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
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PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
BHYTPEHHSASA 'ASOJUHAMMNKA
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Crnenuanu3anusa/mpoguis/mporpaMmma IIpoeKkTHpoOBaHHe PAKeTHBIX IBUTaTe/Ieii TBepAoro ToIInBa
MOArOTOBKH
YpoBeHb BbICIIIero o0pa3soBaHust Croenyajaurer
®opma o0yueHHs OuHas
®daKy/bTeT A PakeTHO-KOCMHY€CKOH TeXHUKH
Beinyckaroman Kadeapa A8 NIBUTATEJ/IN 1 SHEPT OY CTAHOBKMU JIETATEJ/IBHBIX
AIIITIAPATOB
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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)

24.05.02 ITpoekTHpOBaHUe aBUALIMOHHLIX U PaKeTHBIX /BUraTe/iei
rog, Habopa rpynrbl: 2024

IIporpamMmmMmy cocTaBuiI:

Kadenpa A9 TINTASMOTASOAVMHAMUKA U TEIIJIOTEXHUKA
OunHHUKOBa Onibra KOHCTaHTUHOBHa, K.T.H., OL[eHT

[Tporpamma paccMOTpeHa
Ha 3ace/jlaHUM Kadeapbl-pa3paboTurKa
paboueii nporpammel A9 INTASMOT'A3SOANHAMUKA U TEIVIOTEXHUKA

3aBenyromumii kadenpoii Terepuna U.B., K.T.H., [o11.

[Tporpamma paccMOTpeHa
Ha 3aceJJaHUM BBITyCKatolleit Kadeapsl

A8 IBUT'ATE/IN 1 DOHEPT'OY CTAHOBKM JIETATEJ/IBHBIX AITITAPATOB

3aBepaytoimii Kadezapoii JleBuxuH A.A., K.T.H., JOLI.




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
BHYTPEHHSASA 'A30JUHAMUKA

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
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@®opMHPOBaHHMIO KOMIIETEHLUI CITYKUT JJOCTIDKEeHHE CIIeAYIOIIUX Pe3y/IbTaToB 00pa30BaHMsI:
OIIK-5

3HAHUA:
OCHOBHbBI€ YypaBHEHHA TUAPOra30VHaMHWKKU HW TeEIJIOMaCCOIlepeHoCa, IIpUHHUMdeMbIe [OOITYILLEHMWs;

METOZMKKM pacueTa ra3ofWHAMUYeCKUX U TEepPpMOJUHAMHUECKUX TIPOI[eCCOB BHYTpPeHHel ra3o[MHaMHUKU
JHEProyCTaHOBOK;

YMeHus:
paspabatbiBaTh  (pU3MUECKHMe, MaTeMaTHueckue, YHC/IeHHble MOl Ta30[MHAMHUUeCKHX U

TePMOJWHaAMHWUeCKHX IMPpOoLeCcCoB BHYTPEHHEﬁ ra30MHAMHUKHU SHEPTOyCTAHOBOK]

HAeblKu:
(I)I/I?:I/IKO—M(:ITEMEITI/I‘—IGCKOFO MOJe/IMpOBaHWA TeUeHU B JHEProyCTaHOBKaX; IIPpOBEAEHHA TUIIOBBIX

PacyeToB ra3ogrHaMUKH U TerIoMaccoobmeHa.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Iucrunimia BHY TPEHHSSI TABOJUHAMUKA sB/sieTCs JUCIUTJIMHON 00513aTe/IbHON YacTH
6;10ka 1 mporpamMMbI TIOATOTOBKY 110 HarpasieHuto 24.05.02 IIpoekmupogaHue asuayuOHHbIX U PAKeMHbIX
osuzamesnell.

CopeprkaHue JUCIUTITHBI SIBJISIETCSI JIOTHUe CKUM TIPOZIOJDKEHHEM TUCIVTLTAH:
A3POT'A30IMHAMUKA, UYUNCJ/IEHHBIE METO/bI MOJE/IMPOBAHUSA
BBICOKOTEMIIEPATYPHBIX IIPOIIECCOB, IIPOEKTHUPOBAHUE C TIIPUMEHEHUEM
CAD/CAM/CAE-CUCTEM, CPEJCTBA UH)XKXEHEPHBIX PACUETOB.

Copep>kaHue AUCLIUIIVHEI SIBJISIeTCS OCHOBOU A1 ocBoeHus gucuuruivd: OLJIEHKA COCTOSIHUSA
n TIIAPAMETPOB CJIOXKHBIX TEXHUYECKUX CHUCTEM, IIEPCIIEKTUBHBIE OY HA
TBEPJOM TOIIVINBE.

ITpeBapuTe/bHBIE KOMITETeHLIMH, ChOPMHUPOBaHHBIE ¥ 00yUaroIierocs A0 Havyana U3yuyeHHst AUCLUTUIHBL:

¢ OIIK-2 — CrniocobeH MOHUMATh TIPUHLIUIILI pab0Thl COBPEMEHHBIX MHPOPMALIMOHHBIX TEXHOJIOTUN 1
WCTIOTb30BaTh WX JJIs PellieHus 3a/iad rpodeCcCHOHaIbHOM JesTeTbHOCTH

¢ OIIK-5 — CrniocobeH pa3pabarbiBaTh (GU3NUeCcKre U MaTeMaTHueCKUe MOJIeH UCCIelyeMbIX TIPOLIeCCOB,
SIBJIEHUH U 00BEKTOB, OTHOCAIUXCS K TIPO(eCCUOHATBHOM cdepe /eSTeTbHOCTH [/ PeIeHHs
VIH)XeHEepHBIX 3a/iad

¢ TICK-3.1 — CniocobeH pa3pabaTbiBaTh MPOEKTHYIO ¥ PaO0UYI0 KOHCTPYKTOPCKYO IOKYMEHTALIUIO Ha
PaKeTHO-KOCMHUUEeCKYIO TeEXHUKY U UX COCTaBHbIE 3/1EMEHThI

¢ TICK-3.4 — CrniocobeH NMpoBOJUTE PaCUETHI IPOLECCOB B PAKETHBIX [[BUTATE/ISIX, IPOUHOCTH U
HaJ&KHOCTHU U3/e/IMH U UX COCTABHBIX 5/IEMEHTOB



