MUWHOFBPHAYKU POCCUU
(deaepanbHoe rocyfapcTBeHHoe OI0PKeTHOe 00pa3oBaTe/IbHOE YUpPe)K/ieHHe BBICIIero 00pa3oBaHus
«BanTuiickuii rocyfapcrBeHHbIi TexHnyeckul yausepcuter «BOEHMEX» um. I.®. YcTuHoBa»
(BI'TY «BOEHMEX» um. JI.®. YcTHHOBA)
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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)

24.05.01 ITpoekTupoBaHue, NPOM3BO/JCTBO U IKCIL/TyaTaLisi pakeT ¥ PAKeTHO-KOCMHUYeCKHX KOMILIeKCOB
rog, Habopa rpynrbl: 2024

IIporpamMmmMmy cocTaBuiI:

Kadenpa A1 PAKETOCTPOEHUE
ABpepoHok Cepreii OyapioBUY, CTapILuii IpernojaBaresb

[Tporpamma paccMOTpeHa
Ha 3ace/jlaHUM Kadeapbl-pa3paboTurKa
paboueii mporpammel A1l PAKETOCTPOEHUE

3aBenyromuii kadenpoii bopogaBkun B.A., 1.T.H., ipod.

[Tporpamma paccMOTpeHa
Ha 3aceJJaHUM BBITyCKatolleit Kadeapsl

A1 PAKETOCTPOEHUE

3aBegytommii kKadezapoii bopogaskun B.A., A.T.H., pod.




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
TEIUIOBOE ITPOEKTUPOBAHUE KOHCTPYKIIVH JIETATE/IbHBIX AIIIIAPATOB

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:

OIIK-5 — criocobHOCTh pa3pabarbiBaTh (pr3nuecKre ¥ MaTeMaTHuecKre MOJe/M MCCIeAyeMbIX TPOLieCcCoB,
SIBJIEHUI U 00HEKTOB, OTHOCAILUXCS K TIpodeCcCOHaLHOM cdepe [esTeNbHOCTH i pellieHHUsT WHKeHepHbBIX

33724

DOpPMUPOBAHHIO KOMITETEHITUH CITYXKUT IOCTKEHUE CJIeTYIOIIMX Pe3y/IbTaToB 00pa30BaHuUs:
OIIK-5

3HAHUA:

- COBpeMeHHbIe TOAXObl U METO/bI pelleHusi TIpodecCHOHaNBHBIX 3aad B 00/1aCTH aBHALMOHHON U
PaKeTHO-KOCMUYECKOM TeXHUKU;;

YMeHUs:

- TIPUMEHSITh METO/IbI pellleHus] TIPOo(eCcCHOHAMBHBIX 33/ad B 007aCTW aBUAIMOHHOM W DPaKeTHO-
KOCMUYECKON TeXHUKU;;

HAB8bIKU:
- CIOCOOHOCTB paBpaGaTbIBaTb (1)H3I/Iq€CKI/Ie U MaTeMaThydeCKne MoJesr HCCilefyeMbIX Ipo1ecCoB,

ABJIEHUH 1 0OBEKTOB, OTHOCSIIMXCSA K MPOGeCcCHOHaNbHOM cdepe AesTe/IbHOCTH /IS PeleHnsT WHKeHePHBIX
3ajau...



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Iuctynmisaa TEINIOBOE ITPOEKTUPOBAHUE KOHCTPYKIIVH JIETATE/IBHBIX
ATITIAPATOB siBfisieTCsl AUCIUIIMHON 00513aTe/IbHOM YacTh 6/10Ka 1 porpaMMBbI MO/ITOTOBKH 110
HarpasiieHuto 24.05.01 IIpoekmupogaHue, npou3800Cmeo U 3KCnayamayusi pakem u pakemHo-KOCMUUECKux
KOMIN/IEKCO8.

CogepxaHue  IUCLIUIUIVHBI AB/IS€TCA  JIOTUYECKMM  TNPOJO/DKeHNeM  JUCLIUIINH: BBICIITASA
MATEMATUKA, ®U3UKA, YCTPOUCTBO N1 ®YHKIIMOHUPOBAHUE KPBUIATBIX PAKET,
COIIPOTUBJ/IEHUE MATEPHUAJIOB.

CopepXaHWe [UCLUIUIMHBI = SIBASeTCS OCHOBOW [Jysi  ocBoeHusi gucuurmuiuH: VICIIBITAHWS
PAKETHBIX CHMCTEM, KO/IMYECTBEHHBIE METO/Jbl OILEHKN 3J3®PEKTUBHOCTU,
OCHOBbBI KOHCTPYUPOBAHUSA KPBUIATBIX PAKET, IIOATI'OTOBKA K IIPOIOEAYPE
3AIIUTHI Y1 3AIIUTA BBIITY CKHOM KBAJIM®UKAIITMOHHOMN PABOTEL

Hpe,ELBapI/ITEJILHLIe KOMIIeTEHILINH, CClJOpMI/IpOBaHHbIE y 06yqa}0Luer0CH A0 HauadJ/ia U3yuyeHusd AUCLHUTIINHBIL

¢ OIIK-1 — CrniocobeH PUMEeHSITh eCTeCTBEHHOHAYUHbIE U 00II[eMHXeHepHbIe 3HAHWSs, METO/IbI
MaTeMaTU4eCKOTo aHa/Ini3a U MOJIe/TMPOBaHUs, TEOPETUYeCKOTO 1 IKCITIePUMEHTAIbHOTO MUCC/Ie/[OBaHKS
JIUTSI pellieHNsT MH)KeHePHBIX 3a/1au TIpodye CCUOHA/TLHOMN IeATeTbHOCTU

