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JIner akTyaauszanun pado4eii nporpaMmbl

Pabouast mporpamMma nmepecMoTpeHa, 00CykaeHa u 0100pena s peanuzanuu B 2021 - 2022
y4eOHOM ToJly Ha 3aceaHuu Kaeapsl YTpaBleHUs HEIBKUMOCTBIO M HHKEHEPHBIX CUCTEM

[IpoTokon ot 20 1. No
3aB. kadeapoii KO.A. MopeBa

Pabouas nmporpamMma nmepecMoTpeHa, 00CykIeHa 1 0100peHa s peanu3arnuu B 2022 - 2023
y4eOHOM roJly Ha 3aceaHuu Kadeapbl YTPaBICHUS HEABIKUMOCTHIO U HH)KEHEPHBIX CUCTEM

[Ipotokon ot 20 . Ne
3aB. xadenpoit O.A. Mopega

Pabouas nporpamma nepecMoTpeHa, 00cykeHa U o100peHa /i peanuszauuu B 2023 - 2024
y4eOHOM rojly Ha 3acejaHuM Kadeapbl YIpaBlIeHUs HEABMKUMOCTbIO U MHKEHEPHBIX CUCTEM

IIpotokon or 20 . Ne
3aB. xadenpoii 10.A. Mopega

PaGouas mporpamma nepecmMoTpeHa, 00cyxaeHa u ogoopena s peanusanuu B 2024 - 2025
y4eOHOM rojly Ha 3aceqaHuu Kadeapbl YTpaBIeHUS] HEIBUKUMOCTHIO U HHKCHEPHBIX CUCTEM

[Iporokon o 20 . Ne
3aB. kadeapoii O.A. Mopega




1 lesin ocBOCHMS AMCUMILINHBI (MOIYJIS)

[lenpto ocBoeHust aucHUmIMHbl  «TemmomaccooOMEHHbBIE MPOLECCHl B TEMJIOBOM
obopymoBanun cucreM TI'B» sBIAOTCS: W3yYeHHE OCHOB HCIIOJNB30BAHHS 3aKOHOB
TEIIOMaccoOOMeHa B TEXHUKE, TIOCTHXKEHHE CIIOCOOHOCTH MPUMEHEHHSI MOJIyYeHHBIX 3HAHUH B
TETUIODHEPTeTUKE, TETUIOTa30CHA0KEHUH, BEHTUIISIIIMKA ¥ KOHAUIIMOHUPOBAHUHU BO3/IyXa.

2 MecTo JUCUMILIMHBI (MO/1YJIs1) B CTPYKTYpPe 00pa30BaTeibHOM IPOrpaMMbl

Jucuunnuna TeroMaccooOMeHHbIE POIECCH B TEMIIOBOM 00opyaoBaHuu cucreM TI'B
BXOJIUT B 0053aTeJbYI0 YacTh Y4eOHOTO MIaHa 00pa3oBaTebHOM MPOrPaMMBI.

Jns  w3ydeHUs  JUCHUIUIMHBL ~ HEOOXOAMMBI  3HaHHWS  (YMEHHSA,  BIQJICHUS),
c(hOpMUPOBAHHBIE B PE3yIbTaTe U3YUEHUS TUCITUILTNH/ PAKTUK:

MexaHuKa )KHJIKOCTH U ra3a ¢ OCHOBAMU MIPaBINKU

TeopeTnueckue  OCHOBBI  TEIJIOTEXHUKM  (TeXHHYECKass  TepMOJWHAMUKA U
TETJIOMaccoOOMeH)

Marematuka

HauepraTenpHas reoMeTpus U KOMIIbIOTEpHAs rpaduka

HNudpopmalinoHHbIe TEXHOIOTHH

3HaHus (yMEHHUs, BIaJEHUs), TOJTyYSHHbIE IPU U3YUYEHUH JaHHOM JUCHUIUIMHBI OYyIyT
HEOO0XOIUMBI TSl U3yUCHHS TUCIUILINH/TIPAKTHK:

KonauunonnpoBanue Bo3tyXa 1 X0JI0A0CHA0KEHUE 3/1aHUI

[{enTpanu3oBaHHOE TEIJIOCHAOXKEHNE

DHeprocbepekeHrne B CUCTEMAaX TEIJIOra30CHA0KEHUS U BEHTHIISIIUN

Hcnonp30BaHue HETPAIULIMOHHBIX UCTOYHUKOB SHEPTUU

CoBpeMeHHbIe CUCTEMbI KIIMMAaTU3alluH1 3/1aHUH

3 Komnerenuuu o0y4arouerocsi, popMupyemMbie B pe3ya1bTaTe 0CBOCHUS

AUCHMILUIMHBI (MOAYJISI) M IIVIAHUPYeEMBbIe Pe3yJIbTaThl 00yUeHHu st

B pesynbraTe ocBoeHHs AMCHUIUIMHBI (MOayiisi) «TermnomaccooOMeHHbIE MPOIECCH B
TEIUIOBOM oOopynoBanuu cucteM TI'B» oOydaromuiics momkeH o007anaTh CIETYHOIIUMA
KOMIIETEHIIMSIMHU:

KO,Z[ HHJAUKaATOpa I/IHI[I/IKaTop JOCTHIXKCHUA KOMIICTCHIINH

OIIK-1 CrocobeH pemmath 3a1a4u MpoQecCHOHATBHON IeATEIPHOCTH Ha OCHOBE UCTIOIH30BAHUS
TEOPETUYCCKUX W TPAKTHUYECKUX OCHOB CCTECTBCHHBIX M TEXHHUYCCKHMX HAyK, a TaKKe
MaTeMaTHYECKOTO armapara

OIIK-1.3 Pemaer wmHXkeHepHBIE 3a1a4u C MOMOLIBI0 MAaTE€MaTHYECKOIrO arrapara
BEKTOPHOM anreOpbl, aHAIUTHUYECKOW TIE€OMETPUHM U MaTeMaTHYECKOro
aHanus3a

OIIK-1.2 Hcnone3yer TeopeTHd4ecKue OCHOBBI TEXHUYECKUX HAyK Ul IPUMEHEHUS

MHHOBAIIMOHHBIX TEXHOJIOTUN Ha PCAIBbHBIX CTPOUTCIIBHBIX 00BEKTOB

OIIK-1.1 Omnpenensier XapakTepUCTHKH (U3NYECKOT0 M XHUMHUYECKOIro Impolecca
(s1BJIEHUS), XapaKTEPHOTO 11 00BbEKTOB MPOPECCUOHATLHOM I TETbHOCTH,
Ha OCHOBC TCOPETUICCKUX U SKCIICPUMECHTAJIbHBIX I/ICCJ'ICJIOBaHI/Iﬁ




4. CTpyKTypa, 00bEM M coepkaHue AUCHHUIIIMHBI (MOAYJIs1)
OO6miast TpyI0€EMKOCTh AUCITUIUIMHBI COCTABISIET 3 3a4eTHBIX enuHull 108 akaa. 4acoB, B TOM

qUCIIC:

— KOHTaKTHas pabota — 43,5 aka. 4acoB:
— ayauTopHas — 42 akaj. 4acos;
— BHeayquTopHas — 1,5 akaza. yacoB

— caMOCTOsITelIbHas paboTa — 64,5 akaJl. 4acoB;

®dopma aTTecTalyuu - 3a4€T C OL[CHKOM

3
jus]
[T
S
AynutopHas £
o | xonTakTHas pabora | S 5§ dopma TeKyIIero
=
5 B aKaj. yacax 3 Bun KOHTPOJIs
Paznen/ Tema 3 ( A ) g . P Kox
g S ©| caMOCTOSTEeNpHOI | ycleBaeMOCTH
JCITUTUTAHBI 5 O = . | xommeTenn
@) g paboThl MIPOMEKYTOUHOM
ek 1a0. | OpaxT. s aTTecTALH
3aH. | 3aH. e
1. Benenue
[Touck
1.1 Bo3nukHoBeHnE u P —
WCTOPHS Ppa3BUTHS HAyKH O HHOpMAIIH T
TEIIOMAaccOOOMEHE; BKJIAJ] 3az1a}II)Hoﬁ Teme
PYCCKHX u COBETCKHX (pabora ¢
YUICHBIX. CoBpeMeHHbIE 61/16JII:1 orpaduuec VYcerHbIi ompoc.
Hay4HbIE Ipo0JIEMBI p ITposepka
6 1 2 KUMU OIIK-1.1
TeriomMaccooOMeHa BooOIe u MATePHATAMIL MPAaKTUYECKUX
B 00JacTH CTpPOUTEINILCTBA, - aB(r))qHHKaM;I 3a1aHui
TEIUIOra30CHA0XKEeHHUS u IE)aTaJ'IOFaMI/I ’
BEHTWILIMA B  YaCTHOCTH. 0B HMH’
[TepcniekTuBb! pa3BUTHSA PAMH,
OHIMUKIIOIICAUSIMHU
HayKH{ O TEIJIOMaccooOMeHe )
HUroro no pazneny 1 2

2. TemnonpoBoAHOCTH




2.1 Hecranuonapnas

TEIUIONPOBOIHOCTb.
OrnepannoHHbBIN METOJ
peleHus 3a1adq
HECTAIlMOHAPHOMN

TEIJIONPOBOAHOCTH.  Metox
pacuera  HECTaLlMOHAPHOTO
TEMIIEPaTypHOTO TOJS  JUIA
Te1  KOHEYHBIX  pa3MepoB

ITonck
JOTOIHUTEILHOMN
uH(opMaIHHK 1Mo
3aJJaHHOM Teme

(meron CyIEepIO3ULUU (pabora ¢ VYeTHBIM onpoc
TeopeMa o HZ elngO)KCHI/II/; Gubmmorpauec [Ipose Kr:l .
peMa p 6| 2 KiM PoBep OIIK-1.1
peuwienuid). BrusHue 4wncna HPAKTHYECKUX
MaTepHuajamu, .
®yppe Ha TeMmIeparypHoe 3aJaHni
CIPaBOYHHUKAMH,
[ojie IpU HEeCTalMOHApHOM
Karajoram,
pexuMme: HayalbHas CTamus
CIIOBapsIMH,
PETYJSIPHOTO PEXHUMA; TEMII
SHIIMKJIIONEIUSIMU
peryJsipHOTO pexxuma. )
[loHsATHE O HeEcTaMOHApHOM '
TEeMIepaTypHOM IOjJ€ IMpHU
nepeMeHHON TemIeparype
OKpYXKaromien CpeIsL;
TeMIIepaTypHbl€ BOJHBI.
Hroro no pazgeny 2
3. KOHBEKTHBHBIA TEINIOOOMEH |
TerIonepeaya
3.1 TerooOmeH npu TeueHuu| 6 3 221 Iouck VYerHslif onpoc. OIIK-1.1
KHUJIKOCTH B TpyOax. JIOTIOJTHUTEbHOU [poBepka
JlamMuHapHBIN peXUM TeueHHS nHpopMamu 1Mo MIPAKTUYECKUX
- TUApOJUHaMHUuYecKas U 3aJaHHOU TeMe 3alaHui

TETIoBast crabmnm3anus,
HavYaIbHBINA Y9IacTOK u
y4acTOK
CTaOMIH3HPOBAHHOTO
TeueHus. TemnooOMeH mpu
CTaOMIN3UPOBAHHOM
JaMAHApHOM  TEYCHHH B
TpyOe c KPYTJIBIM

MOTIEPEYHbIM CEYEHUEM ISt
TpPaHUYHBIX YCIOBUM IEpBOTO
(mocrostHHAs TeMIeparypa

CTCHKH) u BTOPOTO
(nmocTosiHHAs IUIOTHOCTh
TEIUIOBOTO  TIOTOKa)  poja.
W3menenne cpenHei
TEeMIIepaTyphbl JKUJIKOCTH
BIOJb  KaHalla,  CPeAHUMN
JIorapupMUIECKUN
TeMITepaTypHbIH Harop.
Temnootaua pu
TypOyJIeHTHOM TCUCHUHU
KHUIKOCTH B TpyOe, BIUSHHE
THUAPOTUHAMHYECKOM
CTPYKTYPBI MOTOKA Ha
TEIJI00TAAYY, OCHOBHEIE
pacueTHbIC 3aBUCHUMOCTH.
Temnoornaua B KaHajmax c
MOTIEPEYHBIM CeUYCHUEM

NPOU3BOJBHOW  (OPMEI, B
N30THYTHIX KaHaIax

(pabota ¢
o6ubnmuorpaduuec
KAMU
MaTepuaiamy,
CIPAaBOYHUKAMHU,
KaTaJoTaMu,
CIIOBAPSIMH,
SHIUKJIONETHIMH

).




