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Hanpagienue noarorosku/cnenuaiabioctsh: 13.03.01 TeniooHepreTnka u TEMJI0TEXHHKA
HaumenoBanue o0pa3zoBare/ibHOI nporpamMmmbl . TeriocHad:xeHue U TeNJOTEXHUYECKOe 000py10BaHue
YpoBeHb 00pa3oBaHus: BbiclIee 00pa3oBaHue - DaKkajJaBpuaT

®opma o0yuyeHus: 3aouHas

Pabouass nporpaMma QM CHUILIHHBI
TEXHUYECKAS TEPMOAUHAMMUKA

BJaok: Baok 1 «/Iucuuniunsl (MoxyJim)»
YacTh 00pa3zoBaTe/iLHOM
Oo0si3aTenbHas
NMPOrpaMMbl:
Ne quCHMIIMHBI 110 Y4eOHOM
Aucn y y 51.0.03.03
TJIAHY:

4 cemectp - 4,
5 cemecTp - 4;
BCero - 8

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

Yacos (Bcero) no yueoHomy
MJIAHY:

288 yaca

4 cemecTp - 8 yacos;
Jlekuuu 5 cemecTp - 8 yacos;
Bcero - 16 yacos

4 cemecTp - 4 yaca;
IIpakTnyeckue 3aHATHSA 5 cemecTp - 4 yaca;
Bcero - 8 yacos

JlaGopaTopHble padoThI He Mpe1yCMOTPeHO Y4eOHbIM IJIaHOM

4 cemecTp - 2 yaca;
KoncyabTanuu 5 cemecTp - 2 yaca;
Bcero - 4 yaca

4 cemectp - 128,5 yaca;
CamocrosiTesibHasi padoTa 5 cemecTp - 128,5 yaca;
Bcero - 257,0 yaca

B TOM uncJje Ha KII/KP He NMpeyCMOTPeHO0 YUeOHbIM IVIAHOM

4 cemectp - 1,2 yaca;
HNnas koHTaKkTHasi padoTa 5 cemectp - 1,2 yaca;
BCero - 2,4 yaca

BKJIIOYas:

TecTupoBanue
PacuerHo-rpaduueckas padora
JlomamrHnee 3aganue

HpomemyTquaﬂ aTTrecrauud:

JK3amMeH 4 cemectp - 0,3 yaca;
JK3aMeH 5 cemectp - 0,3 uaca;
Bcero - 0,6 yaca
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1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Ilear ocBoeHusn

JUCHUNJINHBI.

U3y4eHUe

OCHOBHBIX

3aKOHOB TEPMOIAUHAMUKN n

TCPMOANHAMHUYCCKUX MCTOHOB aHAJIM3a MPUMCHHUTCIBHO K TCXHUYCCKOMY 060py,ZLOBaHI/IIO n CUCTEMaM
IIPOU3BOACTBA, IEpEaadn U TpaHC(i)OpMaHI/II/I TCIJIOTHI B TCIIJIOCHJIOBBIX, XOJOJHJIbHBIX U TCIINIOHACOCHBIX

YCTaHOBKAX
3agauyu AUCHMILINHBI

- UI3YUCHHUC OCHOBHBIX 3dKOHOB TCPMOANHAMHUKHU, MCTOAOB UX IPUMCHCHUS JI pacdyeTa U
aHajIn3a IpoueCCoB B TCXHUYCCKOM O60py,Z[OBaHI/II/I M CUCTEMaAX IIPOU3BOJACTBA, IEpCAaAUn U
TpaHC(l)OpMaI_II/II/I TCIJIOTHI B TCIIJIOCHJIOBLIX, XOJOAUJIBHBIX U TCINIOHACOCHBIX YCTAHOBKAX;

- U3YUCHUC MCTOAO0B ITOJIYYCHUA I/IH(l)OpMaLII/II/I 0 TCPMHUYCCKUX U KAJTIOPUICCKUX CBOMCTBaxX
BCIICCTB, IPUMCHACMBIX B KaUCCTBC TEINIOHOCUTEICH U pa60q1/1x TCJI B TCIINIOCUJIOBBIX, XOJIOAWJIBHBIX U

TCIIJIOHACOCHBIX YCTaHOBKAX;

- OCBOCHHEC MCTOJOB pacucTa TCpMOJUHAMUYCCKHUX MPOUCCCOB U HUKIIOB TCIIJIOCHJIOBLIX,
XOJIOAWJIBHBIX U TCIIJIOHACOCHBIX YCTAaHOBOK, METOJ0B OIIPCACIICHUA U aHaIM3a IMapaMeTPOB UX pa60TI)I u

noka3zarenei 3((heKTUBHOCTH.

dopmupyembie y 00yJaronerocsi KOMNeTeHIMH U 3alJIaHUPOBAaHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCITUILIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs] KOMIIEeTEeHIIUI

KOI{ U HAMMCHOBAHHEC
KOMIICTCHIMNH

KO}I 1 HAMMCHOBAaHHEC
HHAUKATOPA TOCTUKCHUS
KOMIICTCHIIMH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHH s

OIIK-3 Cnocoben
PUMEHSTh
COOTBETCTBYIOLINH (pr3HKO-
MaTeMaTHYECKUH armapar,
METO/IbI aHANIN3a U
MO/JICIIUPOBAHMUS,
TEOPETUYECKOTO H
9KCHEPUMEHTAIBLHOTO
UCCIIEIOBaHUS TIPH
peleHnn
poeCCHOHATIBHBIX 3a71a4

N -50mnk-3 demoncTpupyer
NOHUMaHKE HPU3NICCKUX
SIBIICHUH ¥ YMEET MPUMEHSTh
(bu3nvecKue 3aKOHbI
MEXaHHUKH, MOJICKYJISIPHON
(bU3NKH, TEPMOJAMHAMUKH,
JIEKTPUIECTBA U MarHETU3Ma
JUTSI pEIICHUs TUTIOBBIX 3a/1a4

3HATh:
- OCHOBHbIE 3aKOHBI TEPMOJMHAMUKH,
METO/bI UX IPUMEHEHUS ISl pacueTa u
aHaJIM3a TEPMOAMHAMUYECKUX IIPOLECCOB;
- OCHOBHBIE ITOHATHS U TEPMHHBI B
00J1aCTH TEXHUUYECKON TEPMOIMHAMUKH,
uX (PU3NYECKUN CMBICIT;

- 0 TEPMUYECKHUX U KaJOPHUUECKUX
CBOICTBaxX BEUIECTB, METOAX MOTYUECHUS
nH(pOpPMaLIUU O HUX.

YMETB:
- BBIYUCJIATH NIOKA3aTeNIA YHEPTETUYECKOU

3¢ (PEKTUBHOCTH TEPMOIMHAMHYECKUX
MIPOLIECCOB, MPSIMBIX  0OPATHBIX
TEPMOJIMHAMUYECKUX ITUKJIIOB.

OIIK-4 Cnocoben
JIEMOHCTPUPOBATH
IMPUMCHCHUEC OCHOBHBIX
CHOCcO0OB MOJTyYEHHUS,
npeoOpa3oBaHuUsl,
TpaHCIIOpPTa U
HCIIOJIB30BAHUS TCIIJIOTHI B
TETIOTEXHUYECKUX
YCTaHOBKaX U CUCTEMAX

U-20rk-4 [leMOHCTpUpYET
IMOHMMAaHUE OCHOB
TEPMOJIMHAMUKH, OCHOBHBIX
3aKOHOB TEPMOJUHAMUKH U
MIPUMEHSET WX JJIT PACYCTOB
TEPMOIMHAMUYECKUX
MPOIIECCOB, ITUKJIOB U UX
rmokazaresei

3HATH:
- TEPMOJMHAMHYECKHE MTPOLIECCHI U IIUKJIIbI
npeoOpa30BaHus SHEPTUH, IPOTEKAIOIINE
B TEIUIOCHJIOBBIX, XOJOAWIBHBIX U
TEIJIOHACOCHBIX YCTaHOBKAX, I0KA3aTeIn
ux 3 pexTUBHOCTH.