¢ OIIK-5 — CriocobeH pa3pabarbiBaTh (pU3UUECKHE U MaTeMaTHyeCcKre MO/Ie/Id UCC/Ie/[yeMBIX MPOLIeCCOB,
SIBJIEHUI U 00BEKTOB, OTHOCAIIMXCS K TPO(heCCUOHATLHOM cdepe AesITe/TbHOCTH i PelleHUst
VH)XeHEepHBIX 3a/iau

¢ OIIK-6 — CriocobeH 0CyI1eCTB/ISTh KpUTUUECKUI aHaIi3 HayUHbIX JOCTH)KEHHUH B 00/1aCTH
aBUALMOHHON U PaKeTHO-KOCMUYECKON TEXHUKU



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/sieT 3 3.e., 108 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI
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Paspen 1. ®u3HuKo0-MexaHHUYeCKHEe XapaKTepUCTHKH 0C IX KOHCTPYK IX
4 7 MaTepuasioB IPH BBICOKMUX U HU3KHUX TemmnepaTrypax. OCHOBHbIE 3Tarbl 1 0COGEHHOCTH 12 2 P 0 10 20
TEI/I0BOro NpoekTHpoBanust. OLieHKa Hecyllei cnocobHocTH KoHCTpyKLmu KP 1 Beibop
JI0TyCKaeMbIX HarpspKeHUI.
Pa3paen 2. Onpepe/ieHre TeN/I0BBIX Harpy30K AeHCTBYIOIUX HAa KOPILYC JIeTaTe/IbHOro
4 7 anmnapara B 1noJjieTe M Ipy Ha3eMHOM KcnutyaTanui. OCHOBHbIe BU/IbI TeTionepeadn U ux 2 12 38 4 10 20
COOTHOLIIEHNE Ha OT/le/IbHBIX 3Tarax rojera. OljeHKa TerI0BbIX TOTOKOB B XapaKTePHBIX
TOUKaXx JieTare/IbHOro anmnapara. TerioBoi 6anaHc creHKH kopryca JIA.
Paspen 3. IH)XeHepHbIe MeTOAbI PaciyeTa TeMIepaTypPHbIX Mo/Iel B 3/1eMeHTax
4 7 KOHCTPYKI[HH JIeTaTe/IbHOro anmnapara. Onpe/iesieHye TeMIepaTypHOro 0JIsi CUJIOBOTO 29 14 10 4 15 20
Habopa koprryca KP.
Paspen 4. OcHOBHBIe ypaBHeHHA TePMOYNPYrocTd. TepMoynpyrue HarlpsokeHUs U
4 7 nedopmaLiy 3/1eMEeHTOB KOHCTPYKLIMH. YCTOHYHMBOCTE 3/1eMEHTOB KOHCTPYKLmK KP ripu 26 14 10 4 12 20
TIOBBILLIEHHBIX TeMIlepaTypax.
Paszpen 5. Oco0eHHOCTH TENIOBOr0 NMPOeKTHPOBAHMUS /IEMEHTOB KOHCTPYKIIHH
4 7 JIeTaTe/IbHOrO anmnapara. ba3oBble MPUHLMIBI KOMOMHATOPHOTO aHa/IM3a TeIIOBOr0 PeXXUMa 19 9 4 5 10 20
JIA.
Bcero 3a 7 cemecTp 108 51 34 17 57 100
Bcero no gucuuninHe 108 51 34 17 57 100
3.2. AyAUTOPHBIN NPAaKTUKYM
Oo0neMm,
Ne Homep n HanMeHOBaHue pas3jena
Tema NMPAKTHYE€CKOIr'o 3dHATUA ayA.
n/m AUCIHHUII/THHBI
gacoB
Paspen 2. OnpepiesieHue TeryIoBbIX HArpy30K
1 ,[[EI\/’ICTByIOHJI/IX Ha KOPITyC JjIeTaTe/IbHOT'O Pacuet HECTaI_[I/IOHapHOI\/‘I TeMIlepaTypbl 4
dlfiriapara B I10J1eTe U IIpU Ha3eMHOI KOopI1yCa JIA Ha aKTMBHOM YyuacTKe I10/1eTa.
SKCIUTyaTaljuu.
OrmpegeeHre TeMIepaTypHOIro moJs
Pa3pen 3. InkeHepHble MeTOABI pacueTa PEA patyp
. cunoBoro Habopa Kopryca JIA. CrtoiHas
2 TeMIIepaTyPHBIX T10JIEW B 3/IEMEHTAX 4
pacuyeTHadA MOJelb. ToHKocCTeHHas pacyeTHas
KOHCTPYKILHHU JIETATE/JIbHOI'O allllapaTd.
MO/ie/lb.
3 Pa3nen 4. OCHOBHBIE ypaBHEHUS TepmoyTipyrrie HarpsbkeHUs U fAedopMariu 4
TepMOYIIPYT'OCTH. 3/IEMEHTOB KOHCTPYKIIHUH.
Pasgen 5. Oco6eHHOCTH TEII0BOro
OnTumanbHOe TIPOEKTHUPOBAHKUE OTCEKOB C
4 |IpOeKTHMPOBAaHUA JIEMEHTOB KOHCTPYKLUN 5
YUETOM TEIJIOBOI'O HAarpy>KeHHs.
JieTaTe/JIbHOIO alrlriapara.
Bcero 3a 7 cemectp 17
3.3. CamocrosiTennbHas pabdora crygenrta (CPC)
No Homep 1 HaumeHOBaHHe pasjiesa Oompem,
Copep)xaHue yueOHOro 3afaHus
n/n JAUCHHUII/TUHBI JacoB
Pa3gen 1. dusuko-mexaHuveckue OcHOBHBIe 3Tarbl 1 0COOEHHOCTH TeIJIOBOTO
1 XdPAKTEPUCTUKU OCHOBHBIX TIPOEKTHUPOBaHUA. OL[EHKEI Hecymeﬁ CII0COOHOCTU 10
KOHCTPYKIIMOHHBIX MaT€pPHaJIOB IIPU | KOHCTPYKL WU JJA u BbI60p A0ITyCKaeMbIX
BBICOKHMX W HU3KHUX TeMIIepaTypax. HEll'[pSI)KEHHfI.
PEIB,Z[EJ'I 2. Onpe,qeneHHe TeIlJIOBBIX OCHOBHBIE BHU/bI TEIUIOonepeaayv U UX COOTHOILLIeHKUEe
) HArpys3ok ,E[eﬁCTBymLL[HX Ha KOpI1yC Ha OTAe/IbHBIX 3TallaX I10J/IeTd. OL[eHKa TeIlJIOBBIX 10
JIETAaTEe/JIbHOI'O aliflapara B I10JIeTe U TIOTOKOB B XapPaKTE€PHBIX TOUYKAX JIETAaTE€/JIbHOI'0
TIpY Ha3eMHOM 3KCILTyaTaluu. armapara. TeryioBoii 6anaHc cTeHKH Kopryca JIA.
3 Pa3,qe11 3. I/IH)KEHeprIe MeTO/bI OHpeAEIIEHI/Ie TeMIIepaTypHOTO I10/11 CHUJIOBOT'O Ha60pa 15
pacueTa TeMIiepaTypHbIX rosei B KOpI1yCa JIA.
6 24014




