MwuHUCTEPCTBO HayKkM 1 Bbicliero obpasoBaHus Poccuinckon denepaumm
tdhenepanbHoe rocyaapcTBeHHoe GromxeTHoe oGpa3oBaTenbHOe yupexaeHme

BbiCLLUEro obpasoBaHus

«CaHkT-lNeTepbyprcknii rocyaapCTBEHHbIN YHUBEPCUTET NPOMbILUINIEHHBLIX TEXHOMOMIA U An3aiiHa»
(Cnerynta)

VAR

Loz

DIEOY BO«

YTBEPXOAIO
MepBbIi NpOpeKTOp, NPOPEKTOP

no YP

A.E. PyauH

Pabouasi nporpamma AUCUMUNIIUHBI

51.0.24

| TennomaccoobMeHHbIe MPOLIECCHI B 3aLLNTE OKPYXKatoLLen cpeabl

Y4yeOHbIN nnaH:

Kadenpa:

[ 18 ]

2026-2027 20.03.01 UMXnu3 Tb OO Ne1-1-98.plx

VHXeHepHOW XMMnn 1 NPOMBbILLIIEHHOW 3KONOru

HanpaBneHue noaroToBKu:
(cneumanbHOCTb)

Mpodmnb noaroToBku:
(cneunanusaums)

YpoBeHb 06pa3oBaHus:

dopma obyyeHus:

MNnaH yye6HOro npouecca

20.03.01 TexHocepHasn 6e3onacHOCTb

NHxeHepHas 3aluTa oKpyxatoLei cpeapbl

OakanaBspuaT

OY4Had

KoHTakTHasa pabota obyyarowmxcs .
Tpynoé dopma
( Cemecgrfa\o) M Na6 Cg m. | Koutpore, MKOCTb MPOMEKYTOHHOM
Kypc ansi pakKT. ab. paboTa yac. ’
Jlekumn 3aHSTUS 3aHSTUS] 3ET atTectayuu
yn 17 17 17 20,75 0,25 2
4 3avet
PO 17 17 17 20,75 0,25 2
. M 32 32 32 90 30 6 Ok3ameH, Kypcosoii
PO 32 32 32 90 30 6 NpoeKT
yn 49 49 49 110,75 30,25 8
WUTtoro
PNa 49 49 49 110,75 30,25 8

CaHkT-lNeTepbypr

2026




Paboyas nporpamma AnCUMNNUHBLI COCTaBMEHa B COOTBETCTBUM C dbeeparnbHbiM rocy4apCTBEHHbIM 0Opa3oBaTeflbHbIM
CTaHgapToM Bbicllero obpasoBaHus no HanpaeneHuto nogrotoekn 20.03.01 TexHocdepHasa 6e3onacHOCTb,
YyTBEPXAEHHBIM npukasom MuHobpHaykm Poccum ot 25.05.2020 r. Ne 680

CocraButens (u):
KaHOuaaT TEXHUYECKMX Hayk, [oueHT Bnacos lNaeen NeTposny

Ot kadeapbl cocTaBUTENS: BycbirnH Hukonan KOpbeBuy
3aBegyowmnn kadeapon MHXEHEPHOU XUMNA 1
NPOMbILLIIEHHOW 3KOMOrnM

Ot BbInycKkatoLLen kacdpeapbl: BycbirnH Hukonam KOpbeBuy
3aBeayownii kadeapon

MeTtoanyeckunn otoen:




1 BBEOEHME K PABOYEW NPOrPAMME OUCLUMNIIUHBI

1.1 Uenb paucuunnuubl: CdopmupoBaTb KOMMeTeHUMM obydatollerocs B 06nactu  TenyioMaccoOOMEHHbIX
npoueccoB, No3BoONAOLWME NPUMEHUTL 3HAHWS, YMEHUS U NTUYHbIE Ka4ecTBa AN pellueHus 3aaad obecnedeHnss TexHocdepHom
©es3onacHocTH

1.2 3agauv AUCLUUNMNHBIL:

* MNoka3aTb 0COGEHHOCTM NPOLIECCOB U annapaToB XMMUYECKON TEXHOMOTUN.

» PaccMoTpeTb KOHCTPYKLMM annapaToB 1 MeToAbl X pac4eToB

* MNokasaTb NyTN MHTEHCUPMKALMKN TENTIOMACCOOOMEHHbIX MPOLIECCOB.

1.3 TpeboBaHuA K NpeaBapuTeNibLHON NOAroToBKE OOy4aloLerocs:
MpenBapuTenbHasi NOArOTOBKA NpegnonaraeT co3gaHne OCHOBbI Anst GOpMMPOBaHMSA KOMMNETEHLMIA, YKa3aHHbLIX B M.
2, Npy U3y4YeHNN OUCLUMNIIUH:

MeTponorus u ctaHgapTusauns
MpuknagHasa mexaHuka

dusmka

MaTtemaTuka

VIH)XeHepHas 1 KoMmnbloTepHasi rpaguka

2 KOMMETEHUWU OBYYAIOWEINocsd, ®OPMUPYEMbBIE B PE3YJIbTATE OCBOEHUA OUCLIUMIINHDI

OlNK-1: Cnoco6eH yunTbiBaTb COBPEMEHHbIE TEHAEHLMN Pa3BUTUA TEXHUKM U TEXHONOIMMN B obnactn TexHoccepHon
6e30nacHOCTU, U3MEPUTENbHOW U BbIYUMCITUTENTbHON TEXHUKU, NH(POPMaLMOHHbLIX TEXHONOMMIA NPU peLleHun
TUNOBbIX 3aA4a4 B o6nacTu npodeccMoHanbHOM AeATEeNbHOCTU, CBA3aHHOW C 3alUUTON OKpYXKatollen cpeabl U
obecneyeHMeM 6e30NacHOCTU YerNoOBeKa;

3HaTb: OCHOBHble MapameTpbl TEXHOSIOrMYECKMX MPOLIECCOB, KOHCTPYKTUBHbIE OCOOEHHOCTM annapaTtoB W CUCTEM Kak
0OBLEKTOB yNpaBneHus Ans 3amThl OKpYKaloLel cpeapl.

