTA
BBIITY CKHOM KBAJTM®UKAIIMOHHOMN PABOThHI



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/seT 9 3.e., 324 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI
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5 9 Paszpen 1. O0LMe NOHATHA KOMIIBIOTEPHOTO MOJIe/TH] C 10 CTaH/IaPTHBIX IaKeTOB 14 4 4 10 10
CAE. 1.1 OcHOBBI UMC/IeHHOTO MO/leIMpoBaHusl. 1.2 MeTo/bl UMC/IeHHOTO MO/Ie/IMPOBaHMSI.
Pazpen 2. MopeiupoBaHue Hanpst ) 0 COCT KOHCTPYKI{HH C
TOMOIIbI0 SolldWorksSlmulatlon 2.1 CTaTquCKHu aHa/IM3 KOHCTPYKLMH. 2.2 MojenupoBaHue
HaripsKeHHO-e()OpPMHPOBAHHOTO COCTOSIHUS COCYAO0B. ' MapocTarnyeckuii pacueT pesepsyapa. Pacuer
5 9 COCy/ia Harpy’>KeHHOTO BHYTPEHHHM JaBjieHueM. 2.3 MoganbHbli aHamm3. BeruncieHie co6CTBeHHBIX 58 18 18 40 15
YacToT U (opM KosiebaHnii KOHCTPYKLH. 2.4 MogienipoBaHye TIOTepy YCTOIYMBOCTH. ViccieoBaHHe
0060/10YK1 HArpY>KeHHO BHELLIHUM [laB/ieHHeM Ha M0Tepro yCToiuuBocTy. 2.5 TepMuueckoe
ucciesioBanue. MozenupoBaHye TeIIONPOBOAHOCTU B TBepZAOM Tesie. OmpeZienieHre TePMUYe CKUX
HarpsDKeHHH.
Paspen 3. Mopenup 1eCCOB TenI0-Macc c 0
5 9 SolidWorksFlowSimulation. 3 1 MogenvpoBaHre KOHBEKTUBHOTO TeruioobmeHa. 3.2 Moge/rpoBaHie 36 12 12 24 15
Ternnoo6MeHa u3mydeHreM. 3.3 MozienpoBaHKe BbIHY)K/JeHHOW KOHBEKLIAHU TIPY HCMO/Tb30BaHUI
BEHTU/IATOPOB.
Bcero 3a 9 cemecTp 108 34 34 74 40
Paspen 4. Mope Hanps ¢ 0 COCT | KOHCTPYKI{UH U
Tennooﬁmeﬂa C IOMOIIbI0 SolldWorksSlmulatlon 1 1 PacueT ycTaaocTHO#M npouHocTy. 1.2 Pacuer
5 10 |Ha MPOYHOCTE C YYETOM TerIOBBIX sdexroB. 1.3 Pacuet cobcTBeHHBIX YacToT c6opok. 1.4 Pacuer 108 34 34 74 30
KOHTaKTHBIX HanpsbkeHUH B c6opkax. 1.5 MogenipoBanye TeruioobMeHa B cbopkax. 1.6
MoyzenpoBaHue yapHbIX Harpy3ok. 1.7 MogenpoBaHye HarpsikeHHO-7ie)OpMHUPOBaHHOTO COCTOSHUS
TpU /IeHCTBUM HeJIMHeHHbIX Harpy3oK. 1.8 PellleHne onNTHUMH3aLMOHHOM 3a/iauu.
Bcero 3a 10 cemectp 108 34 34 74 30
Pa3zpen 5. Pemrenue 3afau rupoguHaMuky B nakete Ansys Fluent. 1.1 OcHoBHbIe ypaBHeHHsE
TU/IPOJMHAMUKH CIUIOIIHOMN cpe/ibl. OCHOBHBIE MOAXO/bI K UMC/IEHHOMY MOJIeTTMPOBAHHIO TeUeHUH
CcriyIoHOM cpezibl. 1.2 TTopsiioK pellieHust 3a4au THAPOAMHAMUKH B rakete Ansys Fluent. V3yueHus
6 1 nHTepdeiica 1 Mopsi/Ka MOCTPOEHHs 3aauu MoAenpoBaHus. 1.3 PelreHue 3a/jauut TeueHHUst B KaHase C 108 51 51 57 30
W3MEHAIINMCA CeUeHHeM 1.4 I/ICC}IQ,Z[OBHH]/IQ BJ/IMSIHWA KaueCTBa CeTKHU U MOAE)’[eﬁ Typ6y}'leHTHOCTl/I Ha
pe3sy/bTaThl MOZleIMpoBaHus. 1.5 Pelllenye 3a/jauu CBepX3BYKOBOrO TeueHUs B corie. 1.6 Pelenue
3a71auu iByx(aszHoro Teuenust. 1.7 VicciieoBaHMe BMSIHUS BeTPa Ha CTelleHb 3arl0/IHEHHUsT KIOBEThI B
aJIKOpaMKax.
Bcero 3a 11 cemecTp 108 51 51 57 30
Bcero no gucuuninHe 324 119 119 205 100
3.2. JIaGopaTopHbIil NPAKTHKYM
Oo0neMm,
No Homep n HaumeHOBaHMe pasfiesa
Tema ﬂaﬁopaTopﬂoro MNPAaKTHUKYMd ayp.
n/n JUCIUIL/IMHBI
gacoB
Pa3,qen 1. OGH.[I/IE TIOHATHUA O6H_[I/IE‘ TTOHATHA KOMITBFOTEPHOI'O MO e/TMPOBAHMSI.
1 |KOMIIBIOTEPHOIO MOJENIUPOBAHUS C Oomume cBesenus o SolidWorksSimulation u 4
MOMOIIIbI0 cTaHfapTHBIX rakeToB CAE.  |SolidWorksFlowSimulation
2 CraTruecKuit aHamm3 KOHCTPYKLIUH. 3
MO,Z[eIII/IpOBaHI/Ie Harips>KeHHO-
3 ,[LECDOPMI/IPOBEIHHOFO COCTOSTHMSA COCYyAO0B. 3
I'mapocratnueckuii pacueT pesepByapa. Pacuer
COCyJa Harpy>keHHOTO BHYTPE€HHHM /[IdB/IEHHUEM.
Paspen 2. MogenupoBaHue HalpspKeHHO- v
MoganbHbIN aHam3. Beumrcienrde co6CTBEHHBIX
4 ,Z[e(l)OpMI/IpOBaHHOFO COCTOSAHUA o 4
YacCToT 1 (bOpM KosiebaHui KOHCTDYKIUH.
KOHCTPYKLHWHU C TIOMOILBIO ”
SolidWorksSimulation MO,Z[eIII/IpOBaHI/Ie rmoTepu yCTOMYMBOCTH.
5 HWccnenoBaHue 060/10UKH HAarPy)>KEHHOM BHEIIIHUM 4
[laB/IeHHEeM Ha II0TepPrO yCTOﬁ‘—IHBOCTH.
TepMI/Iqe CKOe HccjiejoBaHMe. MO,ZLEIII/IPOBEIHI/IE
6 TEIJIONPOBOAHOCTH B TBepAoM Tene. Onpenenenue| 4
TepMHYEeCKHX HaHpH)KEHHﬁ.
7  |Pa3men 3. MogmenupoBaHue MpoleccoB  |MozieTMpOBaHNe KOHBEKTUBHOT'O TETI000MeHa. 4
8  |Tero-mMaccoo0MeHa C MOMOLLBIO MopenupoBaHue TeTI00OMeHa U3TyUeHHEM. 4
g |SolidWorksFlowSimulation. Moie/TMpoBaHKe BBIHYK/IeHHOI KOHBEKIAN TIPH 4
HCI10/Ib30BaHMK BEHTU/IATOPOB.
6 25555




