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JlueT akTyaausamun padoyeil nporpaMmbl

PaGouas nporpamma repecMoTpeHa, oocyxkaesa u ogodpeHa g peasusanun B 2020 - 2021
y4eOHOM IOy Ha 3aceaHuu KaGeapbl YIpaBIeHHs HEIBHKHMOCTBIO H HHKEHEPHBIX CHCTEM

Mpotoxonor & LOF p02A8. N
3aB. xadeapoit //:,, " 1O.A. Mopesa

PaGouas nmporpamMma riepecMoTpeHa, odcyxaeHa u ono0pena uis peanusanuu B 2021 - 2022
y4eGHOM TOy Ha 3acenanuy Kadgeapsl YIpaBleHKs HEABHIKUMOCTBIO H HEXEHEPHBIX CHCTEM

Ilpotokcmor 20 r. Ne

3ap. Kadenpoi IO.A._MopeBa

PaGouast mporpaMma repecMoTpeHa, o0cy /e a i ofo0pera 1s peasinaiuu B 2022 - 2023
yueOHOM TO/Iy Ha 3aceaHuy Kadeappl YpaBieHKs HEABUKKMOCTIO U HHKEHEPHBIX CHCTEM

IIpoTokom oT __ 20 r. Ne

3aB. xadenpoit }O.A._Mopesa

PaGouas mporpamma repecMoTpeHa, 00CyKeHa 1 oxo0peHa s peaausanuu B 2023 - 2024
y4eOHOM IOy Ha 3aceJaHuy Kadeapbl YIIpaBIcHUs HEIBHKHUMOCTBIO B MHKEHEPHBIX CHCTEM

[Iporokomor _ 20 r. Ne
3aB. xadeapoi IO.A. MopeBa

1 Ilesiu ocBOEHMSI IMCUMTLTAHBI (MOIYJIsS)



[lenpto oOcBOEHHWS IUCHUIUIMHBI «TermmomMaccooOMEHHBIE TMPOLECChl B TETIOBOM
obopymoBanuu cucreM TI'B» sBIstOTCA: W3ydeHHE OCHOB HCIOJB30BaHUS 3aKOHOB
TQHHOMaCCOOGMGHa B TCXHHUKE, JOCTHIXKCHUC CHOCOGHOCTI/I MNPUMCHCHUSA MOJYUCHHBIX 3HAaHUH B
TEIUIOAHEPTETHKE, TETIOra30CHA0KEHN N, BEHTUJISIIIUU M KOHIUIIMOHUPOBAHUU BO3AyXa.

2 MecTO IMCUMILTUHBI (MOAYJIs1) B CTPYKTYpe 00pa3oBaTeIbHOM NMPOrpaMMbl

JuctummHa TeriomaccooOMeHHbIE TPOLIECCH B TEIIOBOM 00opyaoBanuu cuctem TT'B
BXOJIMT B 0053aTENIbYIO YacTh y4eOHOTO MIaHa 00pa30BaTeIbLHOM MPOTPaMMBI.

Jis  w3ydeHus  JAUCHUIUIMHBI  HEOOXOAMMBI  3HaHWS  (YMEHHUS,  BIIAJICHUsN),
c(hOpMUPOBAHHBIE B PE3YJIbTaTE U3yUEHUS TUCIUIUINH/ PAKTHK:

MexaHuKa KHUIKOCTHU U ra3a C OCHOBaMU TUAPABINKU

TeopeTnueckne  OCHOBBI  TEIUIOTEXHUKH  (TEXHUYECKass  TepMOJAMHAMUKA U
TEIIOMAacCOOOMEH )

Marematunka

HauepraTenbHas reomeTpusi 1 KOMIbIOTEpHAs Tpaduka

NudopmannoHHbIe TEXHOJIOTUU

3HaHus (yMEHUs, BIIAJICHUS), TTOTYYCHHBIC TIPH M3YYCHUHU JaHHOW JUCIMIUIMHBI OyIyT
HEOOXOIUMBI IJIsl U3YICHHUSI AUCIUTLTIH/TIPAKTHK:

KonaumronnpoBaHnre Bo31yXa v X0JI0J0CHA0KeHUE 3TaHHi

LlenTpanu3oBaHHOE TEINIOCHA0KEHHE

DHeprocbepekeHre B CUCTEMAaX TeIJIOra30CHA0KEHHS U BEHTUIISIIUN

Hcnonbs3oBanne HETPaAUIIMOHHBIX HCTOYHUKOB SHEPTHUHU

CoBpeMeHHbIE CUCTEMbI KIIMMATU3allu1 3/TaHHUI

3 KomnereHniuu o6yyaromerocsi, popMupyemMbie B pe3yibTaTe 0CBOCHUS

AUCHUILVINHBI (MOAYJIS) ¥ IIJIAHUPYEMBble Pe3yabTAThl 00yUeHH s

B pesynbrare ocBOeHUS MUCHUTLIMHBI (MOIyJisa) «TermmoMaccooOMEHHBIE MPOIECCHI B
TEIUIOBOM oOopynoBaHuu cucreM TI'B» oOydaromuiics IOMKEH 007aaarh CleIyIOIIMME
KOMIETEHIUSIMU:

Kon nanukaTopa NHnukaTop MOCTHKEHUSI KOMIIETECHITUN

OIIK-1 CriocobeH pemaTh 3a1a4u MpodeCCHOHATBHON ASSITENFHOCTA HA OCHOBE HUCITOJIb30BAHUS
TEOPETUYECKHX M TMPAKTUYECKMX OCHOB €CTECTBEHHBIX M TEXHMYECKHX HayK, a TaKxke
MaTEeMaTUYeCcKoro amnmapara

OIIK-1.1 Omnpenensier XapakTepUCTUKH (U3NYECKOTO M XHMHYECKOTO Ipolecca
(sIBIIECHUS ), XapaKTEPHOTO /711 00BEKTOB MPOPECCHOHATBHON ACATEIHHOCTH,
Ha OCHOBE TEOPETUUYECKUX U IKCIIEPUMEHTAIbHBIX UCCIIEI0BAHUM

OIIK-1.2 Hcnonb3yeT TeopeTHYeCKrue OCHOBBI TEXHUYECKUX HAyK ISl MPUMEHEHUS
MHHOBAIITMOHHBIX TEXHOJIOTUH Ha PCAIBbHBIX CTPOUTCIIBHBIX O6’beKTOB

OIIK-1.3 Pemraer wmHXeHepHbIE 3a4ayd C TOMOIIBIO MAaTEMAaTHYECKOIo ammapara
BEKTOPHOW anreOphl, aHATHUTHYECKOH TEOMETpUM M MaTeMaTHYECKOTO
aHaJM3a




4. CTpyKTypa, 00bEM U coepRkaHne TUCHUIINHBI (MOIYJIS)
OO6mas TpyI0€MKOCTh AUCIUIUIMHBI COCTABISIET 3 3a4eTHBIX enuHull 108 akaa. 4acoB, B TOM

qUCJIC:

— KOHTaKTHas pabota — 43,5 akaj. 4acoB:
— ayauTopHas — 42 akaj. 4acoB;
— BHeaynuTopHas — 1,5 akaj. yacoB

— caMocCTosITeNNbHAs paboTa — 64,5 akaJl. 4acos;

®dopma aTTecTalluy - 3a4ET C OLEHKOM

AynuropHas 3 s
o KOHTaKTHasd pa60Ta E 5 Dopma TEKyYIIEro
=
N B aKaJ. 4acax o] Bun KOHTDOJIS
Pasnen/ Tema 3 (B axan. Hacax) e . p Kon
S & © | caMOCTOsTENBHOM | yCreBaeMOCTH U
JUCIUILIAHBI S S . | KoMIereHUu
@) g £ padoThl MIPOMEKYTOUHON
nab. | mpakrT. | 3 &
Jlek. = aTTeCcTaluu
3aH. 3aH. |0 &
1. BBenenue
ITonck
1.1 Bo3uukHOBeHHE Hu .
JIOTIOJIHATEIHHOM
UCTOpUSL Pa3BUTHS HAYKH O
uHpopMaLuy 1o
TEIIOMACCOOOMEHE; BKJIAJ .
3a7aHHOM TeEMe
pYyCCKUX u COBETCKHX
(pabota ¢ .
YUYEHBIX. CoBpeMeHHBIe VYerHblit onpoc.
Hay4JHBIE POOIEMBI Gubnmorpadutec IIposepka
o P 6| 1 2 KIMH POBEP OIIK-1.1
TermIoMaccooOMeHa BooOIIe 1 MPAKTHICCKUX
MarepuanaMu, .
B 00JIACTH CTpPOMTEINILCTBA, 3a7aHui
CIIpaBOYHHMKAMH,
TEIUIOra30CHa0KEeHUS "
KaTajoramu,
BEHTWISALIMM B  YaCTHOCTH.
CIIOBapsIMH,
TlepcrieKTHBbI pas3BuTHS
SHIUKIOIEUAMHI
HAYKH O TEIIOMaccooOMeHe )
Uroro no pazmeny 1 2

2. TernonpoBOAHOCTh




2.1 Hecrammonapnas

TEIUIONPOBOIHOCTb.
OnepannoHHbII METOJ
pereHus 3a1a4
HECTaIlMOHAPHOI

TEIJIONPOBOJHOCTH.  MeTon
pacuera  HECTallMOHAPHOTO
TEMIIEpaTypHOro Toys  JUist
Tel  KOHEYHBIX  pPa3MepoB
(meton CYNEPHO3UILINH,
TeopeMa O IEePEeMHOKEHUH
pewmenuii). BiusgHue 4wmcna
®ypbe Ha TeMmIeparypHoe
[ojJie TP HECTAlMOHAPHOM
peXuMe: HaydanbHas CTaaus
PeryJsipHOTO pEeXUMa; TeMI
peryJsipHOTro pexuma.
IlonsiTHe 0 HecTannoOHApHOM
TEMIIEpaTypHOM TIOJIe HpHU
MepeMEeHHON TeMIleparype
OKpYXaroIen Cpensl;
TeMIIepaTypHbIE BOJIHBL.

TTouck
JIOTIOJTHATEIHHOM
uHpopMauy 1o

3aJaHHOM TeMe
(pabota ¢
oubnuorpaduuec
KHM MaTepHuajaMH,
CIpaBOYHHUKAMU,
KaTajoramH,
CIIOBapsMH,
SHITUKIOEIUSIMHI

).

VYcrHsIit onpoc.