YMmeTb: obecneumBaTth pelleHvWe 3ajady TexHocdepHoi GesonacHOCTM Mpu peanu3auuMim KOHKPETHbIX TEeXHOMOrMYecKmx
MpOLEeccoB, WCMoNb30BaTh OMTMMasbHbE YCMOBUS OCYLLECTBIIEHUS MPOMbILUSIEHHBIX TEXHOMOrMiA Ans  obecneyeHus
6e3onacHOCTM YernoBeka.

BnaneTb: HaBblkaMM aHann3a OCHOBHbIX MNapaMeTpoB TEeXHONoOrM4eckoro npouecca AOna OuUeHKU Sd)cbeKTVIBHOCTI/I
yMpaBreHYeCcKMX peLLeHnin No 3aliuTe OKpyKaloLen cpenpbl, 3Hepro- n pecypcocbepexeHus, obecneveHnto 6e3onacHoCTm
yenoBseka.




3 PE3YJIbTATblI OBYYEHUA MO AUCLUMITNHE

KoHTakTHas paboTa

cp MHHoBAaL. dopma

Tlexk. Mp. Jab. (4achi) dmprl TeKyLLero
(yachbl) | (4acwbl) | (4achl) 3aHATUM | KOHTPOSIS

HanmeHoBaHWe 1 cogepxaHvne pa3genos,
TEeM U y4eOHbIX 3aHATUN

Cewmectp
(kypc ans
3A0)

Pasgen 1. 'mgpaenuvka

Tema 1. T'mgpoctaTuka. OCHOBHOE ypaBHeHWe
rmapoctaTuku. [NpakTuyeckme Npuno-xeHns
OCHOBHOIO YpaBHEHWUS rMapOCTaTUKM
MpakTnyeckne 3aHaTuS. MNMpakTnyeckne
NPUNOXEHNS1 OCHOBHOIO YpaBHEHWS
rMapocTaTuku

JTabopaTopHble paboThl. OnpegeneHme cunbl
rMApPOCTa-TMYECKOro AaBneHuns

Tema 2. N'mpgpognHamuka. OCHOBHbIE
ypaBHEHUSA ABWXKEHMS XuakocTen. mgpoau-
HaMmyeckasi CTpyKTypa NOTOKOB.
MpunoxeHus Teopembl bepHynnu. MNoTtepun
OaBreHns Ha TPeHVe U MeCTHbIE
COMNPOTUBIEHUS.

MpakTuyeckne 3aHaTus. NprnoxeHns
TeopeMbl bepHynnu

JlabopaTopHbie paboTbl. OnpegenexHve
pexvMa TeYEHUSI XXUOKOCTML.

Pasgen 2. lNepemellyeHne XnakocTemn 1 rasoB

Tema 3. MNepemeLLeHne XngkocTen.
Knaccudumkauusa HacocoB. OCHOBHbIE
napameT-pbl HACOCOB. XapakTepUCTUKA
HaCOCOB, NPUHLMNbI ENCTBUS, BbIGOP.
MpakTnueckue 3aHaTusA. Hacocol. Pacuet
HaCOCHOW YCTaHOBKM

JlabopaTtopHasa paboTa. SkcnepuMmeHTanbHoe
onpeaeneHue KoaUUNEHTOB MECTHbIX
CONpPOTMBMEHUN N TpeHus. JlabopaTopHast
pabora. WMcnbiTaHne LeHTpobexHOro
Hacoca.

JlabopatopHas pabota. VicnbiTaHue

1,0

Tema 4. lNepemelleHne n cxaTtue rasos.
Mpouecchl cxaTnst razoB. Komnpeccopsi.
PaboTta cxaTtuns u notTpebnsiemasi MOLLIHOCTb.
WHankaTopHas guarpamma. CpaBHeHME U
06nacTu NPMMEHEeHUs KOMMPECCOPHbIX
MaLUWH PasfnyHbIX TUMOB.

Pasgen 3. NlmgpomexaHumyeckme MeToapl
pasgenenuns

Tema 5. OcaxgeHune. Knaccudmkaums
HEOOHOPOAHBLIX CUCTEM U CNOCOBbI X pasae-
neHus. MNMpouecc oTcTanBaHus. KOHCTpyKL MK 1 1 1 nn
OTCTOWMHWKOB.

MpakTnyeckue 3aHaTua. OTcTanBaHue

Tema 6. dunbTpoBaHue. KoHCTpyKUnn on
vnbTpOB. ’
MpakTnyeckue 3aHaTuA. dunbTpoBaHne
JlabopaTopHble paboTbl.
JKkcneprvMeHTansHoe onpegeneHne KOHCTaHT
unbTpOoBaHUSA

Tewma 7. lNepemewmBanne. MoLwHOCTb,
notpebnsemasi mewankon. KoHCTpykuum 1 1 nn
MeLLanoK.




Pasgen 4. OcHoBbI Tennonepeaayn

Tema 8. OcHoBHble NoHATUSA. Cnocobbl
nepeHoca TennoTbl. TennonpoBoaHOCTb.
YpaBHeHUs1 TENNONPOBOAHOCTH.

Tema 9. KoHBekTMBHasA Tennootgava.
MexaHn3m nepeHoca TennoTbl. YpaBHeHue
Tennootaayun. Tennosoe nogobue.

nn

Tema 10. OcHOBHOE ypaBHEHUNE
Tennonepenayn. CpeaHsast pasHoOCTb
TemnepaTyp

JlabopaTopHble paboTbl. N3yyeHne npouecca
Tennonepeaayn (onpegeneHne NoBepPXHOCTH
Tennonepeaayn TennoobMeHHNKOB)

nn

Pasgen 5. Tennosble npouecchl

nn

0o.n

Tema 11. NMpOMbILNEHHbIE TENSIOHOCUTESN.
Mpouecchl HarpeBaHWs, OXNaXAEHNS,
KoHOeHcaunn. PacyéT u KOHCTPYKL MK
TennoobMeHHbIX annapaTos.

MpakTnyeckme 3aHATUSA. PacyéT u
KOHCTPYKLUMM TENNTOOOMEHHbIX annapaTos.

Tema 12. NMpouecchl BbinaprBaHus.
YpaBHeHMa MaTepuanbHbIX U TENNOBbIX
©anaHcoB 0OHO- 1 MHOTOKOPMYCHOW
YCTaHOBOK.