Bcero 3a 9 cemecTp 34
MopenpoBaHue HanpsKeHHO-
10 ehOpMUPOBAHHOTO COCTOSIHUS MPH [IeMCTBUN 3
HeJWHeHHbIX Harpy30K
11 Pemiennie onTUMU3aL[MOHHOM 3a7au. 3
PacueT HanpsKeHHO-Z1e(hOPMUPOBAHHOTO
12 Pasgen 4. MojenMpoBaHye HanpsvkeHHo- [COCTOAHHS 000/10ueK U3 KOMITO3UTHBIX 4
11e)OpMHUPOBaHHOTO COCTOSHUS Marepuasios
13 KOHCTPYKLWU U TeryioobMeHa ¢ Pacuet YCTaHOCTHOﬁ MPOYHOCTHU 4
14 |mOMOLBIO SolidWorksSimulation. PacueT Ha IPOYHOCTB C YUETOM TeIJIOBbIX 4
3¢ dekToB
15 PacueT co6CTBEHHBIX YacTOT COOPOK 4
16 PacueT KOHTAaKTHBIX HAMpsHKeHUH B cOOpKax 4
17 MopenupoBaHHe Terioo0oMeHa B cOOpKax 4
18 MopenrpoBaHue yapHbIX Harpy30K 4
Bcero 3a 10 cemectp 34
INopsimok peltieHys 3a7ia4 rUIPOAVHAMUKH B
19 rakete Ansys Fluent. i3yuenus uaTepdeiica u 4
TopsiAKa MOCTPOeHHs 3a7laqll MOZe/TUPOBaHHs
20 Pemrenuie 3a/1aum TeueHus B KaHasie C 8
W3MEHSIOIIUMCS CeueHreM
VccnenoBanue BMsSHUS KauyeCTBa CETKU U
21 Moy/ieneli TypOy/TeHTHOCTH Ha pe3y/IbTaThl 8
Paspmen 5. Perienue 3a/jau MO/JE/IMPOBaHHNSA
rupoavHaMUKX B riakeTe Ansys Fluent. |OcHOBHbIe ypaBHeHUsI TUPOJUHAMUKY CIUIOIIHOM
22 cpenbl. OCHOBHBIE TIOXO0ABI K UMC/IEHHOMY 4
MO/Ie/TMPOBaHUIO TeUEHUH CIJIOIIHOM Cpefibl
23 PemieHue 3a/jaum CBepX3ByKOBOT'O TeUeHHSs B 8
coruie.
24 Pemtenue 3ajaun AByx(a3HOr0 TeUeHUsI. 8
75 VccnenoBanne BNYsHUS BeTpa Ha CTeleHb 1
3aro/IHeHHs KIOBEThI B alKOpaMKax.
Bcero 3a 11 cemectp 51
3.3. CamocrosnTenbHas padora crygenra (CPC)
Ne Homep v HariMeHOBaHHe pa3jesa Oo0bem,
Copep>xaHue yueOHOro 3afaHus
n/n JUCLHMILTHHBI JacoB
[NoaroroBka K BHITIONHEHUIO U 3all[UTe
Pazgen 1. OGI1Me MOHATUS JabopaTopHOM paboTel «OOIIMEe TTOHATHS
1  |KOMIBIOTEpHOTO MOZEeIMPOBaHUS C KOMITBIOTEPHOTO MoZe/mMpoBanust. Ob1ue cBesieHust 10
TOMOIIILI0 cTaHjapTHBIX rmakeToB CAE. |0 SolidWorksSimulation u
SolidWorksFlowSimulation»
Paszpen 2. MopenvpoBanue
’ HanpspKeHHO-ehOPMUPOBAHHOTO IToaroToBKa K BHITIOTHEHUIO U 3al[UTe 40
COCTOSTHUSI KOHCTPYKLMHY C TIOMOIIIBIO  |/1Tab0paTopHBIX paboT.
SolidWorksSimulation.
Pa3pen 3. MopenvpoBaHue rpoLieccoB
[MoaroroBKa K BHITIONTHEHUIO U 3al[UTe
3 |Teruio-mMaccooOMeHa C TIOMOILBI0 6 6 24
SolidWorksFlowSimulation. /1ADOPATOPHRIX PabOT.
Bcero 3a 9 cemecTp 74
Pasgen 4. MogenvpoBanue
HanpspKeHHO-Je(hOPMUPOBAHHOTO
4 |coctosms koHCTpyKIpM B [NoaroroBka K BBHITIONTHEHUIO U 3alljUTe 74
J1abopaTOpHBIX paboT.
Terio0OMeHa C TIOMOILBI0
SolidWorksSimulation.
Bcero 3a 10 cemectp 74
5 |Pasgen 5. Pemenne 3ajau IToaroToBKa K BBITIOJIHEHUIO U 3aILUTE 57

TUPOSUHAMUKH B TIaKeTe Ansys

nabopatopHBIX paboT.
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|Fluent. |