[Iposepka
MIPAKTUYECKUX
3aTJaHNI

OIIK-1.1

Wroro no pazmeny 2

3. KOHBEKTHBHBINA TEIJIOOOMEH U
TeIonepeaaya

3.1 TennooOMeH pu Te4eHUU
JKUJIKOCTH B TpyOax.
JlaMuHapHBIA PEXUM TEYEHHUS
- TUOpoJMHAMUYecKas U
TeoBast crabununzanys,
HaYaJIbHBIN Y4acTOK u
y4acTOK CTaOUIN3UPOBAHHOTO
TeyeHus. TerooOMeH mpu
CTaOUIU3UPOBAHHOM
JaMHHApDHOM  TEYCHHH B
TpyOe c KPYIJIbIM
MONEPEYHbIM CEYCHUEeM JUIsl
TPaHUYHBIX YCJIOBHH IEPBOrO
(mocrostHHAS TeMIieparypa
CTEHKH) u BTOPOI'O
(TmocTosiHHAs IJIOTHOCTD
TEIUIOBOTO  IIOTOKa) poja.| 6 3
N3menenne cpenHei
TeMIIepaTypbl KUIKOCTH
BJOJb  KaHalla,  CpeJHUH
norapupMuIecKui
TeMIIepaTypHbIi HArop.
Temmoornaua npu
TypOylIeHTHOM TEYEHUH
KUIKOCTH B TpyOe, BIMSHHE
THIPOANHAMUYECKOM
CTPYKTYPHI MOTOKA Ha
TEMI00TAAUY, OCHOBHBIE
pacyeTHbIe 3aBUCHMOCTH.
Temnoornaya B KaHaiax
HONEPEYHBIM CCUCHUEM
IIPOU3BOJIBHOM  (OopMBL, B
M30THYTHIX KaHaJIax

221

TTouck
JIOTIOJTHATEIHHOM
uHpopMaLuy 1o

3aJJaHHOM TeMe
(pabota c
oubnuorpaduuec
KHUMK
MaTepHaIaMu,
CIIpaBOYHHMKAMH,
KaTaJoramu,
CIIOBapsIMH,
SHIMKJIOICIUIMH

).

VYcTHsIii onpoc.

[Iposepka
MIPAKTUYECKUX
3a/1aHui

OIIK-1.1




3.2 Temmoornaua npu

CBOOOTHOM JIBIDKEHUH
xuakoctd. DopMynIUpOBKa H
pelieHue 3a71a4u 0
TEII000MeHe TIpU CBOOOTHOM
JTaMHUHAPHOM JIBIDKCHUH
KHUAKOCTH BIOJIb

BEPTUKAIBHONW IOBEPXHOCTH.
du3nyecKui CMBICI  YHCIIa

I'pacroda, U3MEHEHUE
JIOKaJIbHOM TEII00TAAYN
BJI0JIb MIOBEPXHOCTH.
TypOyneHTHbIH TOrpaHUYHbINR
cioit npu cBOOOTHOM
JBHXECHUU BJIOJIb

BEPTHKAIBHOM OBEPXHOCTH.
Temnoornaya npu cBO6OAHOM
JBHKCHUM >KUJKOCTH BJONIb

ITouck
JIOTIOJTHUTEIIHOM
uH(opMaLuy 1o
3aJJaHHOM TeMe

(pabota ¢ .
TTOBEPXHOCTH VYcerHblii onpoc.
TOPU3OHTAIBHOTO LIMIHHIPA Oubmorpaguiec ITposepka
P pa. 221 | 4 KHMH poBep OIK-1.1
CBoOosHOE  JBIDKEHHE U MIPAKTUYECKUX
MaTepuanaMu, .
TEMI000MEH B OTPaHUYECHHOM 3aJaHui
CTMPaBOYHHKAMH,
MIPOCTPAHCTBE; METOMKA
KaTaJoTaMH,
pacyera TEIJIO0TAAYH,
N CIIOBapsMH,
9KBUBAJICHTHBIN S -
k03 durmeHt )
TEIUIONPOBOIHOCTH.
Temmoornaua npu
COBMECTHOM OCYILECTBICHUU
CBOOOHOTO ¥ BBIHYXIEHHOTO
JIBHDKCHUSL. [TocraHoBka
3a71a4n KOHBEKTHBHOTO
Tennoo0oMeHa pu
B3aHMOJECHCTBUU ra30BBIX
CTpyH c II0TOKOM
€CTECTBEHHON KOHBEKIIUH,
BSI3KOCTHO-TPaBUTALMOHHOE
TEUeHHE JKUIKOCTH B Tpydax
u yuer €CTECTBEHHOM
KOHBEKIIHH.
Ilouck
JIOTIOJTHUTEJIbHOU
uHpopMaLuy 1o
3.3 OcobeHHoctu pacyera 3a/IaHHON TeMe
TEIUIoNepeayl B TEIUIOBBIX (pabora c N
anmaparax TIpu OOTeKaHWH oubnuorpaduiec Y CTHIi orpoc,
P P P Iposepka OIK-1.1,
ra3oBBIM  IIOTOKOM  ITyYKa 4 KUMH
MIPAKTUYECKUX OIIK-1.2
TpYO. TaxmatHoE u MarepuagaMu, -
KOPHIOPHOE  PACIIOJIOKEHHE CTPaBOYHHUKAMH,
TpYO. KaTaJoraMH,
CIIOBapSIMH,
SHIMKJIONIEAUAMU
Uroro no pazpeny 4/41 | 12

4. MaccoOomeH




4.1 OcHOBHBIE TOHATHA H
ompezaeneHus. MonekysipHas
muddysus, TpajiueHT
KOHLIEHTpaIuu, 3akoH ®Duka,
ko3 durmeHt nuddpy3uu.

ITouck
JIOTIOJTHUTEIIEHOM
uHpopMauy 1o
3aJJaHHOM TeMe

(pabota ¢ .
CranuoHapHasi  OJHOMeEpHas Yerublii onpoc.
MonekyisipHas auddysus u Oubmuorpaguace IIposepka
YIUIP Y KiMH POBCP OIK-1.1
pacder CKOpPOCTU HCIApEeHUs MPAKTHICCKUX
MarepuanaMu, .
(TIJIOTHOCTH TIOTOKA MAaccChl). 3aJJaHuI
. CTPaBOYHHUKAMH,
CredanoBckuit MOTOK.
KaTaJoraMH,
IlocTanoBka 3amaun u pacyer
CIIOBapsIMH,
KBa3UCTAIlHOHAPHOTO
. SHIUKIONEUSIMU
UCIIApeHUs] TOpsAIeH Karim )
JKHJIKOTO TOTLINBA
. TTouck
4.2 KonBexkTuBHBIN .
JIOTIOJTHUTENbHOM
MaccooOMeH. Cucrema
UHPOPMALUH T10
JudhepeHIuanbHbIX .
N 3a7laHHOM TeMe
YpaBHEHHH  KOHBEKTHBHOTO
(pabora c N
TEII0MacCOOOMeHa: 6 VYerHblii ompoc.
aBHEHUE MaccooOMeHa. Oubmorpagutec ITpoBepka
P : KHMH POBEP OIK-1.1
ypaBHEHHE SHEPTHHY, MIPAKTHIECKUX
Marepuanamu, .
YpaBHEHHs]  JBWXKCHUS | 3aJaHUi
CTPaBOYHHUKAMH,
Hepa3phIBHOCTH.
KaTaJoraMH,
Kosdpduument maccoorgauu.
CIIOBapsIMH,
Amanorus MPOLIECCOB
SHIUKIONIEIUSIMU
MepeHoca TEIIOThl H MacChl. )
TTouck
JIOTIOJTHUTENbHOM
nHdopmau o
43 Macconeperoc B $op N
3a7aHHOM TeMe
KaNMJUTIIPHOMOPUCTBIX TeJax.
(pabora c N
IIpakTnueckoe 3HaYEHUE VYerHbIi ompoc.
6ubnuorpaduyec
rpouecca UL pacuera IIposepka OIIK-1.1,
KUMH
TEIIoMaccooOMeHa B MPAKTHYECKUX OIIK-1.2
MarepuanaMu, .
CTPOUTENBHBIX OTPAXKICHUIX 3aJaHui
. CTPaBOYHHUKAMH,
u TEeIIOBOH M30JIALHUH
KaTaJoraMH,
TpyOOIPOBOJIOB.
CIIOBapsIMH,
SHIUKIIOTIEAUSMHU
Hroro no pazaery
5. Tennomaccoo6MeH IIpH

(ha30BBIX MPEBPAILICHHUSX




5.1 Tennoobmen npu
KOHJICHCALIUH napa,
IVICHOYHAsT W KaleJbHas
KOHJeHcauus.  TeriooOMeH
OpH IUICHOYHOW KOHACHCALUH
HEMOJBIDKHOTO ~ Mapa  Ha
BEPTUKAJBHON IOBEPXHOCTH;
BOJIHOBOC TCUCHUE IUICHKU

TTouck
JIONOJIHUTEILHOMN
UHPOPMALUH T10
3aJITaHHOM TeMe

KOHJICHCATa. IInenounas (paboTa ¢
KOHJIEHCALlU Ha HapyXHOU 6I/I6J'II:I)/IOI'pa Fy— VYeTHBIl onpoc.
MMOBEPXHOCTH [Iposepka
N 2 KHMHA OIIK-1.1
TOPU30HTAIIBLHOM TpYOBI. MATEPHATAMY MIPAKTUYECKUX
YeT  TeIUIOOTHAYd Ul JaHUH
Pacue €ILI00T/Aa p ’ 3a1a
N CTPaBOYHHUKAMH,
TypOyJeHTHOM TJICHKU
KaTaJoram,
koH#eHcata.  OcoOeHHOCTH
CIIOBapsIMH,
KOHJIEHCaTa  JBIKYLIErocs
SHIUKJIONIEAUAMU
napa B TpyOax. Meroauka )
pacuera ko3 duienra ’
TEIUIOO0TIa4U npu
KOHIEHCAIH napa Ha
TOPU3OHTAJBHBIX  TPYOHBIX
MyYKax.
5.2 TennooOmen npu
KHUIIEHUH JKUJIKOCTH,
My3BIPHKOBBIA W TIJICHOYHBIN THomcxk
PSKUM  KUIEHHSA,  KpU3HUC N
JIOTIOJTHUTEIILHON
KHIIEHUS, ¢busnueckue
UHPOPMALIUH T10
3aKOHOMEPHOCTH ¥ MEXaHH3M .
3aJJaHHOH Teme
y3bIPHKOBOTO KHUIICHHUSI. (pabota c
Bimsiaue Pa3THYHBIX 61/16n11)/10 N, VYerHbIi ompoc.
(hakTOpOB Ha MHTEHCHBHOCTH on | 1s K;ﬁﬂ [IpoBepka OIK-1.1
TEII00TAAYH npu ’ MIPAKTHIECKUX ’
MaTepHuajaMu
y3bIPbKOBOM KHUIICHHH. P ’ 3aJaHui
CIPaBOYHHUKAMH,
PacueTHble 3aBHCHMOCTH VIS
KaTaJoram,
TEIUIOOTAYd TP  KHUIICHUU
CIIOBapsIMH,
JKUJIKOCTH. OcHoBHbIE
SHIMKJIONIEAUAMU
3aKOHOMEPHOCTH )
TemI000MEHa TpPH KUIEHHH ’
JKUJIKOCTH, JABHXKYIICHCS B
TpyOe.
Hroro no pazaeny 221 | 3.5