3/IeMeHTaxX KOHCTPYKLIUK
JIeTaTesIbHOTO arnrapara.
Pazpen 4. OcHOBHBIE ypaBHEHUS Tepmoynpyrie HanpsvkeHHs 1 ;ULE(bopMauym
4 3/71eMEeHTOB KOHCTPYKLIMU. YCTOWUMBOCTh 3/IEMEHTOB 12
TepPMOYTIPYTOCTH.
KOHCTPYKLUMH JIA TIpH MOBBILLIEHHBIX TeMIIepaTypax.
Pazgen 5. Oco0eHHOCTH TeII0BOro
g |MPOEKTHDOBAHMS 37IeMEHTOB OnrtrmasbHOe MPOeKTHPOBAHUE OTCEKOB C yUeTOM 10
KOHCTPYKLIMH JIeTaTe/IbHOr0 TeIUIOBOTO Harpy KeHUsl.
anrapara.
Bcero 3a 7 cemectp 57
4. ®OPMbI KOHTPOJISA OCBOEHUA TNCIIAII/IMHBI
CEMECTP HEJE/IN CEMECTPA
112|3 4 5 |6]|7 8 9 |10 1 12/13(14 15 16 17
7 Ortu. 1o I13|TexK|AP| |Otu. no I13|TexkK|IP|Otu. no I13 Ortu. o I13|AP| gud. 3au.
YcnoBHble 0003HaYeHMS:
¢ TP — nuiarHoCcTHYecKas pabora;
¢ Ortu. o I13 — oTueT 110 NpakTUUeCKOMY 3a/,aHUIO;
e TexK — BonpocCsk!I /7151 TEKYLL[ET0 KOHTPOJIS;
o nud. 3au. — guddepeHIIUPOBAHHBIN 3aUeT.

TeKyuii KOHTPOJIb YCIIEBAEMOCTH CTY/[eHTOB TIPOBOJJUTCSA B JUCKPETHBIE BpEMEHHbBIE UHTEPBAJIBI B
cnenyromux dhopmax:
e UArHOCTUYECKas pabora;
*  OTYET I10 NMPAaKTHUECKOMY 3a/]aHHIO;
e BOMPOCHI /ISl TEKYIIIETO KOHTPOJIS.

ITpoMeKyTouHasi arTecTalusi IIPOBOANUTCA B (popMax:
e muddepeHIMPOBAHHLIM 3aUeT.
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5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. B. N. IToropenos. . becnuioTHEIe eTaTe/bHbIE annapaThl: HArpPy3Ky U HarpeB. Mocksa: FOpaiit, 2020,
5J1. pec.

2. B. . Toropenog. . I[IpouHOCTE ¥ YCTOMUUBOCTh TOHKOCTEHHBIX KOHCTPYKLmiA. CIT16.BT'TY
"BOEHMEX" um. I. ®@. YctuHoga, 2015, 85 k3.

3. B. I1. MuiuH, B. K. Be3Bep0Obiif, b. M. ITaHkpatoB. . OCHOBBI TIPOEKTHPOBAHUS JIeTaTebHbIX
annaparoB. (TpancrnoptHele cucteMsl). M.: MamuHoctpoenue, 2005, 12 3K3.

4. Y. C. Tony6es, A. B. CamapuH. . [IpoeKTrpoBaHre KOHCTPYKLIMH jieTaTe/IbHbIX anraparoB. M.:
MaumHoctpoenue, 1991, 40 5k3.

5. 0. M. Amudanos, A. H. Auppees, B. H. I'yiun. . Banaictryeckue pakeTsbl M pakeThbl-HOCUTeNU. M.:
Hpoda, 2004, 19 3k3.