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

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

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI

AyauTOpHBIe 3aHATHSA S
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Paspen 1. Tepmora3zoguHaMu4ecKHe NpoLecchl B TPydax M KaHamax. Xapakrep
5 9 pacrpe/ie/ieHusi CKOPOCTH TPH JIAaMMHAPHOM ¥ TypOY/JIeHTHOM pexuMax TedeHust. Ternootgaua 28 15 5 10 13 20
B cTeHKy. TeueHHe B M30THYThIX TPyOax M KaHajax. PellieHre cONPsDKeHHBIX 3a/jau
Ta3’soAWHaMUKU U Tel’l]IOOﬁMEHa.
Paspen 2. 'a3oaHaMHKa COIUIOBBIX KaHa/10B. HecralioHapHble TeueHus. 3amycK CorLIa.
5 9 MexaHU3MBI yTIpaB/IeHNs BEKTOPOM TATH. YpaB/IsOLIMe YCUIUs. VIMIy/bCHBIN BYB CTPYH B 31 18 6 12 13 20
3aKPUTHYECKYHO YacCThb COILIa.
Pazpgen 3. Oco0eHHOCTH BHYTPeHHeH ra30{HHAMHKH PeaKTUBHBIX JBUraTe/Iei.
)KI/IAKOCTHLIG PpakeTHbIe JBUTaTe/IN. OCHOBHbIE Y3/1bl U arperarthbl. CDOprHKI/l U pacrbul
5 9 JKUJKOCTHOI'O PaKeTHOIr'O TOIL/IUBA. OX}'[EDK,EI'EHI/IE [ABUrare/is. TBEP,EI'OTOHI[I/IBHLIE pakeTHbIe 31 18 6 12 13 20
ABUTaTe/N. HECTHL{I/IOHBPHLIG PeXUMBI TeUeHUsI. W3menenne oonema KaMepkI CropaHus.
TIpsIMOTOYHbIe aBHALMOHHBIE JBUTaTend. KOHCTpyHpOBaHHe BO3yX03ab0pHBIX yCTPOMCTB.
Pexxumbl roperusi. OCOGEHHOCTH KOHCTPYKLIMK COIIA.
5 9 Paspen 4. KypcoBas paGoTa. BrinosHeHre KypcoBoii paboTbl 10 HHAWBH/YaTbHOMY 18 0 0 0 18 40
33/]aHUI0.
Bcero 3a 9 cemecTp 108 51 17 34 57 100
Bcero no gucnumnmuze 108 51 17 34 57 100
3.2. AyAUTOPHBIN NPAaKTUKYM
Oo0neMm,
Ne Homep n HauMeHOBaHuUe pasjesna
TemMa npakKTH4eCKOro 3aHATHA aypa.
n/n JUCIMILTAHBI
4acoB
PelrieHre COMpsKeHHBIX 3a/1au TEMI0OMacCooOMeHa
Paspen 1. Tepmora3soguHamuueckue o
1 TIpU TEUEHWHU >XXUJKOCTEH U Ta30B 10 Tpybam u 10
TPOLeCChl B TPyDax U KaHasax.
KaHa/laM.
Pazgen 2. 'a3ogrHaMyKa COMIOBBIX .
2 MogenupoBaHue COIUIOBBIX TEUEHUM. 12
KaHaJIoB.
Paspen 3. OcobeHHOCTH BHYTpeHHeMH
MopenupoBaHye TepMora3ofiHaMuue CKUX
3  |ra3oguMHaMMKU peaKTUBHbIX 12
o IIPOLIeCCOB B PeakTUBHBIX JBUraTe/IAX
JIBUTaTesien.
Bcero 3a 9 cemectp 34
3.3. CamocrosTenbHast padora crygenra (CPC)
Homep u
Ne P Oo0neM,
HauMeHOBaHHe pasjesa Copep)xaHue yueGHOro 3afaHus
n/n JacoB
JUCHUINTAHBI
Pasgen 1.
1 Tepmora3zofvHamMuueckye MI3yueHue AUJaKTHUeCKUX eIUHUL] JAHHOTO pa3fena, pabora ¢ 13
TPOLeCChI B TPyOax 1 JiuTepaTypoil. BrimoHeHWe MpaKTUUYeCcKoro 3aJjaHusl.
KaHaax.
7 Paszen 2. TazoguHaMuKa (M3yueHue AWZAKTHUECKUX eJUHUL] JAHHOTO pa3zena, pabora ¢ 13
COIUIOBBIX KaHA/OB. JiuTepaTypoil. BrimoHeHre MpaKTUUYeCcKoro 3aJjaHusl.
Pazgen 3. OcobeHHocTH
3 BHYTpeHHel V3yueHue qUAaKTUUECKUX eIMHMIL IaHHOTO pasZiena, pabora c 13
ra3ofiHaMUKU JIuTepaTypoil. BrimoHeHre MpaKTUUYeCcKoro 3aJjaHusl.
peaKTUBHBLIX JBUTATesei.
BbInosiHeHHe KypcoBoi paboThl TI0 MHZWBUYATLHOMY 33/JaHHIO.
AmHanu3 mporeccoB 1 (hOpMUPOBAHHE MaTeMaTHUe CKUX MOJIE/Iei.
Paspen 4. Kypcosas Pon (bopmup A
4 a601a IIpoBefieHMe BEIUMCIUTEIBHOIO MOZe/IMPOBaHNs. AHa/IN3 18
p ’ pe3ynbraToB. [10/[TOTOBKA MOSICHUTETLHOM 3aITiCKH, JOK/Ia/ja U
rpe3eHTaLuu.
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Bcero 3a 9 cemectp