Bcero 3a 11 cemectp 57

4. ®OPMBbI KOHTPOJIA OCBOEHVA JUCILIUIT/IMHbI

CEMECTP HEJIE/IN CEMECTPA
1 2 3 4 5 6 7 8 9 10/ 11 |12 13 14 (15/16| 17
JIP, JIP, JIP, JIP, JIP, JIP, JIP, | Otu.
9 JIP | Otu. no | OT1u. no | Otu. o | IP|OTu. mo| OTu. 1o OP|OTtu. o Ortu. | o JIP, ap 'E;I;g)
JIP JIP JIP JIP JIP JIP no JIP | JIP )
JIP, JIP, JIP, JIP, JIP, JIP, JIP, JIP,
10 Otu. no| Otu. o | OT4. o JP|Otu. no| Otu. no AP|Otu. o Otu. | Oru. Ap 'E;I;Ig)
JIP JIP JIP JIP JIP JIP o JIP | mo JIP )
JIP, JIP, JIP, JIP, JIP, JIP,
1 JIP  |Otu. o Otu. no | AP Otu. no| Otu. no | 1P| OTu. o OTu. Ap 'T;Ig)
JIP JIP JIP JIP JIP o JIP )

YcnoBHble 0003HaueHUSI:
o [IP — aparHOCTHUeCKasi paboTa;
¢ JIP — naboparopHast pabora;
e Ortu. 1o JIP — otuer o JIP;
e 1ud. 3au. — guddepeHIPOBAHHbII 3aUeT;
e 1ud. 3au. — auddepeHLIMPOBAHHbII 3aUeT;
o nud. 3au. — AuddepeHIIPOBAHHBIN 3ayeT.

TeKyluii KOHTPOJIb YCIIEBAEMOCTH CTY/[eHTOB TIPOBO/JTUTCS B JUCKPETHBIE BpEMEHHbBIE UHTEPBAJIBI B
clefyroumx popmax:
e UArHOCTUYeCKas pabora;
¢ jyabopaTopHasi paboTa;
e otuer 110 JIP.

IIpome)xyTouHas arTecTanus IPOBOAUTCS B hopMax:
e muddepeHMPOBaHHBIN 3ayUeT.
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5. YYEBHO-METOJIMYECKOE 1 TH®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas iMTeparypa no JUCLUILIMHE:

1. A. A. AnsvoBckuid. . SolidWorks Simulation. Kak perates npaktuyeckue 3aaurt. CaHkT-ITetepOypr:
BEXB-Iletepbypr, 2011, 3:1. pec.

2. B. A. CaHHUKOB. . YucsieHHOe MoZiesTMpoBaHre (pU3nueCKUX MpoLieCCOB B OTPAHUYEHHBIX Cpefiax.
CII6.BI'TY "BOEHMEX" um. [I. ®. Yctunosa, 2008, 72 3k3.

3. B. 1. Bonkomopos, A. U. denucesko, O. HO. ViBaHoBa. . OCHOBbI TPEXMEPHOI'O MO/Ie/TMPOBaHUS B
SolidWorks. CIT6.BT'TY "BOEHMEX" um. []. ®. Ycrunosa, 2017, 50 3k3.

4. . A. Kucenég, C. FO. CtpaxoB. . OCHOBBI MO/Ie/TUPOBaHMsI TIPOLIECCOB TeIJIO00MeHa B cpefie
Solidworks. CIT6.FT'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2017, 52 3K3.

5. JI. C. Illabmuii, A. B. Kpusios, [I. A. Kosmakora. . KoMIibloTepHOe MO/Ie/TPOBaHKE TUITOBBIX
rUJpaB/iuuecKyX 1 ra3ojuHaMuyueCcKux IpoLeccoB JBuraresneil U sHepreTuueckux ycTaHoBok B ANSYS
Fluent . Camapa: 1U3a-Bo Camapck. yH-Ta, 2017, 371. pec.

6. M. B. Top6aués, B. C. HaymkuH, B. A. CriapuH. . MojenvpoBaHue 3a/1au Terioobmena B cpesie ANSY'S
FLUENT. HoBocubupck: HI'TY, 2023, 351. pec.

7. O. B. barypun, H. B. Barypun, B. H. MarBees. . PacuéT TeueHMI XUIKOCTH U ra3a C IOMOLLbIO
yHUBepcansHOro rnporpammuoro komiiekca FLUENT. Camapa: M3a-so CI'AY, 2009, s51. pec.

5.2. [ononHuTe/bHas MTeparypa o AUCLUILIIVHE:
He Tpe0yeTcs.

5.3. Ilepuoguueckue U3gaHus:
He TpeOyroTCS.

5.4. TlepeueHb peCcypcoB UH(POPMAI[MOHHO-TE/IEKOMMYHHKAIIMOHHOM ceTy "VIHTepHeT", He0OXOAUMBIX J1/IsT
OCBOEHUSI TUCLIATUIMHBI, 3/IeKTPOHHBIE OMOTHOTEUHbIE CUCTEMBI:

1. https://e.lanbook.com/ — 3BC Jlans;

2. https://urait.ru/ — I'naBHas — O6pa3oparesibHas riardopma FOpaiiT. [Iis By30B U CCY30B.;

3. https://www.solidworks.com/ru — Access Denied,;

4. http://library.voenmeh.ru/jirbis2/ — ®ynmamenrtansHasi 6nbmuoteka BI'TY «BOEHMEX» um. I1.D.
YcTuHOBa.

CoBpeMeHHbIe TPoQecCcHOHaNbHBIE 0a3bl JAHHBIX:

1. https://rusneb.ru — HatmonaneHast yiekTpoHHast oubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHast sekTpoHHast 6ubnuoreka «KubepieHuHKa»;
http://www.rfbr.ru/rffi/ru/library - ITonHoTekcToBast 3/1eKTpoHHas 6ubmoTeka Poccuiickoro dhoHaa
(dbyHIaMeHTaIbHBIX UCC/Ie/JOBaHUM.

VHbopMalMoHHbIE CTIPaBOYHBIE CUCTEMBI:
1. Texakcriept — VTHMOPMalMOHHBIN TIOPTaI TEXHUYECKOTO peryupoBaHusi: HopMel, ipaBuia, CTaHAApThI
PD;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - b1 TOCTog

cobcrBenHoi reHepauyu BI'TY "BOEHMEX" um. [I. ®. YcTHHOBa;
3. http://www.consultant.ru/- KoncynsrauTIIntoc- nHbOpMalioHHbBIN TTOpTasl ITPaBoBOi WHGMOpMAaI[UH.

5.5. TIporpamMMHOe obecrieueHue:;

1. Ansys Multiphysics 2019 Teaching Advanced;
2. SolidWorks 2015 R5.

5.6. ndopmaliioHHbIe TEXHOIOTUH:

B3anMogeiicTBre ¢ obyuarouumucs nocpegcrsom SMOC Moodle BT TY «k BOEHMEX» um. [.®. YctuHOBa.