YMETbh:
- OTIpeNeNATh paboune napaMeTpsl paboThI

TEXHUUYECKOTro 000py10BaHus,
aHAJIM3MPOBATh BIMSHUE UX U3MEHEHHS Ha
nokazarenu 3G HEeKTUBHOCTH
TEIJIOTEXHUUYECKHUX YCTAHOBOK U CUCTEM.




2. MECTO JJUCHUILJIMHBI B CTPYKTYPE OBPA3OBATEJILHOM NPOT'PAMMBI BO

JucuumnimHa OTHOCUTCS K OCHOBHOW mpodecCHOHaIbHOW 00pa3oBaTeNbHOM MporpaMme
TemocHaOxeHne u TeruioTeXHUYeckoe obopynoBanue (nmanee — OIIOII), HampaBieHUs MOATOTOBKH
13.03.01 TemmosHepreTuka © TEIUIOTEXHUKA, YPOBEHb OOpa30BaHMs: BbICIIEE OOpa3oBaHUE -
OaxanaBpuar.

TpeboBaHMs K BXOJHBIM 3HAHUSIM U YMEHMSIM:

- 3HaTh OCHOBBI TU(PEPEHITNATHFHOTO U HHTETPATHHOTO HCUUCICHHS (DYHKIMA OTHONW M HECKOIBKUX
IEPEMEHHBIX

- 3HaTh METO/Ibl PEIICHUS TMHENHBIX aNreOpanyecKux ypaBHEHUN U CUCTEM

- 3HaTh METO/Ibl PeLICHHUs OOBIKHOBEHHBIX JU(PPepeHIINaNbHbIX YPABHEHUHN U CUCTEM

- 3HaTh MPUYNHHO-CIICACTBEHHBIE CBSI3U MEX/1Yy 0OBEKTAaMH U SIBJICHUSMH IIPUPOJIbI, OCHOBAHHBIEC HA
(Gu3nUecKux MeToax Ucciael0BaHus

- 3HaTh [NOHATHE UJEAIBHOTO I'a3a, OCHOBBI MOJIEKYJIIPHO-KMHETUYECKON TEOPUH, OCHOBBI
TEPMOJIUHAMUKHI

- 3HaTb OCHOBHBbIE MOHATHUS U 3aKOHbI XMMHUU, OCHOBBI TEPMOXUMUH, OCHOBBI XMMUYECKON KUHETUKHU

- YMETh MCI0JIb30BaTh OCHOBHBIE IIOHATHS, 3aKOHBI M MOJIEH (PU3UKU NIPU PELIEHUH UHKEHEPHBIX
3a1a4

- YMETh MCI0JIb30BaTh METO/Ibl MATEMAaTHUECKOT0 aHAJIN3a IPU PELICHUH MHXKEHEPHBIX 3a1a4

- YMETb UCIIOJIb30BaTh OCHOBHBIE MOHATHUS, 3aKOHBI K MOJIEIM XUMHUH IIPU PELICHUH 3a/1a4

- YMETh PaCCUUTHIBATh 3HAUEHUS BEJIMUMH B €AMHHULIAX MeXTyHapOoaHOM CUCTEMbI U3MEPEHUN

- YMETh MCIIOJIb30BaTh MAaKeThl MPUKIAAHBIX porpamMm MS Office, MathCAD u npoune
COBPEMEHHBIE KOMIIbIOTEPHBIE IPOIPAMMBI JIJIsl pEIIEHUS] MHKEHEPHBIX 3aJ]1a4

PesynbTarel 00y4ueHus1, MOTYYCHHBIE TIPU OCBOSHUU JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMTOJTHCHUN
BBIMTYCKHOM KBaTU(UKALMOHHON PabOTHI.



3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHIUTUTMHBI COCTABIISIET 8 3a4eTHBIX euHMII, 288 Jaca.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasnenbl/TeMbl § 5| e ™
Ne JTUCIUTUTAHBL/ (D OPMBI g 2|8 OHTaKTHas pabora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAINH 8| © | Jlex JIab | Ip — - VKK | TK A CeMECTDE aTTeCTalluu
/M P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 OCHOBHBIE MOHATHS U 30.3 4 | 24 - 11 - 0.5 - 0.3 - 26.0 - Camocmosamenvnoe usyuenue
3aKOHBI meopemuueckozo mamepuana: Visyaenue
TEPMOJUHAMUKHU JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
1.1 OCHOBHBIE TIOHSTHUS 10.4 0.9 - 0.4 - 0.2 - 0.1 - 8.8 - "OCHOBHBIE TIOHATHS U 3aKOHBI
1.2 IlepBhlii 3aK0H 9.9 0.7 - 103 - 0.2 - 0.1 - 8.6 - TEPMOJAUHAMUKH"
TEPMOJMHAMUKHU Ilo0z0mosKa K meKyuiemy KOHmMpoiio:
13 Bropoii 3akon 10.0 0.8 - 0.4 - 0.1 - 0.1 - 8.6 - Ioropenne matepuana o pasaeny
TEPMOIUHAMUKH "OCHOBHBIC IOHATHS 1 3aKOHBI
TEPMOJIUHAMUKH"
2 [ponecce npeansroro | 21.20 1.6 - 0.9 - 0.4 - 0.30 - 18 - Camocmoamenvhoe uzyuenue
raza meopemuueckozo mamepuana: VIzyuenue
2.1 TepMomuHaMu4eckme 10.45 0.7 - 0.4 - 0.2 - 0.15 - 9 - JIOTIOJTHUTENBHOTO MaTepraa o pasjaeiry
CBOIICTBa HICATBHOIO "TepMoIMHaMHYECKHE CBOWCTBA U MIPOLIECCHI
rasa naeaIbHOro rasa"
2.2 Tepmoaunamudeckue | 10.75 0.9 - |05 - 0.2 - 0.15 - 9 - Hoozomoexa domawnezo 3adanus:
MPOLIECCHI UICATBHOTO [MoaroroBka goMallHero 3aiaHus HaIIpaBiIeHa
rasa Ha OTpabOTKy yMEHUIl peneHus

npodeccuoHanbHBIX 3a1a4. JloManHee 3a1aHue
BBIIACTCS CTYACHTAM I10 H3YYCHHOMY B pa3Jieie
"TepMOJUHAMHYECKHE CBOMCTBA U IPOLIECCHI
uaealbHOro raza" matepuany. JJOnoJIHUTENBHO
CTYICHTY HEOOXOIUMO U3yYUTh JUTEPATYPY U
pa300paThk MPUMEPHI BHITOTHEHUS TTOI0OHBIX
3ananuil. [IpoBepka ToMaliHero 3ajaHus
MIPOBOIUTCS IO MPEACTABICHHBIM MHChMEHHBIM
paboram. [IpuMepsl BapraHTOB TOMAITHUX
3amanuii: Bapwuant 1: Yrnekucnsiii raz CO2
npu ganerny 0.1 MIla 3aaumaer 006éMm 0.3
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M3. HauanbHas Temnepatypa rasa tl =20°C .
OrnpenenauTb KOJUIECTBO TEIUIOTHI, KOTOPOE
HY)KHO 3aTPaTHTh JJIs H300apHOTO PACIIAPCHUS
rasza 1o ooséma 1,0 M3, n3MeHeHHE €ro
BHYTPCHHEH SHEPTHH U COBEPUIEHHYIO Ta30M
paborty. [IpencraButs 3TOT Ipotecc B p,v-
JIUarpaMMe B COBOKYIHOCTH C TIPOLIECCAMU
HN30TePMHUYECKIM U annabaTHeIM. Bapuant 2: B
KOMIIpECCOpe CKUMAETCS KACIOPO/I B
konmuectse 0,3 kr/c ot gaBnenus pl =0,15
MIla no naBnenus p2=0,7 Mlla. Temneparypa
KHCIIOpo/ia Ha BXoze B kommpeccop 10°C .
Ornpenenuts TeMIeparypy t2, yJaenbHbIe
00bEMBI V1 M V2, paboTy cxxaTust B pacuére Ha
1xr npoxonsmiero rasa. [Ipouecc cxxatus —
annabaTHBIA 0OpaTuUMEIi. [IpeacTaBuTh STOT
poIiecc B p,V-AHarpaMMe B COBOKYITHOCTH C
porieccaMy U30TEPMHIYECKIM U TIOJTATPOITHBIM
npu n =1,2.