MpakTuyeckune 3aHATUA. MaTepumanbHble 1
Tennosble BanaHCbl O4HO- N MHOrOKOpPMyC-
HOW BbINapHbIX YCTAHOBOK.

nn

Tema 13. TemnepaTypHble NoTEPU NpPU
BblnapmBaHun. NonesHas pasHOCTb TemMne-
paTtyp n eé pacnpeaereHune no koprycam.
YCTpoWCcTBO BbiNapHbIX annapa-ToB. Pac4ér
BbINapHbIX YCTAHOBOK.

MpakTuyeckune 3aHATUA. PacuyéTt BbinapHbIX
YCTaHOBOK.

nn

UTtoro B cemecTpe (Ha kypce ansa 3A0)

1,75

mn

KoHcynbTauum 1 npoMexyTodHas atrectaums
(3auver)

17

17

17

20,75

0,25

Pasgen 6. Macconepegada

Tema 14. OcHoBbl Macconepegayn. Oduwme
NonoXeHusi. YpaBHEHUSI MAcCOOTAauN U
macconepegayu. lNogobue onddy3noHHbIX
NpPOLIECCOB.

MpakTnyeckue 3aHsaTus. Cnocobbl
Bblpa)xeHus1 cocTaBa ¢as

Tema 15. YpaBHeHne maccooTtgadn. Nogobue
NMpPOLIECCOB NEPEHOCa MacChbl  ypaBHEHWUSI
MaccooTaauu.

MpakTunyeckme 3aHATMA. MeToabl pacyeTa
MaccoobMeHHON annapaTypbl

nn

Pasgen 7. Abcopbuus, agcopbuus

nn

on

Tema 16. XapakTepucTtmka npoLeccos.
MaTepuanbHblii M TennoBon 6anaHc abcopb-
umn. Oecopbums. Pacuet abcopbepos.
CxeMbl abCOpOLIMOHHBLIX YCTAHOBOK.
MpakTnyeckue 3aHsaTus. Abcopbums

Tema 17. Aocopbums. MNMpombILLneHHbIe
agcopbeHTbl. KoHCTpyKuumn n pacyéT agcop-
©epoB NeprmoanyecKoro n HeNnpepbLIBHOMO
nencraus.

MpakTnyeckue 3aHaTusA. Agcopobums

nn

Pasgen 8. lNeperoHka un pektudukaums

nn

PrP




Tema 18. ®a3zoBoe paBHOBECUE XUOKOCTb-
nap. MNpocTtasa neperoHka.

JlabopaTopHble paboTbl. N3yyeHne npouecca
NPOCTOW NEPEroHKn

Tema 19. Pektudukaums. YpaBHeHUs
paboymx NMUHWUIA ANs BEPXHEN N HUXKHEN
yacTen KONOHHbI. KOHCTpyKUun n pacyeT
PEKTUDMKALMOHHBIX KOMOHH.

JlabopaTopHbie paboTbl. N3ydeHne npouecca
peKkTuduKaumm OMHapHbIX cMecen

10

nn

nn

Pasgen 9. Qkctpakuums

Tema 20. SkcTpakumnsa n3 pacTBopoB.
PaBHoOBecue B cuctemax XnakocTb-
XNOKOCTb.

JlabopatopHble paboTbl. MI3yyeHne npouecca
KCTpaKUmnn.

nn

Tema 21. PacyéT npouecca akcTpakumm.
KOHCTpyKUMM SKCTPaKTOPOB.

12

nn

no

Pazgen 10. Cywka

Tema 22. MNMpoueccol cywkun. Knaccndpukaums.
Onarpamma coCcTOosiHUS BNaXXHOro Bo3ayxa.
MaTtepuanbHbii 1 TeNnNoBoKr GanaHchl
npouecca cylwku. Pac4yéT npouecca CyLiku.
MpakTuyeckne 3aHaTUSA. PacyeT cyimnok
JlabopatopHkle paboTbl. MI3yyeHne npouecca
CYLLUKM B KMMNSLLEM CIioe

nn

Tema 23. CneumanbHble BUAbI CYLLKA U TUMbI
CYLLIMIOK.

JlabopaTopHble paboTbl. N3yyeHne npouecca
KOHBEKTUBHOW CYLLKN MaTepuanos

nn

WUtoro B cemecTpe (Ha kypce anga 3A0)

32 32 32

90

KoHcynbTaumm n npoMexyTodHasa atrectaums
(Ok3ameH, KypcoBoW npoekT)

55

24,5

Bcero koHTakTHas pa6orta n CP no
AucuunnvHe

152,75

135,25

4 KYPCOBOE NPOEKTUPOBAHUE

4.1 Uenun n 3agaum KypcoBon paboTbl (NpoekTa): — 3akpenneHue, yrnybnexHme n obobLieHne 3HaHnn, NonyyYeHHbIX

CTYAEHTOM MO TeopeTnyeckoii 1 Nabopa-TopHbIM YacTaM Kypca;
— NPUBMTUE CTyAEHTaM HaBbIKOB CaMOCTOATENbHOM paboThl MO peLleHno KOMMIIEKCHO 3a4aym, a Takke no

COCTaBIIEHUIO TEXHUYECKOMN OOKYyMeHTauunu;

— pacCcMOTpeTb BOMNPOCblI COBPEMEHHOIO COCTOAHUA N NEepPCNneKTUBbl Ppa3BUTUA TENNIoMacCcoOOMeHHbIX npoteccos,

npuMeHdeMbIX B I'IpOMbILIJJ'IeHHOIZ 3KOJ10TnK;

— NOKa3aTb 3HaHMe TEXHNYEeCKNUX OaHHbIX, crnocobos ynpaBneHusa TEXHOJTOrMYECKON yCTaHOBKOIZ;
— NPOU3BECTU pacHeT U NpOEeKTUpoBaHME YCTaHOBKU B COOTBETCTBUN C TEMOWn KypCOBOro npoekTa.