57 |

3.4. Kypcoras pabora

IIEPNOJ
NCIIO/IHEHUS IVIAHUPYEMOE
COJEP)XAHUE 3TAITA (Hepen BPEMSI (uac)
ceMecTpa)
Oran 1. AHanuTHUeCKHi 0030p paboT M0 TeMaTHKe, OIpe/ie/IeHHOH
WH/TUBU/TyaIbHBIM 3a/1aHreM. Bbibop o6bekTa u pemera 1-4 3
Wcce10BaHusl.
Orarn 2. ®opMyIMpPOBKa MaTeMaTHueCKOM, reoMeTprueCKOM,
YMCJIEHHOM MOZe/ pacCMaTprBaeMbIX MPOLIECCOB U SIBJIEHUM. 510 6
O60CHOBaHWEe TIPUHSTHIX JIOMYIIEHHH. Y TOUHEeHWEe PaCUeTHON CXEMBI.
WccnepoBanue ceTOUHOM CXOAUMOCTH.
Oran 3. IIpoBesieHne BEIUNC/IUTEIBHBIX 3KCIIePUMEHTOB. AHa/IN3 11-14 6
TOJ/IyYeHHBIX Pe3y/bTaToB.
Otan 4. ®opMynrpoBaHUe BBIBOZIOB 1Mo paboTe. OdopmeHue
TIOSICHUTE/TbHOM 3aliCKU, MOJrOTOBKA Mpe3eHTaluu U JoK/1aja. 15-17 3
3aluTa KypCcoBOro IpoeKTa.
Bcero 3a 9 cemecTp 18

4. ®OPMbI KOHTPOJISI OCBOEHMA ANCLHUII/INHbI

CEMECTP HEJE/IN CEMECTPA
1/12/3/4 5 6 |78 9 10 (111213 |14 15 16 17
9 Otuer | 1P Otuer | [IP Otuer | AP | KP, gud. 3au.

YcnoeHble 0603HaUEHUS:

P — nparHocTuueckasi paboTa;

OTueT — OTueT;

KP — kypcoBasi paboTa;

Iud. 3a4. — qudQepeHIMPOBaHHbIN 3aueT.

TeKymui KOHTPOJIb YCIIeBaeMOCTH CTY/|eHTOB IIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEePBaJIbl B

creayommx popmax:
e UArHOCTUYeCKas pabora;
e OTueT;

e Kypcosas paboTa.

IIpomMexyTouHasi arTecTanus IPOBOAWUTCS B (pOpMax:
e uddepeHMPOBaHHBIN 3aUeT.
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5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. B. B. CaxuH. . Termoo6menHble anmaparsl. CI16.5T'TY "BOEHMEX" um. []. ®. YcrusHosa, 2010, 122
9K3.

2. B. II. Benog. . CoruioBele 010ku pakeTHbIX Apurareneit. CI16.5I'TY "BOEHMEX" um. . ®@. YctuHOBa,
2019, 61 3k3.

3. K. H. Bonkos, B. H. EmMe/ibsgHOB. . Beiunc/uTenbHbIe TEXHOJIOTHUY B 3a/ladax MeXaHUKU JKUIKOCTH 1
rasa. M.: ®UU3MATIJINT, 2012, 63 3K3.

4. K. H. Bonkos, B. H. EMenbsiHOB. . TeueHust ¥ TeriooOMeH B KaHaslax U BPAIAOIIUXCS TIOMOCTAX. M.
OU3SMATIINT, 2010, 6 3k3.

5. K. H. Bonkos, B. H. EmenbsgHOB. . ['a30Bble TeueHHst C MacCOTOABOAOM B KaHaax U TpakKTax
sHeproyctaHoBok. M.: ®U3MATJINT, 2011, 60 k3.

6. K. H. Bonkog, B. H. EMe/ibsaHOB. . Belunc/iuTenbHbIe TEXHOJIOTHUY B 3a/ladax MeXaHUKU JKUIKOCTH 1
rasa. M.: ®U3MATJINT, 2012, 551. pec.

7. K. H. Bosikos, B. H. EmenbsHoB, 1. B. TetepuHa. . ['a30Bble TeueHUs B COIIaX SHEProyCTaHOBOK. M.:
OU3SMATIINT, 2017, 50 3k3.

8. M. C. fIkoBuyK. . BeiunciuTenbHbIe TEXHOJIOTUM PELLeHU 3a7,au MeXaHUKH JKUJKOCTH U rasa.
CII6.BI'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2013, 371. pec.

5.2. JlorionHUTeNbHAs IUTepaTrypa Mo JUCLUIUIVHE:
He Tpebyercsi.
5.3. Ilepuoguueckue U3gaHus:
1. EcTecTBeHHbIe U TEXHUYECKHUE HAYKU.

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

1. https://urait.ru/ — I'maBHast — Ob6pa3oBarenbHast riardopma FOpaiit. [yisi By30B U CCy30B;

2. https://e.Janbook.com/ — 3BC JlaHs;

3. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=474 —
OneKTpoHHbIe pecypchl — DyHaameHTabHast onbmoteka BI' TY « BOEHMEX» um. [1.®. YcTrHOBa.

CoBpeMeHHbIe TPOQecCHOHaNbHBIE 0a3bl JaHHBIX:

1. https://rusneb.ru — HatvonaseHast yekTpoHHast 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/JOBaHUH.

VHbopMalMoHHbIE CTIPaBOYHBIE CUCTEMBI:
1. Texakcriept — ViHGOPMaI[MOHHBIN TIOPTaI TEXHUYECKOTO PeryupoBaHus: HopMmbl, paBuia, 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 TTOpTast ITPaBoBOi WHGMOpMAaI[HH.

5.5. TIporpamMMHOe obecrieueHue:;
1. Ansys Multiphysics 2017 Teaching Advanced;
2. Ansys Multiphysics 2019 Teaching Advanced;
3. Microsoft Office.

5.6. 'adopmMal[ioHHbIe TEXHOIOTHH:

B3auMoyielicTBre ¢ obyuaroumucs nocpegcteom SMOC Moodle BT TY «k BOEHMEX» um. [I.®. 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. ITpoekTop;

2. Ansys Multiphysics 2017 Teaching Advanced;
3. Ansys Multiphysics 2019 Teaching Advanced,;
4. Microsoft Office.

6.3. IIpouee:

1. pabouee MeCTO Mperno/iaBaTeisi, OCHAI[EHHOe KOMITbIOTEPOM C IOCTYTOM B VIHTepHeT;
2. pabourie MeCTa CTyZIeHTOB, OCHaIlleHHbIe KOMITbIOTEPAMU C JOCTYTIOM B VIHTepHeT, TipefiHa3HaueHHbIe
Zi71st pabOTHI B 3/IEKTPOHHOM 00pa30BaTe/IbHOU Cpefie.