5.2. JlonionHUTeNbHAs IUTepaTypa Mo JUCLUIUIUHE:
He Tpebyercsl.

5.3. [lepuoguyeckue U3gaHus:
He TpeOyroTCs.

5.4. TlepeueHb peCcypcoB HH(POPMAI[HOHHO-TEIEKOMMYHHKAIIMOHHOH ceTy "VIHTepHeT", HeoOOXOAUMBIX [1/IsT
OCBOEHUS! TUCIUTUIMHBI, 3/IEKTPOHHBIE OMOTHOTEUHbIE CUCTEMBI:

1. https://e.lanbook.com/ ; http://library.voenmeh.ru/jirbis2 — ®ynnamenTansHast 6ubmuoreka BI'TY
«BOEHMEX» um. [1.®. YcTrHOBA.

CorpeMeHHbIe MpodeccroHambHbIE 0a3bl JAHHBIX:

1. https://rusneb.ru — HaijuoHansHas 3/eKTpoHHas 6ubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHast 3/iekTpoHHas 6ubmoreka « KubepieHHHKa»;
http://www.rfbr.ru/rffi/ru/library - TlonHoTekcToBas 3mekrpoHHas 6ubmoTeka Poccutickoro oHza
(byHIaMeHTalbHBIX HCC/IeJ0BaHMUIA.

VHdbopMalioHHbIe CTIPaBOYHbBIE CUCTEMBI:
1. Texakcriept — ViHGOpPMaLMOHHBIN TIOPTa TEXHUYECKOTO perynvpoBaHusi: HopMmel, mpaBuia, CTaHAapTh
P®;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - 5] TOCTos

cobcrBenHoi reHepauuu BI'TY "BOEHMEX" um. []. ®. YcTrHOBa;
3. http://www.consultant.ru/- KoncynsrauTlntoc- nHGOpMaloHHbBIN TTOpTas MpaBoBoi nHGOpMaliu.

5.5. ITporpamMmHOe obecrieueHue:
1. Ansys Multiphysics 2017 Teaching Advanced,;
2. Mathcad Education - University Edition Term;
3. Matlab 2015a SP1.

5.6. ndopmalioHHbIe TeXHOIOTUH:

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



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JleKijnoHHbIE 3aHATHSA:

CreLa/IM3UpOBaHHbIe TpeOOBaHus 110 000PYZAOBaHMIO OTCYTCTBYIOT; ayAUTOPHUS C TIOCAZOUHBIMU
MeCTaMHU I10 KOJIMYeCTBY CTYZIeHTOB; [OCKa.

6.2. IIpakTHyeckue 3aHATHA:

1. lHTepakTHBHAas1 JOCKa;

2. AyauTopusi ¢ UMC/IOM NT0CaZI0YHBIX MECT He MeHbIIle KOJIMYeCTBa 00yJaroIuxcs;
3. Ansys Multiphysics 2017 Teaching Advanced,;

4. Mathcad Education - University Edition Term;

5. Matlab 2015a SP1.

6.3. IIpouee:

1. pabouee mMecTo TIperioJjaBaresisi, OCHaIleHHOe KOMITBIOTEPOM C IOCTYTIOM B VIHTepHeT;
2. pabourie MecTa CTY/IEHTOB, OCHAIIleHHbIE KOMITbIOTEPAMU C JOCTYTIOM B VIHTepHeT, TipefiHa3HaueHHbIe
I71s1 pabOTRI B 3/IEKTPOHHOM 00pa30BaTe/IbHOU Cpefie.



ITpunoxenue 1
K paoueii mporpaMme AMCLUILIHHbI
TEIIVZIOBOE ITIPOEKTUPOBAHUE KOHCTPYKIU JIETATE/IBHBIX AIIITIAPATOB

AnHoTanusa paboueii nporpaMMsl

Iucipnuda  TEIVIOBOE IMPOEKTUPOBAHUE KOHCTPYKIMM JIETATEJIBHBIX
ATIITAPATOB siBisieTcsi JUCLIMITIMHOM 00si3aTe/IbHOM YacTH 0O/okKa 1 mnporpaMmbl TOATOTOBKH I10
Harpapyienuto 24.05.01 IIpoekmupoeaHue, npou38o0Cmeo U 3KChIyamayus paxkem U pakemHO-KOCMUUECKUX
Komnaekcog. [ucuurnivHa peanu3yeTcss Ha ¢akynbrete A PakeTHO-KOocMuueckod TexHWkH BI'TY
"BOEHMEX" um. [].®. Ycrurosa kadenpoit A1 PAKETOCTPOEHUE.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
OTIK-5 criocobHoCTh pa3pabarhiBaTh (pU3MUeCcKWe W MaTeMaTUdecKue MOJETA WCC/IelyeMbIX TPOIeCcCOoB,
ABJIEHUH U OOBEKTOB, OTHOCSIIUXCA K MPOGeCcCHoHaNbHON cdepe NesTeTbHOCTH /IS PellleHUs WHXKeHEePHBIX

3ajau.

CopepkaHve JWUCLMIUIMHBI OXBAaTbIBae€T KPYI BOIIPOCOB, CBSI3aHHBIX C aHA/IU30M TeIUIOBBIX HArpy30K WU
(opMUpOBaHrEM TeMIIepaTypHOTO TIONS 3/1eMeHTOB KOHCTpykimu JIA, onedkoit HIC snemMeHTOB U
KOHCTPYKLIMH B 11eJIOM, TIPH TTOBBIILIEHHBIX (TIOHM)KEHHBIX) TeMIepaTypax (QyHKLMOHUPOBaHMUSI.