32 Temnoornaua pu

CBOOOJHOM JIBUKEHHH
xkuakoctu. PopMynupoBka U
peuieHue 3a7a4uu 0
TEII000MEHE TPU CBOOOTHOM
JIAMHHAPHOM JIBYKEHHH
JKUIKOCTH BJIOJIb

BEPTUKAIBHON TIOBEPXHOCTH.
®u3nyeckuid CMBICT YHCIIA

I'pacroda, HU3MEHEeHHe
JIOKAJIBbHOM TEII00TAAYHN
BJIOJIb MOBEPXHOCTH.
TypOyneHTHBIH MOTPaHUYHBIN
croi npu cBOOOTHOM
JBHKCHUH BIOJTb

BEPTUKAIBHON TIOBEPXHOCTH.
Tennootnaua mpu cBOOOJHOM
JBIDKEHUH KHIKOCTH BJOJIb

ITouck
JIOTIOJIHUATENIBHOM
UHPOPMAITHH TTO
3aJIaHHOM TeME

(pabota ¢ N
TIOBEPXHOCTH VYerHslif onpoc.
TOPU30HTAIBHOIO ILMIMHAPA Oubmorpaguee ITposepka
P pa- 221 | 4 KHMH POBCP OIK-1.1
CBoOOmHOE  JBWKEHHE U MPaKTHIECKUX
MaTepuagamy, .
TEMI000MEeH B OTPaHUYEHHOM 3a1aHul
CIPAaBOYHUKAMHU,
HIPOCTPAHCTBE; METOTNKA
KaTaJIOTaMH,
pacuera TEIJIO0T/AAYH,
N CIIOBapsIMH,
9KBUBAJICHTHBII S —
k03 dunmeHT )
TETJIONPOBOJHOCTH.
Tennoornaua pu
COBMECTHOM OCYIIECTBICHUU
CcBOOOIHOTO ¥ BBIHYKAEHHOTO
JIBHYKCHHSI. IlocranoBka
3a1a4n KOHBEKTHBHOTO
TemIoo0MeHa npu
B3aMMOJCHCTBUH ra30BBIX
cTpyit c IIOTOKOM
€CTECTBEHHOU KOHBEKIINH,
BSI3KOCTHO-TPaBHTALIMOHHOE
TEUeHHE >KUAKOCTH B Tpydax
u y4er €CTECTBEHHON
KOHBEKIIHH.
[Touck
JIOTIOJTHUTENBHOU
UHPOPMAILHH 110
3.3 OcobeHHocTH pacuera 3a/laHHON Teme
TerIonepeaayd B TEIUIOBBIX (pabota ¢ .
ammaparax Ipu OOTEKaHWUHU o6ubnuorpaduuec YCTHEL onpoc.
P P p ITposepka OIIK-1.1,
ra3oBbIM  TIOTOKOM  Iy4Ka 4 KAMH
MPaKTUYECKUX OIIK-1.2
TpyoO. [TaxmaTHOE u MaTepuanamy, B—
KOPUJOPHOE  PacIO0XKEHHE CMPaBOYHHUKAMH,
TpyoO. Karajoram,
CIIOBapSIMH,
OHIMUKIIOIICAUSIMHU
Uroro no pazaeny 4/41 | 12

4. MaccobmeH




4.1 OcHOBHBIC TIOHATHS W
onpeneneHus. MonekyspHas
mhdysus, rpajveHT
KOHIeHTparuy, 3akoH Puka,
ko3 dunueHT T Py3uu.

ITouck
JOTOHUATEILHOMN
UHPOPMAIIH 110
3aJJaHHOM TemMe

adora ¢ .
CranvoHapHasi  OZHOMEpHas 61/16J(1}1)/Ior adpmice VYerHBIH ompoc.
MonekyisipHast auddysus u and u ITposepka OIK-1.1
pacdeT CKOPOCTH HCIapeHHUs MPaKTHIECKUX '
MaTepuanamy, .
(TTOTHOCTH TIOTOKA MAcCCHI). 3a1aHui
N CIPaBOYHHUKAMH,
CredanoBckuit MOTOK.
KaTaJoraMH,
[TocraHoBKka 3a7auu U pacyer
CJIOBapSIMH,
KBa3HCTAIlIHOHAPHOTO
o SHIMKIIOIICAUSIMHU
WCHapeHusl Tropsleil Karum )
YKHUJIKOTO TOTIJIMBA ’
" [Touck
4.2 KoHBeKTUBHBIN .
JIOTIONTHUTENbHON
MaccooOMEH. Cucrema
uH(opMaLuu 1o
nuddepeHIaTbHbIX N
. 3a7aHHOH TeMe
YPaBHCHUU KOHBCKTHUBHOT'O (pa60Ta c
TerIoMaccooOMeHa: 6 GuBmIOrpadce YcrHsblit ompoc.
ypaBHEHHE MaccooOMeHa, M ITpoBepka OIK-1.1
ypaBHEHHE SHEpruw, vate MPaKTHIECKUX ’
pHaNamH, .
YpaBHEHHs  JBWKEHHS  H 3aJaHui
CIPaBOYHHUKAMH,
Hepa3pbIBHOCTH.
KaTaJloTaMH,
Kosddunuent maccooTnauu.
CIIOBapsIMH,
Amnanorus MPOLIECCOB
SHIUKJIONIE TUSIMU
[IepeHoca TEIIOTH U MacChl. )
Iounck
JIOTIOJTHUTENBbHON
uH(OpMaIH 110
43 Macconepenoc B Gop "
3aaHHOI TeMe
KalmWJIJIAPHOIIOPUCTBIX TEJIax. ( a60Tac
IIpakTuueckoe 3Ha4eHUE 61/16;1)/10 adpmucc VYcTHsIii onpoc.
mporecca JUTSt pacuera P [IpoBepka OIIK-1.1
KHUMH ’
TerIoMaccooOMeHa B MIPAKTUYECKHUX OIIK-1.2
MarepHuaiam, .
CTPOUTENBHBIX OTPAXKICHHUIX 3aJaHui
. CIPaBOYHHUKAMH,
u TETIIOBOH W30JISLUH
6OMPOBOIOB KaTaJoraMH,
Tpyborip ’ CJIOBapsMH,
SHIUKIIONIE TUSIMU
Hroro no pazgeny
5. TennomaccooOMeH npu

(ha30BbIX MPEBPAICHHUIX




5.1 Tennoobmen npu
KOH/ICHCAI[H napa,
TJICHOYHAas u KarnejabHas
koHneHcanus.  TemnooOMmeH
HpH TUICHOYHON KOHJEHCALN
HENOJBIKHOTO ~ Tapa  Ha
BEPTUKAIBHON ITOBEPXHOCTH;
BOJIHOBOE TEUCHHE IUICHKU

ITonck
JIOTOIHATEILHOMN
HHPOPMAITHH 110
3aJJaHHOU Teme

KOHJIeHCcaTa. IInenounast (pabora ¢
KOHJICHCAallUsl Ha HapyXHOU 6I/I6J'II;/IO adbmec VYceTHBIl onpoc.
TIOBEPXHOCTH 5 Kl;sm ITposepka OIK-1.1
TOPHU30HTAIBHOM TpyOBI. MATEDHATAMI MPaKTUYECKUX ’
Pacuer Temmoormaum A P ’ 3aMaHnui
o CIPaBOYHHUKAMU,
TypOyJIeHTHOH IJIEHKU KATATOrAMH
koHgeHcara.  OcobGeHHOCTH 0B HMH’
KOH/IeHCcaTa JBIKYIIEToCs PAMH,
SHIUKJIIONEIUSIMH
napa B Tpybax. Meroauka )
pacuera K02 pUIeHTA ’
TEIUIOOTIA41 npu
KOHJICHCAIH napa Ha
TOPU3OHTAIBHBIX  TPYOHBIX
IyyKax.
5.2 TennooOmen pu
KUTICHUU JKHJIKOCTH,
IMy3bIPFKOBBIA ¥ TICHOYHBIN TMonck
pPSKUM  KUIEHHS, KpHU3HC .
JIOTIOJTHUTENBbHON
KHITCHHS, (uznueckue HH(OPMALLH 110
3aKOHOMEPHOCTH M MEXaHU3M 3az1a}l:H0171 Tene
ITy3bIPEKOBOTO KUTICHHUSI. (pabora ¢
Bmusuaue pa3sIMYHBIX 61/16J'IFI)/IO By — VYcTHsIii onpoc.
(akTOpoB HAa HWHTEHCUBHOCTH i | 1 Kvl;gm ITposepka OIMK-1.1
TEIMJI00TAaYH npu ’ MATCDHATAMI NPAKTHYECKUX ’
ITy3bIPbKOBOM KHITCHHH. - angHHKaMI’/I 3aJaHni
Pacuernble 3aBuCHMOCTH IS Il:aTaJ'IOFaMI/I ’
TEIUIOOTAYd TP  KHUIIEHUH 0B ;IMH’
SKHIKOCTH. OCHOBHEIE P ’
SHIMKJIONEAUAMH
3aKOHOMEPHOCTH )
TEII000MEHa TMpH KHUIIEHUH ’
KHUJKOCTH, JABWXKYIIEHCS B
TpYyOEe.
Hroro no pasaeny 221 | 3,5

6. TerutooOMeH u3TydeHHEM




6.1 3aKOHOMEPHOCTH
TEMI000MEHa  U3JIyYeHUEM
NPy HaJIHMYHU TOTJIOIIAronIei
(u3myyaromeit) U
pacceuBaroleit cpeabl. 3aKOH
Byrepa. ITonstue 00
ypaBHECHHH nepeHoca
JTy9UCTON SHEPTHUH.
Onrtuyeckasl TONIIMHA CPEIbL.
TemnooOMeH wu3IyueHHEM B

