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)

YTBEPXIARO
[HexaH ¢dakynbTeTa

JleBrxuH A.A.
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PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
PACUETHBIE METO/IbI B CTPOUTE/IbHON MEXAHUKE

Hanpagnienue/cnenuaibHOCTb 24.05.01 ITpoekTHpOBaHHUe, NPOU3BO/ACTBO U IKCIL/TyaTallid pakeT U PaKeTHO-
TOATOTOBKH KOCMHYeCKHX KOMILIEKCOB
Cnenuanu3anus/mpodunb/nmporpaMma ITuoTUpyeMble U aBTOMaTHYeCKHe KOCMUYeCKHe annaparbl H CHCTeMBI
TOATOTOBKH
YpoBeHb BbICILIEro 00pa3oBaHus Coenpaaurer
®opma obyueHus OuHasn
®dakyneTeT A PakeTHO-KOCMHYEeCKOH TeEXHHUKH
Beinyckaromas Kadeapa A3 KOCMUMYECKMUE AIIITAPATHI 1 IBUTATEJ/IN
Kadeapa-pa3padorunk paboueit A3 KOCMMYECKHUE AIIITAPATBI 1 IBUT'ATEJ/IN
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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
roz Habopa rpymmsr: 2025

IIporpamMmmMmy cocTaBuiI:

Kadenpa A3 KOCMUYECKUE ATITTAPATHI U IBUTATEJIA
Knvmkya Bragucia AnekcaHZpoBUY, aCCUCTEHT

[Tporpamma paccMOTpeHa
Ha 3ace/jlaHUM Kadeapbl-pa3paboTurKa
paboueii nporpamMmel A3 KOCMHUYECKUE ATIITIAPATHI 1 AIBUTATE/IN

3aBepytomuii Kadeapoii babyk B.A., 1.T.H., mpod.

[Tporpamma paccMOTpeHa
Ha 3aceJJaHUM BBITyCKatolleit Kadeapsl

A3 KOCMUWYECKMUE AIIITAPATBI 1 IBUT'ATE/IA

3aBenyroumii Kadeapoii Babyk B.A., 1.T.H., ipod.




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
PACUETHBIE METO/IbI B CTPOUTE/IbHOM MEXAHUKE

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:

IMIK-4 — CnocobeH TPOBOJUTH PACUETHO-IKCIIEDUMEHTAIbHbIe HCCIeH0BAaHMSI TPOYHOCTH 3/1eMEHTOB
KOCMHYECKHUX anraparoB MpYU CUJIOBOM M TeMIlepaTypHOM BO3[eHCTBUAX

®OpMHUPOBaHUIO KOMITETEHIIUN CITY>KUT JOCTYKEHUE CIeYIOIIUX Pe3y/bTaToB 00pa3oBaHus:

IIK-4
3HAHUA:
BO3MO)KHOCTI/I, npermyiiecTBa U HeI0OCTAaTKHU METO0B CTpOHTEHBHOﬁ MeXaHHKH;

OcHoBHbIe IPUHLIMIBI (OPMUPOBaHUSI PACUETHBIX MO/esel;

YmeHus:
N310XUTh MeTOAbl W pe3y/ibTaTbl, CBA3dHHbIE C peIIeHWeM IIPpUK/IaJAHbIX 3a4ad4 M'HTT MEeTO,0M

KOHEeUHBIX 35/IEMEHTOB;
MojienvpoBath U pelllaTh 3ajaud C MCI0/Ib30BaHWeM TMPHUK/IaIHbIX porpaMMm MKD3;

HABbIKU:
CamocrosiTenbHO (OpMyAMpoBaTh U periath 3agaud MITT.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Iuctunmuaa PACUETHBIE METO/IBI B CTPOUTE/IBHOM MEXAHUKE sBnsetcs
TUCLIMTUTUHON YacTH, (popMHUpyeMoii yuaCTHUKAMH 00pa3oBaTe/IbHBIX OTHOILIEHUH 6;10Ka 1, mporpaMmbl
MOATOTOBKM M0 HanpaeiaeHuto 24.05.01 IlpoekmupoeaHue, npouzgo0cmeo u 3Kkcnayamayusi pakem u pakemHo-
KOCMUYECKUX KOMIN/1eKCOo8.

CogepkaHue JUCLIUIVIMHEI SBJISIeTCS JIOrThYeCcKuM npogospkenneM aucuuiuind: COITPOTUBJ/IEHVE
MATEPUAJIOB, TEOPETUYECKAA MEXAHUKA, TETAJIN MAIIINH.

CopeprkaHue [JUCLUILTAHBI SIBJISIETCS OCHOBOM i1 ocBoeHust aucuuiinH: ABTOMATU3AIINAA
PEINIEHVA 3AJAY CTPOUTE/IbHOU MEXAHUKMN.