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JlaGopaTopHbIe 3aHATHA:

1. Ansys Multiphysics 2019 Teaching Advanced;
2. SolidWorks 2015 R5.

6.2. IIpouee:

1. pabouee MeCTO TIpernofiaBare/isi, OCHAIIlEHHOe KOMITBEOTEPOM C JOCTYroM B VIHTepHeT;
2. paboume MecTa CTy/IeHTOB, OCHAIL|eHHbIe KOMITbIOTEpaMH C JOCTYIIOM B VIHTepHeT, rpeiHa3HaueHHbIe
[71s1 pabOThI B 3/IEKTPOHHOI 00pa30BaTe/IbHOM Cpefie.
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ITpunoxenue 1
K paoueii mporpaMme AMCLUILIHHbI
MNPAKTUKYM I10 KOMIIbBFOTEPHOMY MOJE/TMPOBAHUIO

AnHoTanusa paboueii nporpaMMsl

Jucoumiinia  ITPAKTUKYM 110 KOMITBEIOTEPHOMY MOJE/IMPOBAHUIO ssnsercs
JUCLUIIMHON YacTH, (JOpMHPYeMOH yYaCcTHHMKaMH 00pa3oBaTe/IbHBIX OTHOIIEHHH 0/10Ka 1, mporpaMmbl
MOATOTOBKM T10 HarpaBiaeHuto 12.04.05 JlasepHas mexHuka U Jda3epHble mexHoAo2uu. JUCIUIIMHA
peanu3syetcsi Ha (akymerete M VHbopmaumoHHbIX U yripaensiomyx cucrem BI'TY "BOEHMEX" um. [J.®.
Yerunosa kadeapoii 11 TIASEPHAS TEXHUKA.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
TICK-1/24.5 criocobHOCTh MO/IE/TMPOBATh (hU3MUECKHEe TIPOLIECCHI B 3/IEMEHTaX KOHCTPYKIIMH JIa3€PHBIX CUCTEM
1 000py/IOBaHUS aiTATHBHOTO MPOU3BO/ICTRA.

CopiepkaHie [JUCLMIUIMHBI OXBaTblBaeT KPYI BOIPOCOB, CBfI3aHHBIX C MO/€/IMPOBAaHUEM HarpsiyKeHHO-
ZehOpMUPOBAHHOTO COCTOSTHUSI KOHCTPYKIMN C miomolrbio Moayssi SolidWorksSimulation, mofgenvipoBanuem
TIPOLIeCCOB TeIlIo-MaccoriepeHoca ¢ rnomotbio Moay/as SolidWorksFlowSimulation, a Takke mMozenupoBaHue
TUPOAVHAMUKHU CIUIOIIHBIX cpeZ B akeTe Ansys Fluent.

[TporpamMmMoii JUCIUITIMHEI TTPe[yCMOTPEHBI CJIe/IyIOIIie BHABI KOHTPOJIA:

TeKyuil KOHTPO/Ib YCIIEBAEMOCTH CTY/[€HTOB TIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEPBAJIBI B
cnenyromumx dhopMax:
e HArHOCTUYECKasi paboTa;
¢ naboparopHas pabora;
e otuer 1o JIP.

ITpomexxyTouHasi aTTecTawys MPOBOAUTCS B (hopmax:
e muddepeHIMPOBAHHBIN 3aUeT.

OO01jast TPyI0EMKOCTh OCBOEHHSI [AUCLUIUIMHBI COCTaBiaseT 9 3.e., 324 u. TIporpamMMoM AWCIUITHHBI
MpeyCMOTPEHbI JTabopaTopHbIH MpakTUKyM (119 u.), camocTosTebHast paboTa cTyaeHTa (205 u).
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IIpuioxenue 2

K paoueii mporpaMme AMCLUILUIHHbI
MNPAKTUKYM I10 KOMIIbBFOTEPHOMY MOJE/TMPOBAHUIO

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUSA

PekoMeH/Jaliy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

Tpyn0oeMKOCTb OCBOEHUS JUCLIUIIIMHEI cOCTaBgeT 324 4., u3 HUX 119 4. ayAuTOpHBIX 3aHATHH, U 205
Y., OTBe/IeHHbIX Ha CAMOCTOSITe/IbHYI0 PabOTy CTyZAeHTa.

PekoMeH/IalIMM  TI0  pacrpe/ie/ieHHI0  yueOHOrO BpeMeHHW M0 BH/]AM CAMOCTOSITE/TBHOM paboThl |
pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI TIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTpOJIe yCI1eBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcs.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUS TPYBe/ieHbl B TPUIoKeHHH 3 K Paboueii mporpamme.

HaumeHnoBaHue padoThI

PexkomeHpiyeMasi iuTeparypa

TpyRoeMKOCTB,
Jac.

Pazgen 1. O01iye MOHATHS KOMIIBIOTEPHOT0 MOJe/THPOBAHUS C MOMOIIBI0 CTAaHAAPTHLIX MakeToB CAE.

IToAroTOBKa K BBITOJTHEHHIO 1 3aIUTE
y1abopaTopHOM paboThl «OOIIHEe TTOHATHS
KOMITBbFOTEPHOTO MO/Ie/TUPOBAHMSI.

B. 1. Bosnikomopos, A. U. denucenko, O. FO.
WBaHoBa. . OCHOBBI TPEXMEPHOT'0 MOJie/IMPOBaHUs
B SolidWorks: CIT6.BT'TY "BOEHMEX" um. 1. ®.

YctuHOBa, 2017 (1,3)

O6r11ue cBefieHNs 0 B. A. CaHHUKOB. . UucneHHOe MO enupoBaHue 10
SolidWorksSimulation u (hu3MUeCKUX MPOLECCOB B OTPaHUUEHHBIX CpeJax:
SolidWorksFlowSimulation» CII6.BI'TY "BOEHMEX" um. 1. ®@. YcTrHOBa,
2008 (Bce)
Wroro mno pasgeny 1 10

Paszpes 2. MojenupoBaHHue HaNpsHKeHHO-/1e()OPMHUPOBAHHOI'O COCTOAHHA KOHCTPYKIMH C IIOMOILBIO

SolidWorksSimulation.

HO/:[FOTOBKEI K BBITIO/THEHUIO U 3all[UTe

B. A. CaHHUKOB. . UucieHHOe MoJje/TMpOBaHUe
(hv3ueCKUX TIPOIIeCCOB B OrpPaHUUEHHBIX CpeJax:
CII6.BI'TY "BOEHMEX" um. [T. @. YcTHHOBa,
2008 (Bce)

/1ab0paTOPHBIX padoT. N. A. Kucenés, C. FO. Ctpaxos. . OCHOBBI 40
MO/Ie/TUPOBAHUS TIPOLIECCOB TeryIoo0MeHa B Cpejie
Solidworks: CIT6.BI'TY "BOEHMEX" um. [1. ®.
Ycrunosa, 2017 (JIPNel, JTIPNe2)
Wroro no pa3geny 2 40

Pazaen 3. MopenupoBaHue MPOLECCOB TeIio-Maccoodmena ¢ nomoiibio SolidWorksFlowSimulation.