ITpunoxenue 1
K paoueii mporpaMme AMCLUILIHHbI
BHYTPEHHSISI TABOJUHAMUKA

AnHoTanusa paboueii nporpaMMsl

Mucuynmaa BHYTPEHHSSI TABOAVUHAMMKA siBisieTcsl JUCLIATIIMHON 00si3aTe/TbHOM YacTH
0/10ka 1 mporpaMMel MOATOTOBKM IO HarpasjieHuio 24.05.02 IIpoekmupogaHue agudayUOHHbIX U PAKenmHblX
odsueamesnell. [IMcLWIUIMHA peanu3yeTcs Ha (akyasrere A PakeTHO-KOCMMUECKOH TexHuku BI'TY
"BOEHMEX" um. [].®. YcruroBa kKadenpoit A9 TINMTASMOTASOAMHAMUKA U TETIJIOTEXHUKA.

MucuuniavHa HaljesieHa Ha GOPMHUPOBaHUe KoMNnemeHYuli:
OIIK-5 criocobHocTh pa3pabarbiBaTh (pU3MUecKWe W MareMaTUdecKue MOJETA WCC/IelyeMbIX TPOLeCcCOoB,
ABJIEHUM U 0OBEKTOB, OTHOCSIIIUXCSA K MPOGeCcCHoHaNbHON cdepe esSTeTbHOCTH JIJIs PellieHnusT WHKeHEePHBIX

3ajau.

Co,qepmaHHe JUCLIATIIMHBI OXBaTbIBaeT Kpyr BOIIPOCOB, CBA3dHHBIX C nucciaegoBaHnemM
TepMOra3oguHaMHUUeCKHX TIIpOLieCCOB, TPOTEKAIOIMIMX BO BHYTPEHHHX TpPAKTAX [ABUIaT€/IbHBIX YCTAHOBKAX
Pas3/IM4YHbIX THUIIOB. PaCCManI/IBa}OTCH BOIIDOCBI TeOMeTpHYeCKOro, MareMaTnieCkoro U BBIYHWC/IUTE/IBHOIO
MOJEe/INMPOBaHUA 3/IEMEHTOB W Y3J/IOB PdKETHBIX /:[BHF&TEJIEP'I, d TaKXe TMPOTEKdIOMUX B HUX TIpOLIECCOB
TeryioMaccornepeHoca.

[TporpamMmoi1 AUCLIUIIMHEI TIPe/lyCMOTPEHBI CJle[yIoIIe BH/bI KOHTPOJIA:

TeKyuii KOHTPOJ/Ib YCIIEBAeMOCTH CTYE€HTOB IIPOBOAAUTCS B IUCKPETHbIE BpeMeHHble HHTepPBAa/IbI B
cnepyronumx dhopMax:
e IMarHocTUYeckas pabora;
e OTueT;
e KypcoBas pabora.

ITpoMexxyTouHasi aTTecTalys MPOBOAUTCS B (hopmax:
e uddepeHMPOBAHHBIN 3a4erT.

OO01jast  TPYyI0EMKOCTb OCBOEHHUSI [AUCLUIUIMHBI cocTaBiaseT 3 3.e., 108 u. TIporpamMMoM AWCIUITHHBI
MpelyCMOTPEHbI JIeKIIMOHHbIe 3aHATHS (17 4.), mpakTtuueckue 3aHaTus (34 4.), camocTosTesnbHas pabora
ctyzeHrta (57 4).
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IIpunoxenue 2

K paoueii mporpaMme AMCLUILIHHbI
BHYTPEHHSISI TABOJUHAMUKA

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.,

OTBeZIEHHBIX Ha CaMOCTOSITE/IbHYIO 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.

HaumeHnoBanme paboTbI

PexkomeHpyemMasi iuTeparypa

TpyRoeMKOCTB,
Jac.

Pazgen 1. TepMoraszognHaMuyecKue mpouecchl B Tpy0ax M KaHaiax.

N3yuenne aumakTHUe CKUX eJUHUL] JAHHOTO pas/iena,
pabora c siuTeparypoii. BrirosHeHre paKTHUe CKOTo
3a/laHus.

K. H. Bosikos, B. H. Eme/nibsHOB. .
BrrunciuTebHbIe TEXHOJIOTUH B
3a/lauaX MeXaHUKH >XUAKOCTH U
rasa: M.: ®UUIBMATJIUT, 2012 (1-
3)

B. B. CaxuH. . TeryiooOMeHHbIe
anmapartsl: CI16.BI'TY
"BOEHMEX" um. [1. .
YctuHoBa, 2010 (1-3)

K. H. Bosnkos, B. H. EmenbsHOB. .
TeueHus U TeIJIOOOMeH B KaHaIax
Y BPAIAIOIINXCS TIOM0CTIX: M.:
DOU3MATIINT, 2010 (1-3)

13

Wroro no pasgeny 1

13

Pa3nen 2. Fa30ﬂlrlHaMl/lKa COII/IOBBIX KaHAJ/I0OB.

W3yueHne gupakTHUUeCKUX eIVHUL] JAaHHOTO paszera,
paboTa ¢ uTepaTypoii. BeImo/iHeHYe MPAKTHYECKOTO
3a/laHs.

B. I1. Benog. . CorioBslie 0/10Ku
paKeTHBIX JBUTaTe/el:
CII6.BI'TY "BOEHMEX" um. [I.
@. YctuHOBa, 2019 (1-3)

K. H. Bosnkos, B. H. Eme/ibsHOB. .
I'a30BbIe TeueHUs C
MacCOTO/IBO/IOM B KaHa/lax U
TpakTax 3HeproycraHoBok: M.:
OU3MATIINT, 2011 (1-3)

K. H. Bosnkos, B. H. EMenbsiHOB,
. B. TerepuHa. . I'azoBble
TeUeHMSI B COIIAX
SHEpProyCcTaHoBOK: M.:

OU3MATIINT, 2017 (1-3)

13

Wrtoro no pa3geny 2

13

Paspen 3. OcoGeHHOCTH BHYTPeHHeH ra30f{MHAMHKH PeaKTHBHBIX ABUraTe

en.

N3yueHne gupakTUUeCKUX eIUHULL JaHHOTO pa3jera,
paboTa ¢ uTepaTypoii. BeiTosiHeHre MPaKTHYeCKOTO
3a/jaHUs.