[penBapuTebHBIE KOMITETEHI[H, COPMHUPOBaHHBIE Y 00yUarOIerocs /10 Hauasia u3yueHus TUCLATUTAHBL:

¢ OIIK-1 — CriocobeH IpUMEHSTh €CTeCTBeHHOHAYUHbIE U 00ITIeMH)XeHepHbIe 3HaHUS, METO/IbI
MaTeMaTH4yeCKOro aHaiu3a U MOJie/TMPOBaHUs, TeOPeTUUeCKOTO U IKCTIepUMeHTaIbHOT0 MCC/IeJ0BaHus
JI7IsI pellieHUsT MH)KeHePHBIX 3a/iau ITpodeCCUOHaIBHOM eI TeTbHOCTH



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/seT 4 3.e., 144 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI

Ay/MTOpHBIE 3aHATHS S
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4 8 Paspen 1. BB:!AEHHE. 1.1 TIpeamert cTpouTtenbHON MexaHuku 1.2 Kiaccudukanus 3azau 13 3 1 P 10 10
CTPOUTE/IbHOU MeXaHUKH.
4 8 Pasgen 2. BBejeHne B unc/IeHHbIe MeTO/bI. 2;1 Maremaruueckrie 0CHOBbI YAC/IEHHbIX 22 7 3 4 15 15
MEeTO[0B 2.2 YucneHHsie MeTO/bl CTPOUTE/IbHOU MeXaHHUKH.
Paspen 3. MeToa KOHeuHbIX 21eMeHTOB. 3.1 MeToz KOHeuHbIX 371eMeHTOB (MKDO) 3.2
4 8 JInHeliHble MHTePIOJISILIMOHHBIE TIOIMHOMBI 3.3 VIHTepIo/siMOHHbIe T0TMHOMBI BEICOKOTO 25 10 4 6 15 20
riopsifika 3.4 VIHTeprio/IsILHOHHbIE TIOIMHOMBI /11 IMCKPeTH30BaHHOMN 06/1acTu.
4 8 Paspen 4. Pemenue 3agau M/ITT. 4.1 IIpumenenue MK3 k perenuto 3agau MITT 4.2 27 12 4 3 15 20
Buyibl 3a/1a4 TeOpUM YIIPYTOCTH.
Paspen 5. Pemienne He/IMHeHHBIX U HecTanHOHApHEIX 3agad M/TT. 5.1 HenuneiiHsle
4 8 3agau MTT 5.2 3ajjauv repexofiHbIX JMHAMUYeCKUX npoueccos 5.3 JIpyrve BU/bI 21 6 2 4 15 15
HeCTaLMOHApHbIX 3a/iau.
4 8 Paspen 6. IIporpammuas peanusanusa MKDO. 6.1 [TocTpoeHre KOHEYHO-3/1eMEHTHBIX CeTOK 20 7 1 6 13 10
6.2 IIporpamMMHbIe KOMIITeKCh, peanusytomie MK3.
Pazpen 7. IlpakTHyecKHe BONPOCkl NOCTPoeHus U peanu3anuu KO mopenei.
4 8 O3HakoM/IeHHe ¢ npernpoLeccopamy, afantauus CAD-Mozesneld Aj1s MOC/e/yIoLIero pacuera 16 6 2 4 10 10
B nmakete ANSYS.
Bcero 3a 8 cemecTp 144 51 17 34 93 100
Bcero no gucuuniMHe 144 51 17 34 93 100
3.2. AyAUTOPHBII NPAaKTUKYM
O0BemMm,
Ne | Homep u HauMeHOBaHUe pasjea
Tema NPAaKTHYE€CKOI'0 3aHATUA ayA.
n/n AUCIHHUII/IUHBI
qdacoB
Perrenne 3amau MITT BbluMCIMTeIBHBIMU METOLAMU
1 |Pazpmen 1. BeegeHue. Ad A 2 2
CTPOUTEJIbHON ME€XaHWKH.
2 |Pasgen 2. Beesenue B unc/ieHHble | MeTozbl IMHeHON anreOpbl B pacueTax KOHCTPYKLMH 2
3 |METObI. PacueT unc/10BBIX TapaMeTPOB C/IyYaiiHbIX BeTUYUH 2
4 Pacuet Ha TMPOYHOCTD IVIOCKUX CTE€P)>KHEBBIX CUCTEM )
Paszpen 3. Meton, KOoHeUHBIX npu nomowy MK3
5 3JIEMEHTOB. PacueT Ha TPOYHOCTH TIJTIOCKUX, TPEXMEPHBIX U 4
0CeCHMMEeTPUYHBIX KOHCTPYKLMI npu nomoiy MKO
Perienuie 3a1au MpOYHOCTU U YCTOMUMBOCTHU
6 |Pasgen 4. Pemenue 3amau MITT. Aad Tp y 8
KOHCTPYKIUH
7 Pemienne HenuHelHbIX 3agau MATT npu nomoru 7
Paszen 5. Pemienvie HemuHeHHbIx 1 |MKDO
HecTaluoHapHbIX 3af4au MATT. PerieHue 3a/au epexofHbIX JUHAMUYE CKMX
8 2
npoueccoB MITT npu nomouwm MK3
Pacuer Ha MMPOYHOCTH IJIOCKUX, TDEXMEPHBIX U
9 0CeCMMMETPHUYHBIX KOHCprKL[I/Iﬁ Mpy TIOMOIIA 2
p 61 naketa ANSYS.
a3/iesn o. OI'PaMMHas peajin3anud -
A porp P "M permnenne HemHeiHbIX 3agau MATT nipu nomoru
10 |MKD. 2
naketa ANSYS.
1 PellieHue 3a/jau yCTOWYUBOCTH M KOTeOaHUIM 9
KOHCTDPYKLMi1 1pH roMo1y naketa ANSYS.
AnroputMmbl noctpoenust KO ceTok 1 pa3inyHbIX
12 |Pa3gen 7. TIpakTHuecKue BOMPOCHI P P AP 2
THUIIOB 3a/a4.
MOCTPOEHUS U peanusauuu K3 =
13 |mozeneit Apanrratust CAD mojeneit i pacyeta B makeTe 2
ANSYS.
Bcero 3a 8 cemectp 34
3.3. CamocrosiTennbHas pabdora crygenrta (CPC)
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Ne CopepikaHue yue0HOro Oo0bem,
Homep 1 HanMeHOBaHMe pa3fe/ia JUCHHUIIMHBI
n/n 3aJaHUA 4acoB
1 [ToaroroBka K onpocy 3
5 Paspen 1. Beegenue. ITonroroBka K InpakTuyeCcKuM 7
3aHATUAM
3 IToaroroBka K onpocy 5
4 Pa3gen 2. BeefieHue B UMC/IeHHbIE METO/BIL. IToAroToBKa K IPaKTHUe CKUM 10
3aHATUSM
5 [NoaroToBKa K MpakTU4yeCcKUM 5
3aHATUSM
Pa3zpen 3. Meton KOHEUHBIX 3/IEeMEHTOB.
BrinonHeHne foMalliHero
6 10
3aziaHus Nel
7 INoaroToBkKa K IpakTU4yeCKUM 5
Pa3pen 4. Pewienue 3agau M/TT. 3aHaTUAM10
8 IToaroroBka K onpocy 10
9  |Pazgen 5. PelieHue HeJTMHEMHBIX Y HECTAIIMOHAPHBIX HoAroToBKa K MPAKTHHECKHM 10
3aHATUSAM
3agau MITT.
10 IToaroroBka K onpocy 5
1 INoaroToBka K IpakTU4yeCKUM 4
Paspen 6. Ilporpammuas peanusarus MKO. SARATHAM
BrimonHeHne foMaliHero
12 9
3aziaHust No2
13 |Pa3gen 7. TIpakTHUueckue BOMPOCHI MOCTPOEHHUS U [oAroTOBKa K MPAKTHHECKHM 7
" 3aHATHAM
peanu3anuu KO mogenen.
14 IToaroroBka K onpocy 3
Bcero 3a 8 cemectp 93
4. POPMBbI KOHTPOJIA OCBOEHUA JUCLIUII/IMHbI
CEMECTP HEJAEJ/IN CEMECTPA
1/2(3(4| 5 6 |7/8/ 9 |10 11| 12 |13 |14 | 15 | 16 17
8 ocC | Oap a3 | Op (0]® a3 | Op Iud. 3au.