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

TeKyuil KOHTPO/Ib YCIIEBAEMOCTH CTY/[€HTOB TIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEPBAJIBI B
cnenyromumx dhopMax:
e UWArHOCTUYECKas paboTa;
¢ OTYET MO MPAKTHUECKOMY 33/IaHHIO;
¢ BOMPOCHI /IS TEKYIIIET0 KOHTPOJIS.

ITpomexxyTouHasi aTTecTawys MPOBOAUTCS B (hopmax:
o nmuddepeHI[POBAHHBIN 3aUeT.

OO01jas TPyI0EMKOCTh OCBOEHHSI AUCLUIUIMHBI cocTaBiasgeT 3 3.e., 108 u. TIporpamMMoM AWCIUITHHBI
MpeJyCMOTPEHbI JIEKIIMOHHBIE 3aHATHS (34 u.), mpakTuueckue 3aHsaTHs (17 4.), camocTosiTesibHass paboTa
crygenra (57 a).
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IIpunoxenue 2
K paoueii mporpaMme AMCLUILIHHbI
TEIVIOBOE NIPOEKTUPOBAHUE KOHCTPYKIIUU JIETATE/IBHBIX AITIIAPATOB

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUA

PekoMeH/Jaliiy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb OCBOEHMS JUCLMITIMHEI cocTaBageT 108 4., u3 HUX 51 4. ayJUTOPHBIX 3aHATHM, U 57 4.,
OTBe/|eHHbIX Ha CaMOCTOSITe/IbHYI0 paboTy CTyZeHTa.

PekoMeHzIalIK  TI0  pacripe/ie/ieHHI0  yueOHOTO BpeMeHU M0 BHJ]AM CAMOCTOSITE/TbHOM paboThl M
pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI IIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTPOJIe YCIIeBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcsl.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUs TIPYBe/ieHbl B TPUIOKeHHH 3 K Paboueii mporpamme.

TpyRoeMKOCTB,
Jac.
Pa3pen 1. ®u3nKo-MexaHMYeCKHe XapaKTePHCTHUKU O0CHOBHBIX KOHCTPYKLIMOHHBIX MaTepHa/ioB PH
BBICOKHX M HU3KHUX TeMIleparypax.

HaumeHoBaHue padoThI PekomeHnyemas iuTeparypa

B. W. Iloropeios. . becrimnorHbie
OcHOBHBIe 3Tanbl U 0COOEHHOCTH TETIOBOTO JieTaTe/ibHbIe arraparkl: Harpy3ku 1
npoekTrpoBanus. OrieHKa HecyInel ciocobHocTi | HarpeB: Mocksa: FOpaiir, 2020 (1,13) 10
KOHCTPYKLUuH JIA 1 BbIOOD 10Ty CKaeMbIX O. M. Amudanos, A. H. Axzpees, B. H.
HarpsUKeHU . I'yumH. . BanmicTuyeckue pakeTsl U
pakeTbl-HOcUTesu: M.: [Ipoda, 2004 (21)
Wroro no pasgeny 1 10

Pazpaesn 2. Onpefie/ieHNe Tel/IOBbIX Harpy3o0K /iefiCTBYIOIUX Ha KOPILyC JIeTaTe/IbHOI0 annapara B
1oJjieTe ¥ Py Ha3eMHOM KCILTyaTaLiu.

B. W. Iloropesos. . becriunorHbie
OcHOBHbIe BH/ibI TEIUIONEPeAUr U UX JleTaTe/IbHbIe arrnaparbl: Harpy3Ku U
COOTHOIIIEHHe Ha OT/ie/IbHbIX 3Tarax rnoJjeTa. HarpeB: Mocksa: FOpaiit, 2020 (2-5)
OLjeHKa TervioBbIX IIOTOKOB B XapaKTePHbIX U. C. Tonybes, A. B. CamapuH. . 10
TOYKax JIeTaTe/bHOro anrapara. TernyoBoi IIpoekTrpoBaHye KOHCTPYKLIUM
OanaHc cTeHKH Kopityca JIA. JieTaTe/IbHBIX anmnapaToB: M.:
MarmmHoctpoenue, 1991 (5)
Wroro o pasgeny 2 10

Pazaen 3. Un)keHepHBIe MeTO/bI pacueTa TeMIepaTyPHBIX M0/IeH B 3/1eMeHTaX KOHCTPYKI[UH
JieTare/IbHOrO anmnapara.

N. C. Tony6es, A. B. CamapuH. .
Onpepenenre TeMepaTypHOro MOJISl CU/IOBOTO IIpoekTrpoBaHye KOHCTPYKLIAN
Habopa kopryca JIA. JleTaTe/IbHBIX anrnaparos: M.:
MamuvHoctpoeHue, 1991 (4-6)

Wroro no pasgeny 3 15
Pa3pen 4. OcHOBHBIe ypaBHeHHUs] TEPMOYIIPYTOCTH.