ITouck
IOTOIHATEILHON
UHPOPMAILUH 1O
3aJIaHHOM TeME

IUIOCKOM CJIO€ TOTJIOIIaronIei adora ¢ N
Harott (p VYerHbli onpoc.
cpepl. o6ubnuorpaduuec MpoBepKa
Ilonsarue o cloxHOM| 6 KUMU POBEp OIIK-1.1
MPAKTHIECKUX
TemiooOMeHe. PaananmoHHO- MaTepuagamy, B—
KOHJYKTHUBHBII u CIIPaBOYHUKAMH,
paIraoOHHO-KOHBEKTHBHBIH KaTaJIoTaMH,
temooomed.  [Ipumenenue CIIOBapSIMH,
TEOpHH noaoous IS SHIUKIIONIETUSIMA
WCCIIEZIOBAHUS. U TIONYYCHHUS ).
pacuetHbIx  QopMyN  TpH
CJI0)KHOM TEIIO00OMEHeE.
OcobeHHOCTH pacuera
TEIUIOBOTO  M3JIyueHHs B
KaMepax CropaHHs TeIUIOBBIX
JBUTATENEH.
Uroro no pazneny
7.  Pacuerpl  TEIIOOOMEHHBIX
anmapaToB
6 IMouck
JIONOJIHUTENBHOM
nH(opMaHHK 1Mo
3a/laHHOM Teme
7.1 Knaccudukanus (pabora ¢
TEIUI00OMEHHBIX aMlapaTroB H P VYerHbIH ompoc.
TETJIOHOCUTENIEeH Gubmmorpaduec [Iposepka
' KHMH PoBep OIK-1.1
KoHcTpykiyst MPaKTHIECKUX
Marepuanamy, .
TEMJIOOOMEHHBIX ~ anmnaparoB 3aaHui
CIPaBOYHHUKAMH,
IMOBEPXHOCTHOT'O THIIA
KaTaJoraMH,
CIIOBapsIMH,
SHIMKIIOIICAUSIMU
7.2 KoxyxotpyOuarsie, [onck VYcerHbIi ompoc. OIIK-1.1
CEKIIMOHHBIE, IUIACTUHYATHIC, JIOTIOJTHUTENIBHOM ITposepka
CHHpaibHble U  peOpucThie nH(opMaHHK 1Mo MPaKTHIECKUX
TETJI0O0OMEHHEIE arapaThl 3aaHHOH TeMe 3aaHui

(pabota c
onbmmorpaduaec
KHMH
MaTrepHaaMu,
CIIPaBOYHHKAMH,
Karajoramy,
CIIOBAPSMH,
SHIUKIIONEIUIMU

).




ITouck
JIOTIOJIHUATENIBHOM
UHPOPMAITHH 1O
3aJIaHHOM TeMeE

(pabora c VYerHbli onpoc.
7.3 TennooOMeHHbIE oubnuorpaduuec MpoBepKa
amnmaparbl CO CMEIIMBAHUEM 6 KUMH npaII:TI/Iqu:)CKI/Ix OIIK-1.1
TETJIOHOCHTENEH MaTepuagamy, B—
CIPAaBOYHUKAMHU,
KaTaJIoTaMH,
CIIOBapsIMH,
SHIUKIIOTIETUSIMU
).
7.4 AnmnapaTbl
MIEPHOINYECKOTO TEeHCTBUS U
anmaparbl ¢ KUISIIUM CJIOEM.
Knaccugukanus
TEMJIOOOMEHHBIX ~ amIapaToB.
OCHOBBI TEIJIOBOTO pacueTa
TETII000OMEHHUKOB
PEeKyIepaTHBHOTO THUIIA.
KoHcTpyKTHBHBIN 3 Ionck
TIOBEPOYHBIH pacuer JIOTIOJTHUTENBHOM
TEII000OMEHHMKa. MeToauka WHPOPMALIH 10
pacuera TemaooOMEHHUKA Ha 3aJaHHOH TeMe
OCHOBE TTOHSATHS (pabota c VeTHb OMDOC
3 eKTHBHOCTH 6ubnmnorpaduyec Mpose KI; ’ OIK-1.1
TEIJIOOOMEHHHKAa W YHCTa 6 KHMHU npalfmqs - OIK- l. 2’
€AMHML TEePeHOCa TETIOTHI. MaTepuagamy, .
OCHOBBI TEIJIOBOTO pacyera CIPaBOYHHUKAMH, SanatH
TEIJIOOOMEHHBIX ~ aNaparoB KaTaJIOTaMH,
pereHepaTuBHOTO THIIA. CIIOBApsIMH,
[IpUHIUNBI THAPABIHMYECKOTO SHIMKJIIONEIUSIMU
pacuera TEII00OMEHHBIX ).
arnmaparos. CBsi3b
THIPABIMYECKOTO
CONPOTHUBIICHUS u
WHTEHCUBHOCTH
TerI000MeHa. OCHOBBI
TEXHUKO-IKOHOMHYECKOI
ONTHMU3ALUH
TEMJIO00OMEHHBIX allapaToB.
HUroro mo pazneny 22
8. Pacder TemomMaccooOMEHHBIX
anmnaparoB MpU HaIMYMH (Ha30BBIX
MpeBpanieHui
[Tonck
JIOTIOTTHUTEIIBHOU
8.1 Knaccuduxanus HH(bOpMaH o
BBIIAPHBIX  amapaToB U SANAITHOM TEME
(pabota c
YCTaHOBOK. Koncrpykuuu
BBIMIAPHBIX  ammaparoB ¢ Oubmorpaguiee .
4 KAMH VYerHbIH ompoc. OIIK-1.1
MapOBBIM 000rpeBoM.
MaTepuagamy,
CymuibHbIe YCTaHOBKH.
MexaHu3M W KUHETHKa CHPABOHHHIAMH,
KaTaJIOTaMH,
CYIIIKH BJIQYKHBIX MaTEPUAJIOB
CIIOBapsIMH,
SHIUKIIOTIETUSIMA
).
HUroro no pazneny 4

9. lMunpasnyeckuit
MeXaHHYEeCKUH

u

pacuersl
TEIIOMacCOOOMEHHBIX aIapaToB




ITouck
JIOTIOJIHUATENIBHOM
UHPOPMAITHH 1O
3aJIaHHOM TeMeE

9.1 T'mpgpaBnuyeckuid pacuer (pabota ¢
TETIOMacCOOOMEHHBIX 6ubnunorpaduyec OIIK-1.1,
anmnaparos. Pacuer 2 5 KHMHU YcTHBIH onpoc OIIK-1.2,
TEIIOMAaCcCOOOMEHHBIX MaTepHuagamH, OIIK-1.3
anmnapaToB Ha POYHOCTE. CIPaBOYHHUKAMH,

KaTaJIoTaMH,

CIIOBapsIMH,

SHIUKJIONETHSIMH
).

HUroro mo pazneny 2 5
Hroro 3a cemecTp 28 14/61 | 64,5 320
Wroro no pucumiiinHe 28 14/61 | 64,5 3a4eT C OICHKOM




5 O0pa3oBare/ibHbIE TEXHOJIOTHH

Peanu3zanus KOMIETEHTHOCTHOTO MTO/IX0/1a IPEAYCMaTPUBAET UCIIOIb30BaHUE B yUEOHOM
MPOLIECCE AaKTHUBHBIX M MHTEPAKTHUBHBIX (OPM TIPOBEICHHS 3aHATH B COYETAHUU C
BHEAyJIUTOPHOW paboTOi ¢ MeNbi0 (POPMHUPOBAHUS M Pa3BUTHS MPO(HECCHOHATHLHBIX HABBIKOB
o0y4aromuxcs.

[Ipu 0O6yuenuu cTyaeHTOB quciuiuinHe « TermmoMaccooOMEHHbIE TPOIECCHl B TETNIOBOM
obopymoBanuun cucteM TI'B» crneayer ocCymecTBisITh CleIylOIIMe 0oOpa3oBaTeIbHbIC
TEXHOJIOTHH:

1. TpamummoHHble 00Opa3oBaTeIbHbIE TEXHOJOTMH OPHEHTUPYIOTCS Ha OpraHU3aIUIo
00pa3oBaTENBPHOTO  MpOIECcCa, TPEANONATAIONIYI0 MPSIMYI0  TPAaHCISLIUIO 3HAHUH  OT
MpenoAaBaTenss K CTyJIeHTY (MPEeUMYIIECTBEHHO Ha OCHOBE OOBSICHUTEIHHO-WILTIOCTPATUBHBIX
METOJIOB OOYYCHUS).

@opMbl Y4eOHBIX 3aHATHI C UCIIOJIB30BAHUEM TPATUIIMOHHBIX TEXHOIOTHI:

WHpopmanmoHHas JIeKIUST —  TIOCIEOBAaTEIbHOE  W3JI0KEHHWE Marepuana B
JTUCIUILTUHAPHON JIOTHKE, OCYIIECTBIsIEMOE MPEUMYIIECTBEHHO BepOAlbHBIMH CpPEACTBAMHU
(MOHOJIOT TperoaaBaTesl).

[IpakTrueckoe 3aHsATUE, MTOCBALLIEHHOE OCBOCHUIO KOHKPETHBIX YMEHUN U HABBIKOB IO
MIPEJIOKEHHOMY aITOPUTMY.

2. Texnonmoruu mpoOJIEMHOTO OOyUeHUs — OpraHu3alus o0pa3oBaTeIBLHOrO Mpolecca,
KOTOpasi TpeArnosaraeT moCTaHOBKY MPOOJIEMHBIX BOIPOCOB, CO3/JaHHE yU4EOHBIX MPOOJIIEMHBIX
CUTYALMI JUIs1 CTUMYJIMPOBAaHUS aKTUBHOM [TO3HABATENILHOM I€SITEIbBHOCTU CTYJEHTOB.

®opMbl yueOHBIX 3aHATHH C UCTIOIB30BAHUEM TEXHOJIOTHIA IIPOOIEMHOTO O0YICHUSI:

[TpakTrueckoe 3aHsATHE B (QopMe MNpaKTUKyMa — OpraHu3amus y4deOHOW paboThl,
HamnpaBJieHHAs Ha PEIICHHEe KOMIUICKCHOW y4eOHO-ITO3HABATEIIBHON 3amaud, TpeOyromend oT
CTYJIeHTa IPUMEHEHUS KaK HAy4YHO-TEOPETUUECKUX 3HAHUH, TaK U IPAKTUYECKUX HABBIKOB.

3. TexHonoruu npoekTHOro oOydeHusi — OpraHu3alMs 00pa30BaTEIBHOIO Mpolecca B
COOTBETCTBHH C alTOPUTMOM IMO3TAMHOTO peHIeHHs MPOOIEeMHON 3alayil WU BBITOJIHEHUS
yaeOHoro 3ananus. [IpoekT npenmnonaraeT COBMECTHYIO yUeOHO-TTO3HABATEIBHYIO ICATEIIEHOCTh
TpYNIbl CTYJEHTOB, HAMPABICHHYIO Ha BRIPAOOTKY KOHIICMIIMU, YCTAHOBJICHUE LieJel U 3a1ad,
(OpMYJIUPOBKY OXHJJIaeMBIX PE3yJIbTATOB, OMNPEICICHUE MNPUHIMIIOB M METOJUK PEIICHHS
MOCTAaBIIEHHBIX 3aJay, I[UIAHUPOBaHUE XoAa pabOThl, MOUCK JOCTYMHBIX U ONTUMATbHBIX
peCypcoB, MO3TANHYIO pPEANTH3aLUI0 TUlaHa pabOTHI, MPE3CHTAIMIO PEe3yJIbTaTOB PadOTHI, MX
OCMBICJIEHUE U pedIEKCHIO.