(] AI/I

YcnoBHbIe 0003HaUEHUSI:

P — nuarHocTrueckasi paboTa;

OC — yCTHBIi OTIPOC CTY/I€HTOB;

[3 — nomanHee 3asjaHue;

mud. 3au. — auddepeHMPOBaHHbBIHN 3a4erT.

TeKyImuii KOHTPOJ/Ib YCIIEBAeMOCTH CTYIE€HTOB TIPOBOAAUTCS B IUCKPETHbIE BpeMeHHbIe HHTepPBaJIbI B
cnenyrommx ¢popMax:

e /WarHocTuueckas pabora;
*  YCTHBIH OTIPOC CTYAEHTOB;
e /lOMalllHee 3a/laHue.

TIpomexxyTouHas arTecTaius NPOBOJUTCS B (hopMax:
(hdepeHIMPOBaHHBIM 3aUeT.
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5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. A. B. lapkos, B. A. [IlanomHukoB. . CtpouTenbHast Mexanuka. CII6.: Jlans, 2010, 351. pec.

2. B. A. bpysika, B. I. dokun, f. B. Kypaesa. . IHxeHepHsIii aHanu3 B ANSYS Workbench. Camapa: U3g-
Bo CamI'TV, 2013, s51. pec.

3. JI. U. banabyx, H. A. Andyros, B. 1. YctokuH. . CTpouTe/ibHast MeXaHWKa pakeT. M.: Beiciil. k., 1984,
46 3K3.

4. H. H. HlanouHukos, P. E. Kpucranuuackuid, A. B. [lapkoB. . CTpouTenbHas MexaHuKa. CaHKT-
[TetepOypr: Jlanb, 2022, 571. pec.

5.2. JlorionHUTeIbHAs IUTepaTypa Mo AUCLUIIIMHE:
1. A. b. Karutys, E. M. Mopo3og, M. A. OndepbeBa. . ANSYS B pykax urkeHepa. M.: YPCC, 2003, 1 3k3.
5.3. Ilepuoguueckue U3gaHus:
He Tpe0yoTCs.

5.4. TlepeueHb peCcypcoB UH(POPMAI[MOHHO-TE/IEKOMMYHUKAITMOHHOMN ceTr "VIHTepHeT", HeoOXOAUMBIX /1/1sT
OCBOEHUS TUCIUIITUHBI, 3T1€KTPOHHBIE OUOTMOTEUHbIE CUCTEMBI:

1. https://e.lanbook.com — 3EC JlaHs;
2. http://library.voenmeh.ru/ — ®yHngamenTanbhas 6ubmoreka BI'TY « BOEHMEX» um. [1.®. YcTHHOBa;
3. https://www.biblio-online.ru.