6. TermooOMeH U3nydeHUEM




6.1 3aKOHOMEPHOCTHU
TermoooMeHa U3JTy4CHUEM
MIPU HAJMYHMU TOTJIOIIAOIEeH
(M3myqaromeit) Hu
pacceuBaroliei cpebl. 3aKOH
Byrepa. [MonsTHE 00
ypaBHECHHUHU nepeHoca
TyYUCTON SHEPTHUH.
Onruyeckasi TONIINHA CPEJIbL.
Tems1000MeH U3Iy4YeHHEM B
IUIOCKOM CJIO€ TOTJIOIIaromei

ITouck
JIOTIOJTHUTEIIbHOM
uHpopMaLuy 1o
3aJJaHHOM TeMe

(pabota ¢ .
cpenpl. VYcerHblii onpoc.
Ilonsitne o CIIOKHOM Gubmorpaduiec [Iposepka
KHMHA OIIK-1.1
TermI000MeHe. MIPAKTUYECKUX
. MaTepHaIamH, N
PannanmonHo-KOH YK THBHBII 3aJJaHAI
u CIpaBOYHHUKAMU,
. KaTaJoraMu,
panuanroOHHO-KOHBEKTUBHBIN
CIIOBapsMH,
TEII000MEH. IIpumenenue
SHIUKIIOIE TUSIMH
TEOpHH noaoous YISt )
HCCIICIOBAaHUSL ¥ IOJIyYEeHHUS )
pacueTHbix  GopMyNn  TpH
CJI0’KHOM TEILJIOOOMEHE.
OcobeHHocTi pacuerta
TEIUVIOBOTO  M3JIy4YeHHS B
KaMepax CropaHHsl TEIUIOBBIX
JIIBUTATCIICH.
Uroro no pazmeny
7. PacueTsl TEIMI000MEHHBIX
anmnapaToB
TTouck
JIONOJIHUTEILHOMN
UHPOPMALUH T10
3aJIaHHOM TeME
7.1 Knaccudukanus )1( a60Ta
TEIIOOOMEHHBIX aNNaparoB U P VYcerHblii onpoc.
TEIUIOHOCHUTENEH Gubmuorpagiriec IIpoBepka
: KIMH POBEP OIIK-1.1
Koncrpykuus MIPAKTUYECKUX
MaTepHuaIaMu, .
TEINIOOOMEHHBIX  aIlapaToB 3aJJaHuI
CIIPaBOYHHUKAMH,
ITOBEPXHOCTHOT'O THIIA
KaTaJoramu,
CIIOBapsIMH,
SHIMKJIOICIUSIMH
TTouck
JIOMIOJIHUTEILHOMN
UHPOPMALUH T10
3aJITaHHOM TeME
aboTa ¢ .
7.2 KoxyxoTpy0uaTsle, (P VYceTHsIii onpoc.
CEKIIMOHHBIC, IIACTHHYATHIC Gubmmorpaduicc IIpoBepka
’ ’ KHME POBEP OINK-1.1
cnMpaibHble ¥ peOpHCThbIC MPAKTHIECKUX
MaTepHuaIaMu, .
TEII00OMEHHBIE armaparbl 3aJaHui
CIIPaBOYHHUKAMH,
KaTaJoramu,
CJIOBapsIMH,
SHIMKJIOICIUIMH

).




ITonck
JIOTIOJTHUTEIIHOM
uHpopMaLuy 1o
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9.1 T'mppaBnuueckuil pacder (pabota ¢
TEIIOMaCcCOOOMEHHBIX oubnuorpaduuec OIIK-1.1,
annaparos. Pacuer 2 5 KHMH VYcTHBIH onpoc OIIK-1.2,
TEIMIOMACcCOOOMEHHBIX MaTepHaJamH, OIIK-1.3
anmapaTroB Ha MPOYHOCTb. CTIPaBOYHHUKAMH,

KaTaJoTaMH,

CIIOBApSIMHU,

SHIUKIIOTIEAUSMHU
).

Wroro no pazmeny 2 5
Uroro 3a cemectp 28 14/61 | 64,5 330
Wroro no pucuuninune 28 14/611 | 64,5 3a4eT C OLEHKOI




S O6pa3oBare/ibHbIe TEXHOJIOTUH

Peanu3anust KOMIIETEHTHOCTHOTO MTO/IX0/1a MPEAYCMAaTPUBAET UCIIOIH30BAHKUE B Y1EOHOM
npolecce AaKTUBHBIX M HWHTEPAKTHUBHBIX (OpPM TPOBEICHUS 3aHATHH B COYETAHHH C
BHEAYJIUTOPHON PabOTON ¢ 1enbi0 (OPMHUPOBAHUS U Pa3BUTHS NMPO(ECCHOHATBLHBIX HABBIKOB
oOyJaromuxcs.

[Ipu oOyueHuu CTyIEHTOB AUCUUILINHE «TermnoMaccooOMeHHbIE MPOLIECCHl B TEIIIOBOM
obopynoBanuu cucreM TI'B» crnegyer ocCymiecTBIATh —cieayrole oOpa3oBaTeIbHbIC
TEXHOJIOTHH:

1. TpaguuuoHHbIE 00pa30BaTENbHBIC TEXHOJIOTUH OPUEHTHPYIOTCS HA OpraHU3alHIo
0o0pa3oBaTeNbHOTO  Mpollecca, MPEANOaralilyl0 MpsIMYyI0 TPAaHCISIUI 3HAHUH — OT
npernojaBaTes K CTyIEHTY (IPEeUMYLIECTBEHHO Ha OCHOBE OOBSCHUTEIbHO-HIUTIOCTPATUBHBIX
METO/I0B OOYUCHHUS).

®opmbl y4eOHBIX 3aHATHH C UCTIOIB30BAHUEM TPAJAULIMOHHBIX TEXHOJIOTHIA:

Nndopmanronnas yekuust —  MOCIEAOBATEIbHOE HW3JIOKEHHWE MaTepuaiga B
JUCLHUTUTMHAPHOM JIOTHKE, OCYIIECTBISIEMOE NPEUMYIIECTBEHHO BEpOAJbHBIMU CPEICTBAMU
(MOHOJIOT Mperno/1aBaTes).

[IpakTHyeckoe 3aHATHE, MOCBALICHHOE OCBOCHUIO KOHKPETHBIX YMEHHMH M HABBIKOB IO
MPEJIOKEHHOMY alITOPUTMY.

2. TexHosoruu MpoOIEMHOT0 0OyueHHs] — opraHu3aus o0pa3oBaTEIbLHOrO Mpollecca,
KOTOpasi MpeJroiaraeT MOCTaHOBKY NMPOOJIEMHBIX BOMPOCOB, CO3[aHHE YYEOHBIX MPOOIEMHBIX
CUTYalMi ISl CTUMYJIUPOBaHMS aKTUBHOM MTO3HABATEIBHOM AEATEIbHOCTH CTYICHTOB.

®opMbI yUeOHBIX 3aHATUH ¢ UCTIOJIb30BAHUEM TEXHOJIOTHI MPOOJIEMHOT0 O0yUCHHUS:

[IpakTuyeckoe 3aHsATHE B (popMe NpaKkTUKymMa — OpraHu3anus ydeOHOH paboTsl,
HalpaBJ€HHAs Ha peIIeHHUE KOMIUIEKCHOW Y4eOHO-TI03HABAaTEIbHON 3amayu, TpeOyromield oT
CTYZICHTA IPUMEHEHHS KaK HayYHO-TEOPETUUECKUX 3HAHUH, TaK M IPAKTUIECKUX HABBIKOB.

3. TexHoJIOTUM TPOEKTHOTO OOYYEHUsS — OpraHu3anus 00pa30BaTEIbLHOTO Mpolecca B
COOTBETCTBUHM C JITOPUTMOM IIOATAITHOTO PELICHUs MPOOJEMHOI 3alaud WM BBITOJIHEHUS
yuebHoro 3ananus. [IpoekT npenmnongaraet COBMECTHYIO y4eOHO-TT03HABATEIBHYIO I TELHOCTh
TPYNIbl CTYEHTOB, HANPABJICHHYIO Ha BbIPaOOTKY KOHIEMIMH, YCTAHOBJIEHHUE LIeNiel U 3ajad,
(GOpMyYIHPOBKY OXKHJAEMBIX PE3yJIbTaTOB, OMNpEJeNCHHE MPUHLIUIOB W METOAMK pEIICHUs
MOCTaBJICHHBIX 3ajay, IUIAHUPOBaHHWE XOAa paldOThl, MOUCK JOCTYNHBIX W ONTHMAaJIbHBIX
pEeCYpcoB, MO3TANHYIO peaTM3alMI0 IIaHa PabOThl, MPE3EHTALUIO PE3yJIbTAaTOB PAalOOTHI, UX
OCMBICITIEHUE U PEDIICKCHIO.

4. VHTepakTUBHBIE TEXHOJOTHMH — OpTraHU3als 00pa30oBaTeIbHOTO Mpolecca, KOTopas
IpeJnoiaraeT akTHBHOE U HEJTMHEHOE B3aUMO/IeHCTBUE BCEX YUaCTHUKOB, TIOCTH)KEHUE HA 3TOM
OCHOBE JIMYHOCTHO 3HAUMMOro JUIsI HHX oOpa3oBareslbHOro pesyinbraTa. Hapsny co
CHEIHUAIM3UPOBAHHBIMA ~ TEXHOJOTHSIMH  TaKOro  pojJa MNPUHIUN  HUHTEPAKTUBHOCTH
IPOCIICKUBACTCS B OOJIBIIMHCTBE COBPEMEHHBIX 00pa30BaTEIbHBIX TEXHOIOTHIA.

5.  HHdpopManMOHHO-KOMMYHHKAIIMOHHBIE ~ O0Opa3oBaTelIbHBIE  TEXHOJOTHMH  —
opranu3zaiysi 00pa3oBaTeIbLHOIO MPOIecca, OCHOBAHHAS HA MPUMEHEHUH CIEUaTM3UPOBAHHBIX
MPOrPaMMHBIX CpeJl U TEXHUUYECKUX CPEJICTB paboThI ¢ MH(OpMaLIKEH.

@opMbl Y4eOHBIX 3aHATUH C MCMOJIB30BAaHUEM HH(POPMAITMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTHIL:

Jlekuusi-Bu3yanu3anusi — HU3J0XKEHHUE COJepKAHUS COIMPOBOXKIACTCS TMpe3eHTaluei
(eMoHCTpaIeil yueOHbIX MaTepHaioB, MPEICTABICHHBIX B PAa3JIMYHBIX 3HAKOBBIX CUCTEMaXx, B
T.4. WUTIOCTPATUBHBIX, IPahUIECKUX, ayAHO- U BUICOMATEPHATIOB).