4. VluTepakTUBHbIE TEXHOJOTUU — OpPraHu3alus 00pa30BaTENbHOIO Ipoliecca, KOTopas
MpEeANoaaraeT akTUBHOE U HEIMHEWHOE B3aMMOJIEHCTBHE BCEX YUACTHUKOB, JOCTUKEHUE HA 3TON
OCHOBE JIMYHOCTHO 3HAYMMOTO [UIS HHX O0pa3zoBaTelbHOTO pesyibrata. Hapsgy co
CHEUUAIN3UPOBAHHBIMU  TEXHOJIOTUSIMA ~ TakOro  poja MPUHLMI  HWHTEPAKTUBHOCTH
MIPOCJIEKNUBAETCS B OOJIBIIMHCTBE COBPEMEHHBIX 00pa30BaTENbHBIX TEXHOJIOTUH.

5. HHdopmanmoHHO-KOMMYHHUKAIIMOHHbIE ~ OOpa30BaTENbHBIE  TEXHOJIOTHH  —
opranusanusi o0pa3oBaTeIbHOrO MPOIecca, OCHOBAHHAS HA MPUMEHEHHUH CIEeMaIN3UPOBAHHBIX
MIPOTPaMMHBIX CpEeJl U TEXHUYECKUX CPEJICTB padOThI ¢ HH(pOpMaLIEH.

®opMbI YUEOHBIX 3aHITHHA C HMCIIOJIB30BAHHEM HH(OPMAIIMOHHO-KOMMYHHUKAITMOHHBIX
TEXHOJIOTHM:

Jlexuus-Busyanusanus — W3JI0KEHUE COJIEP)KaHUS COMPOBOXKIAETCS Ipe3eHTaluei
(meMoHcTpanueil yueOHbIX MaTepHaioB, MPEICTABICHHBIX B PAa3IUYHBIX 3HAKOBBIX CUCTEMAX, B
T.4. WDTFOCTPATUBHBIX, TPaQUUECKUX, ayIU0- U BUJICOMATEPHAIIOB).

[TpakTrueckoe 3aHsATHE B (opMe TpE3eHTAUd — MPEJICTaBICHUE pPe3yIbTaToOB
MIPOEKTHOM MJIM MCCIEI0BATENIbCKON AESITEIbHOCTU C KCIOJIb30BAHUEM CHELMATU3UPOBAHHBIX
MIPOTrPaMMHBIX CPEJICTB.



6 YueOHO-MeTOAMYECKOE 0O0ecTiedeHHe CaMOCTOSITeIbHOI padoThl 00y4aromuXxcst
[IpencraBieHo B MpuiIoKeHUU 1.

7 OueHo4HbIe CPeACTBA AJIS IPOBEICHUs IPOMEKYTOYHOM aTTecTaluu
ITpencraBieHbl B IPUIOKEHUH 2.

8 YueOHo-MeTOoqMYecKOe M MHGOPMAITMOHHOE 00ecTieYeH e JUCIUIIIMHBI (MO1YJIs1)

a) OcHOBHas JIMTEpPATYypa:

1. lsetkoB @.D., Temmomaccooomen : yueOHWK s By3oB / @.®. IlBetkoB, B.A.
I'puropses - M. : Uznarensckuii nom MOU, 2011. - 562 c. - ISBN 978-5-383-00563-7 - Tekcr :
anektpouusii  //  OBC  "Koncynbrant — cTyneHra" : [caiiT]. - URL :
https://www.studentlibrary.ru/book/ISBN9785383005637.html (nata oGpamenus: 29.09.2020). -
Pexxnm noctyna : mo nmoanucke.

2. Kynunos, A. A. TemomaccoodmeH : yuebHnoe mocodue / A. A. Kyaunos. - Mockaa :
HNH®PA-M, 2020. - 375 c. - (Beicmiee oOpa3oBanue: bakanaspuar). - ISBN 978-5-16-011093-6. -
Texcr : anekrponHsiit. - URL: https://znanium.com/catalog/product/1046937 (nata obparueHus:
29.09.2020). — Pexxum gocTyna: 1mo moJmmcKe.

3. bproxanos, O. H. Terutomaccooomen: YueOnuk / O.H. bproxanos, C.H. IlleBuenko. -
Mocksa : HULl Uudpa-M, 2012. - 464 c. (Breiciiee obpazoBanue: bakanaspuar). ISBN 978-5-16-
004803-1. - Tekct : anekrponnslil. - URL: https://znanium.com/catalog/product/258657 (nmata
obpamenus: 29.09.2020). — Pexxum qocTyma: 1o moamnmcKe.

0) lonoJIHUTEIbHASA JIUTEpaTypa:

1. Mupam A.O., TEXHUYECKAS TEPMOJAMHAMMKA. TEIIJIOMACCOOBMEH /
A.O. Mupawm, B.A. I1aBnenko - M. : UznarensctBo ACB, 2017. - 352 c. - ISBN 978-5-93093-841-
8 - Tekcr : omekrponnbri // OBC "Koncymbrant crymenta" : [caiit]. - URL :
https://www.studentlibrary.ru/book/ISBN9785930938418.html (mara o6pamenus: 29.09.2020). -
Pexxnm noctyna : o nmoanucke.

2. ApxunoB, B. A. ®Dusuko-XxMMHUYECKHE OCHOBBHI IPOILIECCOB TEMJIOMAacCOOOMEHa:
Y4yebnoe mocodue / ApxuroB B.A. - Tomck:M31-Bo ToMckoro monurex. yauBepcuteta, 2015. -
199 c: ISBN  978-5-4387-0539-0. -  Tekcr :  omekrponnsii. -  URL:
https://znanium.com/catalog/product/673007 (mata obpamenwus: 29.09.2020). — Pexxum moctyma:
IO TIOJITTUCKE

B) MeToau4eckne yKa3aHusi:

1 Ockonkos, C. B. TermomaccoodMeHHOE 000pyT0BaHHUE MPEINPUATHHA | METOANYECKHE
YKa3aHUs 10 BBITIOJHEHUIO KypCOBOTO TPOEKTa ISl CTYACHTOB HANPABJICHUS TOATOTOBKU
140100 "Termosuepreruka" / C. B. Ockxonko, JI. B. Hukomaes ; MITY, Kad.
TEIUIOTEXHUYECKUX U SHEPreTUYecKux cuctem. - Maruuroropck : MI'TY, 2012. - 1 snektpoH.
onT. quck (CD-ROM). - 3arn. ¢ tutyn. skpana. - URL: https://magtu.informsystema.ru/uploader/
fileUpload?name=1547.pdf&show=dcatalogues/1/1124725/1547 .pdf&view= true (mara
obpamenusi: 14.05.2020). - MakpooObekT. - TeKkCT : 3MeKTpOoHHbIH. - CBeneHHUsl TOCTYIHBI
taxxke Ha CD-ROM.



https://magtu.informsystema.ru/uploader/fileUpload?name=1547.pdf&show=dcatalogues/1/1124725/1547.pdf&view
https://magtu.informsystema.ru/uploader/fileUpload?name=1547.pdf&show=dcatalogues/1/1124725/1547.pdf&view
https://znanium.com/catalog/product/1046937
https://znanium.com/catalog/product/673007
https://znanium.com/catalog/product/258657
https://www.studentlibrary.ru/book/ISBN9785383005637.html
https://www.studentlibrary.ru/book/ISBN9785930938418.html

r) [IporpammHoe o6ecnieuenue u UHTEepHET-pecypehbI:

IIporpammHuoe obecnieyenue

HaumeHoBaHue o
10 Ne norosopa Cpox AeicTBUS JUIIEH3UT

MS Windows 7
Professional(mist  |1-1227-18 o1 08.10.2018 11.10.2021
KJIACCOB)
MS Office 2007 1, 135 41 17.09.2007 GeccpouHo
Professional
7Zip CBOOOJIHO PACIPOCTPAHSIEMOE 0ecCpovHO
Bbpaysep Mozilla |cBoGogHO pacnpocTpaHsiemoe
Firefox 110 Oeccpouno
bpaysep Yandex |cB0OOIHO pacopocTpaHsIeEMOe 0ecCpovHO
FAR Manager CBOOOHO PACIIPOCTPAHIEMOE 0eCCpPOYHO

IIpodeccnonanbHbie 0a3bl JaHHBIX U HHPOPMALMOHHbIE CIIPABOYHbIE CUCTEMbI

HasBanue kypca

CchUIKa

HarmmonansHast nH(OPMAIMOHHO-
aHaJUTHYECKasd CUCTeMa — POCCHICKHI HHIEKC
HayuHoro rruposanus (PVHII)

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

[TouckoBast cucrema Axagemust Google (Google
Scholar)

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

Nudopmanmonnas cucrtema - EnawHOEe OKHO
JOCTYIa K MHHOPMAIIHOHHBIM PECYPCaM

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

Poccuiickas T'ocymapctBeHHass — OuOimoTeKa.
Karanoru

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

OnexTpoHHbIe pecypchl oubnmoreku MI'TY um.
I".11. HocoBa

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

MexayHapoaHas HayYKOMETpUYeCKast
pedepaTuBHAsS W TOJTHOTEKCTOBas 0a3a MaHHBIX
Hav4yHbIX n3naHuii « Web of sciencey

http://webofscience.com

MexayHapoaHas aTUBHAas u
CHAYHAPOLL pegep http://scopus.com
MIOJIHOTEKCTOBAsl __ CIIpaBOYHasi _0a3a  JIAHHBIX
MexayHnapoaHas Oaza MTOJTHOTEKCTOBBIX . .
AYHAPOIH http://link.springer.com/
KypHasoB Springer Journals
MexnyHnapoaHas KOJUIEKLIHSA HAYy4YHBIX

IIPOTOKOJIOB 110 PA3JHYHBIM OTPACJIAM 3HAHUM

http://www.springerprotocols.com/

MexnaynapoaHas 0a3a Hay4YHBIX MaTe€pUajoB B
o0sacTy  (hU3UYSCKUX HAYK U HHKUHHPHHIA

http://materials.springer.com/

Mexnaynapoanas 6a3a CpaBOYHBIX M3AAHUH 1O
BCceM oTpacisiM 3HaHuii SpringerReference

http://www.springer.com/references

9 MaTepHaJbHO-TeXHHUYECKOe o0ecreueHne TUCIUIIMHBI (MOXYJIs)

MaTepI/IaJIBHO-TCXHI/I‘-IeCKOC obecrnieucHUe JUCIHUIIIMHBI BKIIFOUACT:




JIeKuMOHHBIE ayAWTOPUM: MYJIBTUMEAUMHBIE CpPEACTBA XPAHEHUS, MepeAauud |
npejacTaBieHus HHQOpManuM (MHTEpaKTHBHas JOCKa B KOMIUIEKTE C IPOEKTOPOM U
KOMIIBIOTEPOM); JIEMOHCTPALIMOHHBIE CTEH/IbI, TUIAKAThI, HATJISAHBIE TTOCOOUSL.