CoBpemeHHbIe TIpo¢eccHOHabHBIe 0a3bl JAHHBIX:

1. https://rusneb.ru — HairioHasibHast 3/1eKTpoHHast oubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHas s/ekTpoHHas 6ubmioreka « KubepieHHHKa»;
http:// www.rfbr.ru/rffi/ru/library - ITonmHoTeKcTOBast 31ekTpoHHas 6rbmoTeka Poccuiickoro doHza
(byHIaMeHTa/TbHBIX UCCIIe0BaHNH.

WHudopmalioHHbIe CTIpaBOYHbIE CHCTEMBI:
1. TexakcriepT — ViHbOpPMal[MOHHBIN TTOPTal TEXHUYECKOTO PeryiupoBaHus: HopMbl, mpaBuia, CTaHZApThI
P®D;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - B/] 'OCTos

cobcteenHol reHepaii BI'TY "BOEHMEX" um. []. ®@. YCTHHOBa;
3. http://www.consultant.ru/- KoncynsraatlIntoc- nHGOpMaLMOHHBIN TOPTas MPABOBOI WHGOPMALUH.

5.5. IIporpaMMHOe 0becIieueHue:
1. Ansys Multiphysics 2017 Teaching Advanced.
5.6. I opmarioHHbIe TEXHOJIOTUH:

B3auMoygielicTBre ¢ obyuarouumucs nocpegcteom SMOC Moodle BT TY «k BOEHMEX» um. [.®. 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. Ansys Multiphysics 2017 Teaching Advanced.

6.3. IIpouee:

1. pabouee MeCTO Tperno/aBare/isi, OCHAILIEHHOe KOMITBIOTEPOM C JOCTYIoM B VIHTepHeT;
2. paboure MecTa CTy/IeHTOB, OCHAIL[eHHbIe KOMITbIOTEpaMH C JOCTYTIOM B VIHTepHeT, rpeiHa3HaueHHbIe
[71s1 pabOThI B 3/IEKTPOHHOI 00pa30BaTe/IbHOM Cpefie.



ITpunoxenue 1
K paboueii mporpaMme qUCIATLTHHBI
PACUETHBIE METO/Ibl B CTPOUTE/IbHOU MEXAHUKE

AnHoTanusa paboueii nporpaMMsl

Iuciyniuaa PACUETHBIE METOJbI B CTPOUTE/IBHOM MEXAHUKE seisercs
JUCLUIIMHON YacTH, (JOpMHPYeMOH yYaCcTHHMKaMH 00pa3oBaTe/IbHBIX OTHOIIEHHH 0/10Ka 1, mporpaMmbl
TIO/ITOTOBKY T10 HaripaBieHuto 24.05.01 IIpoekmupogaHue, npou3go0cmeo U 3Kcnayamayusi pakem u paxkemHo-
KOoCMUUecKux komnaekcos. [lucuurivHa peanusyercs: Ha akynbrete A PakeTHo-KocMuueckoit TexHuku BI'TY
"BOEHMEX" um. [].®. YcruroBa kadeapoit A3 KOCMUWUYECKUE ATITTIAPATHI U IBUTATEJIA.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
IMIK-4 CmocobeH TMpOBOJUTE PACUETHO-IKCIIEPUMEHTA/IbHbIE MCCAeJ0BAHHS IIPOUHOCTHA  3/71€MEHTOB
KOCMUYeCKHX alrapaToB NPy CUJI0BOM U TeMIIePaTypPHOM BO3/€MCTBUSIX.

Conep)kaHre [JOUCLIMIUIMHBI OXBaThbiBaeT KpPYyr BOMPOCOB, CBSI3aHHBIX C peanu3alyell U  ClieHapusMu
TPUMEeHEeHHs] MeTO/la KOHEUHBIX 3JIEMEHTOB K PellleHHI0 Pa3/IMUHbIX TUTIOB 3a/1au.

[TporpamMmMoit AUCLUTIIMHBI TIPeyCMOTPEHBI CleiyIoliie BUABI KOHTPOJIS:

TeKyuii KOHTPOJIb YCIIEBAEMOCTH CTY/[eHTOB TIPOBO/JJUTCSA B JUCKPETHBIE BpEMEHHbBIE UHTEPBAJIbI B
cnenyromux dhopmax:
e UArHOCTUYECKas pabora;
®  YCTHBIM OIIPOC CTY/I€HTOB;
e JlOMalllHee 3aJjaHue.

IIpomMeskyTouHasi arTecTanus POBOAWUTCS B popMax:
e muddepeHMPOBaHHBIN 3aUeT.

OO01jast TPyZI0EMKOCTh OCBOEHHSI [UCLUIUIMHBI cocTaBiseT 4 3.e., 144 u. TIporpamMMol AWUCIUTUTHHBI
MpeyCMOTPEHbI JIeKIIMOHHBIe 3aHATHS (17 u.), mpakTuueckue 3aHsaTHsS (34 4.), camocTosiTeNlbHas paboTta
cryzaenta (93 u).
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IIpunoxenue 2

K paboueii mporpaMme qUCIHTLTHHBI
PACUETHBIE METO/Ibl B CTPOUTE/IbHOU MEXAHUKE

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUA

PekoMeH/Jaliiy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb OCBOEHMS JUCLMIIMHEI cocTaBgeT 144 4., u3 HUX 51 4. ayJUTOPHBIX 3aHATHM, U 93 u.,
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.