[IpakTueckoe 3aHsATHE B (QopMe Mpe3eHTAlMH — MPEeACTaBICHUE pPe3yJIbTaToB
NPOEKTHON MJIM UCCIIEIOBATEIbCKON JEATEIbHOCTH C UCIOJIb30BaHUEM CIELHaTU3UPOBAHHBIX
IPOrPaMMHBIX CPE/ICTB.



6 YueOHO-MeTOANMYECKOE 0O0ecTiedeHHe CAMOCTOSITeIbHOM padoThl 00y4arouXxcst
[IpencraBneHo B mpuaoxeHuu 1.

7 OneHOYHbBIE CPeICTBA VISl IPOBEAEeHNUs MPOMEKYTOYHOH ATTeCTAlUMN
IIpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOqMYeCcKOE 1 HH(POPMALIMOHHOE O0ecneYeHHe JUCIUIJIMHBI (MOTYJIs1)

a) OcHoBHas JUTEpaTypa:

1. IlBetkoB @.®., TermmomaccooOMeH : yueOHUK s By3oB / O.D. Ilgerkos, B.A.
I'puropres - M. : U3narensckuit sjom MOU, 2011. - 562 c. - ISBN 978-5-383-00563-7 - Tekcr :
snekTpoHHei  //  DObC "Koncynbrant  crtyaeHra" : [caiiT]. - URL
https://www.studentlibrary.ru/book/ISBN9785383005637.html (mara obpamenus: 29.09.2020). -
Pexum noctyma : 1o noamucke.

2. Kynunos, A. A. TermmomaccooOmeH : yuebHoe mocodue / A. A. KyaunoB. - Mocksa :
NHOPA-M, 2020. - 375 c. - (Beicuiee obpazoBanue: bakanaspuar). - ISBN 978-5-16-011093-6. -
Texcr : anekTponHbId. - URL: https://znanium.com/catalog/product/1046937 (nara oOpamieHus:
29.09.2020). — PesxuM mpoctyra: 1o moAnucKe.

3. bproxanos, O. H. Temnomaccooomen: Yueonuk / O.H. bproxanos, C.H. IlleBuenko. -
Mocksa : HULl HUudpa-M, 2012. - 464 c. (Beicmiee obOpazoBanue: bakamaBpumat). ISBN
978-5-16-004803-1. - Tekcr : anexktpoHHbIi. - URL: https://znanium.com/catalog/product/258657
(mara oopamenus: 29.09.2020). — Pexxum qoctyna: mo moanucke.

0) lonotHuTEILHAS INTEpaTypa:

1. Mupam A.O., TEXHUYECKAS TEPMOAMHAMUKA. TEINIOMACCOOBMEH /
A.O. Mupam, B.A. IlaBnenko - M. : MzpmarensctBo ACB, 2017. - 352 c¢. - ISBN
978-5-93093-841-8 - Tekct : anexkrponHsiit // IBC "KoncynsTanT crynenta" : [caiiT]. - URL :
https://www.studentlibrary.ru/book/ISBN9785930938418.html (mara obpamenus: 29.09.2020). -
Pexum nocrtymna : 1o noamucke.

2. ApxumoB, B. A. ®Du3MKO-XUMHYECKHE OCHOBBI IPOIIECCOB TEIJIOMAacCOOOMEHa:
YuebHoe mocodue / ApxunoB B.A. - Tomck:M3n-Bo ToMmckoro monutex. yauBepcurera, 2015. -
199  c.: ISBN  978-5-4387-0539-0. -  Teker :  oanekrpoHHeld. -  URL:
https://znanium.com/catalog/product/673007 (nara obpamenus: 29.09.2020). — Pexxum goctymna:
1O IIOAITUCKE

B) MeToan4eckne yKazaHus:

1 Tpybunsina, I'.H. VccnenoBanue KumneHus BOJbI B HEOTPAHUUYECHHOM OOBEME: METOI.
ykazaHus K naboparopHoit padore / I'.H. Tpybunsina, 3.C. [IlanoBanoB; MarHuToropckui roc.
texuudeckui yH-T uM. .. HocoBa. — Maraurtoropck: MI'TY um. I'.1. Hocoga, 2008. — 16c¢.: u.
- TekcT: HenmoCpeICTBEHHBIN

2. Tpyouneiaa, I'.H. Metoauyeckue ykazaHusi 1 KOHTPOJIbHBIC 3a/IaHUS TIO AUCITUTIIMHE
“TermomaccooOMeH” : METOJI. YKa3aHUs K BBIIIOJHEHUIO KOHTPOJIbHBIX padoT / I'.H. TpyOuubina,
N.B.Cukepun; Marnutoropckuii roc. texuuueckud yH-T uM. ['.1I. HocoBa. — Maraurtoropck:
MI'TY um. I''M. Hocoga, 2011. — 28c.: ui. - TekcT: HemocpeCTBEHHbIH.

3. OckouikoB, C. B. TermomaccooOMeHHOE 000pyI0BaHNE TIPEATIPUITHH | METOIUUECKHE
YKa3aHHUs 110 BBINOJIHEHHUIO KYPCOBOTO ITPOEKTa JJIs CTYACHTOB HanpasieHus noarorosku 140100
"Terosnepretuka” / C. B. Ockonkos, JI. B. Hukomaes ; MI'TY, Kad. temmorexunueckux u
DHEPreTUUECKUX cucTeM. - Marnutoropek : MI'TY, 2012. - 1 anextpoHn. ont. nuck (CD-ROM). -
3ari. c TUTYL. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload Tname=1547. pdf&show—dcatalogues/ 1/1124
725/1547 . pdf&view=true (mara oOpamenus: 14.05.2020). - Makpooosekr. - Tekct
SJIEKTPOHHLIN. - CBenenns nocTynHbl Takke Ha CD-ROM.



r) [Iporpammuoe o6ecneuenue u UHTepHeT-pecypcebl:

IIporpammHoe o6ecnneuenne

HanmenoBanne .
1o Ne norosopa CpoOK IeiCTBUS TUIEH3UN

MS Windows 7
Professional(mus  |/[-1227-18 o1 08.10.2018 11.10.2021
KJIaCCOB)
MS Windows 7
Professional (s |A-757-17 ot 27.06.2017 27.07.2018
KJIACCOB)
MS Office 2007 1y, 135 o1 17.09.2007 Gecepoumno
Professional
77ip CBOOOJHO PacCIpOCTPaHIEMOC OCCCPOUHO
Bpaysep Mozilla |cBOOOAHO pacmpocTpaHIeMOe
F?rei:oxp 10 paciipoctp O6eccpouHO
Bbpay3ep Yandex [cBOOOmHO pacmpocTpaHseMoe OCCCPOUHO
FAR Manager CBOOOJTHO PACIPOCTPAHIEMOE 0ECCPOYHO

IIpodeccnonanbHble 0a3bl JaHHBIX M HH(OPMaINHOHHBIE CIPABOYHbIE CHCTEMBbI

Hassanue xypca

CchlIKa

HammmonansHas
UH(POPMALIMOHHO-aHAIUTHYECKAsl ~ CHCTeMa —
Poccuiickuii HMHAEKC HAYYHOTO IMTHPOBAHHUS

URL.: https://elibrary.ru/project_risc.asp

[TouckoBas cucrema Axanemus Google (Google
Scholar)

URL.: https://scholar.google.ru/

Nudopmanmonnas cucrtema - EnuHOEe OKHO
JIOCTYIIa K HH(GOPMAIIMOHHBIM pecypcam

URL: http://window.edu.ru/

Poccuiickass T'ocynapctBeHHass — OuOIHOTEKA.
Karanoru

https://www.rsl.ru/ru/4readers/catalogues/

DneKTpoHHbIe pecypcbl onbmuoreku MI'TY um.
I'.1. HocoBa

http://magtu.ru:8085/marcweb2/Default.asp

MexnyHapoaHas HayKOMETpHYeCKast
pedepaTuBHas W MOJTHOTEKCTOBas 0a3a JaHHBIX
Hay4JHBIX n3ganuii «Web of science»

http://webofscience.com

MexnayHapoaHas pedepaTuBHas ul, ttp://scopus.com
ITOJTHOTCKCTOBAsA CIIpaBOYHas1 621321 JAaHHBIX

Mexcz[yHapoz[gaﬂ 0aza TOTHOTEKCTOBBIX || . tp://link springer.com/
JKypHaJIoB Springer Journals

MexnayHapoaHas KOJIJICKITUS Hay4YHBIX

IIPOTOKOJIOB II0 Pa3JIMYHBIM OTpPaCIsIM 3HAHUMN

http://www.springerprotocols.com/

MexayHaposaHasi 0a3a Hay4dHBIX MaTEpUaloOB B
obnacTy (U3MYECKHUX HAYK W HMHXUHUPUHTA

http://materials.springer.com/

MexayHaposaHast 6a3a CIpaBOYHBIX M3/aHUH 110
BCEM OTpacysaM 3HaHui SpringerReference

http://www.springer.com/references

9 MarepuajIbHO-TEXHHYECKOE 00ecnedeHne U CIUILIMHBI (MOLYJIs)

MaTepI/IaJ'IBHO—TCXHI/ILICCKOC obOecrieueHue JUCHHUIIIIMHBI BKIIFOYACT:




JlekuMoHHBIE AaYOUTOPHH: MYJIBTUMEIUNHBIC CpPEICTBA XpAaHECHWs, TNepeaayun |
npejacTaBieHuss HMHQOpManuM (MHTEpPAaKTHBHAas JOCKa B KOMIUIEKTE C IIPOEKTOPOM U
KOMIIBIOTEPOM); IEMOHCTPAIIIOHHBIE CTCH/IbI, TNIAKATHI, HATJISAHBIE TOCOOUS.

[TomerneHus 1711 CaMOCTOATEILHON padOTHI: IEPCOHATBHBIE KOMITBIOTEPHI C TakeToM MS
Office, BBI-X0JIOM B Hurepner u c JIOCTYIIOM B AIEKTPOHHYIO
nH(pOPMAIMOHHO-00PA30BATENBHYIO CPENY YHUBEPCHUTETA.

Aymuropun 11 IPAKTHUECKUX 3aHATHH, TPYNIIOBBIX WHAUBHIYATBHBIX KOHCYIbTAIIHM,
TEKYIIEro KOHTPOJIA U MPOMEKYTOYHOW aTTecTallMH: AEMOHCTPALMOHHBIE CTEHbI, IUIAKaThl,
HaTJISTHBIC TTOCOOUSI.

[Tomemenuss ays  XpaHeHHS ©  NPOPUIAKTHYSCKOTO OOCTYy)KMBaHUS y4eOHOTO
obopynosanus: Illkadel U cremnaxu s XpaHEHUS Y4eOHO-METOIMYECKOM JTOKYyMEHTAllWH,
y4eOHOT0 00OpYZOBaHUS U y4eOHO-HATJISAHBIX MOCOOMI; HHCTPYMEHTH U 000pYyJIOBaHUE IS
00CTVKIBaHUS



IIpunoxenne 1
Y4eOHO-MeTOMMYECKOE O0ecTIeYeHre CAMOCTOSITEIbHOM PAa00ThI 00y4al0IIUXCH

ITo qucunmnnne «TensiomaccooOMeHHbIE POLECCHI B TENJOBOM 000PYI0BAHUM CHCTEM
TI'B» npenycMoTpeHa ayIuTOpHAs U BHEAYAUTOPHAs CaMOCTOATENbHAs pPaboTa 00yJaromuXcsl.