[TomerieHus st CaMOCTOSITENLHOM paOOThI: MEPCOHATIbHBIE KOMITBIOTEPHI € MakeToM MS
Office, BbI-xoqoM B IMHTepHET W C JOCTYIIOM B OJIGKTPOHHYIO HH(POPMALMOHHO-
o0pa30BaTeNbHYIO Cpely YHUBEPCUTETA.

AyIuTopur AJs MPAKTUYECKUX 3aHATUH, TPYNIOBBIX WHAWBUIYAIbHBIX KOHCYJIbTALUH,
TEKYIIET0 KOHTPOJII M MPOMEKYTOYHOW aTTecTallM: AEMOHCTPAllMOHHBIE CTEHJbI, IUIaKaThl,
HAarJIsiIHbIE TTOCOOMSL.

[Tomemenust [Isi  XpaHeHUss M NPOPUIAKTUYECKOTO OOCIYyXHBaHHUS y4eOHOTrO
obopynoBanus: Illkadpsl ¥ cremnaku s XpaHEeHHS y4eOHO-METOIUYECKOM TOKyMEHTaIlUH,
y4eOHOro 00Opy/I0BaHUSI U Yy4eOHO-HAIJIAIHBIX MMOCOOUI; MHCTPYMEHTBI U 00OpYyI0OBaHHUE st
OOCTVKURAHNS

MpunoxeHue 1

Y4eOHO-MeTOANYECKOE O0ecTIeYeHHe CAMOCTOSITEIbHOM padoThl 00y4YarOmIUXCs

Mo mucnumimbae «TemiomMaccooOMeHHbIEe NPOLECCHI B TEMJIOBOM O0OPYIOBAHUHU
cucrem TI'B» mnpenycMoTpeHa ayauTopHas M BHEAYJUTOPHAs CaMOCTOSITENbHAas paboTa
00ydaromuxcs.

AyauTopHasi caMOCTOsATeIbHAsT paboTa CTYICHTOB MPEAIoJaraeT pelieHue MPaKTHIeCKUX
3aaa4 Ha MPAKTHUYCCKUX 3aHATHUAX. Hwuxe MPUBCACHBI HCKOTOPBIC TUITOBLIC 3a/1a4H.

AIIP Nel. Metoa pacuera HeCTAIIMOHAPHOIO TEMIEPATYPHOIO MOJISl JJISA TeJl KOHEYHbIX
pa3MepoB (MeToJ CyNeprno3uliH, TeopeMa O IepeMHOKeHUH pelleHHuil).

1.Pe3unoBast minactuHa ToimuHOM 20 MM, Harpertas a0 Temmeparypsl tk;-140 °C
MOMEIIIEHa B BO3JYIIHYIO Cpelly C TemmepaTypou tk, - 15° C. .Onpenenutb TemnepaTypsl B
CepeMHE U Ha IOBEPXHOCTH IIACTHHBI Yepe3 20 MUH. 110CJIe Havyajla OXJIAXKICHHUS.
Koaddumuent Termonporoauoctu pesunsl A=0,175 Bt/(m* °C).
Koad¢uimeHT TErmiooTnaqm OT NOBEPXHOCTH IUIACTHHBI K OKPYXKAIOIIEM BO3IyXy pPaBEeH
a=65 B1/(M**°C)

ATIP Ne2. Tenioo0MeH NpU Te4eHUH KUAKOCTH B TPyOax.

1. Tlo TpybaM BepTHUKAaIbHOTO TEIIOOOMEHHUKAa CHHM3Y BBEpPX TeueT Boja. BHyTpeHHUi
arameTp Tpyo d=16 mm; ux amunHa 1=1.2 M. Pacxon Bonsr uepe3 ogny tpyoy u G=58 kr/4.
TemmepaTypa Bou Ha BXO/JIE B TEIII00OMEHHUK t,q = 30°C.

Onpenenuth KOJIMYECTBO TEIUIOTHI, IEPEAABAEMON OT CTEHKH OAHOM TpyOblI K BOJE,
U TeMIlepaTypy BOJIbI Ha BBIXOJE, €CIM TemIepaTypa CTEHOK TpyO MOJaepKUBaeTcs
paBnoit 80° C.
OTtBer
Q: 1450 BT; t)K1:520C.

2. CpaBHI/ITI) 3HAYCHUSI MCCTHBIX YU CCJI HYCCCJ'H)Ta HpI/I JIaMI/IHapHOM TCUCHUU XUIKOCTHU
B KpymJioil TpyOe B YCIOBHAX IOCTOSHHOW IJIOTHOCTH TEIJIOBOTO IIOTOKA Ha CTEHKe, 0e3
IIPEJIBKJIFOUEHHOr0 y4acTKa TuApoArHaMuyeckoi ctabunuzanuu (Nu;) ¥ MpU HAIUYUHU TaKOTO
yuactka ((Nu,.ct). CpaBHEHHE NPOBECTH JUIS OTHOCHTEIBHBIX PACCTOSHHMI OT BXOoJa B
oborpeBaembIii yuacTok x/d=\, 2, 5, 10, 15 u 20. Yucno Peitnonbaca npunsats Re* —1800,
[TorpaBKy Ha y4acTOK T'MAPOJAMHAMHYCCKOW cTabmim3anuu €= Nur/Nur.CT MOYKHO BBIYHCIIHUTH
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ATIIP Ne3. Tensiooraaya npu cBo0OIHOM JABHKEHUH KMIKOCTH.
1. B xoTenpHOM MPOJIOKEHBI JIBa TOPU3OHTAIBLHBIX MaporpoBoaa auamerpamu d1=50 MM
u d2= 150 mm. OGa mapornpoBoja UMEIOT OAMHAKOBYIO TEMIEpaTypy HMOBEPXHOCTH
tc=450°C. Temneparypa okpyxatoiiero Bozayxa tbxk=50°C. [TapornpoBobl MPOIOKEHBI
JpyT OT JIpyra Ha pacCTOSIHUU, UCKIIIOUYAIOLIEM B3aUMHOE TEIIOBOE BIMSHHUE.
Haiitu oTHOmIEeHHsT K03hGUIMEHTOB TertooTaayu ol/02 u moreps TEIIoTh ¢ 1 M qii/qi2

IIapoIpoBOI0B.
OtBer
(11/(12=1,315; M q11/q12=0,438.
2. BbluMCIUTh  MOTEPH TEIUIOTHI B €AMHMIYYy BpeMeHM ¢ | M’ TOBEPXHOCTH

TOPU30HTAJILHOTO TEIJIOOOMEHHHKA, KOPILYC KOTOPOTO HMEeT UWIMHIPHYECKYI0 (opMmMy U
OXJIaXKJIaeTCd CBOOOJHBIM IMOTOKaM Bo3ayxa. HapykHbIil auameTp Kopiyca Termo0OMEHHHKa

d=400 mm, Temmeparypa mnoBepxHoctH tc=200°C um TemmepaTypa BO3AyXa B IOMEIICHUH
tx=30°C

1
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Jlns BeIUMCIEHUS CpeaHEro KO3 (GUIMEHTa TEIIOOTAA4YHd IPU CBOOOTHOM JIBHIKCHHH
KHUJIKOCTH BOCIIOJIb30BAThCSl YPABHECHUEM:

Prc
Nuz=C(GrPr)"(p,. ),

rae noctostHable C M N 3aBUCAT OT peXKUMa CBOOOTHOTO JIBHXKEHHS M YCJIOBHUH OOTEKaHUs
noBepxHOocTU. OHU ABIAIOTCS GyHKIUIMH GrPr v onpeaensroTest U3 CIeayroIieil TaOauIb:

GrPr)y C n YcnoBus
(
JIBUKCHHS
1*#10%+1*10° 0,75 0,25 Bronb
>6*10" 0,15 1/3 BEPTHKAIBHOM CTEHKH
1*¥10*+1*10° 0,50 0,25 Ha
TOPHU30HTAJILHOU
TpyOe
OTtBeT

a=5,9 Br/(m**°C); g=1000 B/m*.

AIIP Ne4 OcoOeHHoOcTH pacdeTa Teluionepeladyu B TEIJIOBBIX alnaparax Npu o0TeKaHUH
ra3oBbIM IIOTOKOM Ny4Ka TpYyoO.

TpyOuatelii BO3IyIIHBIN OIOTPEBATENb MPOU3BOAUTENBHOCTHIO 2,78 Kr/c Bo3ayxa B 1 ¢
BBITIOJIHEH U3 TpyOo nauamerpoMm dijd;=43/49 wmm. KoaddumueHT TermionpoBoaHOCTH




matepuana- Tpyo A = 50 B1/(M*°C). BuyTtpu TpyO ABMXKETCS TOpsA4YMi Ta3, a HapyKHas
MOBEPXHOCTh TPYyO OMBIBAETCS MOMEPEYHBIM MOTOKOM Bo3ayxa. CpeaHssi Temmneparypa JIbIMO-
BBIX r'a30B k- 250°C, a cpeassis TeMIieparypa ojorpeBaeMoro Bosayxa tk, —  145°  C.
PaszHocTh TemmepaTyp BO3ayXa Ha BXOJIE M BBIXOJE M3 mojorpesarens paBHa Ot=250°C.
Kos¢pduumenr Temioornaun ot ra3os K crenke o = 45 B1/(M**°C) U OT CTEHKH K BO3LYXY 02 =
=25 Br/(m**°C).

Bbruncnute kK03 QUIMEHT Terulonepeiayd U ONpeAeTHTh IUIOIIAAb IOBEPXHOCTH
HarpeBa mnojorpesarens. Pacuer mpousBectu mo Gopmynam ans 1) muiMHApUYEcKod U 2)
IUIOCKOM CTEHOK. CpaBHUTH pe3yJIbTaThl BBIYUCICHUH.

ATIIP NeS. Tenyioo0MeH Npu KHIIEHUH KUTKOCTH

Omnpenenuts TEIIOBYIO HArpy3Ky MOBEPXHOCTH HarpeBa maporeseparopa rnpu
My3bIPHKOBOM KHIIEHUH BOBI B 0OJIBIIOM 00BEME, €ClI BOJIa HAXOAUTCS O] JaBICHUEM
p=6,2*10° I1a, a TemmepaTypa MOBEPXHOCTH Harpesa tc=175°C.

Onpenenuth K03(GUIMEHT TEIIOOTAAYH OT HAPY>KHOM MOBEPXHOCTH TPYOKH HCHApUTENs
K KMISIIEH BOJE, €CIIM TEIUIoBas Harpy3ka MOBEPXHOCTH HarpeBa =2*10° Br/M%, pexum
KHUIIEHHs Ty3BIPHKOBBIA M BOJIa HAXOAUTCS MO AaBienreM p=2*10° I1a.

Kak usmenutcss kodpuIMEHT TEemIooTAaud NpH KHUIIEHWU BOJABI B TpyOe IuamMeTpoMm
d=20 MM TpU TIOBBIIIEHHON TEIUIOBOM HArpy3Ke MOBEPXHOCTH HarpeBa or ¢=5*10" mo
q=1*10° Br/M*, eciiu CKOPOCTH JABMXKEHHUS BOABI W=5 M/c 1 qaBienue p=2*10° ITa.