HaumenoBaHue PexoMenIyeMast THTepaTypa TpyRoeMKOCTB,
paboTsI yac.
Pa3pen 1. Beegenue.
IToproroBka K onpocy H. H. lanomnxukos, P. E. Kpucranunckuii, A. B. [1apkos. . 3
IMoaroToBKa K CrpouTtenbHast MexaHuka: CaHkT-ITetepOypr: Jlanb, 2022 (1,2)
TIPaKTHUe CKUM JI. 1. Banabyx, H. A. AndyTtos, B. W. YctokuH. . CTpouTtebHast 7
3aHATUIM MeXxaHHKa pakeT: M.: Boictr. mik., 1984 (1)
Wroro no pasgeny 1 10
Pa3pen 2. BBeieHHe B YUC/IEHHbIE MeTO/bI.
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IIpunoxenue 3
K paboueii mporpaMme qUCIATLTHHBI
PACUETHBIE METO/bI B CTPOUTE/IbHOY MEXAHUKE

®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

*  YCTHBIH OMPOC CTYAEHTOB;

e JOMalllHee 3a/]aHue;

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.

YCTHBII 0IPOC CTY/IEHTOB

OO6yuaroiieMycst 3a1al0TCs1 BOTIPOCHI 110 y4eOHBIM MaTeprajiaM COOTBETCTBYIOIIMX Pas3iesioB
IpOrpaMMbl JUCLUILIMHEL. [lepeueHs BONIpocCoB npecrasiieH B coctaB Y MK quclMIviviHBL.
"CpaHo" - Io/y4eH BepHbIM OTBET Ha BOIPOC MperoZaBareis.
"He cpano" - 0TCyTCTBHE BEPHOI'O OTBETA Ha BOIIPOC Iperofasareris.

JlomaiHee 3a/janue
Paboueii mporpamMmMoii rpelyCMOTPEHO 2 AOMAIlIHMX 3a/laHusI TI0 paszernaM JUCLUIUIMHbL. Komriekt
JIOMAIIIHMX 3a/jJaHuil BXOAUT B cocTaB Y MK [HCLMIIMHBIL.

IToMalliHee 3a/jaHAe CUMTAETCSI TPUHATHIM TIPY BBITIOJHEHUN BCEX CJIEIYIOIIUX KPUTEPHER:

- TIPaBUJILHOCTh Pe3y/IbTaTOB pacyeTa;

- IPaBUJILHOCTh BBITIO/THEHHS rpahUueCKoi YacTH 3a/JaHus;

- IPaBU/ILHOCThL O(OPMJIEHUS 0TUeTa (CTPYKTYPHAs YIOPAJ0UeHHOCTh, HaJTMUKMe BCeX HeOOXOMMBIX
pasziesioB);

- IOTTyCKaIOTCsl He3HAUUTe/TbHbIE WCIIPABJIEHNS B OTUETE.,

IloMalliHee 3a/jaHAe HE MOXKET OBbITh TIPUHATO U TIO/JIEXKUT A0PAa0OTKe B CIyvae:

- OIIMOOK B pacueTax v npu oopMIeHHH rpadruecKoro MaTepuasa;

- HeOpeXXHOro 1 6e3rpaMOTHOr0 0(hopMI/IEHHs OTUEeTa.

[Tpu cpaue momariiHero 3aflaHus IPeyCMaTPUBAeTCs OTBETHI CTY/IeHTa Ha BOTIPOCKHI Tipero/jaBaresist. Kpurepuu
OLIEHUBaHUS;

- «OTJIMUHO», €CJIU CTYAEHT Jla/ MOJIHBIA OTBET Ha 2 OCHOBHBIX BOTPOCA 1 BO3MOXKHbBIE JOTIO/THUTE/TbHBIE
BOTIPOCHI;

- «XOPOIIIO», eCJTH CTY/IEHT OTBETHJI Ha 2 OCHOBHBIX BOTPOCA C He3HAYNUTE/TbHBIMU TIOTPEITHOCTAMU U /1A
HETIO/THBIE OTBETHI Ha JIOTIOJTHUTE/TbHbIE BOTIPOCHI;

- «YJOBJIETBOPUTEILHO», €CJTH CTY/EHT JIa/l HEeTO/THbIe OTBEThI Ha 2 OCHOBHBIX BOMPOCA U HE OTBETHU/T Ha
OTZie/TbHBIE [TOTIOTHUTE/TLHBIE BOTTPOCHI;

- «HEyJOBJIeTBOPUTE/ILHO», €C/IM CTYIEHT He OTBETU/T Ha TP BOIIPOCa MperofaBare/isi. Pabora moaiesxxur
TOBTOPHOM cZiaue.