11

M. C. fIkoBuyk. .
BrrunciuTenbHbIe TEXHOIOTUN
pelleHus 3a/la4 MeXaHUuK1
>KUIKOCTH U raza: CIT16.BT'TY
"BOEHMEX" um. [1. ®.
YcruHoBa, 2013 (1--2)

K. H. Bosnkos, B. H. EmenssHOB. .
I'a3oBbIe TeueHUs C
MacCOIO/IBOZIOM B KaHasax U

13
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TPaKTax SHeproyCTaHOBOK: M.:
OU3MATIINT, 2011 (1-3)

Wroro no pasgeny 3 13

Pa3pen 4. Kypcopasi pabora.

BrinosiHeHne KprOBOfI pa6OTI:I Mo MHAVBUYd/IbHOMY

3a/laHrI0. AHaU3 NPOLeCCOB U (POPMUPOBaHUE K. H. Bosikos, B. H. EMenbsHOB. .
MaTemMaThuyeCKux mogeseii. [IpoBeseHue BorunciiiteibHble TEXHOJIOTHH B 18
BBIUUC/IUTEIEHOTO MOZe/IMPOBaHusl. AHA/IU3 pe3yJbTaToB. | 3a/jlauax MeXaHWKU KUKOCTU U
[ToaroTOBKA MOSICHUTE/TLHOM 3aMMCKH, TOKIa1a U rasa: M.: ®USMATJIUT, 2012 (3)
Tpe3eHTaLuu.

Wroro mo pazgeny 4 18
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IIpunoxenue 3
K paoueii mporpaMme AMCLUILIHHbI
BHYTPEHHSISI TA3OJJUHAMUKA

®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

e OTueT;

e KypcoBas pabora;

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.

OTtuet

Otuet 0hoOpMISIOTCS B BHZe MOsicHUTeTbHOM 3armcku o 'OCT 2.105-2019, Bk/tovaroiiei TeKCTOBYIO
YacTh C GU3NUECKOM TTOCTAHOBKOM 3a/laul, MaTeMaTHueCKOU MoJie/bio, 000CHOBaHKEM BbIOOpa YUCTEHHOTO
MeTOo/ia, Pe3y/bTaTaMy pellieHus, rpaduueckoe u300pakeHre, aHaM3a TOyUeHHBIX Pe3y/IbTaTOB U BHIBO/IOB.
[MosicHuTe/TbHAS 3aITHUCKa C TEKCTOM, PUCYHKaMU U TpadHKaMH BHITIONHSAETCS B peflakTope “Word”.
OTueT 1Mo npakTHUeCKoH paboTe JO/DKEH CO/EPKaTh:
- IOCTAHOBKY 3a/laul, MaTEMaTUUECKYI0 MO/IE/Ib U OCHOBHBIE PACUETHBIE COOTHOILIEHUS UCTIO/B3YEMBIX
METO/IOB PellleHNs], KPUTEPH CXOJUMOCTHY;
- CXeMy pacyeTHOH 00/1aCTH C XapaKTePUCTUKAMK CETKU, KPAeBbIMU U Haua/TbHBIMU Y CTIOBHUSIMH,
peasiM30BaHHBIMU B PEIIIaéMOM BapUaHTE;
- rpadryeckoe Mpe/CTaB/IeHe TI0JTyUeHHbIX Pe3y/IbTaToB,;
- coZiepyKaHKe UCC/IeIOBATeIbCKOTO 3a/IaHus, pe3y/IbTaThl BHIUMCIUTELHOTO MOZETUPOBAHNS, AHAN3 U
BBLIBOJIBI 110 MPOBE/IEHHBIM HCC/II0BAHUSIM.
[Tpotiefypa 3alUThl BKIFOYAET OTBETHI HAa BOMPOCHI MperofiaBaresis o pabore u paszeny kypca. B xoze
3aIUThl paboThI CTYIEHTHI JJO/KHBI TPOJIEMOHCTPHUPOBATE KYJBTYPY PEUU TIPH U3/I0KEHUH CBOUX MBICTIEH,
JIOTUYHOCTH B IMTOCTAHOBKE M U3/I0KEHUU MaTepurasa, HeoOXoZiMMble Haua/lbHbIe 3HAHUS TI0 CYIIIeCTBY
00CyX/1aeMoi TeMbI, yMeHHe OTPeIe/TUTh MeCTO UCC/Ie[OBAHHOTO SIBJIEHUS] B KOHKPETHBIX TeXHUYECKUX
TMpoIjeccax U YCTPOMCTBAX, YMEHHE CaMOCTOATEIbHO MOJUGPHUIIMPOBATh MaTeMaTUUECKHUE MO/IENA U
MpOorpaMMHBIe CPeJICTBA IS 1]e/1el KOHKPeTU3aluK WK PaCIIMpeHust 00/1aCcTH MPUIOXKEHHUST MOJIeIeH,
WCIIO/Ib30BaHHbBIX B pabore.
Kpurepun otienrBanust. OlieHKa 3aiyThl paboThl BeICTaB/seTcs mo 100 6abHOM 1IKasie ¢ yYETOM:
- BBIMOJTHEHHUE TIPAKTHUeCKOUW PaboThI B KOMITLIOTEPHOM Kiacce — 20 6arios,
- BBIMOJTHEHHE 3a/laHus UCC/Ie[0BaTeIbCKOH yacTH paboTsl — 20 6as11oB,
- oopmyIeHHE TIOSICHUTE/TbHOM 3arucku — 20 6asuios,
- 3all[UTa Pe3y/IbTaToB, OTBEThI HA BOMPOCH! U UX JIOTHKA, KyJAbTypa peur — 40 6asios.
PaboTa cuMTaeTcs IPUHATOM ITpy Habope cTyaeHToM Gosee 70 6asnoB. 70-80 6a/ioB "yI0B/I€TBOPUTEIBHO',
80-90 - "xopomio", 90-100 - "oTaMYHO".