OtBer

Ko} pumuent remnooraaun He nsmeHnTes. B o6oux ciydasx 0=25600 Br(m**°C).

AIIP Ne6. 3akoHOMEPHOCTH TeIUIOOOMEHA W3JyYeHHeM TMPU HAJIUYUH TOIJIOIIAKIIel
(m31yuaronieii) U paccenBaronieii cpeasl. 3akon byrepa.

1.B HarpeBarenbHON T4 TeMIiepaTypa ra3oB IO BCEMY O0BbEMY IMOCTOSHHA W paBHA
1200°C. O6beM neun V=12 M’, 1 10JIHast MOBEPXHOCTH OrpakaeHus F=28 m’.

Ob6miee maBineHue mMpoAykToB cropanus p=98,1 klla, mapumanpHOE NaBlieHHWE BOASHBIX
napoB pux=38 Klla u yraexucnora pco.=12 klla.

BbluncnuTh CTENeHb YEepHOTHI M3IIydarollell ra3oBOW CMeCH U COOCTBEHHOE HU3Iy4YeHHE
IIPOJAYKTOB CrOpaHMsL.

AIIPNe 7 —9. KoncTpynpoBaHue u TeluioBble pacuersbl o6opynoBanusi TI'CB.

1. ITponsBecTy TEIIOBOM M KOHCTPYKTHBHBIN pacdyeTsl OCHOBHBIX AETAIEH CEKIIMOHHOTO
BOJOBOJSIHOTO IIOJIOTPEBATENs TEINIOCETH MOC3HEPTo NpH CIEAYIOIINX YCIOBHSIX:

cXeMa JBUKEHHS TeIUIOHOCUTENIeH — MPOTHUBOTOK;

IIPOM3BOJAUTENBHOCTD anmnapara Q =1,5 I'Bm;

TEMIIepaTypbl ITPEOIEH BOJBI ¢’

1=130°Cwu

t", 1 =100 °C;

TEMIEPATypbl HArpeBacMOM BOJIBI ¢’

2=62Cut"

2=92°C;

MOBEPXHOCTh HarpeBa BBIMOJIHEHA U3 JaTyHHBIX TPyOOK AuameTrpoM d=14/16 mu;

TETIONPOBOIHOCTh MaTepHaina Tpyook A=90 em/(m-epad);

ToJIMHA Hakunu on=0,2 mm;

TETIONIPOBOAHOCTD HAKUMH AH=3 ém/(Mm-2paod);

KOA(p(UIIMEHT, YYMUTHIBAIOUIMI TOTEpU TeIula I[OBEPXHOCTHIO TMOAOrpeBaTeNsl B
OKpYKaroI1y0

cpeny yn=0,97.

2. OmnpenenuTs KOHEYHYIO TeEMIIEpaTypy BO3Ayxa i1 BO3AYXOOXJAIWUTENSl C
HOBEPXHOCTEIO HarpeBa F=1000 M’npy cleayromuX yCIoBHsX:

TEMIIEpaTypa BO31yXa, MOCTYIAIONIETO B BO3IYX00XIaAUTEND, 1'=60 °C;



00BbeM nUpKyupyromero Bozayxa ¥V1=100000 a’/u;

HavabHas TEMIIEpaTypa oxJIaxaaromei Boasl ¢5,=25C;

pacxon Boasl V>=320 m3/u;

ko3 dunuent remnonepenaun k=30,5 Bm/(m’K);

TEMIO00OMEH MEXJIy BO3JYXOM U BOJOM B BO3IyXOOXJaJuTeNle MPOUCXOIUT IPH
MIPOTHBOTOKE.

3. Onpenenuts K03(pPULMeHT Terutonepeaayn A peOpUCTOro BO3LyX00XIaIuTeNs MpH
CIIEYIOIIMX YCIOBUAX: PACIONIOKEHNE TPYOOK B ITydKe HIaXMaTHOE; CKOPOCTh BO3IyXa MEKIY
peOpamu w=6 ™m/c; auamerp TpyOku du/dB =24/22 mm; matepuan TpyOok - natyHb (A=90
BT/(M*rpan)); HapyxHblii guamerp pebep D=55 wmwm; Tommmua pebep oOp =0,3 MM
(TerutonpoBOAHOCTH pedbep Ap=45 BT/(M*rpan); mar pebep b=4,8 mMMm; cpeansas Temmepatypa
oxJaxaaromieit Boapl t2=260 °C; Temmneparypa ropsaero Bosayxa t; =500 °C.

4. Onpenenuts TeMIepaTypy BO3JyXa Ha BBIXOJE U3 CKpyOOepa M CpeIHIOI Pa3sHOCTb
TEMIIepaTyp MEXIy TeIUIOHOCUTENSIMHU TIPH IPOTHBOTOKE, €CITH B CKPyOOep MoCcTynaeT BO3ayX B
xosmuectse 10000 xe/u tipu 1'/=150°Cu =420 koorc/ke. Oxnakaaomas Bojia UMEET TEMIIEPATYPY
Ha Bxoze t>==15 °C u na BeIXOz€ #''2=55 °C.

5. Paccuurtarh  paAMalMOHHBIA  pekymepaTtop,  paborTalomuié B CHCTEME
KOMOWHUPOBAHHOTO DPaMallMOHHO-KOHBEKTUBHOTO peKyreparopa. Temreparypa Bo3ayxa Ha
BXOJIE B PaJMAllMOHHBIA pekyneparop paBHa 1'6=420°C, KoHeuHass TeMIIEpaTypa MOA0rpeBa
Bosmyxa '6=600° . Temmeparypa ABIMOBBIX Tra30B Ha BXxoae B pekymeparop #0=1050°C.
KonuuectBo HarpeBaemoro Boszayxa Veo=0,695 m3/c, neima V10=0,805 m*/c. CocTaB IbIMOBBIX
ra3zoB 19 % CO,; 1,0 % H,O u 80 % N». TonmmHa CTeHKH peKyneparopa 0=6 MM.

6.IlpousBecTr ympoIieHHbIH TEIIOBOK pacueT OapaOGaHHON CYIIMJIKH HpPU CIIETyHOIIUX
ycnoBusix. KommdecTBo mpojaykTa, moctynaroniero B cymuwiky, G,=20000 kr/4; HadambHas
BI@XKHOCTH mpoaykra w’;=18 %; koHeuHas BiaxHOCTH W'>=10; TEIIOEMKOCTh BHICYIIEHHOTO
nponykra ¢=1,26 xoac/(ke epad); Temmeparypa Bo3ayxa, MOCTyMarwIero B kamopudep, =20
°C, oTHOCHTENbHAs BIAKHOCTH Bo3ayxa ¢p=60 %; TeMreparypa Bo3ayxa, Iocie Kaiopudepa -
t=150 °C; oTHOCHTeNbHAs BIAXHOCTH BO3AyXa, BBIXOMANIETO M3 CymHIKH, ¢=80 %;
TeMIleparypa mpojayKra npu Bxone B cymmiky 0=10 °C, remmepaTypa NpoayKTa MO BBIXOJIE U3
cymmiku 6=100 °C.

MNpunoxeHue 2

OneHoYHBIE CPeICTBA AJIS MPOBeIeHUs IPOMEKYTOYHOM aTTeCTANMI

Kon
HNuaukaTop 10CTHKEHUS
HHINKAT OueHouyHbI€e CpecTBA
opa KOMIIETeHIINH

OIIK-1: Criocoben pemath 3agauu MpodeccuoHaNbHOM JIeATEIBHOCTH Ha OCHOBE HCIOJIB30BaHUS

TCOPCTUUCCKUX U TIPAKTUYCCKHUX OCHOB

MATCMAaTUYCCKOT'O allrapara

CCTCCTBCHHBIX HW TCXHHUYCCKUX HAYK, a TaKKC

OIIK-1.1:

Omnpenensier  XxapaKTepUCTHKU
(GU3MYECKOTO W XHMHYECKOTO

nporecca (ssBIEHUN),
XapakTepHOro mansi OOBEKTOB
npodeccruoHanbHOM
NEeSTeNbHOCTH, Ha  OCHOBE
TCOPCTUUCCKHUX u
JKCIIEPUMEHTATBHBIX
MCCIIETOBAHUI

Teoperuyeckue Bonpochl:
1. OcHoBHbIE OHATHS U onpenenenus. Oomue
MOHSITHUS TETJIONPOBOIHOCTH, KOHBEKITUH,

U3ITyYCHHSI.
2. JuddepennmanpHoe ypaBHEHUE
TETIONPOBOAHOCTH.

3. VYcnoBus OJHO3HAYHOCTH.

4. WHTeHcu(uUKaus NpoLeccoB TEMI000MeHa.

5. AHanu3 peueHus 3a1a4 HECTAlMOHAPHON
TEIUIONPOBOAHOCTH ISl IPEAEIbHBIX
3Ha4YeHUH yucen buo.




*

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28

29.

30.

Meron pacdyera HECTALIMOHAPHOTO
TEMIIEPATYPHOTO MO 1715 TeNT KOHEUHBIX
pa3mepoB.

Omnpenenenre KOIMYECTBA TETJIOTHI B
HECTallMOHAPHOM pexuMe ( TUIaCTUHA).
[TonsiTue peryynspHOro pexxuma.

OcHOBHBIE TIOHATHSI KOHBEKTUBHOTO
TerooOMeHa.
®opwmyiia HerotoHa-Puxmana s pacyeToB
MPOIIECCOB TEINTIOOOMEHA.
lMunponuHamMuyeckas CTpyKTypa MoTOKa.
Yucno Peltnonsaca.

Juddepenunanbupie ypaBHEHHS
KOHBEKTHBHOTI'O TEIJIOOOMEHA.

Teopust mogo6ust. Yucna nogodus. TeopeMsl
moxoous.

OCHOBBI TEOPHH MOTPAHUIHOTO CJIOSI.
TermnoBo U rTUAPOIMHAMUYECKUN
IIOTPAaHUYHBIN CIION
Pacuyer Tterootnaun npu JlaMUHaApHOM
JBUKCHUH KUJIKOCTH BIOJb TIOCKOM
IJTACTHHBI.

Pacuer reruonepenaun npu TypOyIeHTHOM
JBUKEHUU KUJKOCTH.

TemmooOMeH mpu JIaMUHAPHOM JBUKCHUN
KHUIKOCTH B TpyOax.

TernooOMeH npu TypOyJIEHTHOM JABHXEHUN
XKHUIKOCTH B TpyOax.

TemmooTaaua B KaHaIaxX C MOMEPEYHBIM
CEYeHUEM IPOU3BOIBHON (HOPMBI.
TemmooTaaua npu TEYSHUU KHUIKOCTH B
M30THYTHIX TpyOax.

OCHOBHBIE TIOHSATHUS TIPU CBOOOTHOM
JBUKEHUU KUJKOCTH.

Temmootaaua mpu cBOOOIHOM JABMKCHUN
KHUJKOCTHU BIOJb BEPTUKAILHON CTEHKU.
TemnmooTtaaya mpu CBOOOIHOM JABMKEHUN
KHUJIKOCTHU BIOJb TOBEPXHOCTH
TOPU30HTAIBHOTO IUIHH]IPA.

Tennoo6meH ipu cBOOOAHOM JIBH)KCHHUH B
OrpaHUYEHHOM IPOCTPAHCTBE.