JAuddepennypoBanHbIii 3aueT

IuddepeHpoBaHHbIN 3a4eT 0OPMIISIETCS TI0 Pe3y/IbTaTaM BLITIO/THEHHS TIPeyCMOTPeHHBIX paboueit
TPOrpaMMOii KOHTPOIBHBIX MEPOTIPUSTHU.
Orjenka 3a AuddepeHIMPOBAaHHBIN 3aUeT OMpeiesiseTcsi Ha OCHOBe CpeHero apuhMeTHIeCKOTo OIIeHOK,
TI0JTyYeHHBIX TIPY C/laue TOMAITHUX 3a/laHuM.
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YcTHBIM
4 8 |Pa3sgen 1. Beegenue. 13 3 1 2 10 10 onpoc
CTYZIEeHTOB
Pa3zpgen 2. BBegeHue B uMc/ieHHbIE YCTHbiii
4 | 8 AETT 2. DBER 27 |3 4 | 15 15 ompoc
MeTOo/bl.
CTYZIEeHTOB
4 8 |Pa3pmen 3. MeToJ KOHeUHbIX 3/1eMeHTOB.| 25 | 10 4 6 15 20 Homainee
3alaHue
YcTHBIM
4 8 |Pa3pen 4. Pemenue 3agau M/ITT. 27 | 12 4 8 15 20 ormpoc
CTYZI€eHTOB
Pa3pen 5. PelieHue HeJIMHEHHbBIX U YeTHbii
4 | 8 AT 2. 201 6 | 2| 4 | 15 15 onpoc
HecTalMoOHapHbIX 3ajay M/ITT.
CTY/I€eHTOB
4 8 Paspen 6. IIporpamvHuas peanusanus 20 v 1 6 13 10 Homarnee
MKDO. 3a/laHue
Pa3pen 7. IlpakTruecKue BONPOCHI YcTHBIN
4 8 |mocrpoenus u peanmusanuu K3 16 6 2 4 10 10 onpoc
MopeJieil. CTY/I€eHTOB
Bcero 3a 8 cemecTp 144 | 51 17 34 93 100
Bcero o agucIMninHe 144 | 51 17 34 93 100
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OneHoYHbIe MaTepHabl o AuciunIuae PACUETHBIE METO/IbI B CTPOUTE/IBHOM
MEXAHUKE

ITK-4 - CnocofeH npogodunib pac4émuo-3kcnepumMeHmasibHble UCC/1e008aHUs1 NPOYHOCTIU 3/1eMeHN08
KOCMUYecKuX annapamos npu cus080M U memnepamypHomM 8030eticmeusx

Ne 1 TIlpouuTaiiTe TEKCT ¥ YCTaHOBUTE COOTBETCTBHE

1. J)KecTKOCTb A. UucneHHbIit MeTos peliieHus AuddepeHIMaTbHbIX YPaBHEHHH,
3JIeMeHTa OCHOBAaHHBIM Ha JUCKPETH3aIMK PAaCUeTHOW 00/IaCcTH.
2. MeTof,
KOHEUHBIX

B. Marpwuua, cBg3bIBaroLas y3/10Bble CUJIbI U TlepeMelieHus B K3.
5JIeMEeHTOB
(MKD3)

3. 3akoH I'yka C. OTHollleHHe U3MeHeHUs IJTUHBI K UCXOJHOU J/THe.
4. HaripspkeHue
(0)

5. Dedopmarus
(e)

6. Koappurment
ITyaccoHa (V)

D. Curna, feiicTBytoliiasi Ha eAUHULY TUIOILIAZN.

E. JIuHeliHasi 3aBUCUMOCTb HanpsbkeHUs OT fedopmauuu: o = E-€.

Ne 2 TIpouMTaiiTe TEKCT U yCTaHOBUTE COOTBETCTBHE

1. TIpsimoit meToz
2. BapuarioHHbIN MeTo
3. MeTo[; HEeBSI30K

A. MeToz 0CHOBAH Ha TIPUHLIMAIAX CTALIMOHAPHOCTH HEKOTOPOU IepeMeHHOMH, 3aBUCSIIeN OT OfHOMN Win
HeCKo/MbKuX (DYHKI[UH (Takas iepeMeHHast HOCUT Ha3BaHue (yHKIMOHaMa). [IpuMeHUTeTHEHO K
MeXaHUKe Jie)opMUPYEeMOTo TBEp/IOTO Tejla 3Ta MepeMeHHas Mpe/CTaBIsgeT o000k MOTeHIUaTbLHY0
(byukimoHan JlarpaHka) Wiy OMOJHUTETBHYIO (QyHKI[MOHAM KacTH/IMaHO) SHEPTUI0 CUCTEMBI WIH
(hopmMupyeTCcs Ha OCHOBE 3THX ABYX 3Hepruil (pyHKIMoHabl XenmuHrepa-PeticcHepa, Xy-

Barmmity). Eciiu B hyHKIMOHA/ TOACTaBUTh arlpOKCUMUPYIOIINE BhIPAKEHUS] UCKOMBIX (QYHKI[UH U
TIPUMEHUTDH K HEMY 3KCTPEMaJIbHbIe MPHUHIIUIILI (COOTBETCTBEHHO MPUHLIUI JIarpaHska, PUHIIATT
KactunvaHo u T. /1.), TIO/y4rM CUCTeMY anrebpandyeckrx ypaBHEHUH, pellleHreM KOTOpPoH OyayT
3HAUeHUS Y3/I0BBIX HEU3BECTHBIX.

B. MeToz aHanornyeH MaTpUUHOMY MeTOAY TiepeMellieHUi /1Jisi CTeP’KHEBBIX CHCTEM, B OCHOBE ero
JIeXKaT MOJIOXKEHHSI, KOTOPbIe UCTIO/Ib30Ba/MCh Ha PaHHel cTazivu pa3sutus MKD. 3Tot Metoz ynobeH
CBOeM TIPOCTOTOM U OUEBU/THBIM TeOMeTpUUeCKO-(r3nueCKUM 3HaueHreM OT/Ae/TbHBIX I1aroB
anmpokcuManuu. CooTHoweHus 451 KO 31ech CTposTCs HeMOCPeACTBEHHO Ha OCHOBe TpeX TPyIII
ypaBHEHWH (TpeX CTOPOH 3a/laui): CTaTUUeCKOH, reoMeTpuueckoi u pusmnueckoii. O61acThb
TIpUMeHeHUsI TPSIMOTO MeTo/ja BeChbMa OrpaHUYeHa: ero MOYKHO UCII0/Ib30BaTh JIUIIb /1Jis KOHEUHBIX
3/IEMEHTOB TIPOCTOM reOMeTPUH C MajlbIM YHUCJIOM CTeTieHel CBOOOAbI B y37ie.