Iloozomoeka K meKyuiemy KOHmMPOJIio:
[ToBTOpeHNe MaTepHuana 1mo pa3ney
"TepMOIMHAMHUYECKHE CBOMCTBA U MPOLIECCHI
ujeanbHoro raza"

Iloozomogka pacuemnvix 3adanuii: 3aiaHue
SIBJISIETCSL YaCThIO PACUETHOTO 3aaHMUSI 110
pazneny "TepMoauHaMHUeCKHUe CBOMCTBA U
[IpoLIECCHl uaeabHOro raza". CTyIeHTb
HE00XOIUMO TOBTOPUTH TEOPETUICCKHUI
MaTepHal, pa3o0paTh MPUMEPHI PEIICHUL
aHAJIOTUYHBIX 33/1a9. TIPOBECTH PACUETHI TI0
BapHaHTY 3a/IaHUS U CAeTaTh BHIBOAEL. B
KauecTBE 3aJaHMsI UCIIOJIb3YETCS CIEAYIolee
(mpumep): ITapameTpsr Bo3ayxa nepen
kommpeccopoMm I'TY pl =0,1 MIla, t1 =10 C;
3a kommpeccopom p2 = 900 klla; TemmepaTypa
rasa nepej| ra3oBoi TypouHoii t3 = 900 C;
BHYTpeHHUE oTHOcUTenbHble KITJ]
KOMITpeccopa U Ta30Bod TypOHHBI,
cootBercTBeHHO 0,84 1 0,92; pacxoa Bozyxa u
raza 250 kr/c. Onpenenuts cienyrormee: 1.

6




[TapameTpsl (HaBneHue, TeMIepaTypy,
SHTAJIBITHIO, SHTPOIIHIO) B XapPAKTECPHBIX TOUYKAX
mukna ['TY u npeacTaBuTh WX B TaOIHIHOMN
¢dopme. Cunrtats, 9ro s ra3a s = 0 mpu TO =
273,15 Ku p0 = 0,1 MIla. 2. MomHOCTB
ra30Boi TypOuHBI, KoMmpeccopa, [TV,
KOJIMYECTBO MOABEACHHOM TermIoThl Q1,
TerIoTsl Q2, OTBEICHHOM C YXOISIIMHA
razamu. 3. Tepmuueckuii u BHyTpeHHui KIIJ{
I'TY. CpaBuuts Tepmuueckuiit KIIJI I'TY ¢
tepmuueckuM KII1/1 nukna Kapuo. M306pasuts
NPUHIUITHAIBHYIO CXEMY YCTaHOBKH, IIUKII
I'TY a T,s-nuarpamme.

3 CaoiicTBa u mpoueccol | 21.30 15 0.7 0.4 0.30 18.4 Camocmosamenvnoe usyuenue
peanbHOro rasa meopemuuecko2o mamepuana: VIsyaenue
3.1 TepMomuHaMu4ecKue 11.45 0.8 0.3 0.2 0.15 10 JTOTIOJTHUTEIBHOTO MaTepraia 1o pa3aeiy
CBOMCTBA peajbHOI0 "TepMOIUHAMUYECKHE CBOMCTBA U MPOLECCHI
ra3a (BOAbI M BOASHOTO peanbHOrO rasa"
napa) Ilo0z0mogKa K meKyuiemy KOHmMpoio:
3.2 TepMomuHaMu4eckre 9.85 0.7 0.4 0.2 0.15 8.4 IToBTOpEHKE MaTepHaa 1o paszeny

HPOLECCHI PEATbHOTO
raza (BOZAbI ¥ BOJSHOTO
napa)

"TepMOJUHAMHYECKHE CBOMCTBA U IPOLIECCHI
peanbHOro raza"

Iloozomogka domauinezo 3adanua:
[ToaroTroBka qOMaITHETO 3aJaHUS HAIIPABJICHA
Ha OTpabOTKy yMEHUIl peneHus
npodeccuoHanbHBIX 3a1a4. JloMalHee 3a1aHue
BBIJIAETCS CTYJIEHTaM 110 U3YYEHHOMY B pasjelie
"TepMOJUHAMHYECKHE CBOMCTBA U IPOLIECCHI
peanbHOro raza" marepuany. JJonoJHUTEIbHO
CTYICHTY HEOOXOIUMO U3yUUTh JTUTEPATYPY U
pa300paTk MPUMEPHI BHITOTHEHUS TIOTOOHBIX
3amanuid. [IpoBepka JOMAIIHEro 33 aHus
MIPOBOJUTCS IO MPEACTABICHHBIM THCEMEHHBIM
pabotam. [IpumMepsl BapraHTOB TOMAITHUX
3ananuii: Bapuant 1. BogsHoii map
pacmmpsieTcs B TypOuHe aanabaTHO U
obparumo ot mapamet-poB: pl = 24,0 MIla; t1
=550 0C no nanenus 0,05 6ap. Haiitu paboty
TypOMHEBI B pacyere Ha | KT MPOXOSIIEro mapa.
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IIpencraButs npouecc B PV, HS, TS -
nuarpaMMmax. Bapuanr 2. BoagHoii nap
HarpeBaetcs n300apHo npu aasienun 5,0 MIla
oT cTerneHu cy-xoct x1 = 0,8 10 TemmepaTypsl
t2 =520 0C. HaiiTi 3Ha4eHNSI BHYTpEHHEH
sHepruu ul u u2., TemwIoTy U paboTy mapa B
npouecce. [Ipeacrasuts nporecc B B p,v; h,s;
T,s - nnarpamMmax.

Tloozomoexa pacuemnvix 3a0anuii: 3a1anme
SIBJIICTCA YaCThIO PACUE€THOTO 3aaHUS 110
pazneny "TepMoauHaMHYeCKHUe CBOMCTBA U
MIPOLIECCHI peasibHOTO rasza". CTyaeHTH
HEOOXO0/IMMO TIOBTOPUTH TEOPETUUECKHIA
Marepuall, pa3odparh NpUMephl PEIICHHs
AQHAJIOTUYHBIX 3a/1a4. TIPOBECTH PacueThl 110
BapHaHTYy 3a/laHUs U CAEIaTh BBIBOALL B
Ka4yeCTBE 3aJaHUs HCIOIb3YETCs CIENYIOIEE
(mpumep): HauanbHbIE MapaMeTpsl apa mnepes
Typounoii [ITY t6 =450 C, p6 = 5 MIla; mocne
TypOMHBI ITap HAIPaBIIAETCS B KOHACHCATOP,
JaBieHue B kotropoM p7 = 4 klla u 3aTem B
HAcoC, MOBBIIIAONINN JaBJICHHUE 10
HavyanbHOTO. BHYTpennune otHocuTenbHubie KI1J]
apoBOH TYpOUHBI U HACOCa, COOTBETCTBEHHO,
0,85 u 0,71. Onpenenuts cienyroriee: 1.
[TapameTps! (1aBi€eHUE, TEMIIEPATYDY,
SHTAJIBIIHIO, SHTPOIIHIO, CTETIEHb CYyXOCTH) B
XapaKTepHBIX TOYKAX LUKJIA YCTAHOBKU U
MPeJCTaBUTh UX B TaOMMUHOU popme. 2. Paboty
nmapoBod TypOUHEI, Hacoca, nukia [ITY,
YAEIbHOE KOJIMYECTBO MOABEIEHHON TEIIOTHI
ql, TernoTsl q2, OTBEAEHHON B OKPYKAIOLIYIO
cpeny B koHzeHcaTope. 3. Tepmudeckuii u
BryTpenHuit KIIJ] IITY. CpaBHuTth
tepmuueckuit KITJ IITY ¢ tepmuueckum KITJ{
ukina Kapro. 4. 306pa3suts NpHHIAITHAIEHYTO
cxeMmy ycraHoBkH, 1IMKI [ITY B T,s-nuarpamme.