[TonsiTHe PKBUBAJICHTHOTO KO3 dHUIIUCHTA
TEIIONPOBOHOCTH.

OcHOBHbIE MOHATHUS TpOIecca KUIEHUS
KHUIKOCTH.

Kpusuc kunenus xuakocrteit [ poga. Kprusas
KHIICHUSI.

. TermooTnaya npu KUNEHUHU KUJIKOCTEN B

HEOTpaHMYEHHOM O0beMe.

CTpyKTypa IOTOKa IPH JBUKEHUH KHUIKOCTH
B TpyOe.

Teruooraava npu ABMKEHUH KHUIKOCTHU B
TpyOe.




31. Kpusucs! kunenus Il pona.
32. OCHOBHBIE TTOHATHSI B MIPOIECCAX
KOHJICHCAllUX Tapa.
33. KoHBEKTUBHBIH MacCOOOMEH.
34. TermooOMeH U3TyYeHUEM B TIOTJIOMIAIOIINX U
M3Iy4armmx cpenax. 3akon byrepa.
35. Pacuer TerooOMeHa MeXILy Cpeioi U
000JIOUKOH.
36. Ontuueckas TOJIIIMHA CPEIBI.
37. TloHsiTHE O CIOKHOM TETIIOOOMEHE.
38. Knaccudukanus TerniooOMeHHbBIX alapaTos.
39. KOHCTpYKTHBHBIN ¥ TOBEPOYHBIN pacyeT
TEMI000MEHHHUKOB.
IIpumepHbIe NpakTHUYECKHE 3aJAHUA 1JI51
IK3aMeHa:

1. Pe3unoBas mnactuHa TOIMuHON 20 MM,
Harpetas 1o Temneparypsl txk;-140 °C  nmomenieHa B
BO3JIYIIHYIO Cpely C TEMIepaTypou tx, - 15°
C. .Onpenenuth TEMIIEpATyphl B CEPEANHE U HA
MIOBEPXHOCTH IUIaCTUHBI Yepe3 20 MUH. IOcie Havyalla
OXJIAXKICHHUSL.

Koadduuuent rernonpoBoanoctu pesunsl A=0,175
Bt/(m* °C).

Koad¢uimeHT TermiooTnaqm oT HOBEpXHOCTH
IUTACTHHBI K OKPY’KaIOIEM BO3IyXYy paBeH

a=65 Br/(M**°C)

2. OnpenenuTh TEIUIOBYIO HAarpy3Ky MOBEPXHOCTH
HarpeBa nmaporeHeparopa rnpu

My3bIPHKOBOM KHUIICHUH BOJIBI B OOJIBIIIOM 00BEME,
€CJIM BOJIa HAXOJUTCS MO/ JaBICHUEM

p=6,2*%10° I1a, a TemmepaTypa MOBEPXHOCTH HAarpeBa
tc=175°C.

Ompenenuth KOAOPHUITUEHT TETUIOOTAAYN OT
HAPYKHOU TOBEPXHOCTHU TPYOKH HCTIAPHUTENS K
KUIIALIEH BOJIE, €CIIU TeTJIoBasi Harpy3ka
HOBEPXHOCTH HarpeBa g=2*10° B1/mM?, pexxum
KHIIEHUS Ty3bIPbKOBBIIM U BOJAa HAXOIUTCS MO
nasnenueM p=2*10° I1a.

Kaxk nsmenutcs ko3 GUIHEHT TeII00TIaul TIPH
KUTICHUH BOJIBI B TPyO€ AMaMETpOM d=20 mm npu
MOBBIIIEHHOW TETJIOBOM Harpy3Ke MOBEPXHOCTH
Harpesa or =5*10* no  q=1*10° Br/™’, eciu
CKOPOCTb JIBIYKEHUS BOJIbI W=5 M/C U JIaBJICHHE
p=2*10° Ia.

OtBer

Koadduiment rermnoornaun He usMeHuTcs. B 06oux
cayuasx a=25600 Br(m**°C).

OIIK-1.2:

Hcnonezyer  teoperndeckue
OCHOBBI TEXHUYECKHUX HaYK JUIS
IIPUMEHEHUSI HMHHOBALIMOHHBIX

Teopernyeckue BONPOCHI:
1. OcHOBBI TEIUIOBOTO pacyeTa TeNI000MEHHbIX

aIraparTosB.




TEXHOJIOTUI Ha PCAJIbHBIX
CTPOUTCIIbHBIX 00BEKTOB

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

Knaccudukarus termmomaccooOMeHHBIX
YCTaHOBOK.

Haubonee pacnipocTpaneHHbBIE TEIUIOHOCUTENH,
UX CBOMCTBA, 00JIaCTh MIPUMEHEHUSI.
KoHcTpykTHBHBIE 0OCOOEHHOCTH
KOXKYXOTpYyO4aThIX TEINIOOOMEHHUKOB.
KoHcTpyKTHBHBIE 0COOEHHOCTH IIACTUHYATHIX U
CIHPAJIbHBIX TEIUIOOOMEHHUKOB.

TennoBoil KOHCTPYKTHUBHBIN U TEIJIOBOU
IIOBEPOYHBII pacueThl peKynepaTUBHbIX
Ter1000MeHHUKOB. X ocoGeHHOCTH .
VcnaputenbHble yCTaHOBKHU. VIX KOHCTPYKTHBHBIE
0COOEHHOCTH.

TennoBsie TpyObl. Knaccudukarus,
KOHCTPYKTHUBHBIE OCOOEHHOCTH.

OcCo0eHHOCTH TEIIOBOr0 pacyeTa TeIIOBhIX
TpYyO.

OCoOEeHHOCTH TEIUIOBOTO pacyera
TEII00OMEHHUKOB MEPHOANYECKOTO AEUCTBUSL.
I'mppaBinyeckuii ¥ MPOYHOCTHOM pacyeTsl
PEKYIEepaTUBHBIX TEINIOOOMEHHUKOB.
PerenepatuBHbIe TEIIO0OMEHHUKA
NEPUOANYECKOTO AEUCTBUSA, UX KOHCTPYKTHBHBIE
0COOEHHOCTH.

OCOoOEHHOCTH TEIIOBOTO pacyeTa pereHepaTopoB
MEPUOJUYECKOTO JEHCTBHUS.

KoHCTpyKTHUBHBIE 0COOEHHOCTH PETEHEPATOPOB
HEIPEPBIBHOTO JIEHCTBHUS.

Knaccugukarys 1 KOHCTpYKTUBHBIE 0COOCHHOCTH
KOHTAKTHBIX TETJIOMACCOOOMEHHBIX YCTaHOBOK.
CBoiicTBa BIIaKHOTO Bo3ayXxa Ha « H-d »
auarpamme.

N3o06paxenue npoueccos Temnooomena Ha « H-d
» Auarpamme.

TennoBoif KOHCTPYKTUBHBIN pacdeT ckpyooepa.
TennoBoil 6ajlaHC KOHTAKTHOTO TEIIIOOOMEHHUKA
1 n300pakeHne MpoIeccoB B HeM Ha « H-d »
rarpamme.

OU3MKO-XUMHUYECKHE 0COOEHHOCTH ITPOLIECCOB
BbIIIapuBaHus. TemnepaTypHas JeNpeccus.
TennoBoil pacueT BbIIAPHBIX YCTAHOBOK.
TemoBoit 6anaHc BHITAPHON YCTAaHOBKU
HENPEPHIBHOTO AEUCTBHSL.

CMECH U3 B3aUMHO PacCTBOPUMBIX U
B3aMHOHEPACTBOPUMBIX KOMIIOHEHTOB.
MexaHu3M Ipolecca CyIIKU BIaKHbBIX




MaTtepuayioB. BUbl CBSI3aHHOM BJary.

25. Onpepenenne pacxo/ia CyIuiIbHOTO areHTa B
IIPOLIECCE CYLIKH.

26. [Ipomecc cymiku B TeOpeTHUEeCKOM cyiuie Ha «H-
d» nuarpamme.

27. TennoBoii 6anaHc NEWCTBUTEIBHOTO CYIIHIIA.

28. OcoOGEeHHOCTH MPOIIECCOB CYIIKU C
PELMPKYISAINEH CyIMIMIBHOTO areHTa.
[TocTpoenue npomecca cymku Ha «H-d»
auarpamme.

29. OcoOGeHHOCTH MPOIIECCOB CYIIKU C
MIPOMEKYTOUHBIM MOJOTPEBOM CYIIHIBHOTO
areHTa.

30. KonBekTHBHas cylika Ha IbIMOBBIX razax. Cymika
C PEeLUPKYJISIUEH TOMOYHBIX Ta30B.

31. Copbuuonnsie mporecchl. AGCOpOEHTHI U
a7ICOPOCHTHI.

32. AGCOpOIIOHHBIE TPOLIECCHI M YCTAaHOBKH.
MatepuanbHblii 6aaHC ¥ MPUHIMIHATIHHBIC
CXEMBI.

ANCOOLMOHHBIE MTPOLIECCHI U YCTAaHOBKH.
[TpuHLIMITHATBHBIE CXEMBI aJICOPOITIH.

IIpumepHbIe NpaKTHUYECKHE 3aJaHUS JI51

JK3aMeHa:

1. IlTo TpybaM BepTHKAIBHOTO TEIUIOOOMCHHHKA
CHU3Y BBEpX TedeT Boja. BHyTpeHHui nuamerp
Tpy6 d=16 mMm; ux mmHa 1=1.2 M. Pacxom BoJbI
gyepe3 ogHy TpyOy m G=58 xr/a. Temmeparypa
BOJY Ha BXOJ€E B TEINIOOOMEHHHK t,; = 30°C.

OnpenenuTb KOJIUYECTBO TEJIOTHI,
nepeaaBaeMoi OT CTEHKH OJTHOM TpyOBI K BOJIE,
U TEMIIepaTypy BOJbI Ha BBIXOJIE, €CIIU
TEMIIEpaTypa CTEHOK TpyO MoIepKUBAETCS
paBnoi 80° C.

OtBer
Q= 1450 Br; ty,=52°C.

TpyOuaThiii BO3AYIIHBINA MOA0TPEBATEND
MIPOU3BOAUTEIHLHOCTHIO 2,78 Kr/c Bo3ayxa B 1 ¢
BBITIOJTHEH U3 TpyO anamerpoM dijd s =43/49 mm.
KoadduruenT TemionpoBoiHOCTH MaTepualia- Tpyo
A =50 Br/(M*°C). BuyTpu Tpy0 IBUXKETCS TOPIUNIA
ras, a Hapy»Has TOBEPXHOCTb TPYO OMBIBAETCs
IIOTIEPEYHBIM TIOTOKOM Bo3ayxa. CpenHss
TeMIEpaTypa JbIMOBBIX T'a30B tk; - 250°C, a cpenHss
TEeMIIEpaTypa MOJA0IPEBAEMOTr0 BO3AyXa tK, —
145° C. Pa3HOCTh TeMIlepaTyp BO3/lyXa Ha BXOAE U




BBIXOJIC U3 mojorpesarens paBHa 6t=250°C.
Koadduument temnooTnaun ot ra3oB K CTEHKE 0 =
45 Br/(M**°C) 1 OT CTEHKH K BO3IYXY 0., = = 25
Br/(m**°C).