AynuropHas caMOoCTOsITeNIbHAs paboTa CTY/I€HTOB IPEANoJaraeT peleHne NpakTUYeCKuX 3a1a4d
Ha MPaKTUYECKUX 3aHATHsIX. Hke puBeeHbl HEKOTOpbIE TUIIOBBIE 3a/1a4H.

AIIP Nel. MeTtoa pacueTa HeCTAIIMOHAPHOIO0 TeMIIEPATYPHOTO MOJIsI AJIsl TeJl KOHEYHBIX
pa3MepoB (MeTo/ Cyneprno3ulliy, TeOpeMa 0 epeMHOKeHUH peleHni).

1.Pe3unoBas miacTuHa ToMmuHoM 20 MM, Harperas 10 TeMneparypsl ti;-140 °C
MOMEIIIEHA B BO3AYIIHYIO Cpely ¢ TeMrnepaTypon tk, - 15° C.  .Onpenenuth TemMnepaTypsl B
cepeIrHe U Ha MOBEPXHOCTH IUIaCTUHBI yepe3 20 MUH. Mocie Hayalla OXJIaKICHUS.

Kosddunuent ternonposoguoctu pe3unsl A=0,175 Br/(m* °C).

KoadduimenT TernnooTaayu oT HOBEpXHOCTHU TUIACTUHBI K OKPYXKAIOLIEM BO3AYXY PaBeH
a=65 B1/(M**°C)

AIIP Ne2. Temy1oo0MeH Npy Te4eHNH KHUAKOCTH B TpyOax.

1. Ilo TpyOGam BepTUKAIBHOTO TEINIOOOMEHHHMKA CHHU3Y BBEpPX TEYET BOJa. BHyTpeHHMI
nuametp Tpyo d=16 mm; ux mmmHa 1=1.2 M. Pacxox Boas! uepes onny Tpyoy u G=58 Kr/4.
TemmepaTypa BoJIi Ha BXOJE B TEIIOOOMEHHUK ty = 30°C.

Onpenenutb KOJMYECTBO TEIJIOTHI, IepPeIaBaeMOU OT CTEHKH OJHOU TPYOHI K BOJE,
U TeMIIepaTypy BOJIbI HA BBIXOJIC, €CITH TEMIIEpPAaTypa CTCHOK TPYO MOAIEPKUBACTCS paBHOMN
80° C.

OTtBer
Q= 1450 Br; ty=52°C.

2. CpaBHUTH 3HAYEHUS MECTHBIX unces HyccenbTa npu JaMUHApHOM T€YEHHUH KUJKOCTH B
KpPYTJI0il TpyO€ B YCIOBHUAX MOCTOSTHHOW IIJIOTHOCTH TEIIJIOBOTO TIOTOKA HA CTEHKE, 0e3
NPEIBKIIOYEHHOI0 yJacTKa THIpoAMHaMUYecKoi ctabunmuzanuu (Nu,) ¥ IpyU HATMYUU TaKOTO
yuactka ((Nu,.ct). CpaBHEHUE IPOBECTH JIJIsl OTHOCUTEIBHBIX PACCTOSIHUM OT BXOJa B
oborpeBaembIii yuacTok x/d=\ 2, 5, 10, 15 u 20. Yucno PeitHonbaca npunsats Re* —1800,

[TonpaBKky Ha y4acTOK THAPOAMHAMUYECKOM cTabmnu3anuu €= Nur/Nur.cT MOKHO BBIYHACITUTH 110
dbopmyie
- 0.42

—035( ! x) ° 1+285< ! x)
e=5 Rex d ' Rex d

AIIP Ne3. Tenuioornaya npu ¢cBo0OOJHOM JABHKEHUH JKMIKOCTH.



1. B KoTenpHON NPOJIOKEHBI 1BA FTOPU3OHTANIBHBIX NaponpoBoaa fruamerpamu d1=50 MM u
d2= 150 mMm. Ob6a mapompoBoja MMEIOT OJWHAKOBYIO TEMIIEpATypy MOBEPXHOCTH
tc=450°C. Temmeparypa okpyxaromiero sosayxa tx=50°C. ITapornpoBoabl IPOIOKEHBI
JpYyT OT Apyra Ha PacCTOSTHUU, UCKIIIOYAIOIIEM B3aUMHOE TEIIOBOE BIHUSHHUE.

Haiitu oTHOMIEHHST KO3 IUIIMEHTOB TerIooTAauH ol/02 1 moTeps TemIoThl ¢ 1 M q11/q12
MaponpoBOOB.

OTBer

al/a2=1,315; M q11/q1,=0,438.

2. BBIYHCIHTD OTEPH TEIUIOTH B SAMHUITY BPEMEHH ¢ | M ITOBEPXHOCTH FOPH30HTAIBLHOTO
TEII000OMEHHHUKA, KOPITYC KOTOPOTO UMEET IIMJIMHAPHUECKYIO (OPMY U OXJIaKJaeTCsl CBOOOHBIM
oToKaM Bo3ayxa. Hapysxuelii quameTp kopiryca TermmoooMennuka d=400 mm, Temneparypa
nosepxuoctu tc=200°C u TeMneparypa Bo3ayxa B nomenieauu tx=30°C
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JI1st BeIUMCIeHUs CpeTHeTo Kod(dPHUIMeHTa TeTIo0TAaqy Py CBOOOTHOM JIBHYKCHHUH JKUIKOCTH

'
—
?‘
|
000

BOCIIOJIB30BATHCA YPABHCHHUEM!

Prx 0,25

Nu,=C(GrPr)" (m) ,

riae noctossHHbie C U N 3aBUCAT OT peXUMa CBOOOTHOTO JBIKEHUS U YCIOBHM OOTEKaHHUS
noBepxHOCcTU. OHM sBIsIFOTCS QyHKIMsIME GrPr 1 onpenensitoTest U3 Cieayroeid TabIuIbL:

(GrPr)x C n VY CoBUSA IBHKEHUS
1%10°+1%10° 0,75 0,25 B10b BEpPTUKANBHOM
>6+10" 0,15 1/3 CTEHKH
1%#10%+1%10° 0,50 0,25 Ha ropu30HTaIbHOM

TpyOe

OTBer

0=5,9 Br/(M**°C); g=1000 Br/m’.

AIIP Ne4 OcoOeHHOCTH pacyeTa TelJionepeaadyd B TeIUVIOBBIX anmaparax npu 00TeKaHuu
ra3oBbIM IOTOKOM Ny4Ka Tpyo0.




TpyOuaTsIii BO3AYITHBIN IMOIOTPEBATETh TPOU3BOAUTEIBLHOCTHIO 2,78 KI/c Bo3ayxa B 1 ¢
BBITIOJIHEH U3 TpYyO auamerpoM dijd 3 =43/49 mm. Koaddurment rermnonpoBoJHOCTH MaTepHraa-
Tpyo A = 50 B1/(M*°C). BuyTpu TpyO IBHXKETCS TOPAUYMIL ra3, a Hapy>KHasi TIOBEPXHOCTH TPYO
OMBIBAETCs MONEPEUHBIM IOTOKOM Bo3yxa. CpenHssa TeMneparypa AbIMOBBIX Ta30B tk;- 250°C,
a CpellHss TeMIeparypa noJiorpeBaemMoro Bo3ayxa bk, — 145° C. Paznocts Temneparyp
BO3/yXa Ha BXOJI€ U BbIX0Jie U3 nogorpenarens paHa 6t=250°C. Koadpuiment reroorjauu ot
rasoB K CTeHKe o = 45 B1/(M**°C) 1 0T CTeHKH K BO3JIyXY 0, = =25 Br1/(M**°C).

Boruncnuth ko3¢ puLMeHT Tenionepeay 1 OnpeaesiuTh MII0Mab TOBEPXHOCTH HarpeBa
nogorpeBatesns. Pacder nmpoussectr o hopmynam ist 1) MUIMHAPUYECKON U 2) TIIIOCKOMN
cTeHOK. CpaBHUTB Pe3yIbTaThl BEIUNCICHUMN.

AIIP NeS. TensiooOMeH nNpu KUNEHUM KUTKOCTH

OnpenenuTts TEMIOBYIO HArpy3Ky MOBEPXHOCTH HAarpeBa MmaporeHeparopa mpu
My3bIPbKOBOM KHMIIEHUH BOBI B OOJIBIIIOM 00BEME, €CIIM BOJIa HAXOIUTCS MO IaBJICHUEM
p=6,2%10° Ila, a TemmepaTypa MoBepxHoCTH Harpesa te=175 °C.

Onpenenuts KOAXPPHUIUEHT TEIUVIOOTAAYN OT HAPYKHOM MOBEPXHOCTU TPYOKH UCTIAPUTENS K
KUIIALICH BOJE, €CIIM TEIUIOBasl Harpy3Ka IOBEPXHOCTU Harpesa q:2>“105 Br/?, PEXUM KUIICHUS
IIy3bIPbKOBBIM U BOJIa HAXOAUTCS IOJ AABICHUEM p:2”<105 I1a.

Kak n3meHuTcs Ko3QpQUUHUEHT TEIUIOOTAAYH NTPH KMUIIEHUH BOABI B TPYOE AUAMETPOM
d=20 MM npu NOBBIIIEHHOH TEIJIOBOW Harpy3Ke NOBEPXHOCTH Harpesa ot q=5 #10* 1o
qzl*lO5 BT/M2, €CJIM CKOPOCTh JBUKEHUS BOJbI W=5 M/C U JIaBJICHUE p:2>“105 I1a.

OTtBer
Koo pHIUHeHT TemIooTAaun He n3MeHnTCs. B oGonx ciyuasx a=25600 Br(m**°C).

ATIIP Ne6. 3akoHOMEPHOCTH TeNJ000MeHa U3JIyYeHHeM NMPU HAJTHYUM MOTJIOIAK e
(m3nyyaromieii) u paccenBaonleii cpenanl. 3akon byrepa.

1.B HarpeBare/bHOM MeYH TEMIIEpATypa ra3os Mo BceMy 06beMy mocrosiaa u pasaa 1200°C.
O6bem meun V=12 m’, 1 monHas MIOBEPXHOCTh OrpaxacHus F=28 M.

Ob1iee naBneHue NpoAykToB cropanus p=98,1 klla, nmapruansHoe AaBIeHUE BOJISHBIX 1apOB
pPr20=8 Klla u yrnekucinora pco,=12 xlIla.

BbruucnuTe creneHb YepHOTHI U3ITy4arolieil ra30Boi cMecH U COOCTBEHHOE M3JIyueHHE
IIPOIYKTOB CTOpPaHUs.