TepmoauHaMuyecKue
IIUKJIBI TAapOTYPOUHHBIX

35.2

2.5

1.3

0.7

0.3

30.4

Iloozomoeka domauwinezo 3adanus:
IToaroToBKa AOMAIITHETO 3aJaHKs HApaBJICHA
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YCTaHOBOK

4.1

Tnker
apoTypOMHHBIX
ycraHoBok (IITVY)

13.6

0.8

0.4

0.3

0.1

12

4.2

[{uks1bI ra30TYpOMHHBIX
ycranoBok (I'TY)

10.0

0.8

0.5

0.2

0.1

8.4

4.3

ukiel mapora3oBbIX
ycranoBok (III'Y)

116

0.9

0.4

0.2

0.1

10

Ha 0TPabOTKY YMEHUI peleHus
npodeccnoHaNBHBIX 3a/1a4. JlomalHee 3aaHue
BBIIa€TCA CTYACHTaM 110 U3YYEHHOMY B pasjene
"TepMOIMHAMUYECKHE ITHKIIBI
TEIUIOPHEPTETHIECKUX YCTAHOBOK' MaTepuaiy.
JIOTIONTHUTENBHO CTYICHTY HEOOX0ANMO
U3Y4IHUTh JUTEPATYpPy U pa3o0paTh MpUMeEpHI
BEITIOJTHEHUS TTOOOHBIX 3amaHuid. [IpoBepka
JIOMAIIHET0 3aJaHus IPOBOJAUTCS MO
NPE/ICTaBICHHBIM TUCEMEHHBIM paboTaMm.
IIpumeps! 3ananuii: Bapuant 1. Onpenenuts
tepmudeckuit 1 BHyTpeHHuH KIIJ] uxia IITY.
HauanbHble mapameTpsl napa: faBieHue pl =
10,0 MITa; Temneparypa tl = 520°C; naBneHue
B KOoHJIeHcaTope p2 = 5 klla; BHyTpeHHHe
otHocutenbHbIe KI1J] TypOuHBI 11 Hacoca
nroi=0,85; nHoi=0,71. Onpene-TuTh MOITHOCTH
TypOMHBI, HacOCa U BCEH YCTAaHOBKH, €CITH
pacxon mapa — 640 1/4, 1 BIQXKHOCTH T1apa B
KOHIIE paclInpeHus B TypOuHe. PaccunTars
YZeNBHBIN Pacxo]l YCIOBHOTO TOILIHBA TIPH
m3BecTtHBIX KII/I: koTna nk =0,9, maponpoBoaa
nim =0,98 u snexrporeneparopa nr =0,97.
IIpen-craBuTh cXeMy yCTaHOBKH U T,s-
Jnuarpammy nukina. Bapuant 2. Onpenenurtsb
Tepmudeckuit 1 BHyTpeHHNH KIIJ] muxma I'TY,
HMEIOIIEH ciie-TyolIHe ITapaMeTphl: JaBlIeHUE
Ha BxoJe B kommnpeccop pl =0,11 MI]a,
temreparypa t1 =20,0°C, creneHb NOBBILIEHUS
nasieHus =9, temrieparypa Ha BXOJE B
TypOuny t3 =1000°C. BHyTpeH-HIE
otHocurensHble KIT[] TypOuHBI 1 KOMITpeccopa
nroi=0,89; nkoi=0,81. Paccunrath Takxke
MOIITHOCTH TypOWHBI, KOMIIpeccopa 1 BCer
YCTaHOBKH, €CJIM pacxXoJl BO3IyXa cocTaBisier D
=450 1/4. Bapuanr 3. B nukiie qsuraremns
BHYTPEHHETO CTOPAHUS C IT0JIBOJIOM TETUIOTHI
mpu v =const (uuka OTTO) HaYaTbHBIE
napameTpsl Bo3ayxa pl1=0,1MIla, t1=30 0C,
CTENEHb CKAaTHs PaBHA 6, a KOJINYECTBO
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oTBesieHHOMH TetutoThl q2 =300 kJK/Kr.
Onpenenuts napaMeTpsl Bo3ayxa B
XapaKTEepHBIX TOUKaX I[UKJIA, KOJTUYECTBO
MTOJIBEICHHON TETUIOTHI, paboTy B TepMUYECKUH
KIIJ nukna, a Takxe tepmudeckuiit KITJ nukna
KapHo B TOM ke HHTEpBaJe TEMIIEpaTyp.
IIpencraButs p,v u T,s-AuarpamMmbl HUKIA.
Camocmoamenvroe usyuenue
meopemuyueckoz0 mamepuana: VIzyaeane
JIOTIOJIHUTEIBHOTO MaTepuaa o pasaery
"TepMOIMHAMUYECKHE TTUKITBI
TEIUIO3HEPTreTUIECKUX YCTaHOBOK"
IlodzomogKa K neKkyuiemy KOHmpoio:
IToBTOpEeHue MaTepuana no pasaeny
"TepMoIHAMUYECKHE ITUKITBI
TETUIOPHEPTETHYECKUX YCTaHOBOK"
Iloozomoeka pacuemmnvix 3ad0anuii: 3aganve
SIBISIETCSI YaCThIO PACUETHOTO 33/1aHUS 110
pazneny "TepMoaIuHAMHYECKHE TUKIIbI
TEIJIOPHEPTreTUUECKUX YCTaHOBOK" . CTYyA€HThI
HEOOXONMO ITIOBTOPUTH TEOPETHUECKHIH
Marepuall, pa3odparh pUMephI PeIIeHHs
AQHAJIOTUYHBIX 3a/1a4. TIPOBECTH PaCcUeTHI 110
BapHaHTY 3alaHUS U CAETaTh BEIBOALL B
Ka4yecTBE 3a/1aHUS HCIIONB3YETCs CIIeyolee
(mpumep): PaccunTath TepMOIUHAMUYECKUN
IIMKJI OJTHOKOHTYPHOI ITapora3oBoi yCTaHOBKH
(IIT'Y) ¢ KOTIIOM-yTHIIH3aTOPOM, HCIIONB3YS
paHee noixy4deHHbIe JaHHble 0 mapameTpax ['TY
u IITY. U3BecTHO TakKe, YTO MUHUMAaJIbHas
Pa3sHOCTh TEMIIEPATYp MEX/Ly T'a30M M KHIISIIEeH
Bozoi B koTie-yTunuzatope (KY) cocrapnser
10 C. Onpenenuts cnenyromiee: 1. Pacxon mapa
B AapOTYpOMHHOM KOHTYpE, MOIIIHOCTh
napoBo# TypOuHsl, Hacoca, [ITY. 2. MomHoCTh
[TV, xonuuecTBO TEIIOTHI Q2, OTBEACHHOM
gyepe3 KOHJCHCATOP B OKPYKAIOIIYIO CPeny,
TermnoThl QKy, nepenanHoii B KY 3a equHuiy
Bpemenu. 3. Buyrpennuit KIIJ] TIT'Y u xotna-
yrunusaropa. CpaBHuts BHyTpeHHui KI1J]
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M[I'Y ¢ tepmuyeckum KIIJ nukna Kapho. 4.
M300pa3uTh NpUHIUIAATEHYIO CXEMY
yctaHoBkH, nukia [1I'Y B T,s-nuarpamme u
IIPOLIECCHI, COBEPLIAEMBIE T'a30M U BOASHBIM
mapoMm B KoTie-yTmwim3aTope, B T,Q-nuarpamme.
5. OdopmHuTE pacdeTHOE 3a/JaHHe MTOTHOCTHIO.