Borancnute k03¢ huIMenT Temonepenadu u
OTIPEICNUTH TUIOMIA(h TOBEPXHOCTH HAarpeBa
nojorpesarens. Pacyer mpoussectu o hopmynam
TSt 1) TUIHHAPUYIECKOHN 1 2) TIIIOCKOM CTEHOK.
CpaBHHTH pe3yJIbTaThl BEIYUCICHUN.

OIIK-1.3

Pemaer nnxeHepHbie 3a1aun C
IIOMOLIbI0  MAaTEMATUYECKOTO
anmaparta BEKTOPHOM anreopsl,
AQHAIUTUYECKOW T€OMETPUU U
MaTE€MaTUYECKOro aHaIn3a

IIpuMepHbBIe TEMBbI CAMOCTOSITEIBLHBIX
NPAKTHYECKHUX 3aIaHUM:

1. TlpousBecTH TEMIOBON U KOHCTPYKTUBHBIN
pacueTsl OCHOBHBIX JieTallel CeKIIMOHHOTO
BOJIOBOISTHOTO TIOJIOTpeBaTeNs TerioceT MocaHepro
[IPU CIEAYIOUINX YCIOBUSAX: CXEeMa JBUKCHHUS
TEIUIOHOCUTENEH — MPOTUBOTOK;
MPOU3BOAUTENBHOCTE anmapara Q =1,5 ['Bm;
TeMIIepaTypbl IPEIoLei BOAbI

t"1=130°Cn

", 1=100"°C;

TEeMIEpaTyphbl HArpeBaeMoi BOJBI ¢’

2=62Cut"

2=92°C;

MIOBEPXHOCThH HAarpeBa BBIMOJHEHA U3
JaTyHHBIX TPyOOK nuamerpoM d=14/16 mm;

TEIUIONPOBOJIHOCTh MaTepualia Tpyook =90
em/(m-epaod);

ToJIIMHA HakuIu on=0,2 mm;

TETUIONIPOBOHOCTD HAKUTIH AH=3 ém/(m-epad);

KO3 (UIIMEHT, YUUTHIBAIOUINH MOTEpHU Teria
MOBEPXHOCTBIO [TOI0IPEBATEINS B OKPYIKAIOLIYIO

cpeny yn=0,97.

2. OnpenenuTh KOHEYHYIO TEMIIEPATYPY
BO3/yXa JJIsl BO3AYXOOXJIQAUTENS C IIOBEPXHOCTHIO
narpesa F=1000 M’1ipu cieyomux yCiIoBUsX:

TeMIepaTypa BO3yxa, MOCTYIAIOIIEro B
BO3yX0OXJIaAuTeNb, t'=60 °C;

o0BeM IupKynupyromiero Bozayxa V1=100000
M/

HayvaJabHas TeMIepaTypa OXJIaXIaroIend BOIbI
t,=25°C;

pacxon Boasl V>=320 m3/u;

kodduimeHT temwionepenayn k=30,5 Bm/




(’K);

TETTIOOOMEH MEXy BO3/yXOM M BOJIOH B
BO3/yXO00XJIAJUTEIE IPOUCXOANUT IIPU IPOTUBOTOKE.

3. Onpenenuth K03PGUIUEHT TEIIoNepeIadn
JUIs peOpPUCTOrO BO3yXO0XJIAUTENS IPU
CJIEYIOIINX YCIOBUAX: PACIIOIOKEHNE TPYOOK B
IIy4YKe [IaXMaTHOE; CKOPOCTh BO3yXa MEXY
pebpamu w=6 m/c; nuametp TpyOku du/dB =24/22 mm;
Marepuai Tpyook - natynb (A=90 BT/(M*rpan));
Hapy>XHbIH auameTp pedep D=55 mMm; Tonmuna pedep
op =0,3 MM (TErIONPOBOAHOCTE pedep Ap=45
BT/(M*rpan); mar pedep b=4,8 MM; cpeaHss
TeMnepaTypa oxjaxaaromei Boasl t2=260 °C;
TeMmmeparypa ropsiaero sosayxa t; =500 °C.

4. OnpenenuTh TeMIIEpaTypy Bo3ayxa Ha
BBIXOJI€ U3 CKpyOOepa U CPEeIHIO Pa3HOCTh
TEMIIEPATYpP MEXKAY TEINIOHOCUTENAMHU MIPH
MIPOTHBOTOKE, €CITU B CKpyOOep mocTynaer BO3ayX B
xonmuectBe 10000 xe/u ipu ¢'/=150°Cu i=420 xoorc/ke.
Oxnaxkaaromasi BOJa UMeeT TeMIIepaTypy Ha BXOJIe
t'»==15 °C u na BbIxOz€ #"2=55 °C.

5. Paccuurath paaivanMOHHBIN PEKYIIEPATOD,
paboTaromuii B cucteMe KOMOMHUPOBAHHOTO
panalMOHHO-KOHBEKTUBHOTO PEKyIIEpaTOpa.
Temneparypa Bo3yXa Ha BXOJ€ B paJualliOHHBIN
pexynepatop pasHa 1'6=420°C, koHeuHas
TeMIepaTypa 1ojorpesa Bosayxa '6=600° .
TemnepaTypa AbIMOBBIX Fa30B Ha BXOJIE B
pexymneparop #0=1050°C. KosuuecTBo HarpeBaeMoro
Bo3ayxa VBo=0,695 m3/c, meima V10=0,805 m’/c.
Cocras gsIMOBBIX Ta30B 19 % COy; 1,0 % H.O u 80 %
N,. TonmuHa cTeHKH peKyneparopa 0=6 MM.

6.IIpon3BecTr ympoIeHHbIN TETUIOBOM pacueT
06apabaHHOI CYIIMIIKU MPH CIAEAYIOUUX YCIOBUSX.
KonuuecTBo npojtykTa, MOCTYMAOLIETO B CYLIMIKY,
G,=20000 xr/4; HayanbHasl BIAXKHOCTH MPOIYKTa
w’;=18 %; xoHe4Has BiaxuocTh w’,=10;
TEIIOEMKOCTb BBICYIIEHHOTO MpoayKTa c=1,26 xdorc/
(ke epad); TeMIiepaTypa Bo3/1yXa, IOCTYMAIOIEro B
kasopudep, =20 °C; 0THOCHUTENILHAS BIAKHOCTh
Bo3ayxa p=60 %; Temneparypa Bo3ayxa, mocie
kanopudepa - =150 °C; oTHOCUTEIbHAS BIAKHOCTD
BO3]1yXa, BBIXOJSIIEro U3 Cymmiku, p=80 %;
TeMIeparypa npoayKTa IpH Bxoje B cymmiky 6=10
°C, TeMniepaTypa MpoIyKTa 10 BBIXOE U3 CYIIUIKH
0=100 °C.




6) HOpH}IOK NMpoBEACHUA l'[pOMC)KyTO‘lHOﬁ aTTeCTaluu, NNoKa3aTe/iu U KpUTepuun
OICHUBAHUA:
HpOMe)I(YTOHHaH arrecranus 1o JUCIUIIIINHE «TennomaccooOMEHHEIE IIpoHECCChl B TCINIOBOM

obopynoBanuu cucteM TI'B» BKIItoUaeT TeOpeTUUECKIE BOMPOCHI, TO3BOJISIOIINE OIEHUTH
YPOBEHb YCBOCHHMS OOYYAIOMIMMUCS 3HAHUM, U MPAKTUYECKHUE 3a]aHusl, BBISBISIONINE CTETICHD
c(hOpMUPOBAHHOCTH YMEHHI U BIIaJCHUN, IPOBOAUTCS B (hOopMe 3aUyeTa ¢ OILIEHKOU U B hopMe
BBITIOJIHEHUSI M 3AIIUTHl KOHTPOJILHON PabOTHI.

3ader 1o JaHHOW JUCIUTIIIMHE TTPOBOIUTCS B YCTHOM popMe 1o OmsteTaM, KaXKIbIi U3 KOTOPBIX
BKJIFOYAET 2 TEOPETUUYECKHUX BOIPOCA U OJHO MPAKTUUECKOE 3a/IaHHE.

Iloxa3aTen U KPUTEPUH OLIEHNBAHUS 3a4eTa C OLleHKOM:

— Ha OILIEHKY «OTJUYHO» (5 6a/I0B) — 00yJarONIHiicss JEMOHCTPUPYET BBICOKHI YPOBEHB
c(hOpMHUPOBAHHOCTH KOMITETEHIIHH, BCECTOPOHHEE, CUCTEMATUYECKOE U TITyOOKOE 3HAHHE
y4eOHOro MaTepuasa, CBOOOIHO BBIMOJIHSACT MPAKTUYECKUE 3aJJaHHsl, CBOOOTHO ONlepUpyeT
3HAaHUSMM, YMEHUSIMH, IPUMEHSET UX B CUTyallUsAX MOBBIIICHHON CI0KHOCTH.

— Ha OIICHKY «X0po1uo» (4 6aia) — o0yyarouuiicss 1IeMOHCTPUPYET CPEAHUNA YPOBEHB
c(OPMHPOBAHHOCTH KOMIIETCHIIMI: OCHOBHBIE 3HAHUSI, YMEHHUSI OCBOCHBI, HO JIOMYCKAIOTCS
HE3HAYUTENbHBIC OMUOKY, HETOYHOCTH, 3aTPyAHEHUS MIPH aHATUTUYECKUX OTEPalnsX,
nepeHoce 3HaHUK U YMEHUI Ha HOBBIE, HECTaHJAPTHBIE CUTYaIUH.

— Ha OLIEHKY «Y/JAOBJIETBOPUTEJIbHO» (3 6aiia) — 00yJarouuiics 1eMOHCTPUPYET MOPOTOBBIN
yYpOBeHb C(HOPMUPOBAHHOCTH KOMIIETCHIIMI: B X0/1€ KOHTPOJIBHBIX MEPOTIPUATUH TOITYCKAIOTCS
OLIMOKH, MPOSBIISETCS OTCYTCTBUE OT/AEIbHBIX 3HAHHM, YMEHU, HAaBBIKOB, 00yJatoLuiics
WCTIBITHIBAET 3HAYUTEIbHbIC 3aTPYAHECHUS TIPU ONIEPUPOBAHIH 3HAHUSMH U YMEHUSIMH TIPH UX
NepeHOCce Ha HOBBIE CUTYAIIUH.

— Ha OLICHKY «HeY/JI0BJIETBOPUTEJILHO» (2 Oaiura) — 00yJaromuiicss IeMOHCTPUPYET 3HAHHS HE
6omee 20% TeopeTHIecKoro MaTepuana, 10ImyCcKaeT CyleCTBEHHbIC OIMUOKH, HE MOXKET
MOKa3aTh WHTEJUICKTYaJIbHbIC HABBIKU PEIICHUS MPOCTHIX 3a/1a4.

— Ha OLICHKY «HeYy/JA0BJIETBOPUTEILHO» (1 6amr) — o0yyaromuiicst He MOXeT MoKa3aTh 3HAHUS
Ha YPOBHE BOCTIPOHM3BENCHUS U 00BSICHEHUST HH(DOPMAITNH, HE MOXKET TI0Ka3aTh
MHTEJUICKTYaJIbHbIE HABBIKU PEIICHUS POCTHIX 3a1ad.
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