B. . Tloropenos. . becnuioTHbie
JieTaTe/ibHbIe arraparkl: Harpy3ku 1
HarpeB: Mocksa: FOpatit, 2020 (Bce)

N. C. TonybGes, A. B. CamapuH. .

IIpoekTrpoBaHre KOHCTPYKLIAH
JleTaTe/IbHBIX anrnaparos: M.: 12
MammHoctpoenue, 1991 (5,6)

B. . Iloropenos. . [IpouHOoCTS U
YCTOMUMBOCTb TOHKOCTEHHBIX
koHcTpyKimi: CI16.BT'TY "BOEHMEX"
uM. 1. ®. YcrunHosa, 2015 (6)

Wrtoro no pa3peny 4 12
Paspen 5. OCo0eHHOCTH TeNIOBOro MPOeKTHPOBAHMS 3/1eMeHTOB KOHCTPYKI[UH JIeTaTe/IbHOr0

15

Tepmoynipyrue HanpsbkeHUs U JedopMaliuv
3JIEMEHTOB KOHCTPYKLIMH. YCTOMUMBOCTh
3JIeMEeHTOB KOHCTPYKL[MU JIA TpU MOBBIIIIEHHBIX
Temrieparypax.
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ammapara.

OnTuManbHOe NMPOeKTUPOBaHKe OTCEKOB C YUeTOM

O. M. Anudatnos, A. H. Axgpees, B. H.
I'ymuH. . bauynctudeckre pakeTs! U
pakeTbl-HOocuTenu: M.: [Ipoda, 2004 (22,

23)

B. I1. MumuH, B. K. Be3Bep6srii, b. M. 10
TETIOBOTO Harpy’KeHHsl.
ITankpartoB. . OCHOBBI MPOEKTHPOBAHMUS
JieTare/IbHBIX arrapaToB. (TpaHcIiopTHBIE
cucrtembl): M.: MarmmHoctpoenue, 2005
©)
Wrtoro no pa3geny 5 10
12 24014




IIpunoxenue 3
K paoueii mporpaMme AMCLUILIHHbI
TEIIJIOBOE NIPOEKTUPOBAHUE KOHCTPYKIIUU JIETATE/IBHBIX AITIIAPATOB

®OH/J] OODEHOYHBIX CPECTB

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

e UarHocTUYecKas paborta

*  BOIPOCHI /JIsl TEKYIIIETO KOHTPO/IS;
*  OTUET I10 MPaKTUUECKOMY 3a/IaHUIO;
e muddepeHITMPOBAHHLIN 3aUeT.

Kputepuu oneHuBaHus

Juarnocruyeckas pabora
[uarHocTtrueckast pabora mpoBogutcs B popme Tecta B SMOC Moodle:

e IIpU NIPaBWJILHOM OTBeTe MeHee yeM Ha 60% BOIPOCOB - He aTTeCTallys;
¢ TIpU MpaBUILHOM OTBeTe Ha 60% BOTIPOCOB U OoJiee - aTTecTarysl.

Bomnpocs! /A TeKyiero KOHTpoJis

KonTposb nipoBogsaTcs B popme cobecejoBaHUs, B X0/le KOTOPOTO CTY/IEHT OTBeYaeT Ha BOMPOCHI
riperiofiaBaresisi. KOHTpO/IbHOe MepOTIpUsiTHe CUNTAETCSI BLITIOJIHEHHBIM, eCJ/TH CTYZIeHT Jja/l He MeHee JIBYX
TPaBWILHBIX OTBETOB.
[TepeueHb BOMPOCOB [ijIsl TEKYILIET0 KOHTPOJISL BXOAUT B cOCTaB Y MK AUCLUILIVHBL

OTuer N0 NpPaKTUYECKOMY 3a/JaHUI0

KowmrinekTsl 3aanuii nmpefcrasnensl B Y MK AUCLUTIIUHEL
Pe3ynbTaThl BHITIOHEHUS MPAKTUUECKOTO 3a/laHust 0(hOPMIISIOTCS B BU/Ie OTYeTa.
3armura oTueTa MpoxoauT B hopMe [IOK/IaZia CTYIeHTa T0 BLIMO/JIHEHHOH paboTe U OTBETOB Ha BOMPOCHI
niperiofiaBaresns. OjeHHBaeTCs MOJHOTa U KaueCTBO 0opMJIeHHsI 0TYeTa, COOTBETCTBUe 3a[jaH1I0, BEPHOCTD
MOTyYeHHBIX Pe3y/IbTaToB, CIOCOOHOCTh UX 00BSCHUTH.
OTuet MpUHUMAETCS U PabOTa CUMTAETCS BLITOJTHEHHOU NP BBITIONIHEHWH TpeboBaHM K 0()OPM/IEHUIO OTUeTa
U No1yueHry He MeHee 60% IpaBU/IBHBIX OTBETOB Ha 3a/laHHbIe BOIIPOCHI NIpero/iaBare/is.