HO,E[FOTOBKEI K BBITIO/JTHEHWIO U 3allJUTe

N. A. Kucenés, C. FO. Crpaxos. . OCHOBBI
MOJIe/TMPOBaHKs MPOIECCOB TeryioobMeHa B cpefie
Solidworks: CIT6.BI'TY "BOEHMEX" um. [1. @.

YcrunoBa, 2017 (JIPNel, JIPNe2, JTPNe3)

/1a00paTOPHBIX padoT. B. A. Cannukos. . UucnieHHOe Mo/ie/IMpOBaHue 24
(bu3MUeCcKUX TPOIIeCCOB B OTPAaHMUEHHBIX CpeJax:
CII6.BI'TY "BOEHMEX" um. [I. ®. YcTUHOBA,
2008 (Bce)
Wroro no pa3zeny 3 24

Pazgen 4. MopenupoBaHue HaNpPsDKeHHO-Ae()0pMHUPOBAaHHOTO COCTOSHUSA KOHCTPYKIIMH H TeIIo00MeHa
c nmomombsio SolidWorksSimulation.

[MoaroroBKa K BBHITIOIHEHUIO U 3aIIUTe

A. A. Anamosckuii. . SolidWorks Simulation. Kak

/1a00paTOpHBIX padoT.

136OPATOPHBIX PaGoT. pelark npaktuueckue 3agaun: CaHkr-IletepOypr: 74
BXB-ITetepOypr, 2011 (Bce)
Wroro no paspeny 4 74
Pa3pen 5. Pemenne 3agau ruipoquHaMuku B nakere Ansys Fluent.
IToaroroBka K BbinonHeHuto U 3aiure | JI. C. [ITa6mwmii, A. B. Kpuerios, [I. A. KonMakosa. . 57

KomrmibroTepHOe MofieTMpOBaHye TUTTOBBIX
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TH/[PaB/Iue CKUX U Ta30[MHAMUUeCKHX TTPOI[eCCOB
[BUTATeel ¥ YHepreTUUeCKUX YCTaHOBOK B
ANSYS Fluent : Camapa: 13a-Bo Camapck. yH-Ta,
2017 (Bce)

O. B. barypun, H. B. BarypuH, B. H. Margees. .
PacuéT TeueHu KUAKOCTU U ra3a C MOMOILIBIO
VHHMBEpCaIbHOTO TIPOTPAMMHOTO KOMILIEKCa
FLUENT: Camapa: U3a-so CI'AY, 2009 (Bce)
M. B. I'op6auég, B. C. HaymkuH, B. A. CriapuH. .
MogenpoBaHUe 3a/iau TeryioobMeHa B cpefie
ANSYS FLUENT: HoBocubupck: HI'TY, 2023
(BCe)

Wroro no pa3geny 5

57
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IIpunoxenue 3
K paoueii mporpaMme AMCLUILIHHbI
MPAKTUKYM I10 KOMIIBFOTEPHOMY MOJE/TMPOBAHUIO

®OH/] OODEHOYHBIX CPEICTB

®oH/[| O1[eHOYHBIX CPe/CTB, MO3BOJISIOIIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUIT/IMHE, BKIFOYAIOT
B ce0s:

e UarHocTuueckas pabora

¢ jyabopaTopHasi paboTa;

e oruet 1o JIP;

e muddepeHITMPOBAHHLIN 3aUeT;
e muddepeHITMPOBAHHLIN 3aUeT;
e uddepeHPOBAHHBIN 3a4erT.

KpuTepuu oneHUBaHUS

JuarHocrnueckas pabora
HOuarnoctryeckasi pabora ripoBoauTcs B popme tecta B SOC Moodle:

e IIpU NIPaBWJILHOM OTBeTe MeHee yeM Ha 60% BONPOCOB - He aTTecTalys;
 TIpY NpaBUILHOM OTBeTe Ha 60% BOIIPOCOB U Oosiee - aTTecTanysl.

JTa6oparopHas pa6ora

Homnyck k JIP:
* JIOMYCK K BBITIOJTHEHHUIO TEPBLIX ABYX JIP He MpeycMOTpeH.
* II7ISI 0Ty CKa K BBITIOJIHEHHUIO TPeThel U nocieaytoiux JIP HeobXoquMa 3aliyTa OfHOM 13 BBIMOTHEHHBIX
paHee paboT.
3amura JIP:
3amura JIP mpesycMarpuBaeT 00Cy>KeHHe Mopsijka pellieHus Ipe/lyCMOTPeHHbIX ee TeMaTHKOM 3a/ad,
BKJTIOUAsi TPOBEPKY YCBOEHHUS CTYEHTOM COOTBETCTBYIOIIUX CBeJEeHHUN U3 TEOPHH.

OTtuet no JIP

OTueTsI 1o 1abopaTopHBIM paboTaM TPe/ICTAB/SIOTCS B IeUaTHOW WM PYKOMMCHOH (opMme.
[HoryckaeTcsi BBITIOJTHEHNE PAaCueTOB «BPYUYHYIO» WM UCTIOb30BaHHe CUCTeM aBTOMAaTH3aliu
MaTeMaTHueCcKux pacuetoB. Kaxkoe 3aziaHuie Ha 1abopaTopHyto paboTy Cofiep>KUT Habop rmapamMeTpoB B
COOTBETCTBUU C UH/IUBU/Iya/IbHBIM BapUaHTOM.
KpuTepuu o1ieHUBaHUS:
JlabopatopHasi paboTa CUMTAETCS BBITIOIHEHHOH YCIeIHO (IPUHUMAEeTCs) TIPY CIeAYIOIIUX YCIOBUSX:
* [MPaBWJIbLHOE BBITIOJTHEHNE BCeX MYHKTOB (3a7iau), MpelyCMOTPEHHbIX 3a/laH1eM;
* IPaBUJILHOE TMIOCTPOEHHEe U 0OPM/IEHHE B COOTBETCTBUM C TPEOOBAHUAMH IOCYJapPCTBEHHBIX CTAaH/IapPTOB
ECK]I rpacdvkoB a1 BceX TIOyYaeMbIX B XO/Ie BBITTOJTHEHUs 3a[JaHUsI XapaKTEePUCTHK;
* yCIIelHast 3alura 1abopatopHoii paboThl.