4.2 TemaTtuka KypcoBo#i paboTbl (NpoekTa): PacyeT Tenno- nnu MaccooGMeHHOM NPOMBILLNEHHON YCTaHOBKM

1. Pac4yeT BbINapHOW yCTaHOBKM
2. PacyeT abCcopOLUMOHHOM YCTAHOBKM
3. Pac4yeT agcop6bLMOHHOM YyCTaHOBKM

4. Pac4yeT pekTudUuKaunoHHON yCTaHOBKU

4.3 Tpe6oBaHUA K BbIMOMHEHUIO U NPEeACTaBIIEHUIO pe3yNbTaTOB KypcoBOM paboThbl (NpoekTa):

1) pesynbTatbl NPEACTaBMASIOTCA B BUAE MNOSICHUTENbHOM 3anucku obbemom 25-40 cTp.,

annapara,

3) BbIGop cnocoba peanusauumn 3agaHnin KypcoBoro NpoekTa (S3blk NporpaMMUpPOBaHUS, aBTOMaTU3POBaHHAaA cpeaa
MOZEeNMpoBaHUs U pacyeTa, MaTeMaTU4Yeckue Nporpammbl) — Mo XenaHUo cTyaeHTa. PekoMeHayeMble cpeacTBa peanusauum

— Borland Delphi, Mathcad;

BKIIOYasA TeKCTbl
pa3paboTaHHbIX NPOrpamMMHbIX MPOAYKTOB. [MoscCHUTENbHasa 3anvcka BbIMOJHAETCA B TEKCTOBOM pefdakTtope ¢ cobniogeHnem
npasun ocpopmneHms no FOCT 7.32-2017, a cnMCOK NCMOMb30BaHHbIX UCTOYHMKOB - no TOCT 7.0.100-2018

2) rpadmyeckan 4acTb — MpuHUMNUanNbHas TeXHONornyeckass cxema YCTaHOBKW, YepTex obLliero Bmga OCHOBHOMO

4) npu 3almUTe KYPCOBOro NPoeKTa 06y4atowmnMcs AOMKHbI BbITb NPOAEMOHCTPUPOBaHbI paboToCnocoGHbIe




nporpamMmmHble NpPpoAYKThl U BbIMOJTHEHHbIE rpa(bmqecme MaTepuanbl.

5. ®OH[ OLLEHOYHbLIX CPEACTB AN NPOBEQEHUA MPOMEXYTOYHOW ATTECTALMU
5.1 OnucaHue nokasaTteneun, KpUTepmeB U CUCTEMbI OLLeHUBaHUSA pe3ynbTaToB 00y4YeHUs

5.1.1 NokasaTenu oueHNBaHUA

Koa
KoMneTeHunn

MokasaTtenu oueHnBaHUA pe3ynbTaToB O6y‘-IeHVIF|

HanmeHoBaHWe oLeHOYHOro
cpenctea

obecneveHnem TexHocdepHon 6e3onacHoOCTH.

OriK-1

BO3JENCTBUA Ha OKpYXatoLyto cpeay.

3arps3HeHns TexHocdKepbl

dopmynupyeT OCHOBHbIE 3aKOHbI B 0611aCTU TennoMmaccoobMeHHbIX
npoueccoB, METOAbl OLEHUBaHUS paboTbl TEMNOSHEPreTUYECKOro
060opya0oBaHUs, ONUCLIBAET UCTOYHUKM HAY4YHO-TEXHNYECKOW
MHdopMaLUK AN BbINOMHEHUS pacyeToB TensioMaccoobmMeHa ¢

WMcnonb3yeT nonyveHHyto B pesynbtaTe o6y4eHnss TeopeTudeckyto 1
npakTuyeckyto 6a3y onsg nonyvyeHnss MaTeMaTM4ecKoro onucaHus
0OBEKTOB M cUCTEM B BuAe AnddepeHumanbHbiX YpaBHEHNNA,
CTPYKTYPHbIX CXEM, NOCTPOEHUS UX XapaKTePUCTUK AN YMEHbLUEHWS

KoMnneKkcHO oLeHMBaEeT TEXHUYECKYHO U TENNO3HEPreTUYECKYHo
3(pPEKTMBHOCTL TEMIOMACCOOOMEHHBIX OO BLEKTOB, MPUMEHSET
MaTeMaTU4yecKkMe MeToabl Ansi peLeHns LUIMPOKOro Kpyra 3agay
TennomaccobmeHa B TEXHOMNOMMYECKUX NpoLeccax Ansi CHMKEHUS

Bonpocbl gns ycTHOro
cobecenoBaHus.

MpaKTUKO-OpUeHTUPOBaHHOE
3apaHve.

5.1.2 Cucrtema n KpuTepum oueHUBaHuUA

Kputepuun oueHnBaHnsa cpopMMpOBaHHOCTU KOMMETEHLNIA

LLikana oueHuBaHus
YcTHoe cobecenoBaHue

MncbmeHHas paboTta

IMonHbIN, ncyepnbiBaOLWNN OTBET, ABHO
npeameTa 1 LUMPOKYH 3pyANLIMIO B OLe-

HanbHbIN NOAXOA K MaTepuany.
KayecTBO MCMOMHEHMUS! BCEX 3NEMEHTOB
MPaKTUKO-OPUEHTMPOBAHHOIO 3afaHust
MONHOCTBIO COOTBETCTBYET BCEM Tpebo-
BaHMWsM.

YuuTtbiBatoTcs 6annbl, HAKONMEHHbIE B
TeyeHue cemecTpa.

5 (oTnnyHO)

AEMOHCTPUPYIOLLMIA ry6oKoe NoHUMaHue

HMBaemon obnactu. Kputnueckuia, opuru-

ObyuyaroLmincsa BCeCTOPOHHE 1 rny6oko
pa3paboTan TemMy Ha OCHOBE LLUMPOKOro Kpyra
WCTOYHMKOB TEXHUYECKON NuTepaTyphbl u
HOPMaTUBHO-TEXHUYECKON AOKYMEeHTaLumm,
NPOSIBUI CAMOCTOATENBHOCTb, NPeAcTaBun
npaBurbHbIE pac4eTbl U BbIBOAbI, HET
CYLLLECTBEHHbIX HEAOCTATKOB B NOSACHUTENbHOW
3anucke (rpadmyeckon 4yacTn n ctune
N3roXeHns1), MpK 3aLuuTe KypcoBOro NpoeKTa He
JonyLieHbl NOrpeLIHOCTM B UHTeprpeTaumm
noaxofa K peLleHuto 3afayn U pesynbTaToB.

OTBeT NOSHbINA, OCHOBAaHHbIN Ha
npopaboTke Bcex 0b6a3aTenbHbIX
NCTOYHUKOB MHGopMaumn. MNMoaxoa K
mMaTepuany OTBETCTBEHHbIN, HO
CTaHOapTHBbIN.