KypcoBas pa6ora

Kypcosasi paboTa npe/icTaB/isieTcs B 1leuaTHOM BH/ie B popmare, cooTBeTCTBYIOIUM «[TonoxxeHuto o
TIOpsiZIKe OpraHU3aliiy U TIPOBeJieHHs KyPCOBOTO ITPOEKTUPOBAHMS 00yUalOIIMXCs 10 TPorpaMMaM CpejHero
nipodeccroHaIBLHOr0 00pa30BaHus 1 BHICIIET0 00pa30BaHMs - IporpaMmaM OakasaBprara, IporpaMmam
crierjuanureta, nporpammam marucrparypsl CTO.BI'TY. CMK-K5-21-2023» ot 25 nronist 2023 1. 3amura
KypCoOBOi paboThl poxouT B opMe AOK/Ia[a CTyAeHTa 10 BHIIOHEHHON paboTe U OTBETOB Ha BOTIPOCHI
usieHoB Komuccru. B xope 3amutsl KIT obyuaroiiecst ZOMKHBI IPOAEMOHCTPUPOBATh KY/IbTYPY Peuu Mpu
W3/10)KEHUU CBOMX MBIC/IeH, JIOTMYHOCTh B TIOCTAHOBKE U M3/10)KEHUM MarepHasia, HeoOXouMble HaualbHble
3HaHUS TI0 CYIIeCTBY 00CY»K/jaeMOii TEMBI.

B cnyuae, ecn opopmiieHre KypcOBOTo IIPOeKTa U TIOBefieHHe CTYZleHTa BO BPeMsl 3allUThl COOTBETCTBYIOT
yKa3aHHBbIM TPeOOBaHUsIM, CTY/IE€HT M0/TyYaeT OLeHKY:

- OLIeHKa «OTJIMUHO» BBICTABJSETCS, TIPYU MTPaBUIBHOM BBITIOJTHEHUM KYPCOBOTO MIPOEKTa, TIPaBU/IbHBIX OTBETOB
CTyZleHTa Ha BOIpockl npenogasaress oT 90 fo 100%;
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- OL|eHKA «XOPOIII0» BLICTAB/ISETCS, TPY He3HAUMTE bHBIX OIMOKaX B COZlep>KaHWU KypCOBOTO TTPOEKTa,
NpaBU/IbHBIX OTBETOB CTY/IeHTa Ha BOIIPOCHI Iperozasaress ot 75 10 90%;

- OLIeHKA «Y[OBIeTBOPUTE/IEHO» BBICTAB/ISIETCS, TTPY He3HAUMTe IbHBIX OLIHMOKaX B COZep>KaHUU KypPCOBOTO
TIPOEeKTa, NpaBU/IbHBIX OTBETOB CTY/eHTa Ha BOIIPOCHI Ipernozasaress ot 60 5o 75%.

- OL|eHKa «He 3alUTU/I» BbICTAB/ISeTCs, ITPY 3HAUMTe/IbHBIX OLIMOKaX B COAep)KaHUH KypPCOBOTO NIPOEKTa, IpU
JONYIL{eHNH TIPUHLMITHAIBHBIX OIIMOO0K B OTBETAX Ha BOITPOCHI IPEIo/iaBare/is - IPaBH/IbHBIX OTBETOB MeHee
60%.

OCHOBaHUSIMH /IJ151 CHVDKEHUSI OLIEHKU 3a KyPCOBOU MPOEKT MOTYT CJIYKHTb:

- HeOpEXXHOE BBITIOJTHEHHE,

- HM3KO0€e KaueCTBO rpadrueckoro Marepuasa (HeBepHbIi BLIOOp MacilTaba uepTeXkel, OTCyTCTBHE YKa3aHUs
eIMHULL U3MepeHus Ha rpadukax),

- He3HAUYNUTE/TbHBIE OITUOKHY MPH OTBETAaX Ha TEOPETHUECKHE BOMPOCHL.

KypcoBoii IPOEKT He MOXKET ObITh TIPUHAT U TIO/JIEXKUT riepepaboTKe B ciyyae:

- HECOOTBETCTBUS 3a/JaHUI0 Ha KYPCOBOE TTPOEKTHUPOBAHHUE;

- OTCYTCTBUsI HEOOXO/JUMBIX pa3/ie/ioB,

- OTCYTCTBUsI HEOOXOIUMOT0 TparUeCKOro MaTepHara,

- HEKOPPEKTHOM 00pab0oTKU pe3y/IbTaTOB BEIUMC/IEHUH.

I[TpriMeps! TeM JJisi KypCOBBIX paboT:

- AspojuHamMKKa BBICOKOCKOPOCTHOIO JIeTaTe/IbHOIO arrapara.

- MogenupoBaHue ra30JiHaMUueCKUX MPOLIECCOB, COMPOBOXKAAIOIINX Pad0OTy CUCTeM yrpaB/ieHus BEKTOPOM
TSATH.

- Belunic/mmrenibHOE MOZe/IMPOBaHKe raso- U TepMOJUHAMUAYeCKUX NlapaMeTpOB JIeTaTe/IbHOTO arapara.
- MccnenoBanme aspofHaMA4YeCKUX XapaKTePUCTHK TeJsl B BUXPEBOM Cjlefie HaJ, SKpaHOM.

- MopenvipoBaHue BrkeHust JIA ¢ yueToM paboThI a3pOMeXaHHUeCKUX CHCTEM.

- UccnenoBaHye yapHO-BOJTHOBOM CTPYKTYPHI B BO3AyX03abopHuke IJIA.

- BerunicMrensHOe MOZileTMpoOBaHue CTPYMHBIX U COTUIOBBIX TeUeHUH.

- UucsieHHOe pelileHMe 3a/lau ra30BOM AMHAMUKY C YUeTOM (PU3HUKO-XUMHUeCKUX TpeBpalljeHui.

- lNasoarHaMMKa ¥ a3poakyCTUKa aBuaJBuraresiei.