OK3aMeH 36.0 - - - - 0.3 - 35.7
Bcero 3a cemecTp 144.00 8.0 4.0 2.0 1.20 0.3 92.8 35.7
Hroro 3a cemecTp 144.00 8.0 4.0 2.0 1.20 0.3 128.5
5 [Ipormecce B mOTOKE 21.50 1.6 0.8 0.4 0.30 - 18.4 - Iloozomoeka K meKyuiemy KOHmMPOJiio:
BEIIEeCTBA IToBTOpenne matepuaina no paszaeny "IIporeccs
5.1 [MapameTtpsl 10.75 0.8 0.4 0.2 0.15 - 9.2 - B IIOTOKE BelecTna"
TOPMOXKEHHSI
5.2 JlpoccenupoBanue 10.75 0.8 0.4 0.2 0.15 - 9.2 -
6 TepmoanHamuueckue 32.9 2.4 1.2 0.6 0.3 - 28.4 - Camocmosamenvnoe usyuenue
LUKJIBI Ta30TyPOUHHBIX meopemuueckozo mamepuana: 3ydenne
Y Mapora3oBbIX JIOTIOJTHUTEJIBHOTO MaTepHaia o paszieny
YCTaHOBOK "TepMoMHaMHYECKHE LUK Fa30TYPOMHHBIX
6.1 [uki mpocToit 111 0.8 0.4 0.2 0.1 - 9.6 - U TIapOra30BbIX YCTAHOBOK"
ra3oTypOMHHOM Ilo0z0mogKa K meKyuiemy KOHmMpoio:
ycranoBku (I'TY) [ToBTOpEHUE MaTepuaa no pasaeny
6.2 TepMoguHaMHuUECKUE 10.7 0.8 0.4 0.2 0.1 - 9.2 - "TepMOAMHAMHYECKHE UKIIBI Ta30TyPOMHHBIX
LUKJIIBl IBUTaTENeH Y IapOra3oBbIX YCTaHOBOK"
BHYTPEHHETO CrOpaHus
6.3 DKceprus TEeIIOTH 111 0.8 0.4 0.2 0.1 - 9.6 -
7 O6patHbie 321 2.4 1.2 0.6 0.3 - 27.6 - Ilo0z0moska K meKyuwiemy KOHmMpoJio:
TEepPMOJMHAMUYECKHE [ToBTOpenue marepuana no paszaerny "OOpaTHbIe
IUKJIB XOJIOAMIBHBIX U TEPMOJIMHAMUYECKHUE IIUKIIBI XOJIOAMIBHBIX 1
TEIJIOHACOCHBIX TEIUIOHACOCHBIX YCTaHOBOK"
YCTaHOBOK Camocmoamenvroe usyuenue
7.1 OO6patHbIe 10.7 0.8 0.4 0.2 0.1 - 9.2 - meopemuyeckozo mamepuana: VI3yaenue
TEPMOJIMHAMHUYECKHE JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
LMKJIBI XOJOAUIBHBIX "OOpaTHbIE TEPMOTUHAMUYECKUAES ITUKITBI
YCTaHOBOK M UX XOJIOJIMIIbHBIX M TEIUIOHACOCHBIX YCTaHOBOK"
XapaKTePUCTUKU
7.2 CpaBHeHne 10.7 0.8 0.4 0.2 0.1 - 9.2 -
BHYTPEHHETO

OXJIAXKACHHUA B
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JeTaHepax u
JpOCCeIsixX

7.3 | O6parnsbrii nuka Kapuo | 10.7 0.8 - 0.4 0.2 0.1 - 9.2 -
— LIMKJ TEIJIOHACOCHOM
ycranosku (THY)
8 Hogeitmias 21.50 16 - 0.8 0.4 0.30 - 18.4 - Ilo0z0mosKa K meKyuwiemy KOHmMpoio:
TePMOAWHAMHKA [ToBTOpeHne MaTepHuaa 1mo pa3aeny
8.1 Hogeiimas 10.75 0.8 - 0.4 0.2 0.15 - 9.2 - "Hogeiimas TepMonuHamMuKa”
TEPMOJIUHAMHKA Ilodzomoexa domawnezo 3adanus:
8.2 JuddepernnansHere 10.75 0.8 - 0.4 0.2 0.15 - 9.2 - IToaroToBKa JOMAIIHETO 33/IAHUS HATIPABJICHA
COOTHOIIICHHS MEXKITY Ha OTPabOTKy YMEHUI pemeHus
KaJIOPUUYECKIMHA U npodeccrnoHaNBHBIX 3a/1a4. JlomalHee 3aganue
TePMHUICCKUMU BBIJIACTCA CTYICHTaM 10 U3Y4EHHOMY B pasjiene
(GYHKIUAMHA COCTOSTHUS "Hogeiiias TepmoguHaMuka" MaTepuany.
JIONIONHUTENBHO CTYIEHTY HEOOX0AMMO
U3YYUTh JTUTEPATYPY U pa300paTh MPUMEPHI
BBIMOJIHEHHS ITOTOOHBIX 3amaHuid. [IpoBepka
JTIOMAIITHETO 3a/IaHUs TIPOBOIUTCSI IO
MIPECTaBICHHBIM MUCHBMEHHBIM padOTaM.
OKk3aMeH 36.0 - - - - - 0.3 - 35.7
Bcero 3a cemecTp 144.00 8.0 - 4.0 2.0 1.20 0.3 92.8 35.7
Hroro 3a cemecTp 144.00 8.0 - 4.0 2.0 1.20 0.3 128.5
UTOro 288.00 - 16.0 - 8.0 4.0 2.40 0.6 257.0

IIpumeuanue: Jlex — nexunu; JIab — naboparopHsie padoTsl; [Ip — npaktuueckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU MO KYPCOBBIM
npoektam/padoram; MKKII — naanBuyanbHble KOHCYIbTAlMU 0 KYpCOBBIM MpoekTam/padoram; ['K- rpymnnoBsie KOHCYIbTAlUH 110 pa3aeaam
mucuuruinHel; CP — camocrostenbHas padorta crynenTa; UKP — unas konraktHas padota; TK — Texymmii kKoHTpodb; [TA — npomexxyrouHas
aTTecTanus
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3.2 KpaTkoe coaep:kaHue pa3iejioB
1. OcHosHble nOHAMUSA U 3AKOHbL MEPMOOUHAMUKU

1.1. OcHOBHEIE TOHATHA
TepMoauHaMuyecKkasi cuCTeMa M OKpyxaromias cpena. DOyHKIUH COCTOSIHHS W (QYHKIHH
nporiecca. PaBHOBECHBIE 1 HEPABHOBECHBIC COCTOSIHHS M MIPOIIECCHI.

1.2. IlepBblii 3aKOH TEPMOJUHAMUKHI

[TepBblii 3aKOH TEPMOJAMHAMMKHU KaK 3aKOH COXPAaHEHMs M NpeBpalleHus sHepruu. Teriora u
pabota - gopmbl nepenaun sHepruu. PaboTa pacmmpeHus u TexHudeckas pabora. BHyTpeHHss
SHEpIus W SHTAIbIUSA. AHAINTUYECKOE BBIPAXKEHUE MEPBOI0 3aKOHA TEPMOJUHAMUKH. Y paBHEHHE
IIEPBOr0 3aKOHA TEPMOJMHAMMKHU JUUISI HEPABHOBECHBIX IIPOLIECCOB. YpaBHEHUE IEPBOr0 3aKOHA
TEPMOJIMHAMMKH U1 CTALIHOHAPHOT'O OJJHOMEPHOIO OTOKA.

1.3. BTopoii 3aK0H TEpMOTMHAMHUKH

OO6patumbie 1 HeoOpaTumble Mpoiecchl. OCHOBHBIE MPUYMHBI HEOOPATHUMOCTH MPOIECCOB.
DOopMyIMPOBKM BTOPOI'O 3aKOHAa TEPMOJMHAMUKHM M CBSI3b MEXKIYy HMMH. TepMOAMHaAMUYECKHE
nukiel. Tepmudeckuii kodQPUIMEHT MONE3HOTO NEWCTBUS IMKJIA TEIJIOBOro aurarens. [lukm
Kapro u ero KIIJI. Koadgdumuentsl TpanchopManuu TEIUIOTH IHKJIA XOJIOIMIBHONH MAITUHBL
O6patueiii mukn Kapuo. Outponus. T,s-nmuarpamma. Tepmonnnamudeckue 1uKiasl B T,s-
auarpamme. QOpMYJIIMPOBKY U AHAIIMTUYECKHUE BBIPAKEHHSI BTOPOI'O 3aKOHA TEPMOJMHAMUKH JUIS
00paTUMbIX U HEOOPATHUMBIX MPOLIECCOB.