JuddepennupoBaHHbIil 3a4eT

OO0yuatolTuiics UMeeT MPaBo Ha MOTyYeHHe MUHUMA/TLHOM MOJIOKUTETHHOM OLIEHKY MPU YCIOBUN
YCIIEIITHOTO MPOXOXKAEHUSI TEKYIIIEr0 KOHTPOJISI yCIIeBaeMOCTH B (hopMe IMarHOCTUUeCKOU paboThI B
COOTBETCTBUH C rpadMKoM paszena 4.
Honyck K fuddepeHIMpoBaHHOMY 3a4yeTy 0(pOpPMJIsIeTCS TPU yCJIOBUHM TIOJTHOTO BBITIOIHEHUS BCEX
MepONpUATUIA, IPelyCMOTPeHHbIX rpaMKOM KOHTPO/IBHBIX MEPOTIPUSTUM.
OuddepeHIMpoBaHHbBIN 3a4eT ITPOXOJUT B hopMe YCTHBIX OTBeTOB. [IepeueHb BOPOCOB K
nuddepeHIMPOBAHHOMY 3a4eTy TpeAcTasiiedH B YMK qucMIiivHbL.
Kpurepuu orjeHrBaHus:
- IpaBUW/IbHbIE TI0JIHbIE Y YeTKUe OTBEThI Ha BCe BOMPOCHI IIperoaBaresis, TPy rPaMOTHOM TIpeJiCTaB/IeHUH,
TpebyeMoro [ijisi IOsiCHeHUsI, WJUTFOCTPUPOBAHHOTO MaTepHasia — «3a4TeHO-0T/IMYHON;
- IpaBU/IbHbBIE, HO HEZI0CTaTOYHO I10/IHbIe Y YeTKHe OTBEThI Ha I10CTaB/IeHHbIe IIpero/iaBaresieM BOIIPOCH, IIPU
rpaMOTHOM IIpeJCTaBAeHNH UUTFOCTPUPOBaHHOIO MaTeprasa — «3auTeHO-X0POLLIO»;
- TIpaBUJIbHBIE OTBETHI Ha OOJIBIIYIO YAaCTh BOMPOCOB TIPH HEIOCTATOYHOM TIOJTHOM WX OCBEIeHHH —«3auTeHO-
Y[,0BJ/IETBOPUTEBHO»;
- eCJIU CTYZIeHT He OPUeHTUPYeTCA B pasjesiax JUCLUIUIMHEL - "He 3a4TeH0".
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Paszgen 1. ®u3nko-MexaHnuecKue
XapaKTePUCTUKU OCHOBHBIX Boripocs! asnist
4 7 |KOHCTPYKIMOHHBIX MaTepHa/0B 12 2 2 0 10 20 TeKylLlero
NPHU BBICOKUX M HU3KHX KOHTPOJISA
TeMIleparypax.
Pazgen 2. OnpejesieHue Teni0BbIX
Harpy3o0K /IefiCTBYIOIINX Ha Oruert 110
4 7 |Kopmyc jieTaresibHOro anmaparaB | 22 | 12 8 4 10 20  |mpakThueCcKoMy
1oJieTe ¥ MpH Ha3eMHOM 3a/JaHUIO0
IKCILTyaTal{uMm.
Paspgen 3. iHkeHepHBbIe MeTomil OTyer o
4 7 |Pactera TEMHEPATYPHRIXHOMEH B | Hq | 14 | 1 4 15 20  |mpakThuyeCcKoMy
/1eMeHTaxX KOHCTPYKLUH
3a[JaHUI0
JieTaTe/IbHOrO anmapara.
Pazgen 4. OcHOBHBbIE ypaBHEHUSA Oryer rio
4 | 7 AeI % yp 26 | 14| 10| 4 | 12 20  |mpakTueckomy
TepMOYIIPYTrOCTH.
3a[jaHUI0
Pazpaen 5. Oco0eHHOCTH TeIJI0BOro
MPOEKTHPOBAHMS 3/IEMEHTOB Oruer no
4 7 [P 19 9 4 5 10 20  |mpakThuecKoMy
KOHCTPYKI{MH JIeTaTe/IbHOI0
3aJJaHUI0
anmapara.
Bcero 3a 7 cemectp 108 | 51 | 34 17 57 100
Bcero no gucuinHe 108 | 51 | 34 17 57 100
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Kputepuu oneHuBaHus

OIIK-5
Bonpocbl omkpbimozo muna:
Ne 1
[Jomny1ieHre 0 TepMUUeCKON TOHKOCTU KOHCTPYKL[MOHHOM CTEHKH
TpeArosaraet, uro ...
Ne 2
CruiolHasi pacyeTHast MOZle/lb TEMITEPaTyPHOTrO MOJIs1 KOHCTPYKLMOHHOMN
CTEeHKU TpeJrio/iaraeT pa3e/siTh KOHCTPYKLMIO Ha Psifi PaCUeTHBIX CJIOEB
Ne 3
ToHKOCTeHHas1 pacyeTHasi MOZie/Tb TeMIIepaTypPHOro MO/si KOHCTPYKLIUA
MpeArosiaraeT pasfe/isaTb KOHCTPYKLUIO Ha ...
Ne 4
TenoBble Harpy3Ky — 3TO Harpy3Ku
Ne 5
Kpurepuit CTaHTOHA ITOKa3bIBaeT -
Ne 6
Amnanorus PeliHo/nb/ica MO3BOJIsIeT CYIUTh
Ne 7
Kpurrueckoe 3HaueHue unciia PeliHosb/ica XapakTepu3yeT W3MeHeHue -
Ne 8
Kpurepuii ®ypbe BbipakaeT oripefie/ieHHOe COOTBETCTBHE MEXY -
Ne 9
Kputepuii Buo npefcrasssier co60ii OTHOILIEHHeE -
Ne 10 [uccouyanyeli Ha3pIBaeTCs MpoLiecc -
Bonpocsbl 3akpbimozo muna:
Ne 1
PaBHOBecHast TeMriepatypa oOIIMBKY JIA - 3TO TemMreparypa,
BO3HHUKAIOIasi B pe3y/brare:
a - basaHca BHeIITHero, Ma/laroILero TerIOBOTo MOTOKa U TIOTOKA
W3JIyueHus1 Ha oOIBKe JIA;
0 - BO3HUKHOBEHME TEIJIOBOTO MOTOKA U3/TyUeHUs C TIOBEPXHOCTH
OOILINBKY;
B - BO3/IEUCTBUS Ha OOIIMBKY BHEIITHETO KOHBEKTUBHOTO TEIJIOBOTO
MOTOKa.
Ne 2