4 (xopoLwuo) MHaveugyanbHOe NpakTuKo-

TOJIbKO OCHOBHbIMU NMogxonaMu.
YuntbiBatoTCst 6annbl, HAKOMNMNEHHbIE B
TeyeHune cemecTpa.

OpueHTUnpoBaHHOE 3adaHne BbINOJIHEHO B
JocTatoyHOM o6beme, HO orpaHun4vmBaeTca

Obyuatowmiicsa B NosIHOM 06beme BbINOMHWI
KYpPCOBOW NPOEKT, NPOSIBUIT CAMOCTOATENBHOCTb,
npencTaBun NpaBuIlbHbIE PacYeThl U BbIBOAHI;
HeT CyLLECTBEHHbIX HE4OCTATKOB B
NOSICHUTENbHOM 3anncke (rpadnu4eckon 4acTu u
CTUNE MU3NOXEHUN), NpW 3aLumMTe KypcoBOro
npoekTa gonylueHbl HebonbLUne NOrpeLLIHOCTY B
WHTepnpeTauun noaxoaa K peLleHuo 3agayu n
pesynbTaToB.

NeKUMOHHblE MaTepuansl, 6e3
camMocCTosiTENbHOM paboThl C
pekoMeHA40BaHHOMW NMTepaTypomn.
[eMoHCTpMpyeT NoHMMaHWe npeaMmeTa B
uenom, 6e3 yrnybneHus B getanu.

3 (yooBneTBoOpuUTENbHO)

npaKTI/IKO-OpVIeHTVIpOBaHHOG 3afaHune
oTAelbHbl€ CyWeCTBEHHbIE omnbku.

YuuTbiBatoTCA 6ansbl, HAKOMNMEHHbIE B
Te4YeHne cemecTpa.

OtBeT BOCnpon3BOoOUT B OCHOBHOM TOJ1bKO

MpUCYTCTBYIOT CYLLIECTBEHHbIE OLIMBKA Unn
npobernbl B 3HaHUAX MO HEKOTOPbLIM TEMaM.

BbINOJIHEHO MOJIHOCTbK), HO B pa60Te €CTb

ObyuaroLmincs B LLenoM BbIMOMHUI KypPCOBOK
NPOEeKT, NpeAcTaBu peLleHne Bcex 3afay, Ho
NPOSIBUN HEAOCTATOYHYHO CAMOCTOATENbHOCTb, 1
notpeboBanach CyLecTBeHHas MOMOLLb
npenogaBaTens; HeT CyLLECTBEHHbIX
HeAoCTaTKOB B MOACHUTENbHOM 3anucke
(rpadhmnueckon yacTu n cTUNe N3NOXeHUs).

2 HenoHnmaHue 3agaHHoOro Bonpoca.

OGyLIaPOLLI,MMCﬂ npeactasiieH 4aCcTtu4Ho




(HeypoBneTBopuTEnbHO) | MPaKTUKO-OPUEHTVPOBAHHOE 3adaHne He

HecnocobHocTb cchopMynmpoBaTh X0Ts Obl
OTAENbHbIE KOHLENUUN ANCUUNINHDI. .

npoekTa), Npu 3TOM coaepXKaLLuin rpyoble
BbINONHEHO. He yuntbiBatoTCcsa 6annbl,

CTYOEHTOM pa3pa6aTb|BaeM017| MM TEeMbl.
HaKonrieHHble B Te4eHne cemecTpa.

3auTeHo OTBETbl Ha BCe NOCTaBJI€HHbIE BONPOCHI,

OO6yyatoLmincsa nokasbiBaeT BCECTOPOHHEE
3HaHWe AUCLMMIUHBI, OPUEHTMPYETCS B
OCHOBHbIX MOHATUAX, TEPMUHAX U
onpepgeneHnax, He gonyckaet
CyLeCTBEHHbIX oLmnbok Bo BpemMsA yCTHOro
cobecenoBaHus. ObyvaroLwmicsa gaét

coaepkaHue oTBETOB NO3BOSSIET
MONOXUTENbHO XapaKTepu3oBaTb
cthopMUPOBAHHOCTb KOMMNETEHLINN.
OOyuaroLmiics npaBubHO U B
[oCTaToMHOM 06 beMe BbINOSHAET
npakTu4eckoe 3agaHve

He 3auyTteHo AonyckaeTt npun oTeeTe Ha BOMPOCHI

OOGy4yatominca He UMEET JOCTaTOYHOro
YPOBHS 3HAHWS AUCLMNIIMHBI, MIIOX0
OPUEHTUPYETCS B OCHOBHbIX MOHATUSIX U
onpeaeneHnsix, HEKOPPEKTHO NOHUMAaET
CYLLHOCTb MOCTaBeHHbIX BOMPOCOB,

CYLLIECTBEHHbIE OLLIMOBKN, codepkaHue
OTBETOB MO3BONSAET OTpPULATENBHO
XapakTepu3oBaTb ChOPMUPOBAHHOCTb
komneTeHumnn. Oby4vatoLwnnca He MoxXeT
BbINOMHUTb NpPaKTUYecKoe 3afaHue.

5.2 TunoBble KOHTPOINbHbIE 3a[laHUSA NN UHbIE MaTepuarnbl, He06XxoANMbIE AN OLeHKN 3HaHUNA, YMEHUN,
HaBbIKOB U (MNK) onbiTa AEATENbHOCTU
5.2.1 MNepeyeHb KOHTPOSIbHbLIX BONPOCOB

Ne n/n | DopMynNnpoBKM BONPOCOB
Cemectp 4

1 'aopaBnuka-Hayka 0 3akoHax xuakocTu. Ee coctaBHble YacTu.

2 OcHOBHble hr3nveckne napameTpbl KUOKOCTU, UX PA3MEPHOCTb, (PU3NYECKUI CMBICHT.

3 OcCHOBHbIe 3aKOHbI rMapocTaTukK: Aunepa, MNMackanst 1 OCHOBHOWM 3aKOH COXPaHEHWsI SHEPTUN B TMAPOCTATUKE.

4 OCHOBHbIE 3aKOHbI ABMXEHUS XUAKOCTEN: AnddhepeHLmanbHble ypaBHEHUS ABUXKEHUS- HEPA3PbLIBHOCTMH,
HaBbe-Ctokca, bepHynnu u MareHa-lNyasenns.