JAuddepennypoBanHkblii 3aueT
WToroBas o1jeHKa BLICTABJISIETCS TI0 pe3y/bTaTaM BhINOJHEHWs UTOTOBOT'O TecTa, cocTosiiiero u3 30
BOIIPOCOB
Bomnpoce! as1g npoBefieHrst TeOpeTUYeCKOro 3auerta TpezictaBienbl B Y MK AVCHUTIIMHELL
[Tpu mipoBeileHyM 3adeTa B JOpMe TeCTUPOBAHUs, yCTAaHABIUBAETCSI COOTBETCTBUE KOTMUEeCTBA TTPaBUTBHBIX
OTBETOB U UTOTOBOM OLIEHKU:
- meHee 60 % - He 3auTeHo;
- oT 60 10 80 % mpaBUJILHBIX OTBETOB — YZIOB/IETBOPUTEJIBHO;
-oT 81 10 90 % npaBU/IbHBIX OTBETOB — XOPOLLIO;
- oT 91 g0 100 % mpaBUIBHBIX OTBETOB — OTJIMYHO.
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[MacriopT doHa OLIEHOUHBIX CPeJICTB

AyauTopHbIe <
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5 9 Paspgen 1. Tepmora3zopunamuueckue 28 15 5 10 13 20 Oruer
MpOIecchl B TPy0ax U KaHa/Iax.
5 9 Pa3pgen 2. I'a3oauHaMMKa COMJIOBBIX 31 18 6 1 13 20 Oruer
KaHaJIoB.
Pazgen 3. Oco0eHHOCTH BHYTPEHHelH
5 9 |ra3ojuHaMUKU peaKTHUBHBIX 31 | 18 6 12 13 20 Ortuer
JABUTraTesIeH.
Kypcogast
5 9 |Pa3pen 4. KypcoBas pabota. 18 0 0 0 18 40 paBora
Bcero 3a 9 cemecTp 108 | 51 | 17 34 57 100
Bcero no guciuiuinee 108 | 51 | 17 34 57 100
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Kputepuu oneHuBaHus

OIIK-5
Bonpocbl omKkpbimoz2o muna:
Ne 1 Cdopmymupytite 3akoH [Tyaseiisst
Ne 2 Cdopmynupyiite 3akoH Japcu
Ne 3 [HaiiTe orpe/iesieHrie TIOHSITUIO «/ITaMHUHApHOE TeueHre»
Ne 4 [Haiite orpeesieHre MOHATHIO «TypOy/IeHTHOE TeueHHe»
Ne 5 [Haiite onpeesieHre MOHATHIO «JJaMUHAPHO-TypOy/IeHTHBIN 1epexof»
Ne 6 Kakoe TeueHne Ha3bIBarOT TeueHreM [lyaseinsa?
Ne 7 [JaiiTe onpefiesieHrie MOHITUIO «DKBHUBAJIEHTHBIN AUAMeTp KaHasaa»
Ne 8 Yem onpe/ienisieTcs BeTMUMHA Ko3dduiieHTa TypOy/IeHTHOH BA3KOCTH?
Ne 9 [HaiiTe orpe/iesieHrie TIOHATHIO «’KUBOE CeueHHe» B TH/IpaB/IKe
Ne 10 B uém 3akstouaetcs rurnoresa buo — @ypbe?
Bonpocbl 3akpbimoz2o muna:
Ne 1 [ToTepu yaenbHOM SHEPTUH B TH/PABINYECKUX CUCTEMAX, 00yC/IOB/IeHHbIe
Ha/IM4veM BSI3KOTO TPeHUs], Ha3bIBatoT ...
- TU/IpaB/InyeCKre TI0Tepu
- TU/ipaBIuvecKoe CONpOTUB/IeHUe
- MeCTHbIe TH/IpaBIdYecKure NoTepy
- COIPOTUBJIEHUEM TPEHUs
- repenaziom JjaB/lIeHust
Ne 2 I'uapaBauyeckuit paguyc KaHasa - 370 ...

- XapaKTepHbIW JTMHeUHbIN pa3Mep KaHasa, MUMeIoLero CMOUeHHbIN nepumeTp \(
\Pi \) 1 nnomazgs nonepeuHoro ceueHus \(S\), 1 paBHbIN X oTHOIIeHuUO \( r=S/\Pi \)

- YyeTBepThb AUaMeTpa Kpyr/iok Tpyosl \(r = d/4\)
- Pa3HOCTb BHYTPEHHETO U HapYKHOTO fuamMeTpoB TpyOsl \( 1 =D - d\)

- XapaKTepHbBINA TMHEeMHbIN pa3Mep HEeKPYI/IbIX KaHamoB \( T = a \), rae \(a\) -
Cpej/iHee 3HaueHe JTMHBI O0KOBOUM CTOPOHBI TIPSMOYTO/TBHOTO CEYeHHUs KaHaia
riotiazabio \( S = an2\)

- BeJIMUMHa, OTIpe/iesistolljas M/I0Ia b TIONIepeuyHoro ceueHHs KaHama
TIPOM3BOJILHOTO CeUeHust

Ne 3 3akoH I[lya3efins r1acuT, UTo NpY YCTaHOBUBIIIEMCS TaM{HApPHOM TeueHHH BSI3KOU
HECKUMaEeMOM >KUJKOCTH CKBO3b AyTMHHYIO ( \(1>>T1\) ) mpsiMyt0 LIUIUHAPUYECKYIO TPYOy
KpyT/ioro cedeHus paguyca \(r\) o0béMHBIN pacxof xugkocTu \(Q\) npsMo
MPOTIOPI[UOHAJIEH TIepenajly JaB/ieHus Ha efuHUIlY AuHbl TpyOs! \(\Delta p = p_1-p_2\)
1 0OpaTHO MpornopLyoHaneH k03¢ ¢uLyeHTy BI3KoCTH )ugkoctu \(\mu\):

\( Q = \frac{\pi r"4 \Delta p}{8 \mu 1} \)

\( Q =\frac{rA4 \Delta p}{4 \mu 1} \)

\( Q = \frac{\pi r"\2 \Delta p}{8 \mu 1} \)

- \( Q =\frac{rA2 \Delta p} {4 \mu 1} \)

Ne 4 B TypOynenTHOM TeueHur HabsmoaeTcst xaotudeckoe otkioHeHre (\(\Delta f\) )
TepMOruAporasofuHaMuueckrx rapamerpos \(f\) oT Ux cpefHUX 3HAYEHHIA \
(\overline{f}\). inTeHcHBHOCTb TypOy/IeHTHOCTH XapaKTepy3yeT BeJIMYMHA, PaBHAast
OTHOIIIEHUIO CPeIHET0 3HaYeHUs1 MTHOBeHHBIX Tysbcauuit \( \Delta\overline{f}\) u
cpennero 3HaueHus \(\overline{f}\) ...