C. Metoj ocHOBaH Ha basiaHce pa3/IMuHBIX BUIOB SHEPTUH, 3alIMCAHHOM B MHTErpajbHON dopme. ITOT
MeTO/], yCIIellIHO [IPUMeHsIeTCs] IIPY pellleHUH HeJIMHeHHbIX U JMHaMUYeCcKUX 3a/ad.

D. MeTop nipezcTaBisieT coboii Haubosiee 001U TIOAXO/] K TIOCTPOEHHIO 0CHOBHBIX COOTHOILIEHUH
MKB3. DtoT MeTo, Liesiecoob6pa3Ho NMPUMEHSTE TIPY PeIIeHUH 3afiad, ¥ KOTOPBIX TPYAHO WM
HEBO3MO)KHO C(hopMy/IMpOBaTh BapUaLlMOHHOe ypaBHEHUe, T.e. pyHKIHoHan. CyTb MeTo/a 3aK/IH4yaeTcst
BO BBEJIEHUM HEKOTOPOH JIe/TBThI — OTKJIOHEHUH TIPUOIVKEHHOTO anpOKCUMATHBHOTO PEIIeHUS OT
TOYHOTO pelleHus AuddepeHIHaTbHbIX YPaBHEHUH [/ JaHHOH 3aaun. UT0OBI IOy UUTh
PHawstyuliiee” pelieHue, He00X0UMO MUHUMU3UPOBATh HEKOTOPBIN UHTETPasl OT /Ie/IbT 10 PacueTHON
obmacty. JIis moBbIeHNst 3hGEKTUBHOCTH B MOJbIHTErPA/IbHOE BhIPA)KEHUE HapSy C CAMOU [Ie/TbTOM
00BIYHO BBOJJUTCSI TaK Ha3biBaeMasi BeCcoBasi (JyHKI[Hs, B 3TOM C/Iyuae K Ha3BaHHUIO MeTofa ZI00aB/IseTCs
C/10BO "B3BelleHHbIX". BbIOOP CXeMbl MUHUMM3ALIMK U BECOBBIX (PYHKIWM OMpeessieT pa3/uuHble
BapUaHThI 3TOr0 METOAA.
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No 4

Ne 5

Ne 6

Ne 7

Ne 8

ITpouuTaiiTe TeKCT, BbIOEpUTE TIPABUIbHBIE OTBETHI U 3aITUILINTE apryMeHThl, 000CHOBBIBAOIIME BEIOOD
OTBETOB

Kakue ¢akTopbl KpUTHUECKU BAUSIOT Ha CXOAUMOCTh pellieHUs] B KOHeUHO-3/IeMeHTHOM aHasv3e?

A. Vicnonb30BaHUe TOTBKO KBa/[PATUYHBIX 371eMeHTOB (6e3 TUHeHHbIX)
B. YueTr CUHTY/IIpHOCTU HarpspKeHW B 30HaX KOHLIEHTpaLuu

C. Pa3Mep ¥ TUIT KOHEUHBIX 371EMEHTOB

D. KoppeKTHOCTb TPaHWYHBIX YCI0BUM

[TpouuTaiiTe TeKCT, BbIOEpUTE TIPABUIbHBIE OTBETHI U 3alTUILIKTE apryMeHThbl, 000CHOBBIBAOLIME BEIOOD
OTBETOB

Kakuie u3 yTBepKeHuit 0 perieHnu ypaBHeHu B MKD BepHBI?

A. Jnsi cCMMMEeTpHUUHBIX 3a/ia4 XOPOLIO MOAXOAUT METO/|, CONPSPKEHHBIX I'PaJJeHTOB
B. IIpsiMble MeTOAbI BCETZA AyUlLLIe A/ OOMBIINX 3aau

C. CrerjuasnbHast IO[rOTOBKA MaTpHIIbI (Tipejo0yC/iaB/TMBaHIe) YCKOPSIET pPacueT
D. [lns HeTMHEeHHBIX 3a7iau UCTIO/B3YIOT TOC/Ie/I0BaTe/IbHbIE TPUOIVKEHUS

HpquTaﬁTe TeKCT, B])I6epI/ITe MMpaBUJ/IbHbIE OTBETHI U 3alTUIINTE apPTYMEHTHI, 060CHOBbIBaI-OU_]I/Ie B])IGOP
OTBETOB

B Kakux ciydasix TpeOyeTcst HelMHeHHbIA aHaIn3?

A. Yuer njacTUuueCKux Aedopmariuii

B. PacueTt nuHeiHOrO ynipyroro seopMUpoBaHus

C. MogenvpoBaHye KOHTaKTa C TPeHUeM

D. AHanmm3 6ombIIMX NepeMeltieHuni (TreoMeTpudeckast HeJTMHEeMHOCTB)

[IpouuTaiiTe TEKCT ¥ YCTAHOBUTE TIOC/IE/I0BATEILHOCTD
PacrionokyTe 3Tarbl NOArOTOBKY KOHEUHO-3/IeMEHTHOM MOJie/id B TPaBU/IbHOM TIOPSIZIKe.