2. Ilpoueccul uoeanbrnozo 2aza

2.1. TepMoauHamMu4YecKre CBOMCTBA UEaIBLHOIO ra3a

VYpaBHenue coctosiHus wuzaeanbHoro rasza (Knaneilpona - MenneneeBa). Kamopuueckue
CBOMCTBA UJI€aJIbHOTO raza. MojeKyIsIpHO-KMHETHYECKask TEOPUsI TEIUIOEMKOCTH HI€AIbHBIX Ta30B.
3aBUCHUMOCTH TEIJIOEMKOCTH HACATBHOTO ra3a OT TeMIlepaTypbl. BHYTpEeHHSSI SHEPTUS ¥ SHTAIBITUS
ueansHoro raza. TaOauipl TepMOAMHAMUYECKUX CBOMCTB UI€aIbHBIX Ta30B.

2.2. TepmoauHaMHUECKHE MTPOLIECCHI UEAIBHOTO Tra3a

N300apHsIii nporuecc naeaabHOro raza. CoOOTHOIIEHHE MapaMeTPOB, pacyeT TEIUIOTH U paboThI
pacmupeHuss mo TalOnumaM, u300pakeHHe Impolecca B auarpammax. M3oxopHblii mporecc
uaeansHoro raza. COOTHOIIEHHE MMapaMEeTPOB, pacdyeT TEIUIOThl U paboThl PaCIIUPEHHS IO
tabinuaM, u3zo0pakeHue mnpoiecca B Auarpammax. M3zorepMuyeckuil mporecc WaealbHOTO Tasa.
CooTHoIIIEHHE TTapaMeTPOB, pacdeT TEIUIOTHl U PabOThl pacIIUPEHUs Mo TabiauIam, u300pakeHue
mpoiiecca B auarpamMmax. AnuabaTHBIM (MACabHBIA M pealibHBIN) MPOIECC HICATBHOTO Trasa.
CooTHolLIEHHE MapaMeTpoB, pacdyeT TEeIUIOTHI, Pa0dOThl PACIIMPEHUS U TEXHUYECKOM paboThI
(Heoxak1aeMbIi KOMIIPECCOp W Ta3oBasi TypOWHA) Mo TabimiaMm, u300pakeHHe mpolecca B
muarpammax. IlomuTponHslii mpouecc ujaeanbHoro rasa. COOTHOLIEHME IapamMeTpoB, pacyer
TEIUIOThI, pabOThl pacIIMpeHHs] U TEXHUYECKOH paboThl Mo Tabiauiam, u3odpaxeHue mpolecca B
qUarpammax.

3. Ceoticmea u npoyeccovl peaibHo20 2a3d

3.1. TepmoauHaMu4ecKre CBOMCTBA PeaibHOTO Ta3a (BObI M BOASIHOTO Mapa)

OTnuuusi CBOWCTB pealbHBIX ra3oB oT uaeanbHbiX. Maza u Qaszossiil nepexos. TpoitHas Touka,
KpHUTHYECKast TOUKa BemiecTBa. dazoBble AuarpamMmsel peansHoro rasa (p,V-, p,T-, T,s-, h,s-). Bona
Y BOJASIHOM map. Y IeNbHbII 00BbeM, SHTAIBIMS U SHTPOIHUS BOJIbI, BIAYKHOIO, CYXOr0 HACHIIIEHHOTO
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U meperperoro mapa. CBepxkpuTHueckas oOnacTe cocrostHus mapa. T,s- u h,s - aumarpammbl
BOJITHOTO Tapa.

3.2. TepmoaguHaMUYECKHE IPOIIECCH PEATHHOT0 ra3a (BOABI M BOASHOTO Mapa)

Pacuer TeroTsl M paboThl paciupeHus: B u300apHOM mporiecce. M300paxkeHue mporecca B
nuarpaMmax. PacueT TemioTel M paboOThl pacHIMPeHHs B HM30XOpHOM Iporecce. M3o0paxenue
nporiecca B quarpamMMax. Pacder TerioTel u pabOThl PacHIMPEHHS B U30TEPMHUYECKOM IPOIECCe.
N300paxkeHue mporecca B auarpaMmax. Pacder TemaoTel, pabOThl pacIIMpEeHUs] U TEXHUYECKOH
paboTel B aamabaTHOM (peaJbHOM | HJEaJbHOM) mporecce. M3o0paxkeHue mpoiecca B
muarpammax. AnumabatHoe npoccenupoBanue. Pacuer mpouecca. Koaddumument Ixoynsa-Tomcona.
Touku u kpuBas uHBepcun. CpaBHeHHE YPPEKTOB OXIKIACHUS IPU U303HTPOITHOM PACHIUPEHUN U
a711abaTHOM JPOCCEIUPOBAHUH.

4. Tepmodunamu%cxue UUKIIbL napomyp6uHHblx YCMmMaHoOB0K

4.1. Huxasl napoTypOuHHBIX ycTaHOBOK (IITY)

[Ipunuunuanehaa cxema IITY. Hukn B p,v- u T,s- nuarpammax. Tepmuueckuii KIIJ[ nuxmna
IITY. BnusHue Ha4daJIbHBIX M KOHEUYHBIX IapameTpoB mapa Ha tepmuyeckuid KIIJ[ nwmkna.
HeoOpatumoe pacmupenue mapa B TypOMHEe M CkaTtue BoAbl B Hacoce. JledctButenbHbiit KIT/]
mukna [ITY. Hukn u cxema IITY ¢ nmpomexyrodneim meperpeBom mapa. L{ukm B T,s- u h,s-
nuarpammax. KITJ] mukina. PerenepatuBHblil mogorpeB nutaTeabHou Bobl B mukiax I[ITY. Cxema
pereHepaTHBHOTO TojorpeBa ¢ otoopom mapa. Tepmuueckuir KIIJI, 3aBHCHMOCTH €ro OT 4mcia
noJiorpeBaTelieil U TeMrepaTypsl nuTaTenbHoi Boasl. Temnodukannonusie ukisl [ITY. Kputepun
OLIEHKH Y(PPEKTHBHOCTH ITUKIOB, CXEMBI C MPOTHBOJABICHUEM U C OTOOPOM mMapa U3 TypOWHBI
[{Mknbl aTOMHBIX CTAHLMK € BOASHBIM TeIJIOHOcUTeNneM. IIpuHuuMnuanbHas cxemMa aTOMHOU
anekTpoctaniuu ¢ peakropom BBOP. [{ukin ADC ¢ BBOP ¢ cenapanueii u neperpeBom mapa.

4.2. ksl Ta30TypOMHHBIX YcTaHOBOK (I'TY)

IIpunnmnuaneHasg cxema U muka ['TY ¢ moaBoaom TEmIoOTHl IPU NOCTOSHHOM JIaBJICHHH.
Tepmuueckuit KIIJ[ mneansHoro uwmkma I'TY. BrnusHue creneHu cxkatus B KOMIpeEccOpe U
TeMIiepaTypsl raza nepes Typounor Ha Tepmuueckuit KIIJ nuxma ['TY. JelcTBUTETBHBIN UK
I'TY u ero KIIJI. Biusuue HeoOpaTuMocTu mpoueccoB cxatus U pacmupenus Ha KIIJ| nukna
I'TY. Perenepanusi, MHOrOCTYIIEHUYaTOE C)KaTUE U CTYNEHUYAThId MOJBOJ TEIJja B ra3oTypOMHHOMN
ycraHoBke. [Ipunnunuanehas cxema u muka I'TY-TOL B T,s- auarpamme. * DnexkTpudeckas H
teruioBasg MomHOCTh ['TY-TOI, koaddunmeHT ucrnonb3oBaHus TEIUIOTH cropaHus Tormba Kur.