MeTop yCIOBHOU HarpysKu Jisl ONpefie/IeHus paCueTHOIrO Cllyvast
TpejriosnaraeT, UYTO Ha KOHCTPYKLIMIO JelCTBYeT:

a - MaKCUMasbHO BO3MOJKHAs Harpy3Ka;
0 - pacueTHBIM CJTyyaid IKCIITyaTallii COOTBETCTBYeT MaKCUMaTbLHOMY

3HauUeHHUI0 pacueTHOMN Harpys3KH, omnpezesisieMoit TeficTBreM BHEIIHUX CHJT
1 MOMEHTOB;
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Ne 3

Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

B - PacueTHbIN C/Iyyaid SKCIUTyaTaldi COOTBETCTBYET MaKCHMa/IbHOMY
3HAUeHUIO pacueTHOW Harpy3KH, omnpe/esisieMoi 1eliCTBHeM BHEIITHUX
Harpy3oK U Harpesa.

ITpu TerioBbIX pacueTax, MPUHSATHe 3HaYeHUs1 Kputepusi [1paHaTis
PaBHBIM eVHHLIEe, T03BOJISIET:

a - UCTI0/Ib30BaTh M0/001e CKOPOCTHBIX 1 TeMITepaTypHBIX TI0/iel B
MOrPaHUYHOM CJIOE;

0 - IPOBO/IUTH TEIJIOBbIE PACUEThI, UCIOb3yst 3aKOHOMEPHOCTH AIJIst
XOJIOJHBIX TeUeHU;

B - He YUMTHIBAaTh KO3 PULIMEHT TPeHUs Ha MOBEPXHOCTH Tefa.

OO1mrBKa Kakoro OTCeKa MOKeT TIPOeKTHPOBAThCs TOJBKO Ha TEeT/IOBbIe
Harpys3ku

a - [ITMaHr0yTHOTO;
0 - CTPUHIEpPHOTO;

B - JIOH>K€POHHOTI 0.

MakcumManbHast TeMIIepaTypa B IIOTPaHUYHOM CJI0€ Ha MMOBEPXHOCTHU JIA
Ha3bIBaeTCs:

a - TeMIlepaTypoil TOPMOXKEHHUSI;
0 - TemrepaTypoii BOCCTaHOB/IEHNS;

B - TepMOJMHaMUUeCKOl TeMriepaTypoi.

B JIOH>KEDOHHOM O0TCEKe TOJILHWHa OOILIMBKU BLI6I/IP8€TCH "3 yC/10BUA:

a - MECTHOM yCTOMUMBOCTH y4yacTKa OOIIMBKH, PACIIONIOKEHHOTO MEXIY
[BYMSI COCeZIHUMHU JIOH)KepOHaMU;

0 - obecrieyeHUs 1[eIOCTHOCTH OTCEKa MPY a3pOJUHaMHUUECKOM HarpeBe;

B - 113 TeXHOJIOTHUEeCKHX COOGpa)KEHI/Iﬁ

Kputepuii bro onpezenser:
a - pacripe/iesieHye TeMIlepaTyphbl 10 TOJIIL{MHE CTeHKY;

6 - oTHOIIIEHHe MAaKCHMAaJTbHOTO TIPUTOKA Terjia OT rasa K MaKCHMMaJlbHOMH
TIPOITYCKHOM CTIOCOOHOCTU CTEHKWY;

B - abCO/IOTHOE 3HaYeHHe TeMIlepaTypbl CTeHKH MPY U3BeCTHOMN
TeMIeparype rasa.

TennoBklie HArpy3KHU — 3TO Harpy3kKHM yUueT KOTOPBIX ITO3BOJIAET OL€HUTDb:

a - U3MeHeHHe [TPOYHOCTHBIX CBOMCTB MaTepuasioB B MpoLiecce Harpesa u
OXJIKEHHUS;

0 - BO3HUKHOBEHHE JIOTIOIHUTE/IbHBIX TEMITEPATyPHBIX HAIPSHKEHUH;
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B - yC/10BUs QYHKIMOHMPOBaHUs JIA, IpH KOTOPBIX HEOOX0ANMO
YUUTHIBATE [10/13y4eCTh MaTeprasa KOHCTPYKLIWH.

Ne 9
ToHKOCTeHHas1 pacueTHasi MOZeJib TeMIIePaTyPHOrO IM0JIsl KOHCTPYKLIUU
WCIO/Ib3YeTCs TIPU YCJIOBUU:
a - pacrpe/iesieHre TeTVIOBOW Harpy3KH I10 TIOBePXHOCTH JIA
TIPOU3BOJIEHOE;
0 - pacueTHbIE 37IEMEHTBI — TEPMHUECKH TOHKHE B HAllpaBJIeHUH MEHBIIIEro
H3MepeHus;
B - TEIUIOOOMEHOM BO BHYTPEeHHEM 00beMe OTCeKa — IpeHedperatorT.
Ne 10

CrinomHas pacueTHas MOZe/lb TeMITePaTyPHOTO M0JIs1 KOHCTPYKLIMOHHON
CTEeHKU MCTO/b3yeTCs IPU YCJI0BUU UTO:

a - epeTeKaHNeM TeTl/ia B0k MIOBEPXHOCTH JIA, MOYKHO rpeHeOpeyb;

0 - pacrnipesiesieHye TEMJIOBON HAarpy3KH 10 MOBepXHOCTH JIA
PaBHOMEPHOE;

B - paCueTHbIE€ C/IOU — TepDMHUUYECKH TOHKHE.
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