JuddepennmpoBanHblii 3aueT

VIToroBBIf KOHTPOJIL 110 AUCLUIITHHE TTPOXOAUT B opme auddepeHIIMPOBaHHOTO 3aueTa. [ormyck K
3aueTy opopM/ISIeTCsl TIPY YCIOBUH TTOJTHOTO BBITIOJTHEHUST BCEX MEPOTIPUSTUM, MPeTyCMOTPEHHBIX I'PahuKOM
KOHTPOJIbHBIX MEpPOTIPUSTUI. 3aueT BK/IIOUAeT B Ce0sl BBITIOTHEHHE [IBYX KOHTPOJIbHBIX 3aIaHUM C TIOMOIIIBIO
TrakKeTa MPUK/IaJHbIX TTPOrpaMM.
Kputepuu ouieHBaHUSA:
» HempaBusibHOE peliieHue BYX 3a/JaHUM — OIIeHKa «HEeY/IOB/IeTBOPUTETHHOY;
* [IpaBu/ibHOE pellieHre OFHOTO 3a/JaHVsI ¥ HelPaBU/ILHOE PellieHre APYroTo 3a/JaHust — OIleHKa
«YIOBTIETBOPUTETLHOY;
* [IpaBU/IbHOE pellleHre IBYX 3alaHUHN — OL[eHKa «OT/INUHOY.
OcHoBaHWeM /IJ1sl BLICTaB/IEHUS OLIEHKU «XOPOLIO» SIB/ISIeTCS HeOpeXKHOe M/TM HETOUHOE BBHITIO/THEHHE OJJHOTO
WU IBYX 3aJlaHUM.

JAuddepennypoBanHblii 3aueT

WToroBbiii KOHTPO/E MO AUCLIATIIMHE TIPOXOAUT B hopMe AnddepeHIIMPOBAaHHOTO 3aueTa. JJomyck K
3aueTy oopmIIsieTCsl TIPH YCIOBUU TTOJTHOTO BBITIOJTHEHUSI BCEX MEPOTIPUSITUM, MPelyCMOTPeHHBIX I'padKoM
KOHTPOJIbHBIX MEPOTIPUSITHH. 3aueT BK/IFOUAET B Ce0s1 BHITIOTHEHUE [IBYX KOHTPOJIBHBIX 33/JaHUH C TIOMOIIBI0
TrakKeTa MPUK/IaJHbIX TIPOrpaMM.
KpuTepuu o1ieHUBaHUS:
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» HerpaBusibHOE peliieHue BYX 3a/JaHUM — OIIeHKa «HEeY/IOB/IeTBOPUTETHHOY;

* [IpaBU/IbHOE pellieHre OHOTO 3a/JaHUs U HEMPAaBU/ILHOE PeIlleHHe PYToro 3a/JaHusl — Ol[eHKa
«YIOBTIETBOPUTETLHOY;

* [IpaBU/IbHOE pellleHre IBYX 3alaHUH — OLleHKa «OTINUHOY.

OcCHOBaHHWEM /IJ1s1 BLICTAB/IEHUS OLIEHKH «XOPOIIIO» SIB/IIETCSI HeOPEXXHOE UM HETOUHOE BBHITIO/THEHHE OJHOTO
WU IBYX 3aJ]aHUM.

JAuddepennypoBanHblii 3aueT

WToroBbiii KOHTPO/E MO AUCLIATIIMHE TIPOXOAUT B hopMe AnddepeHIIMPOBAaHHOTO 3aueTa. JJomyck K
3aueTy oopmIIsieTCsl TIPH YCIOBUU TTOJTHOTO BBITIOJTHEHUsI BCEX MEPOTIPUSITUMN, MPelyCMOTPeHHBIX I'padKoM
KOHTPOJIbHBIX MEPOTIPUSITHH. 3aueT BK/IFOUAET B Ce0s1 BHITIOHEHUE [IBYX KOHTPOJIBHBIX 33/JaHWUH C TIOMOIIBI0
rakKeTa MPUK/IaJHbIX TIPOrpaMM.
KpuTepuu o1ieHUBaHUS:
» HempaBu/bHOe pellieHue [BYX 3a/laHUM — OLieHKa «HeY/I0B/IeTBOPUTEIbHOY;
» [IpaBu/IbHOE pellleHHe OFHOTO 3a/jJaHUs 1 HellpaBU/IbHOe pellleHHe APYroro 3aJjaHus — oljeHKa
«Y,0BIeTBOPUTEIEHO»;
* [IpaBu/ibHOE pellieHre IBYX 3a/laHUH — OLleHKa «OTJINYHOY.
OcHOBaHUEM /IJ1s1 BLICTAB/IEHUS OL[eHKH «XOPOIIIO» SIB/ISETCA HeOpeXXHOe WM HETOUHOE BBITIO/THEHHE OJJHOTO
WU IBYX 3aJlaHUil.
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[MacriopT doHa OLIEHOUHBIX CPeJICTB
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Pazgen 1. O0uye moHATHUSA JlabopatopHast
5 9 |KOMOBITEPHOr0 MOAE/TUPOBAHUSA C 14 4 4 10 10 pabora,
NOMOILbI0 CTaHAAPTHBIX NakeToB CAE. Otuert no JIP
Pa3zgen 2. MopenupoBaHue HaNps>KeHHO- JaGoparopHas
5 9 Ae)opMHPOBAHHOTO COCTOSTHUSA 58 | 18 18 40 15 pabora
KOHCTPYKIIMH C IOMOILBI0 ’
SolidWerksSimulation. Order no JIP
Paspgesn 3. MopenupoBaHue IponeccoB JTabopatopHasi
5 9 |Temyio-mMaccooO0MeHa C IOMOIIBIO 36 | 12 12 24 15 pabora,
SolidWorksFlowSimulation. Ortuet o JIP
Bcero 3a 9 cemecTp 108 | 34 34 74 40
e Toparopn
5 | 10 [AePOPMHP 108 34 | 34 | 74 30 pa6ora,
KOHCTPYKIMM U TeIJI000MeHa C Oruer 1o JIP
nomompio SolidWorksSimulation.
Bcero 3a 10 cemecTp 108 | 34 34 74 30
JIaboparopHast
6 1 fz3nznl§l;§;];l£:];e;:£::e Ansys Fluent 108 | 51 2 57 30 pabora,
ApoR M ’ Ortuert o JIP
Bcero 3a 11 cemectp 108 | 51 51 57 30
Bcero no guciurinae 324 | 119 | 119 | 205 100
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Kputepuu oneHuBaHus