5 MoTepun aHeprum (Hanopa) No ANMHE NpU PasnNUYHbIX YCNOBUSX ABWXeHNS xugkoctn. OnpegeneHune
K03(pp1UNEHTOB TpEHMS.

6 MecTHble rugpaBnmyeckue conpoTusneHns. MNpuunHbl NoTepu Hanopa (3IHeprum) B MECTHOM CONPOTUBMEHUN.

7 MpumeHeHne Teopun nogobusa Npu peLleHnn rmapoaMHaMmnyeckmx 3agaud.

8 MpakTuyeckoe NpMMeHeHne OCHOBHbIX 3aKOHOB MMAPOAUHAMUKN.

9 M'MopoanHamuyeckme pexmMbl ABUKEHUS XUOKOCTU.

10 Mopaenuyeckuii pacyeT TpybonpoBoda. XapakrepucTuka Tpybonposoaa.

11 Hacocbl. Knaccudgumkaums. I'Ia}pameprl paboTbl HACOCOB (NPOM3BOAUTENBHOCTb, HAMOP, MOLLHOCTb,
KO3 pMLMEHT NONE3HOro AENCTBUS).

12 LleHTpobGexHbIn Hacoc. YCTPOMCTBO U NPUHLMN OENCTBMS.

13 MopLuHeBon Hacoc. YCTPONCTBO M NPUHLMN OENCTBUS.

14 Mpouecchl cxaTus rasos.

15 Komnpeccopbl, BEHTUNATOPLI, ra3ogyBk1. HasHaveHwe,

16 MopLuHeBbIe kKoMnpeccopsl. iHaMkaTopHasa gnarpamma.

17 Knaccudmkauns HeogHOPOOHbIX CMecel U cnocobbl U3 pasfaeneHust.

18 OcaxgeHune YyacTul noa AerncTBneM cunbl TskecTn. KoadbdnumMeHT conpoTUBEHNS NPU pasnnyHbiX YCNOBUSAX
obTekaHMsa YacTuLbl XUAKOCTbIO.

19 BrnvaHne dopmbl YacTULbl U CTECHEHHOTO OCaXAEHMS Ha CKOPOCTb ABWMXEHUS YacTuL,.

20 KoHCTpyKUMM OTCTONHUKOB.

21 dunbTpoBaHme. CKOpPOCTb hUNbLTPOBaAHUS.

22 KoHCTpyKUmMn ounbTPOB NEPUOSUYECKOro 1 HENPEPBLIBHOIO AENCTBUS.

BbIMOMHEHHbIN NPOEeKT (peLIJeHbI He BCe 3ajaHunA

omnbku, cBmgeTenbCTByOlne O HEMOHNMaHUN




23 LieHTpudyrnposaHue. ®aktop pasaeneHus. HQekc npom3BoanTensHOCTH.

24 KoHCTpyKUuMmM LeHTprndyr Nepuoamyeckoro 1 HenpepbIBHOro AECTBUS.

25 MepemelwmBaHme. MoLLHOCTb, 3aTpaynBaemas Ha MexaHn4eckoe nepemMeLuBaHme.

26 Tennonepegaya. Cnocobbl TennonepeHoca (TennonpoBOAHOCTb, KOHBEHLWMS, TENNOBOE U3Ny4YeHNe-CyLLHOCTb
Kakgoro crnoco6a).

27 Tennoson 6anaHc.

28 YpaBHeHue TennonpoBogHocTU. KoadhduumneHT TennonpoBoAHOCTMU.

29 YpaBHeHue TennooTtaauun. KoaduumneHT Tennootgayn.

30 YpaBHeHue Tennonepeaayn npy NOCTOAHHbLIX TemnepaTtypax TennoHoCuTenen.

31 YpaBHeHUe Tennonepeaayn npy nepemMeHHbIX Temnepartypax.

32 CpefHsaa pasHOCTb TemnepaTyp Npu NPSMOTOKE U MPOTUBOTOKE.

33 KoHCTpyKUMM TennoobMeHHLIX annapaTos.

34 Cnocobbl MHTeHCcUdUKaLmm npoLecca Tennonepeaayun.

35 OCHOBHbIE NPUHLMMLI ONTUMAarnbHOMO NPOEKTUPOBaHWSA TENNOOBMEHHON annapaTypbl.

36 BeinapmeaHue. BapnaHTbl npoBeaeHus npouecca.

37 lMpon3BoaMTENBHOCTL BbINAPHOro annapara no BblinapeHHon BoAe.

38 Pacxop rpetowyero napa B 04HOKOPNYCHOW BbINapHOW YCTaHOBKW.

39 Pacxon TennoTbl No koprnycam B MHOTOKOPMYCHOW BbiNapHOW YCTaHOBKMW.

40 TemnepaTypHble NOTepU Npu BbinapusBaHuu.

41 O6Lwas n nonesHas pasHOCTb TeMnepaTyp B MHOFOKOPMNYCHOW BbliNapHOW YCTaHOBKE.

42 KoHCTpyKUMKM BbiNapHbIX annapaTos.

Cemectp 5

43 MaccoobmeHHble npouecchl. Knaccndukauusi MaccoobMeHHbIX MPOLEeCCoB. [BMXKyLLME CUnbl
MaccoObMeHHbIX NpOLEeCCoB.

44 Macconepenaya. ®a3oBoe paBHoBecue. MatepuanbHbIn 6anaHc. YpaBHeHUe paboyer NMHUN.

45 MepeHoc BellecTBa B hade. MonekynspHas un TypbyneHTHas anddysus. YpasHeHus. KoadhduumneHToi.

46 YpaBHeHue maccootgauun. KoadpduumneHta maccootgaun.

47 YpaBHeHue macconepegaun. KoadhdumumeHT macconepenaum .

48 CpenHsasa gBuxyLlias cuna npowecca macconepegaym.

49 Yucno eamHuy nepeHoca. Beicota eanHuy, nepeHoca.

50 Abcopbunsa. PaBHoBecue ras — XmakocTb. MaTepuanbHbii 6anaHc.

51 Bbibop abcopbeHTa. YpaBHeHue paboyen nuHmn. Pacxog abcopbeHTa.

52 KoHcTpykumm abcopbepos.

53 Apcopbuus. PaBHoBecue npu agcopbummn. NpombiwneHHble ancopbeHThl.

54 Cragum npouecca agcopbumun. Pacxoa napa Ha gecopbumto.

55 KoHcTpykumm agcopbepoB HENPEepbLIBHOMO 1 NEpPUOaUYECKOro AENCTBUS.

56 PaBHOBeCUe XMOKOCTb — Nap B uaearbHbIX U peanbHbIX CUCTEMAX.

57 dun3nko-xmmMmyeckne ocHoBbI NpoLieccoB neperoHku. MpocTtas neperoHka. MaTepuanbHbIi 6anaHc.