- CKOpOCTHU
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Ne 5

Ne 6

Ne 7

Ne 8

- JlaB/ieHust

- TeMIepaTypsl

- MJIOTHOCTH

- 3aBUXPEHHOCTH

- BSI3KOCTH

IToTepu Haropa B rUZipaBIUYeCKUX CUCTeMaX, 00yC/IOB/IEHHbIE

Ha/IMY1eM BSI3KOTO TPeHHsI, TIPOIOPI[MOHA/LHEI KBaZIpaTy cKopocTu xkuakoctd \(\Delta p
= \zeta \frac{\rho vA2}{2}\), a KoaddurmenT \( \zeta \) Ha3bIBAIOT ...

- k03 PULIMEeHT MECTHOTO CONIPOTUB/IEHHS

- KO3 bHUIMEAT TPeHUS

- KO3 ULIMEHT BSI3KOCTU

- ko3 duimenT Japcu

- K03 dULIMEHT Nepenaja AaBieHus

B cootHomienun \( \Delta h = \zeta \frac{ vA2}{2 g} \), onpenenstoiem rmorepu Hariopa
B TU/IpaB/INueCKUX CUCTeMaXx NPH Pa3BUTOM TypOy/ieHTHOM TeueHUH HeC)KMMaeMOu
JKUAKOCTHU 110 TpybornpoBoay ayvHoi \(L\) u guamerpom \(D\), koadduriment \( \zeta \)
cBs13aH ¢ ko3ddurmentom Japcu \(\lambda\) Beipa>keHueM ...

— \(\zeta =\lambda L/D\)

- \(\zeta =\lambda D/L\)

- \(\zeta =\lambda \mu D/L \)

- \(\zeta =\lambda \pi L/D\)

- \(\zeta =\lambda 64/A\mathrm{Re} \)
Kosdpdurment dapcu \(\lambda\), onpezenstoiiuii motepr Ha TpeHUe T10 JTHHE

TpyOOIPOBO/IA B C/TyYae JJAMUHAPHOTO JABWKEHHUS KUKOCTH B TMIAJIKUX TpyOax c
JKECTKUMHM CTEeHKaMU, BBIUHC/IsieTCs TIo (hopmyste TTyasetins:

- \(\lambda = 68/\mathrm{Re} \)

- \( \lambda = 0,316/\sqrt{\mathrm{Re} }\)

- \(\lambda = 0,316/ \sqrt[4]{\mathrm{Re} }\)

- \(\zeta =\lambda \pi L/D\)

- \(\lambda = 64/\mathrm{Re} \)
Buxpem Ha3bIBaeTCs eArHast COBOKYITHOCTb YAaCTHL], JBUKYIIIMXCS
COBMeCTHO. Macirabom TypOy/IeHTHOCTHU SIB/ISIETCH ...

— PaCCTOsIHUE MEXY JABYMS OMKANITUMU YaCTUI[AMH >KUIKOCTH, He
MpUHaAJIeXalliMA OJHOMY BUXPIO

- PaCCTOsSIHUE MEXKy LieHTpaMu (0CSIMU) ABYX O/IMPKAMIINX BUXPEH B )KUAKOCTH
- CpefiHee PacCTOSTHYE MEXY ABYMS COCETHUMH BUXPAMU

- pacCTosiHUE MEXY IByMsi HauboJiee y/iaieHHBIMH JIPYT OT Jpyra YaCTHULIAMU
JKUJIKOCTH, TIPUHA/ITIEKAIUME O[HOMY BUXPIO

- cpeaHee 3HaueHre AruaMeTpa BUXPSA
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- XapaKTepHbBINA TMHEeNHbIN pa3Mep BUXPS

Ne 9 Ipu ycTraHOBUBILIEMCS TAMUHADHOM TeUeHUU BS3KOM HeCXKMMaeMOM )KUJKOCTH CKBO3b
muHAY0 (\(1>>1\) ) IpsAMYI0 TUIMHAPUUECKYIO TPYOy KPYIJIOTO CeUeHHS
pacrpe/ie/ieHrie CKOPOCTH TI0 TIPO/IOILHOMY CEYEHUE0 HOCUT Mapabo/inueCcKUil XxapakTep
U Ha3biBaeTcs npodunem [Tyaselins. PacripesienieHrie CKOPOCTU B 3aBUCUMOCTH OT
paccTosiHMS 10 0cv KaHasa \(r\) MpsiMo TIPOTOPLIMOHABHO Tepenazy AaBlaeHus Ha
enuHULY AyHBI TpyOB! \(\Delta p = p_1-p_2\) u 06paTHO TIPOTIOPIIMOHAIBHO
K03 durreHTy BI3KOCTH Xugkocty \(\mu\):

\( v = \frac{\pi 1\4 \Delta p} {8 \mu 1} \)

\( v = \frac{r"4 \Delta p}{4 \mu 1} \)

\( v = \frac{\pi 12 \Delta p}{8 \mu 1} \)

- \( v = \frac{r 2 \Delta p}{4 \mu 1} \)

Ne 10 st onvicanust TypOy/IeHTHOTO TedeHUsl )KUJKOCTU B KaHase y00HO pa3zie/iuTh MOTOK
Ha JiBe YacTH: 00/1aCTb TOHKOTO IPUCTEHOYHOTO BSI3KOTO TIOTPAHUYHOTO CJIOS U
L[eHTpa/bHasi 00/1aCTb HEBA3KOTO TeUeHus (s[po MOoToKa). TouHoh
TU/IPOAAHAMHYe CKOTO TIOIPAaHUYHOTO CJI0S1 Ha3bIBaeTCsl TAKOe PACCTOsTHUE
OT NIOBEPXHOCTH, Ha KOTOPOM ...

- CHJIbI TPEHUSI CTAHOBSTCS ITPEHeOPEXXUMO MaJibl [0 CPaBHEHUIO C CHJIaMH
JlaBJIeHUs ¥ NHePLUU

- CWJIBI 1aB/IeHUsI CTAHOBATCS MTpeHe0peXXrMO MaJibl TI0 CPABHEHUIO C CHU/IaMH
TpeHust

- CUJIbI BSI3KOCTH CTAHOBSITCSI TIPeHeOPeKMMO MaJIbl 110 CPAaBHEHHIO C CH/IaMU
VHepLn

- CKOPOCTB IOTOKA OCTaeTCA Hen3MeHHOU

- JKUIKOCTBb ABWXXETCA TOJIBKO JTaMHHAPHO
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