1. Ha3HaueHMWe rpaHUYHBIX YCIOBUM U HarpysokK;

2. IlogroToBka reoMeTpuy;

3. 3aryck pacueTa U aHa/Iu3 pPe3y/bTaToB;

4. T'eHepaLUsi CETKY;

5. BeiOop THIIa 3/IEMEHTOB W MaTepuaia.

ITpouwnTaiiTe TEKCT, BbIOEPUTE MPABU/BbHBIN OTBET M 3alMIIINTE apryMeHThbI, 000 CHOBBIBAOII[HE BLIOOD
oTBeTa

ITporu6 Ganku v MOXKET OBITh BBIUKMC/IEH C TIOMOIIIBI0 TEOPUH YTIPYTOCTH U KOHEYHO-3/IEMEHTHBIM
aHaJIM30M.
BribepuTe /yuliTyro CeTKy AJisi KOHEUHO-3/IEMEHTHOTO aHajr3a.

20 y3moBoi
3IEMEHT

A. Cetka A
B. Cetka B
C. Cerka C
D. Hu oznHa 13 npeio)keHHbIX

ITpouuTaiiTe TeKCT U yCTaHOBUTE M10C/I€I0BaTeIbHOCTh
16 32881



YKka)kuTe MpaBWIbHBIN TIOPSIIOK AeHCTBUI TTPU TIPOBEPKe CETOUHON CXOIUMOCTH.

1. ITpoBectu pacuet c 60siee Me/KoI CEeTKOMH;

2. CpaBHUTB KIIIOUeBble pe3ysibTaThl (HallpshkeHus, IiepeMellleHus]) C peAblAYyIIUM 11arom;

3. ITocTpouTs rpaduk 3aBUCUMOCTH pe3ysibTaTa OT pa3Mepa 3/1eMeHTa;

4. BoiOpaTh Haua/IbHBIN pa3Mep CeTKH U BBITIOHUTE PaCcyeT;

5. OnpesienUTh JOCTaTOYHBIN pa3Mep CETKH, ITPU KOTOPOM H3Me/lbueHre He YBe/IMUMBaeT TOYHOCTb
pacueTa.

Ne 9 TIpouwTaiiTe TEKCT, BEIOEPUTE MPABUILHBIN OTBET U 3aMUIIIKMTE apryMeHThI, 000CHOBBIBAIOIIHE BBIOOD
oTBeTa

KonconbHas 6anka 3arpy>keHa BepTHKanbHOM cuioit 100 Kr Ha rpaBoM KoHLje. 3ajiaua UMeeT TOYHOe
pellleHNe B TEOPUH YIIPYTOCTU. DTa Ke 3a7a4ya Obla pellieHa METOZIOM KOHEUHBIX 3/IEMEHTOB C 8-
y3J10BbIMU U 20-y3/10BBIMU 3/IEMEHTaMHU.

Kak Mo)keT OBITh OIMMCaHa peanu3aliysi pelleHnsl MeTOJ0M KOHEeUHBIX 3/1eMeHTOB?

A B

100 kT 100 kT

160 8-y3moBBIX dneMeHTOB 20 20-y3II0BBIX 371€MEHTOB

A. 160 8-y3/10BBIX 3/1eMEHTOB

B. 20 20-y3710BBIX 3/1eMEHTOB

C. O6a umetot ormbku Mensbiie 0.1%

D. O6a 0bn1a/at0T HeYI0B/IETBOPUTETbHON TOUHOCTHIO

Ne 10 IIpouuTaiiTe TEKCT U 3alMIINTe Pa3BepPHYThI 000CHOBAHHBIA OTBET
Uro u3yyaeT CTpoUTe/IbHAsE MeXaHuKa?

Ne 11 TpouunTaiiTe TEKCT U 3alMIINTe Pa3BepPHYTHI 000CHOBAHHBIA OTBET
Kak rporcxofuT riepexof; OT peajbHOr0 00beKTa K pacueTHO cxeme?

Ne 12 TpouuTaiiTe TEKCT, BbIOEpHTE MPaBU/IbHBINA OTBET M 3allMILIUTe apryMeHTbI, 000CHOBBIBAIOLIHE BEIOOD
oTBeTa

JKecTKo 3a1ieM/IeHHbIH MTPaBbIi KOHEL| pe3UHOBOM MJIaCTHHBI ObUT TIepeMellleH Ha BeJTMUMHY JIJTHHBI
MIaCTUHBL 3a/jaua OblIa pellieHa HeJTMHEeHHBIM KOHEUHO-3/IEMeHTHBIM MeTOZIOM. PacCuuThIBaiach
BeJIMUMHA CUJIBIL.

Kak n3mMmeHsieTcs BBIUKC/IsieMOe 3HaueHre B 3aBUCUMOCTH OT KOJIMUeCTBAa KOHEUHBIX 3/IEMEHTOB B
Mozenu?

HauammHoe }
COCTOIHILE PesmmHa A B

F-7 %

kH

“HIIA,

C

C

4 16 64 128
YHCIIO 3IIeEMEHTOR, 1

A. Kpusas A
B. Kpugasi B

17 32881



C. Kpugas C
D. BepHoro oTBeTa HeT Cpefi Mpe//IOKeHHbIX
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