58 BapuaHTbl npoBegeHMs npoLecca NeperoHKu.

59 PUn3NKO-XMMMYECKME OCHOBBI pekTudnkaLmmn. MatepuanbHbin 6anaHc pekTUUKALNOHHOM KOMOHHbI.

60 YpaBHeHUe paboyen NMHUM 4Nsi BEPXHEN YacTn PeKTUMOMKALMOHHON  KOMOHHbI.

61 YpaBHeHUe paboyen NMMHUM ANst HUKHEN YacTU peKTUPMKALNOHHON KOMOHHbI.

62 PekTugukaLmoHHas ycTaHOBKa HeNpepbIBHOIMO AENCTBUS.

63 OkcTpakuus. PaBHoBecue XMOKOCTb-XUAKOCTb. BapraHTbl npoBeaeHus npoLecca aKCTpakuuu.

64 PacueT ogHOKpaTHOW 3KCTpaKLnN.

65 KOHCTpyKUMM 3KCTPaKTOpOB.

66 Cywka. Knaccndukaums npoLeccoB CyLUKW.

67 Ownarpamma cocTosiHus BnaxHoro sosgyxa. MNapameTpbl BnaxHoro sosagyxa. lNpouecchl oxnaxgeHus un
HarpesaHusa BO3gdyxa.

68 BapunaHTbl npoBeAeHns npoLecca CyLUKK.

69 KOHCTPYKLMM KOHBEKTUBHBIX N KOHTAKTHBIX CYLUWUIIOK.




5.2.2 TunoBbIe TecTOBbIe 3aAaHusA

He npegycmoTpeHo
5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBAaHHbIE 3afaHNA (3apaym, Kerchbl)

1. OI'Ipe,D,eJ'IVITb cuny n36bITOYHOIO r'MapoCcTaTU4eCKoro aaBlieHUA Ha BEPTUKalribHYH NMPAMOYTOJibHYH CTEHKY B

3aKpbITOM cocye. BbicoTa cTeHkM2 M, WwnprHa 8 M, NoBepPXHOCTHOE N30bITouHOE aasneHue 50 Kla.

2. Touka npucoeguHeHNst OTKPbLITOro Nbe3omeTpa 3arnybneHa Ha 4 M Nof YpOoBeHb BoAbl, @ abContoTHOe
[aBneHue Hag cBoboaHOM NoBEPXHOCTLO cocTaBnsieT 1,3 atM. Onpegenute BbICOTY NogbemMa BoAbl B OTKPLITOM

Nnbe3omeTpe.

3. Maponpoeog anuHon 40m guameTpom 51x2,5 mm nsonnpoBaH crnoem npobku TonwmHom 30 mm.
Temnepatypa noBepxHOCTM BHYTpY naponposoda 175 oC, noBepxHOCTM n3onsdunm cHapyxum — 45 oC. Onpegenutb
KONM4eCcTBO TEMMOTLI, TepsieMoe B 1 Yac NoBEPXHOCTLIO NaponpoBoa. KoagdurumeHTsbl TeNNONpoBOAHOCTY CTanu u
n3onsaumm paBHbl COOTBETCTBEHHO 46,5 BT/(M2 K) n 1,05 B1/(M2 K).

4. FopsYnii KOHLEHTPUPOBAHHbIV PacTBOP, BbIXOOALLMIA U3 BbIMAPHOro annapara ¢ Temneparypown 106 oC,
ncnonb3yetcs Ana nogorpesa 4o 50 oC xonogHoro pasbaBrneHHOro pacTeopa, NOCTYNakLLEro Ha Bbinapky €
Temnepatypon 15 oC. B TennoobmMeHHVKe KOHLLEHTPMPOBAaHHbIN pacTBOp oxnaxaaetcs Ao 60 oC. Onpegenute
TemnepaTypHbI Hanop Npu NPSIMOTOYHOM ABUXEHUN PaCcTBOPOB.

5. Mpw npoBeAeHUN pekTUdMKaLIMM KONMYECTBO Napa NOoCTynatoLero n3 KONoHHb! B edriermaTop coctaBnsieT
3000 «kr/4, konnyectBo anctunnara — 1000 kr/y, konudecTBo ncxogHon cmecu — 5000 kr/4. OnpegenuTe drermosoe

4ucno.

5.3 MeToanyeckue maTepuansl, onpegensitowme npoueaypbl oLeHMBaHUSA 3HaHUN, YMeHUI, BnagaeHuin (HaBbIKOB
M (MUNM) NPaKTUYECKOro onbiTa AeATEeNbHOCTH)
5.3.1 YcnoBusa gonycka oby4alolerocs K NpoMeXxyTo4HOM aTTecTauum 1 NopsaaoK NMMKBUAaUUM akageMnyeckomn

3a40JTKEeHHOCTU

MpoBeaeHre NPOMEXYTOYHON aTTeCTaLUMN perfnameHTUPOBaHO NOKanbHbIM HOPMaTUBHBLIM aktoM CI6IYITaA
«lMonoxeHue 0 NpoBeAeHNM TEKYLLEro KOHTPOIS YyCNeBaeMOCTU Y NPOMEXYTOYHOM aTTecTauumn obyyatoLmxcsa»

K 9K3aMeHYy OonycKaroTCA CTyAEeHTbl, NONTHOCTbIO BbINOJTHMBLUME U 3allnTUBLLNE na6opaToprle pa6OTbI.