AIIPNe 7 -9. KoHcTpyupoBaHHe M TelIoBble pacueTsl o0opyaosanus TI'CB.

1. ITpou3BecTH TEIIOBOM U KOHCTPYKTUBHBIN pacyeThl OCHOBHBIX JI€TaJICH
CEKIIMOHHOT'0 BOJIOBOJISIHOTO MOOTPEBATENS TEII0ceT MOCIHEPTo NpU CAEAYIOIMIMNX YCIOBUSIX:

cX€Ma JIBUKCHUS TEINIOHOCUTEICH — IIPOTHUBOTOK;

MPOU3BOAUTENLHOCTD antnapata Q =1,5 I'Bm;



TeMIepaTypbl Iperoieid BoAbI ¢’
1=130°Cwu
t", 1=100"°C;
TEMIIEpaTypbl HArpeBaEMOU BOJBI ¢’
2=62°Cut"
2=92°¢;
MMOBEPXHOCTh HarpeBa BBITIOJIHEHA U3 JIATYHHBIX TPYOOK auameTpom d=14/16 mm;
TETTONPOBOIHOCTh MaTepuaia Tpyook A=90 em/(m-epad);
TOJIIIMHA HAKUIIH 01n=0,2 mm;
TEIUIONPOBOJHOCTh HAKUTIU An=3 ¢m/(m-2pad);

K03 (OULIMEHT, YUIUTHIBAIOLIUHI MTOTEPH TEIUIa MOBEPXHOCTHIO MOJOTPEeBATENs B
OKPYKAOIIYIO

cpeny nn=0,97.

2. OnpenenuTh KOHEYHYIO TEMIIEPATYPy BO3AyXa JUIsl BO3AYXO0OXJIaUTENs C
noBepxHocThio Harpera F=1000 M2HpI/I CIEAYIOUUX YCIOBUSX:

TeMIIepaTypa BO3AyXa, MOCTYNAIOLIEr0 B BO3AYyX00XJIaAUTElNb, ¢'=60 °C:
00heM UPKYIHpyIomero Bo3ayxa VI=100000 r'/u;

HaydaJibHas TEMIIEPATYPaA OXJIAXKIAKOIIEH BOIbI t'2:250C ;

pacxon Boasl V=320 m3/u;

kod(urment Ternonepenaun k=30,5 Bm/(MzK JR

TEIUIO0OMEH MEXy BO3YXOM U BOJIOM B BO3AYXOOXJIAIUTENE TPOUCXOIUT MIPH
IIPOTUBOTOKE.

3. Onpenenuth KO3PPHUIMEHT TEIUIONEpeIaun Al peOPUCTOTO BO3LyXO00XIIaUTENs IPU
CIIEYIOIIUX YCIOBHSIX: PACIIONOXKEHHE TPYOOK B IMy4YKe MIAXMATHOE; CKOPOCTh BO3yXa MEKIY
pebpamu w=6 m/c; nuameTp Tpyoku du/dB =24/22 mm; maTepuan TpyOook - atyHb (A=90
BT/(M*Tpan)); HapyXHBIH nuameTp pedep D=55 mm; Tonmuna pedep op =0,3 Mm
(TerutonmpoBOTHOCTE pedep Ap=45 BT/(M*rpan); mar pedep b=4,8 MM; cpenHss Temneparypa
oxnaxparomei Boasl t2=260 °C; remneparypa ropsuero sozayxa t; =500 °C.

4. OnpenenuTs TEMIIEpaTypy Bo3yxa Ha BBIXOJE U3 CKpyOOepa U Cpe/iHIO pa3HOCTh
TEMIEPATYpP MEXKAY TEINIOHOCUTENSIMU ITPH MPOTUBOTOKE, €CIIM B CKpyOOep MmocTymaeT BO3AyX B
kosnuectBe 10000 xe/u pu 1'1=150°Cu i=420 Kkoorc/ke. OXIaxaromas BOa HMeeT TeMnepaTypy
Ha Bxoje t,==15 C u na Beixoze 12=55 °C.



5. Paccuurarh pagnanmoHHBIA peKynepaTop, padboTalomuil B CUCTEME
KOMOMHHUPOBAHHOTO paInallMOHHO-KOHBEKTUBHOTO peKyIeparopa. Temmneparypa Bo3ayxa Ha
BXOJI€ B paallMOHHBIN pEKyIIepaTop paBHa 1"6=420°C, xoHeuHast TeMIlepaTypa IoAorpesa
Bo3zyxa '6=600" . TemrepaTypa IbIMOBBIX Ia30B Ha BX0JE B peKymeparop #'0=1050°C.
KonuuectBo HarpeBaemoro Bo3ayxa VBo=0,695 m3/c, neima V10=0,805 m°/c. COCTaB IBIMOBBIX
razoB 19 % COy; 1,0 % H,O u 80 % N,. TonmuHa CTeHKH peKyrepaTropa 0=6 MM.

6.ITpon3BecTH yrpoUIeHHbIH TEIUIOBON pacueT 6apabaHHOMN CYIIMIKH MPH CIIETYIONIIX
ycnoBusx. KonndecTBo mpoaykra, moctynatomero B cymuiky, G;=20000 kr/4; HayanbHast
BJI&KHOCTh MPOJIYKTA w01=18 %;, xoHeUHas BIaXXKHOCTD w02=10; TEIMIOEMKOCTb BBICYIIEHHOTO
nponykra c=1,26 kooc/(xe epad); TemiepaTypa Bo3ayxa, mocTynariero B kajgopudep, =20
OC; oTHOCHTENIBHAS BIAKHOCTD Bo3nyxa =60 %; Temmneparypa Bo3ayxa, mocie kajopudepa -
;=150 0C; OTHOCHUTEJbHAS BIAXXKHOCTh BO3AYyXa, BHIXOAAIIETO U3 Cymmiku, p=80 %;
TeMIepaTypa IpoayKTa mpu Bxoze B cymmiky 0=10 °C, Temmeparypa mpoaykTa 1mo BEIXOJIE 3
cymmka =100 °C.



IIpniaoxenue 2
OueHouHbIe cpecTBA /15 NPOBEJACHUS TPOMEKYTOYHOM aTTeCTAlUU

Kon
NHaukaTop 10CTHKEHH S
HHIHKAT OueHovHbIE cCpeacTBa
opa KOMIIeTeHITUH

OIIK-1: CnocoGeHn pemarh 3agaur mMpodhecCHOHATBHON JESITEIIBHOCTH HAa OCHOBE HMCIOJIb30BaHUS
TEOPETUYECKUX M TPAKTUYECKUX OCHOB ECTECTBEHHBIX M TEXHHYECKMX HayK, a TaKxke
MaTEeMaTHYeCKOro anmnapara

OIIK-1.1: | Onpenensier XapakTEPUCTUKU Teoperuvyeckue BONPOCHI:
(bU3MYECKOTO0 M XHMHUYECKOTO 1. OcHoBHbIE MOHATHUSA U onpenenenus. Oomue
nmporecca (s1BIEHMS), HOHSITHS TEIJIONPOBOAHOCTH, KOHBEKIIUH,
XapaKTepHOro MJisi OOBEKTOB U3ITyYEHUS.
npodeccrnoHanbHOM 2. JluddepennuanpHoe ypaBHEHUE
NesTeIbHOCTH, Ha  OCHOBE TEIIONPOBOAHOCTH.
TEOPETUYECKUX U 3. VYcnoBust OAHO3HAYHOCTH.
AKCTIEPUMEHTAITbHBIX 4. HHTeHcudUKaIms IporeccoB TEMI000MeHa.
UCCIIEN0BAHUMN 5. Amnanu3 pemieHus 3a1a4 HeCTallMOHApHON

TEIUIONPOBOAHOCTH JIJISl TPEENIbHBIX
3HayeHu uncen buo.

6. Meroa pacuera HECTaLlHOHAPHOTO
TEMIIEPATYPHOTO MOJIS AJIs1 T€A KOHEYHBIX
pa3MepoB.

7. OmnpeneneHne KOJIUYECTBA TEIJIOTHI B
HECTAIMOHAPHOM peXUME ( TIJTACTUHA).

8. TloHsATHE pEryaspHOro pexuma.

9. OcHOBHBIE IOHATUS KOHBEKTUBHOI'O
TerIooOMeHa.

10. ®opmyna HeroToHa-Pruxmana aj1st pacueToB
IPOIIECCOB TEINIOOOMEHA.

11. 'mppoanHaMuueckas CTpyKTypa MmoToka.
Yucno Pelinomnbaca.

12. IuddepenunanbHpie ypaBHEHHS
KOHBEKTHBHOT'O TETIOOOMEHA.

13. Teopus mogo6ust. Yucna mogooust. Teopempl
no1o0us.

14. OcCHOBBI TEOPUH MOTPAHUYHOTO CJIOS.
TennoBol U rUAPOAMHAMUYECKUAN
MOTPAHUYHBIN CIIOM

15. Pacuer TemiooTjauu pyu JJaMUHAPHOM
JBUKEHUH KUIKOCTH BJIOJIb TIOCKOM
MJIACTUHBI.

16. Pacuer Teronepenaun npu TypOyJICHTHOM
JBUKCHHUH KUIKOCTH.

17. TenooOMeH TIpH JIAMUHAPHOM JABUKEHUN
KUJKOCTH B TPyOax.

18. TermooOMeH Tipu TypOYJIEHTHOM JABUKEHUHU
KUJKOCTH B TPyOax.

19. TemnooTnaya B KaHajgax ¢ MOMEPEYHBIM
CeueHHEM MPOU3BOJILHON (DOPMBI.

20. TemiooTnaya Npu TEYEHUH KUAKOCTHU B
U30THYTHIX TpyOax.

21. OcHOBHBIE TOHATHUS IPU CBOOOTHOM




JBUKEHUH KUIAKOCTH.

22. TenmooTaaya mpu CBOOOHOM JABHKEHUU
KUAKOCTU BJIOJIb BEPTUKAIBHON CTEHKH.

23. TemmooTaaua mpu CBOOOHOM JABHKEHUU
KUJKOCTH BJIOJIb TOBEPXHOCTHU
TOPU30HTAILHOTO MIJIMHAPA.

24. TennooOMeH Ipu CBOOOAHOM JIBH)KCHHUH B
OTPAaHHYEHHOM MPOCTPAHCTBE.

25. [lonsiTHE PKBUBAJICHTHOTO KO3 dHUIIHEHTA
TEIUIONPOBOAHOCTH.