IICK-1/24.5

Ne 1

Ne 2
Ne 3

Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Bonpocbl omkpbimozo muna:

51 uero npy NpoBeZileHUH YMCJIEHHOTO MO/Ie/TMPOBaHUS UCTIOb3YeTCs 3/1eMeHT
CUMMETpUU 00beKTa

st yero B SolidWorks Simulation ucrions3yeTcst yripaBneHue pacueTHON CeTKOMN

B pe3ynbTare peliieHus CTAlOHAPHOMW 3a/laudl TeUeHHs BOJbI B TETJIO0OMEHHOM
arrapare c rcrosnb3oBaHueM SolidWorks Flow Simulation nmonyueHo pacripefienienue
TeMIlepaTypbl HarpeBaeMoro NoToKa B BEIXOJHOM ceueHUU. CpefiHe pacxofHasi
TeMreparypa BoZbl Ha BbIXOZe cocTasiseT BennunHy 60°C, Temneparypa Ha BXOZe
paeHa 20°C, pacxo[, BOZbI uepe3 TeII000MeHHbIH arnrapar paBeH 0.5 Kr/cek.
Onpe/ieuTb MOIIHOCTh TeTUI00OMEHHOTO arnapara. Y/ebHasi TeTI0eMKOCThb BOJIbI
paBHa 4183 [Ix/kr/K. OTBeT BbIpa3uTh B KBT U OKPYIJIUTH 10 1]€/10T0 YKC/a.

B pe3yrbTare peliieHus: CTallMOHAPHOMW 33/lauyl TeUeHHUs BOZIbI B TETJIOOOMEHHOM
armapare ¢ ucrosnb3oBanreM SolidWorks Flow Simulation momyyeHo pacripesienerue
TeMIlepaTypbl HarpeBaeMoro NoToKa B BEIXOAHOM ceueHUH. CpefiHe pacxofHast
TeMIieparypa BOZbl Ha BBIXOZe COCTaBseT BenuunHy 61°C, TeMneparypa Ha BXoge
paeHa 20°C, pacxo/| BOZbI uepe3 TeryI000OMeHHbIH armapar paBeH 0.51 Kr/cek.
OnpeenuTb MOIIHOCTh TeTI00OMEHHOTO arrapara. Y/ejbHasi TeTI0eMKOCThb BOJbI
paBHa 4183 [Ix/kr/K. OTBeT BbIpa3uTh B KBT 1 OKPYIVIUTB /0 L|€JIOT0 UMC/ia.

B pe3ynbTare peliieHusi CTallMOHAPHOW 3a/laudl TeUeHHs BOJBI B TeTJIO0OMEHHOM
armapare ¢ ucrosib3oBanreM SolidWorks Flow Simulation nmonyyeHo pacripesiesieHue
TeMIlepaTypbl HarpeBaeMoro NoToKa B BBIXOJHOM ceueHUH. CpeiHe pacxofHast
TeMIlepaTypa BO/bl Ha BBIXO/E COCTaBJ/IsieT BeIMuuHy 62°C, TemnepaTypa Ha BXoe
paBHa 20°C, pacxog BozbI uepe3 Terio00MeHHBIH armapar paBeH 0.52 Kr/cek.
OnpeienuTb MOIIHOCTh TeIVIO0OMEHHOTO arrapara. Y/ejbHasi TeIJI0eMKOCTh BOZbI
paBHa 4183 [Ix/kr/K. OTBeT BbIpa3uTh B KBT 1 OKPYIVIUTB /10 L€JIOT0 YrC/ia.

B pe3synbTare pelieHusi CTallMOHAPHOW 3a/laudl TEUeHHs BOJbI B TeIVIO0OMEHHOM
armapare ¢ ucrosib3oBanieM SolidWorks Flow Simulation nonyyeHo pacripesienerue
TeMIlepaTypbl HarpeBaeMoro MoToKa B BIXOAHOM ceueHUH. CpeHe pacxojHast
TeMreparypa BoZibl Ha BbIXO/le COCTaB/sieT BeMMUuHy 63°C, TeMneparypa Ha BXoje
paBHa 20°C, pacxo/ BoZbI uepe3 Ter1000MeHHbIH anmapar paBeH 0.53 Kr/cek.
Onpe/ie/uTh MOIIIHOCTh TeTIO0OMEHHOT0 arrapara. Y/eabHas TerI0eMKOCThb BO/IbI
paBHa 4183 [Ix/kr/K. OTBeT BbIpa3suTh B KBT 1 OKPYIVIUTB [0 L}€JIOT0 UMC/Ia.

B pe3ynbTare pelieHHs CTAllMOHAPHOMW 3a/1auyl TEUEHHs BOJbI B TETIO0OMEHHOM
anmapare ¢ ucronb3oBanueM SolidWorks Flow Simulation mosyueHo pacripesienenyie
TeMIepaTypbl HarpeBaeMoro MoToKa B BEIXOAHOM ceueHUH. CpefjHe pacxoHast
TeMreparypa BoZbl Ha BBIXOZe COCTaB/seT BeMMUUHy 64°C, TeMniepaTypa Ha BXoJe
paeHa 20°C, pacxo[| BOZibI uepe3 TeIrI000MeHHbIH arrapar paBeH 0.54 Kr/cek.
Onpe/ieuTh MOIIIHOCTh TeTVIO0OMEHHOT0 arrapara. Y/eabHas TeMI0eMKOCThb BOJIbI
paBHa 4183 [Ix/kr/K. OTBeT BbIpasuTh B KBT U OKPYIVIUTB /10 L}€JIOT0 YuC/ia.

B pe3synbrare perieHust 3a7iaui CTaTUYECKOT0 aHa/ir3a COCy/la, Harpy>KeHHOro
BHyTpeHHUM faBieHueM B SolidWorks Simulation, monyueHo pacripezesnerue
5KBHBaJIeHTHBIX HaNpshDKeHWH B KOHCTPYKLIMU. MakcuMasbHOe 3HaueHue
9KBUBAJIEHTHBIX HaMpsbKeHUM focTturaeT BeuuuHbl 150 MITa. [Ipenen Tekyuyectu
Marepuasa paBeH 210 MIla. OnpenenuTs ko3¢ duLMeHT 3anaca MPOUHOCTH. B oTBet
3arumcarhb YMciIo, OKpyIyieHHoe o 1 3Haka 1ocsie 3amsiToit.