4.3. Huxasl mapora3oBbix yctraHoBoK (1Y)

KombOunupoBanusle 1ukibl. IlpuHnunuanbHas cxema oaHokoHTypHou III'Y ¢ koTiom-
yTHIIM3aTOpoM U Uk B T,s- quarpamme. MomHocts [II'Y, noaBeneHHas U OTBEIEHHAs TEILIOTA.
Temota, mepenaBaeMass B KOTJIe-yTUIM3aToOpe. YpaBHEHHUS TEIIOBOro OamaHca A KOTJa-
yrunuszaropa. Bayrpennuit KI1J] muxia IIT'Y. Crenens 6unapaoctu muka [TV,

5. Ilpoyeccwvl 6 nomoke sewecmsa

5.1. ITapameTpsl TOPMOKEHUS
[Tpoueccrl B comiax, pacyeT CKOPOCTH M pacxoja rasa M mnapa, Kodp(GuuueHTbl CKOPOCTH U
pacxoja, n3o0pakeHue mpoieccos B h,s- u p,v- Auarpammax, BIUSHUE TPEHUS.

5.2. JlpoccennpoBanue
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OcHoBHOE ypaBHeHHE anuabatHoro apoccenupoBanusi, 3¢pdext Jxoynsi-TomcoHa, KpuBas
MHBEPCHH, M300pakeHHe mporecca apoccenupoBanus B h,s- m T,s- nmarpammax. Ilpomeccsr B
HEOXJIAX1aeMbIX M OXJIXKJaeMbIX KomIpeccopax. IIpoueccsl B MHOroCTyleH4aTOM KOMIIPECCOPE.

6. Tepmodunamu%cxue UUKIIbL 2613077’ZVD61/[HHblx U napoeca3zoeslx yCcmaHoB0K

6.1. Luxn mpoctoii razotypounnoii ycranosku (I'TY)

Biusnue mnapamerpoB raza Ha KIIJ[ nwukna. I[lpunmunuanehas cxema u mukia ['TY ¢
pereHepanueii, u3oOpaxkenne Iukiaa B T,s- nuarpamme, mpeielibHas pereHepaius, CTEICHb
pEereHepaInm.

6.2. TepMoarHAMHYECKUE ITUKIIBI JIBUTATEIICH BHYTPCHHETO CTOPaHUS

TepMoauHaMUYEeCKHE TUKIIBI JIBUTATEJICH BHYTPEHHETO cropanus. TepMoanHaMUYECKUE IIHKITbI
JIBUTATENel BHYTpeHHEro cropanus. L{uki gBurarens ¢ KOMOMHHUPOBAHHBIM IMOJBOJOM TEIUIOTHI
(mukn Tpunknepa).

6.3. DKceprus TerIoThl
[Totepu skcepruu TEMJIOTH NMPU HEOOpaTUMBIX Mpoleccax. Teopema I'ton-Cromona.dkceprus
MOTOKA BEIIECTBA. DKCEPrus MOTOKA UAeaIbHOTrO0 raza. Jxcepreruueckuii KIT/I.

7. O6Damel€ mepModuHamutteCKue YUKTIbL XOJIOOUNIbHBIX U MENJIOHACOCHbLX YCmarHo60K

7.1. O6paTHble TEPMOJUHAMUYECKHUE IUKJIIbI XOJOIMUIbHBIX YCTAHOBOK U UX XapaKTEPUCTUKU

X0JI010NPOU3BOAUTENBHOCTh UM MOIIHOCTb IPHBOJA, XOJOJWIBHBIA KO(GOUIMEHT U
skcepreruueckuit KIIJZI. OOparsubiii nukn KapHo — 1MKI XOJIOAMIBHOW YCTaHOBKM M €ro
XapakTepucTUKH. LMK MapoKOMIpPEeCcCMOHHOM XOJIOAMIBHOM YCTaHOBKHM, M300pakeHUE IMKJIA B
T,s- nuarpamme, XapakKTEpUCTUKHU LUKJIA.

7.2. CpaBHEHHE BHYTPEHHETO OXJIAXKACHUS B IETAHJIEPAX U IPOCCEIAX
TepMoanHaMUYeCKHEe HUKIBl TEMJOHACOCHBIX YCTAHOBOK M MX XapaKTepUCTHKU. TeruioBas
MOIITHOCTb ¥ MOILTHOCTb MTPUBOJA, OTOMUTENbHBINA K03 duuneHT u sxceprerudeckuit KIT/I.

7.3. O6parnsrii mukn Kapao — muki tertonacocHoi ycraHoBku (THY)
IIpuHuunuaneHas cxema W LUK napokomnpeccuoHHslx THY B T,s- nauarpamme,
XapaKTEPUCTUKH IIUKIIA.

8. Hosetwas mepmoounamura

8.1. Hogeilmas TepmMoarHaAMHKA
OKkceprus MOTOKa UaealbHOro rasa. Jxcepreruueckuid KIT/I.

8.2. luddepeHunaabHble COOTHOUIEHHS MEXKAY KaJOPUUECKUMH U TEPMUUECKUMHU (QYHKIIUSIMU
COCTOSTHUS

OCHOBHBIE MPOLECCHI HACANBHOTO Ta3a, COOTHOIIEHUS MapaMeTpoB, TEIUIOTa M padboTa
IIPOLIECCOB.

3.3. TeMbl NIPaAKTHYECKUX 3aHATHI
1. PacueT mapaMeTpoB 1 XapaKTEPUCTHK TEPMOANHAMUYECKOHN () (HEKTUBHOCTH LIUKIIA
IIapora3oBOH YCTaHOBKH;
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2. TepmoarHaAMUYECKUE CBOMCTBA U MPOLIECCHI BOBI U BOJSHOTO Mapa;

3. TepmoauHaMUYeCKUE CBOMCTBA U MTPOLECCHI BOJbI M BOASHOIO Mapa;

4. Pacuet mapamMeTpoB M XapaKTEPUCTUK TEPMOJMHAMHUECKOHN 3P PEKTUBHOCTH ITUKIIA
BpaiiTona;

5. Pacder mapaMeTpoB U XapaKTEPUCTHK TepMoanHaMudeckoit ¢ dexruBHOcTH ukia [IBC.

3.4. TeMbl 1a00paTOPHBIX padoT

HE MPEyCMOTPEHO

3.5 Koncyabranumn

o o

8.

Ipynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I°'K)

TepMOJIUHAMUKH"

OOcyxneHne wmartepuanoB 1o TeMaM pazaena "OCHOBHBIC TIOHATHUS W 3aKOHBI

OO6cyxaenre MaTepralioB 1Mo TeMaM paszjena "TepMoanHaMUYeCKrue CBOMCTBA U MTPOLIECCHI

nacaJlbHOI'O raza". Pa36op CJIOKHBIX MOMCHTOB, BBI3bIBAIOIIHUX TPYAHOCTH IIPU PCLICHHUU

3ajad.

O6CY)K,I[€HI/Ie MaTCpHaAJIOB I10 TECMaM pa3aciia "TepMO,Z[I/IHaMI/I‘IeCKI/IC CBOMCTBA U IIpoUeCChI

peasibHOrO rasza". Pa30op CIOKHBIX MOMEHTOB, BBI3BIBAIOIIUX TPYJHOCTU MPHU PEILICHUU

3a1ad4.