26. OCHOBHBIE TIOHATHS TIPOIIecCa KUTICHUS
KHUJIKOCTH.

27. Kpusuc xkunenus xkuakoctei [ pona. Kpuas
KHUTICHUS.

28. TemiooTnaya npu KUIEHUU KUIKOCTEN B
HEOrpaHMYEHHOM O0beMe.

29. CtpykTypa NOTOKA IPYU IBH>)KEHUH KUJKOCTH B
TpyOe.

30. TenooTnaya nNpyu ABMXKEHUU KUIKOCTU B
TpyOe.

31. Kpusucs! xunenus Il pona.

32. OCHOBHBIE IOHATHS B MTPOIIECCAX
KOHJICHCAIIUHU Tapa.

33. KoHBEKTUBHBII MacCOOOMEH.

34. TennooOMeH U3ITydeHUEM B TIOTJIOMIAIOIINX H
M3JIy4yarnmx cpeaax. 3akoH byrepa.

35. Pacuer TeruiooOMeHa MEXy Cpesion U
000JI0UKO.

36. OnTuueckas TOJIIIMHA CPEJIBI.

37. TloHsiTHE O CIOXKHOM TEIIOOOMEHE.

38. Knaccugukanus TerniooOMeHHbBIX allapaTos.

39. KOHCTpYKTUBHBIN ¥ TOBEPOYHBIA pacyeT
TEII000MEHHUKOB.

[IpumepHbIe NpaKTHYECKHUE 32JaHUS IS
IK3aMeHa:

1. Pe3unoBasg mimactuna Tommuon 20 MM,
Harperas 10 Temmeparypsl tk;-140 °C - momemiena B
BO3YILIHYIO CPEAY C TeMIIepaTypol tx; - 15° C.
.OnpenenuTs TeMIepaTypsl B CEpeluHE U Ha
NOBEPXHOCTH IUTACTUHBI Yepe3 20 MUH. Mocie Havyalla
OXJIaX/ICHUS.

Koaddunment rermnonpoBognoctu pe3unsl A=0,175
Br/(m* °C).

KoaddunmenT Temnooraaun oT moBEpXHOCTH
IUTACTHHBI K OKPYKAIOIIEM BO3IyXy PaBEeH

=65 Br/(M™*°C)

2. OnpenenuTh TEIIOBYIO HArpy3Ky MOBEPXHOCTH
HarpeBa naporeHepaTopa mpu

y3bIPEKOBOM KHIIEHUH BOJBI B OOJIBIIOM 00BEME,
€CII BOJIa HAaXOAUTCS MO JaBJICHUEM

p=6,2%10° ITa, a TemIepaTypa MOBEPXHOCTH HArPeBa
tc=175 °C.




Onpenenuth K0O3PGUIUESHT TEIIIOOTIAYH OT
HApY>XKHOU TTOBEPXHOCTU TPYOKH HCTIAPUTENS K
KUIISIILEH BOJIE, €CIIM TEIIOBasi Harpy3Ka MOBEPXHOCTH
HarpeBa q=2* 10° Br/v?, PEXKUM KUTIEHUS
My3BIPHKOBBIN U BOJA HAXOIUTCS MOJ] 1aBJICHUEM
p=2*10 Ia.

Kaxk n3menuTcst ko3 PpUIMeHT TemIo0Taauu mpu
KUTICHUH BOJIBI B TpyOE AMaMeTpOM d=20 mm
MIPY MOBBIIIEHHOM TETIOBOM HArpy3Ke MOBEPXHOCTH
Harpesa ot q=5%10" 10 q=1*10° Br/™m?, ecim
CKOPOCTbh JIBHJKEHUS BOJIBI W=5 M/C U 1aBlIeHUE
p=2%10’ Ila.

OTtBer

Koaddumuent temnoornaun He u3MeHUTCS. B 00omx
ciydasx 0=25600 Br(m**°C).

OIIK-1.2:

Ucnonb3yer  Teopernueckue
OCHOBBI TEXHUYECKHX HaYK IS
MIPUMEHEHHUST WHHOBAIIMOHHBIX
TEXHOJIOTHH  HA  peallbHBIX
CTPOUTENBHBIX 00BEKTOB

Teopernyeckue BONPOCHI:

1. OCHOBBHI TETUIOBOTO pacyeTa TeII00OMEHHBIX
anmnaparos.

2. Knaccudukanus TermmoMaccooOMeHHbIX
YCTaHOBOK.

3. Hawubomnee pacnpocTpaHeHHBIE TETNIOHOCUTEIH, UX
CBOICTBa, 00JIaCTh MPUMEHEHHUSI.

4. KoHCTpyKTHBHBIC OCOOEHHOCTH
KOXKYXOTPYO4aThIX TETUIOOOMEHHUKOB.

5. KoHCTpyKTHBHBIE OCOOEHHOCTH TUIACTUHYATHIX U
CIUPATHHBIX TETNIOOOMEHHHUKOB.

6. TemnnoBol KOHCTPYKTUBHBIN U TEIIJIOBOU
MOBEPOYHBII pacyeThl peKyIlepaTUBHbBIX
Term1000MeHHUKOB. MIX oco6eHHOCTH .

7. HcnapurenbHble YCTaHOBKU. IX KOHCTpYKTHUBHBIE
O0COOEHHOCTH.

8. Temmnosslie TpyObl. Knaccuduxanus,
KOHCTPYKTUBHBIE OCOOEHHOCTH.

9. Oco0eHHOCTH TEIIOBOTO pacyeTa TEeTIOBBIX
TpyoO.

10. OcobeHHOCTH TETIOBOTO pacuera
TEMI000MEHHUKOB MEPHOANYECKOTO ACHCTBHUS.

11. T'mapaBauyeckuil ¥ MPOYHOCTHOM pacyeThl
PEKyNepaTUBHBIX TEINIOOOMEHHUKOB.

12. PerenepaTuBHBIE TETUIOOOMEHHUKH
NEePUOIUYECKOTrO IEUCTBUSI, UX KOHCTPYKTUBHBIE
O0COOEHHOCTH.

13. Oco0eHHOCTH TEIIOBOTO PacyeTa pereHepaTopoB
MEPUOUYECKOTO JEHCTBUS.

14. KoHCTpYKTHUBHBIE OCOOCHHOCTH PETEHEPATOPOB
HEMPEPHIBHOTO JICHCTBHSI.

15. Knaccuduxanus u KOHCTPYKTHBHBIE OCOOCHHOCTH
KOHTAKTHBIX TEIJIOMAacCOOOMEHHBIX YCTaHOBOK.

16. CoiicTBa BiaxkxHoro Bo3ayxa Ha « H-d »
Iuarpamme.

17. N300paxeHue mporeccoB TermiooomMena Ha « H-d »




JMarpaMme.

18. TeruioBoi KOHCTPYKTUBHBIN pacdeT ckpyoboepa.

19. TennoBoii 6aaHC KOHTAKTHOT'O TEIIO0OOMEHHUKA
U U300pakeHre MpoleccoB B HeM Ha « H-d »
JMarpaMme.

20. ®U3uKO-XUMHUYECKIE 0COOCHHOCTH MPOIIECCOB
BbIIIapUBaHud. TeMIiepaTypHas Jenpeccusl.

21. TennoBoii pacueT BBIIAPHBIX YCTAHOBOK.

22. TennoBoii 0anaHC BRIMTAPHON YCTAaHOBKHU
HEIPEPBIBHOTO IEUCTBUSL.

23. cMecH U3 B3aUMHO PaCTBOPUMBIX U
B3alMHOHEPACTBOPUMBIX KOMIIOHEHTOB.

24. MexaHu3M nporiecca CyIKH BIaXHbIX
MaTepuaoB. Buasl CBA3aHHOM Biary.

25. OnpeneneHne pacxo/ia CylMiIbHOTO areHTa B
IIPOLIECCE CYIIKH.

26. [poriecc cymmku B TEOPETHIECKOM CYIITUJIE Ha
«H-d» nuarpamme.

27. TermoBo#i OanaHC AEWCTBUTEIHHOTO CYIITUIIA.

28. OcoOEHHOCTH MPOIIECCOB CYIIKHU C
peUMpKyIsIMen cymuiabHoro areura. [locrpoenne
nporiecca cymku Ha «H-d» guarpamme.

29. OcoOEeHHOCTH MPOLECCOB CYILKH C
IIPOMEKYTOUHBIM IIOJIOIPEBOM CYLIMIBHOTO
areHra.

30. KoHBeKkTHBHas CylIKa Ha JIbIMOBBIX razax. CyIika
C PELUPKYJIALUEN TOIIOYHBIX I'a30B.

31. Copbumonnsie porieccbl. AOCOPOCHTHI U
a/ICOpPOCHTHI.

32. AGCcopOITMOHHBIC MTPOIIECCH U YCTAHOBKH.
MarepuanbHblii OanaHc ¥ MPUHIUIHATBHBIC
CXEMBI.

ACOOLMOHHBIE TPOIECCHl U YCTAHOBKH.

[TpuHIMIHATBEHBIE CXEMBI aJICOPOIIH.

[IpumepHbIe NpaKTHYECKHUE 32JAHUS IS

IK3aMeHa:

1. I[To Tpybam BepTUKAIBLHOTO TEIJIOOOMEHHHKA
CHU3Yy BBEpX TeueT BOJA. BHyTpeHHMH IuamMmerp
Tpy0 d=16 mm; ux mmaa 1=1.2 M. Pacxox Boabl
yepe3 ogny Tpyoy m G=58 kr/4. Temmepatypa
BOJM Ha BXOJI€ B TEIJIOOOMEHHUK t,; = 30°C.

Ornpenenutb KOJIMYECTBO TEIUIOTHI,
nepeaaBaeMoi OT CTEHKH OJTHON TPYOBI K BOJIE, U
TEMIIEpaTypy BOJAbI HA BBIXO/JIE, €CIIH
TeMIepaTypa CTEHOK TpyO MoIepKUBAETCS
pasnoii 80° C.

Otser
Q= 1450 Br; ty=52°C.

TpyOuaTsIif BO3AYITHBIN MOIOTPEBATEIH
IIPOU3BOIUTENBHOCTBIO 2,78 Kr/c Bo3ayxaB 1 ¢
BBINOJIHEH U3 TpyO auamerpoM dijd sz =43/49 mwm.
Ko duumeHT rermnonpoBogHOCTH MaTepraia- Tpyo A




=50 B1/(M*°C). BHyTpHu TpyO ABMKETCS TOPSUHiA a3,
a Hapy»KHasi IOBEPXHOCTh TPYO OMBIBAETCS
MOTIEPEYHBIM MTOTOKOM Bo3ayxa. CpenHss
TEeMIEpaTypa AbIMOBBIX I'a30B tk- 250°C, a cpenHss
TeMIepaTypa MoI0rpeBaeMoro Bo3ayxa Ky —
145° C. Pa3HOCTB TeMIiepaTyp BO3/1yXa Ha BXOJE U
BBIXOJI€ U3 mojorpesarens papHa 6t=250°C.

Ko duumenT TemnooTaaun ot ra3oB K CTEHKE o = 45
BT/(M2*°C) 1 OT CTEHKH K BO3JIyXY 0., = = 25
Br/(M**°C).

Beraucnuts koadpumueHT remonepenaun u
OTIPENIeNIUT TIOIIA/Ib TOBEPXHOCTH HAarpeBa
nojorpesatesns. Pacuer mpoussecTu 1o ¢popmynam
01 1) UUIMHAPUYECKON U 2) MIIOCKON CTEHOK.
CpaBHUTBH pe3yJIbTAThl BEIYUCICHUN.