B pesynbrare pellieHus 3ajaud CTaTUUECKOTO aHaM3a COCYy/ja, Harpy>keHHOro
BHyTpeHHUM JaBieHueM B SolidWorks Simulation, monyueHo pacripezeneHue
5KBUBAJIEHTHBIX HaMPsDKEHUU B KOHCTPYKLMU. MaKCUMa/bHOe 3HaueHue
SKBHBaJIeHTHBIX HanpsDKeHUH focturaet BennuuHbl 140 MIla. I1pesen Tekyuectu
Marepuasa paseH 210 MIla. Onpegenuts k03¢ duLMeHT 3ariaca MPOYHOCTH. B oTBeT
3amMcarth YMC/I0, OKpPyIJIeHHoe o 1 3Haka 1ocsie 3amnsToi.

B pesynerare peleHus 3a/jaud CTaTUUECKOTO aHaM3a COCYy/ja, Harpy>keHHOro
BHyTpeHHUM JiaBieHueM B SolidWorks Simulation, rosiyueHo pacmipefesneHve
5KBHBaJIeHTHbBIX HamnpsDkeHHH B KOHCTPYKLMU. MakcuMasbHOe 3HaueHue
9KBHBaJIeHTHBIX HampsbkeHU# focturaet BennunHbl 130 MIla. [Ipefen Tekyuectu
MaTeprana paBeH 210 MIIa. Onipegenuts Ko3(puIreHT 3araca TPOYHOCTH. B oTBeT
3arMcarh Ynic/Io, OKpyIJieHHoe 0 1 3Haka rnocJjie 3amnsiTou.

Bonpocsbl 3akpbimozo muna:
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Ne 1 Kako#i meToz perieHust fuddepeHIaabHbIX  YPaBHEHNUH UCTIONb3yeTCs TIPH YMC/IEHHOM
MogpenipoBanuu B SolidWorks Simulation

Bapuanmbl omgema:

MeTop KOHEUHBIX 3/IeMEHTOB
MeTop KOHEUHBIX pa3HOCTel
MeToz KOHeUHbIX 00LEMOB

MeTop niepeMeHHBIX 00HEMOB
Ne 2 Kakue 3m10pbI CTPOSITCS TIO pe3ys/ibTaTaM 4acTOTHOTO rucciiefoBaHus B SolidWorks
Simulation

Bapuanmbt omeema:
YacTOTHO-aMIIUTYHAsL XapaKTepUCTHKa
YacToTHO-(ha30Basi XapaKTepUCTHKa
YacToTHO-BpeMeHHas XapaKTepuCTHUKa

BosbT-amniepHasi XapaKTepUCTHKA
Ne 3 Kakue mapameTpsl 3a/Iaf0TCs TIPY TIOCTAHOBKE 3a/IauMl CTaTUUeCKOTO UCC/IeIOBaHUS B
SolidWorks Simulation

Bapuaumbi omgema:

CKOpOCTb MPUJIO’KEHHsI BHELITHel Harpy3Ku
Marepwuan fetanu

Criocob KperuieHus fieTanu

BHeluHss Harpyska
Ne 4 Kakuie sm1tophbl CTpOSTCS TI0 pe3y/ibTaTaM CTaTUUecKoro ucciezoBanus B SolidWorks
Simulation

Bapuanmbt omeema:
Harnpsokenus
[Tepemertienus
nedopmaniyu
TeMIeparypa

TIJIOTHOCTh
Ne 5 Uro siB/sieTcs Lie/ibl0 YaCTOTHOTO ucciiefoBanus B SolidWorks Simulation

Bapuanmbt omeema:

Habop dhopm cobCTBeHHBIX Kojie6aHHi U UX YaCTOT
YacToTa 0TKa30B U3e/Hs

YacToTta BUOpaIy U3/e11st

Yacrora BpallieHust Uszenus
Ne 6 Uro siBAsieTCs Lesibio TepMuUeckoro ucciaenoanus B SolidWorks Simulation

Bapuanmbt omeema:

Onpe/esieHre TeMIIEPATyPHOTO MOJIst B 00beKTe
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Ne 7

Ne 8

Ne 9

Ne 10

OripezienieHyie HarpspKeHUH B 00beKTe
OripezienieHye 3/1eKTPUYECKOTO 1107151 B 00beKTe

Onpenenenvie fedopmaliuii B 06beKkTe
YTO ABIAETCS pe3y/IbTAaTOM UCC/Ie[OBAHMS MIPH pacyeTe Ha MOTepPr0 YCTOMUMBOCTH B
SolidWorks Simulation

Bapuanmbl omgema:

@dopma noTepy yCTOHUUBOCTU

Jrtopa nepeMereHui

KoaddurmeHT KpuTHyeckoit Harpy3kKu
OIropa HarpshkeHUs

DIIopa TemIeparypbl
Kakue napameTps! sIB/SIFOTCS] TepMUUeCKOM Harpy3koil B SolidWorks Simulation

Bapuanmbl omeema:
Terntora cropanus
Tewmneparypa
TernioBOM MOTOK

TeryioBasi MOIITHOCTB

B pe3synbrare pelieHust 3a7iauyi CTaTUYeCKOT0 aHair3a CoCy/a, Harpy>KeHHOTrO
BHyTpeHHUM faBieHueM B SolidWorks Simulation, monyueHo pacripegenexue
5KBHBaJIeHTHBIX HamlpsDKeHWH B KOHCTPYKLMU. MakcMMabHOe 3HaueHue
9KBUBAJIEHTHBIX HaMpspKeHUM focTuraeT BemuunHbl 120 MITa. [Ipenen TekyuecTu
MaTepurana paBeH 210 MIIa. Onipegenuts K03(pPuiivieHT 3araca IPOYHOCTH. B oTBeT
3armcarh YMciIo, OKpyIyieHHoe Ao 1 3HaKa 1ociie 3arsiToil.

Bapuanmbt omeema:
1.4
1.5
1.6
1.8

1.9

B pe3sysbrare peleHus 337iau CTaTUUeCKOr0 aHain3a CoCy/la, Harpy>KeHHOro
BHYTpeHHUM JaBieHueM B SolidWorks Simulation, monyueHo pacrpezesneHue
5KBUBAJIEHTHbIX HallpshKeHUM B KOHCTPYKLMK. MakcruMasibHoe 3HaueHue
SKBUBAJIEHTHBIX HampsbkeHUH focturaet BeanurHel 110 MIla. Ilpegen tekydectu
Marepuasa paseH 210 MIla. Onpegenuts k03¢ duLveHT 3araca MpoUYHOCTH. B oTBeT
3amuMcarhb YMC/I0, OKpPYIJIeHHOe o 1 3HaKa Moc/ie 3amnsaToi.

Bapuanmbl omgema:
1.4
1.5
1.6
1.8

1.9
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