5.3.2 ®dopma npoBeaeHNA NPOMEXYTOYHOM aTTecTauMu No AUCLUNIINHe

YcTHas +

MucbmeHHas

KOMI'IbPOTepHOG TecTupoBaHune

5.3.3 Ocob6eHHOCTU NpoBeAEHUA NPOMEXYTOYHOM aTTecTauum nNo gUcuuniiuHe

* BpEMS Ha NOAroToBKY No 6uneTy coctasnseT 50 MUHYT;

* BpeMsd Ha BbINOJIHEHUE NMPakKTUKO-OPNEHTUPOBAHHOIO 3adaHna — 20 MUHYT

MHas

6. YYEBHO-METOOUYECKOE N UH®OPMALMOHHOE OBECNEYEHVWE OUCLUUNIIUHBI
6.1 YyebHasa nutepartypa

ABTOp

3arnasue

MN3paTenbcTBO

| [oa nspgaHusa |

Ccblinka

6.1.1 OcHoBHas y4ye6GHas nuTepaTypa

Kykos, B. M., AHann3 MHOronoOTOYHbIX Mocksa, Bororaa: UHdpa https://www.iprbooks
BapoukuH, E. B., TenmnomMaccooOMEHHbIX -|>|H)K6H6ﬂ M‘ﬂ P 2024 hop.ru/143502.html
BapoukuH, A. E. cuctem P
Manbiwes, B. C., TennomaccoobmeHHoe M B " https://www.iprbooks
ManTunees, C. . obopynoBaHue nNpeanpusaTun ockea, Bonorpa: NHppa 2024 hop.ru/143578.html
-UNHxeHepusa

Kopones, B. H., TennomaccoobmeH ExaTepuHbypr: https://www.iprbooks
Hemckas, C. A., M3natenbLcTBO 2022 hop.ru/157118.html
OctpoBckas, A. B., Ypanbckoro
Koponesa, B. H. yHUBepcuTeTa
bopucos, b. B., TeopeTuyeckne OCHOBBI https://www.iprbooks
KpanHos, 0. A., Hu, A. | Tennounsnyeckmx un Tomck: ToMCKum hop.ru/134301.html
3., MonosHukos, B. 1O. | rugpogmHammnyeckmx MONIUTEXHUYECKUN 2021

npoueccos. Y.2. yHVUBepcuTeT

TennomaccoobmeH




lopbauyes, M. B. TennomaccoobMmeH. Hosocubupek: http://www.iprbooksh
TennonpoBoAHOCTb HoBocubupckui op.ru/98744.html
rocyaapCTBEHHbIN 2020
TEXHUYECKNI
yHuBepcuTeT
6.1.2 [lononHuTenbHasa y4yebHas nutepatypa
Arees, M. A., MpakuH, | TennomaccoobmeHHble http://www.iprbooksh
A H. NPOLLECChl N YCTaHOBKU Capartos: An Mn 3p 2018 op.ru/70284.html
NPOMBbILLNIEHHOW Megua
TEennOTEXHWUKN
Bnacos IN. I. TennomaccoobMeHHble http://publish.sutd.ru/
NpoLEecchl B 3almTe ) tp_ext_inf_publish.ph
OKpYyXatoLen cpefpbl. Cankr-Tetepbypr: 2024 p?id=202468
KoHTponbHas paboTta n cnerynra
KPCOBOW NPOEKT
JleBuukun, U. A. MpruMeHeHne coBpeMeHHbIX https://lwww.iprbooks
nporpaMmmHo- hop.ru/129753.html
BbIYMCIUTENBHbIX
KOMMNNEKCOB AMA peLleHus Mocka: M3gaTenbckun 2022
3afady TennomaccoobmeHa B Jom MACnC
NPOMBILLNEHHbIX arperaTax.
Mogenu cumanyeckmx
npoueccos B Ansys Fluent

6.2 NMepe4veHb NpodeccnoHanbHbIX 6a3 AaHHbIX U UH(POPMALUOHHO-CMPABOYHbIX CUCTEM

1.http://www.pravo.gov.ru/-odumumnansHeinnopTanonybInkoBaHUSHOPMATUBHBIXMPABOBbLIXAKTOB
2.http://mwww.duma.gov.ru-cantlocyaapcteeHHonymbideaepansHoroCobpaHuaPoccuiickon®enepaumm
3.http://www.consultant.ru-nHgopmaumoHHo-npasoBovnopTan«KoHcynbTaHT InoC»
4.9BbC«IPRbooks»,http://www.iprbookshop.ru

5.96C«CNerynTa»,http://publish.sutd.ru

6.3 NMepeyeHb NULIEH3UOHHOIO U CBO6OAHO pacnpoCTpaHsAEeMOoro nporpaMmmMHoro o6ecneyeHus

JInueHauns Ha npaBo UCnosib30BaHUA YyebHoro komnnekTa nporpaMmmHoro obecneyeHus NMakeT obHOBNEHNWS

KOMIMAC-3D

Microsoft Windows Professional Upgrade Akagemudeckasi nuueH3aunsi
Microsoft Windows

Mathcad Education — University Edition Term
MicrosoftOfficeProfessional

6.4 OnncaHne maTepmanbHO-TEXHMYECKOMN 6a3bl, HeO6XoAMMON ANA ocyllecTBeHMA o6pa3oBaTenibHOro
npouecca no gucumnniuHe

1. Microsoft Windows 10 Home Russian Open No Level Academic Legalization Get Genuine (GGK) + Microsoft
Windows 10 Pro Russian Upgrade Open No Level Academic);

2. Office Professional Plus 2007 Russian Academic No Level,

3. Mathcad Education — University Edition.

4. MNpaBo Ha ncnonb3oBaHue nporpammbl YINP3A «Okonor» Bepcust 4.0 + mogynb «3acTpoika 1 BeicoTa» +
mopynb «'MC-CTtaHgapT»;

5. Product Design Suite Ultimate 2015 (Autocad), Education network license

AyauTopus

OcHalleHue

KomnbloTepHbIn Knacc

MynbTUMeauiiHoe 06opyaoBaHMe, KOMMbIOTEPHAA TEXHUKA C BO3MOXXHOCTBHO MOAKIHOYEHMUS K
cetn «IHTepHeT» 1 obecrneyeHrem AOCTyna B 3MeKTPOHHY MHOPMAaLMOHHO-
obpasoBaTenbHyto cpeay

JlekumoHHas
ayautopus

MynbTumMeauiiHoe o6opyaoBaHue, cneumanuanpoBaHHas mebernb, Aocka




YyebHasi aygutopusi

CneuvanuanpoBaHHasa meb6enb, 0cKa
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