OIIK-1.3

Pemaer nnxeHepHble 3a1a4n C
MOMOIIBI0  MaTEMaTUYECKOTO
ammapaTra BEeKTOPHOH anreOphl,
AHAUIUTUYECKON TEOMETpUU U
MaTeMaTUYECKOTO aHAJIN3a

IIpmepHbIe TEMBI CAMOCTOSATEIBLHBIX
NMPAKTHYECKHUX 3aJaHMI:

1. IIponsBecTH TEMIOBON U KOHCTPYKTHUBHBIN
pacdeTbl OCHOBHBIX JIeTalel CeKIIMOHHOTO
BOJIOBOJISIHOTO MOJ0TpeBaTENs TerioceTu Mocanepro
IPU CIEAYIOMIMX YCIOBUSAX: CXeMa JIBUKEHUS
TEIJIOHOCUTEIIEH — MPOTUBOTOK;
MIPOM3BOUTENBHOCTD ammapara Q =1,5 I'Bm;
TEMIEPATYPhI IPErOIIeH BOIbI

t,1=130"Cu
t", 1=100"°C;

TEMIIEpaTypbl HArpeBAEMOU BOJBI ¢’

2=62°Cut"

2=92°¢;

MTOBEPXHOCTh HAarpeBa BhIMOJIHEHA U3
JaTyHHBIX TPyOOK nuamerpom d=14/16 mm;

TETTONPOBOTHOCTh MaTepuaiia Tpyook 4=90
eém/(m-2pao);

ToammHa Hakumu on=0,2 mm;

TEIUIONPOBOJHOCTh HAKUTIU An=3 ¢m/(m-2pad);

KO2(DPUITMEHT, yUYUTHIBAIOIINMA TOTEPH TETLIIA
MOBEPXHOCTHIO TIOJIOTPEBATENS B OKPYKAIOITYIO

cpeny nn=0,97.

2. OnpenenuTh KOHEYHYIO TEMIIEPATypPy
BO3/1yXa JJIs1 BO3AYXOOXJIQJAUTENS C IOBEPXHOCTHIO
Harpesa F=1000 M2HpI/I CIIENYIOLIUX YCIOBUAX:

TeMIlepaTypa BO3yXa, MOCTYIAIOIIETro B
BO3/1yX0O0XJIaUTENb, t'=60 0C;

o0beM nupkynupytomero soayxa VI=100000
M

HayaJibHasl TeMIepaTypa OXJIaKJaroliei Bobl
t '2:250C ;

pacxon Boasl V=320 m3/u;

ko3 duuueHT temnonepenaun k=30,5




Bm/(W°K);

TEIUIO0OMEH MEXy BO31yXOM U BOJIOW B
BO3/IyX00XJIaJUTeNe MPOUCXOAUT MIPHU MPOTUBOTOKE.

3. Onpenenuth K03 (PHUIUEHT TeTIonepeaadn
JUIsL peOPUCTOTO BO3TyXOO0XJIATUTENS TPU
CJICAYIOIIMX YCIOBUSX: PACIIONIOKEHHE TPYOOK B
My4YKe IaXMaTHOE; CKOPOCTh BO3yXa MEXIY
pebpamu w=6 m/c; nuamerp Tpyoku du/ds =24/22 mwm;
MaTepuai Tpyook - natyHb (A=90 B1/(M*Tpan));
Hapy>XHBIN auametp pedep D=55 mm; TonmuHa pedep
op =0,3 MM (TermIompoBOAHOCTH pedep Ap=45
BT/(M*rpan); mar pedep b=4,8 Mmm; cpeaHsis
TeMIeparypa oxjaxaaromei Boas! t2=260 °C;
TeMmIieparypa ropsiaero Bosayxa t; =500 °C.

4. OnpenenuTh TeMIEpaTypy Bo3ayxa Ha
BBIXOJI€ U3 CKpyOOepa U CPEeHIO Pa3HOCTh
TEMIEPATYp MEXKAY TEINIOHOCUTEISIMU TIPU
IPOTHBOTOKE, €CITH B CKpyOOep MmocTymnaer BO3AyX B
konuyectBe 10000 xe/u npu t’1=1500CI/I =420 xoorc/xe.
Oxuaxaronas Bojia UMeeT TEMIIEpaTypy Ha BXOJe
t’h==15 °Cumna BBIXOZE t''2=55 oc.

5. Paccuurarh paguaimoHHBINA peKynepaTop,
paboTaronuii B cucteMe KOMOMHHPOBAHHOTO
paAralMOHHO-KOHBEKTUBHOI'O PEKyIiepaTopa.
Temneparypa BO31yXa Ha BXOJE B PaAHALIMOHHBIN
peKymnepaTop paBHa 1"6=420°C, xoHeuHas
TeMIepaTypa nojorpesa Bosayxa r'6=600" .
TemmnepaTypa IbIMOBBIX Ta30B Ha BXOJIE B
pexymeparop #'0=1050°C. KonudaecTBo HarpeBaeMoro
Bo3nyxa VBo=0,695 m3/c, npima V110=0,805 M/c.
CocraB apIMOBBIX Ta30B 19 % CO»; 1,0 % H,O u 80
% N,. TonmmHa CTEHKU peKyneparopa 6=6 Mm.

6.1IpousBecTH yIpoIIeHHbIN TEMJI0BOM pacyeT
OapabaHHOM CYIIUIIKY MPU CIACAYIOMHUX YCIOBUSX.
KonudecTBo mpoayKTa, MOCTYMAOIIErO B CYIIUIKY,
G=20000 kr/4; HayabHasA BIAXKHOCTH MPOAYKTA
w01:18 %, KoHEYHas BJIQKHOCTD w02:10;
TEIJIOEMKOCTh BBICYIIIEHHOTO MpoayKTa c=1,26
KOdc/(Kke epad); TeMIieparypa Bo3yxa,
MOCTYIAIMIEro B Kajmopudep, 1p=20 0C;
OTHOCHUTEIIbHAs BIAXKHOCTh Bo3ayxa ¢p=60 %;
TeMIlepaTypa Bo3ayxa, mocjie kajgopudepa -  ¢;=150

C; oTHOCUTENbHAS BIAXXHOCTh BO3TyXa, BHIXOISIIETO
n3 cymuiku, =80 %; TeMreparypa npoayKTa npu
BX0jie B cymmiky 0=10 oc, TeMIIepaTypa MpOayKTa
110 BeIXoj1e 13 cymuiku 6=100 oc.

0) [lopsinok nmpoBeeHUsI MPOMEKYTOYHOM aTTeCTAIMN, OKA3aTeJ U KPUTEPUHU
OLICHMBAHUSA:
[IpomexyTtounas arrectanus no aucuuiinie «TemmomaccoodOMeHHbIe MPoLecchl B TENJI0BOM

odopynoBannu cucteM TI'B» BkiIouaeT TeopeTrueckre BOIPOCHI, TO3BOJIAIONINE OLIEHUTh
YpOBEHb YCBOEHUS 00YUaIOLIUMUCS 3HAHUH, U TPAKTUUECKHE 3a/1aHus, BBISABIIAIONINE CTETICHD



c(hOpMUPOBAHHOCTH YMEHUMN U BIIAJICHUH, TPOBOIUTCS B (hOpMeE 3a4eTa C OLIEHKOH U B hopme
BBITIOJTHEHUSA U 3allIUThI KOHTpOJ’IBHOfI paGOTBI.

3a4er Mo JAHHOM MUCLHUIUIMHE MPOBOAMUTCS B YCTHOM (popMe o  OHiieTaM, KaskIbli U3 KOTOPBIX
BKITIOUAET 2 TEOPETHUECKHUX BOMPOCA U OJTHO MPAKTUIECKOE 3a/IaHUE.

IMoka3aTenu U KpUTEPUHU OlIleHUBAHUS 3a4eTa:

— Ha OIICHKY «OTJHYHO» (5 06aJ7I0B) — 00yJaronuiicss JEMOHCTPUPYET BBICOKHI YPOBEHB
c(OpMUPOBAHHOCTH KOMIIETEHIIMH, BCECTOPOHHEE, CUCTEMAaTHUECKOE U ITyOOKOe 3HaHHE
y4eOHOTo MaTepuraa, CBOOOJHO BBIIOJIHACT IPAKTUYECKHE 3aJaHHsI, CBOOOHO ONEpUpYeT
3HAHUSIMU, YMEHUSIMU, IPUMEHSET UX B CUTYALUSIX MOBBIIIEHHOMN CII0KHOCTH.

— Ha OLIEHKY «X0poo» (4 6amia) — 00yJarouuiicst IeMOHCTPUPYET CPEIHHI YPOBEHb
c(OPMHPOBAHHOCTU KOMITETCHIIMNA: OCHOBHBIE 3HAHUS, YMEHHUSI OCBOCHBI, HO JIOMYCKAIOTCS
HE3HAaYUTeNIbHbIE OINOKN, HETOYHOCTH, 3aTPYJHEHUS PU aHATTUTHYECKUX OIepalusX, epeHoce
3HAaHUM 1 YMEHHUU HAa HOBBIE, HECTAHIAPTHBIE CUTYAIINH.

— Ha OIICHKY «Y/10BJIETBOPHUTENbHO» (3 Oayia) — 00yJaronuics 1eMOHCTPUPYET TTOPOTOBBIN
ypoBeHb CHOPMUPOBAHHOCTH KOMITETEHIUI: B X0/1€ KOHTPOJIbHBIX MEPOIIPUATHI T0MYCKAIOTCS
OLIMOKH, POSIBIETCS] OTCYTCTBUE OTACTBHBIX 3HAHUH, YMEHUH, HABBIKOB, 00yYarOIIUACs
UCIIBITHIBACT 3HAYUTENbHBIC 3aTPYAHEHUS IPU ONEPUPOBAHUYU 3HAHUSIMU U YMEHUSIMU TIPU UX
IIEPEHOCE HAa HOBBIE CUTYaLIUU.

— Ha OLICHKY «HeYA0BJIETBOPUTEIbHO» (2 Oaya) — 00y4aroImuiics: IEMOHCTPUPYET 3HAHUS He
6osee 20% TeopeTHUeCcKOro MaTepuara, I0MyCKaeT CyleCTBeHHbIC OIMMOKH, HE MOXKET IMOKa3aTh
WHTEJUIEKTYAJIbHBIE HABBIKHM PELICHUS IPOCTHIX 3a/1a4.

— Ha OILICHKY «HEeY/A0BJIETBOPUTEIbHO» (1 6ain) — 00ydJaromuiicss He MOXET MOKa3aTh 3HaAHUS Ha
YpOBHE BOCTIPOU3BEICHUS U 00bICHEHUSI HHPOPMAIIUHU, HE MOXKET MTOKa3aTh UHTEIIEKTyaIbHbIe
HAaBBIKM PELICHUS MTPOCTHIX 3a1a4.