OOcyxneHne MarepuajoB 1O TeMaM pasjena '"TepMoAMHAMHUYECKHE — LUKJIIBI

TCILIOOHCPICTUYCCKHX YCTaHOBOK" . P3360p CJIIOKHBIX MOMCHTOB, BbI3BIBAIOIIHUX

TPYAHOCTH TP PEIICHUH 3a]1a4.
O6cyxeHne MaTepuanoB Mo keiicam pasaena "[Iponeccsl B moToke BemecTsa”

ra3OTyp6I/IHHBIX H I1apOra3oBbIX YCTaHOBOK"

XOJIOJTUIBHBIX U TETUIOHACOCHBIX YCTAaHOBOK"
OO6cyxxnenne MaTepralioB 1o keiicam pasnaena "Hoseitmras TepmMogunHamMuka"

3.6 TemaTnka KypcoBbIX POEKTOB/KYPCOBBIX padoT
KypcoBoii npoekT/ paboTa He MPeAyCMOTPEHBI

OOcyxneHue MarepuajloB 1o Keiicam pazgena "TepmoauHaMuyecKue  LUKIIBI

OO6cyxxnenne MarepuanoB 1Mo keiicam pazjaena "OOpaTHbIe TEPMOJAMHAMHUYECKUE ITUKIIBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena quciumiuHs (B

O1eHOYHOE CPEACTBO

3aHHaHHPOBafg?:;ﬂiiiiiijlcofﬁegﬁ; Hl(; AHUCTIAILTAHE HHHEE;;’(I)I)OB I zcc‘)o;BTTZTB‘Mg c‘ Hé?).‘l)? 5 (TWII ¥ HAUMEHOBAHHUE)
3HaTh:
0 TEPMUYECKHUX U KATOPUUECKUX CBOWCTBAaX BEILECTB, TectupoBanue/3akoH
METOJIaX MOTY4YCHUs UH(DOpPMALIUK O HUX UJ1-50mK-3 + | + TEPMOJIUHAMUKU

TectupoBanue/VneanbHblii ra3

OCHOBHBIC TIOHSTHS U TEPMHUHBI B 001aCTH TEXHUUYECKON TIL-5 + TectupoBanue/CBoiCTBa
TEPMOJUHAMUKH, UX (PU3MUECKUN CMBICTT H-Sormcs
OCHOBHBIC 3aKOHbI TEPMOTUHAMUKH, METO/IBI X IPUMEHERHS | - T-50mc3 + TectupoBanue/BemiecTsa
JUIsl pacyeTa ¥ aHaJI3a TEPMOJMHAMHUYECKHUX MPOILIECCOB
TEPMOJUHAMHUYECKHE MTPOLIECCHI U IIUKJIIbI TPeoOpazoBaHus TectupoBanne/O0OpaTHbie
SHEPTUH, TPOTEKAIOIINE B TEIJIOCHIIOBBIX, XOJIOIMIBHBIX 1 UJT-2011x-4 + | + TEPMOJIMHAMHUYECKHUE
TEIJIOHACOCHBIX YCTaHOBKAX, MOKa3aTenu ux 3((HEeKTUBHOCTH TecTupoBanue/Y CTAHOBKH
YMerh:
BBIYHCIIATH MOKA3aTeNn dHEPreTuuecKoil 3pPpeKkTHBHOCTH PacuetHo-rpaduyeckas
TEPMOJUHAMHYECKHUX MPOIIECCOB, MPSAMBIX U 00pPaTHBIX N -50mk-3 + pabota/Llukisl
TEPMOJMHAMUYECKUX ITUKIIOB
onpenensaTs paboune mapaMmeTpbl paboThl TEXHUYECKOTO Homamnee 3aganue/Hoselmas
000pynOBaHUsl, aHATU3UPOBATH BIUSHNE UX U3MEHEHUS Ha VT-2011k4 TEPMOJIMHAMMKA

IIOKa3aTciIn 3(1)(1)6KTI/IBHOCTI/I TCINIOTCXHUYCCKUX YCTAHOBOK 1
CHUCTEM
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JJIA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
4 cemecTp

®Popma peanuzaiun: KomnbroTepHoe 3a1aHue
1. 3akon Tepmonunamuku (TectupoBanue)
2. Uneanwnerii ra3 (TectupoBanue)
3. CgoiictBa (TectupoBanue)

Ddopma peanusaiuu: [TucbMennas padora
1. ukier (PacueTHo-rpaduueckas padbora)

S cemecTp

DPopma peanmzanuu: KomnerotepHoe 3aanue
1. BemectBa (TectupoBanue)
2. O6parubie TepmoguHamuueckue (TectupoBanue)
3. YcranoBku (TectupoBanue)

®Popma peanuzaruu: Ilncbemennas padora
1. Hoseiimas tepmoanaamuka (JloMmaiiHnee 3a1aHue)

bamibHO-pedTUHTOBasA CTPYKTYpa AUCLUILINHBI SBJISETCS NPUIOKEHUEM A.

4.2 IlpoMe:xyTOUYHasI aTTECTALUSA 10 AU CHMUILJIMHE

Oxsamen (Cemecmp Ned)
OneHka ompenensercs MO COBOKYINHOCTH pe3yJIbTaTOB TEKYIIEro KOHTPOJS YCIIEBAEMOCTH B
cootBeTcTBUM ¢ [lonoxeHneM o 6aabHO-peHTHHIOBOI cucteme ais cryaenToB HUY «MDOW»

Oxsamen (Cemecmp Nes)
Onenka omnpenensercsd IO COBOKYINHOCTH pE3YJbTaTOB TEKYILEro KOHTPOJS YCIIEBAEMOCTH B
cootBeTcTBUH C [lonoxeHnem o OanbHO-peTHHIOBOM cucteme g ctynenToB HY «MOW»

B numioM BBICTaBIsS€TCS OILIEHKA 3a 5 CEMECTD.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO AUCHUILIMHE MPUBEIEHBI B (DOH/IE OLIEHOYHBIX
matepuanos OITOII.

5. YYHEBHO-METOANYECKOE OBECIIHEYHEHUE JUCHUIIJINHBI

5.1 ITeyaTHbIE U YJIEKTPOHHbIE H3IAHNUS

1. Anexcannpos, A. A. Tabnuupl TermaopU3NIecKUX CBOMCTB BOJbI U BOASHOTO napa: CripaBOYHUK
: Pek. TNoc. ciry00ii crangapTHBIX cripaBovdHbIX JaHHBIX [[CCCJI P-776-98 / A. A. Anekcanupos,
b. A. I'puropses . — M. : MU3n-80 MOU, 2003 . — 168 c. - K 100-netuto co nus poxaenus M.I1.
Byxkanosuua . - ISBN 5-7046-0397-1 .;

2. Anekcanapos, A. A. TepmoaguHaMIUYeCKHEe OCHOBHI IIUKJIOB TEIJIOIHEPTETHUECKUX YCTAHOBOK :
yaeOHOoe TTocoOue ISl By30B IT0 HanpasieHuro "Temmosnepreruka"” / A. A. AJIeKCaHIIpoOB . — 2-¢
u3M., crepeoT . — M. : U3matenbckuii mom MOU, 2006 . — 158 c. - ISBN 5-903072-60-7 .;
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3. Kupunmun B.A. , Cerues B.B. , Helingnun A.E. - "Texuuueckas TepMoguHaMuka,
WznarensctBo: "U3narensckuit jom MOU", Mocksa, 2016 - (496 c.)
http://e.lanbook.com/books/element.php?pll_id=72305;

4. PuskuH, C. JI. Tepmonunamuueckue cBoiicTBa ra3os / C. JI. PuBkuH . — 2-¢ u3., mepepad. u aom
.— M. : Dueprus, 1964 . — 294 c.;

5. Hupensman H. M.- "Texauueckas Tepmoaunamuka', (2-e usm., goi.), M3narensctBo: "Jlanp",
Cankr-IlerepOypr, 2018 - (352 ¢.)

https://e.lanbook.com/book/107965.

5.2 JIunieH3MOHHOE ¥ CBOOOHO pacnpocTpaHsaeMoe MPOrpaMMHoOe odecrnedeHue:
1. CAO "IIpomereii";

2. Office / Poccuiickuii makeT o(hpUCHBIX MIPOrpamm;

3. Windows / OnepanimonHas cucreMa ceMmeictpa Linux;

4. Maiing BuneokoHpepeHuu.

5.3 UnTepHeT-pecypcsl, BKJIOYas NpodeccHoHATbHBIE 0a3bl JIaHHBIX U HH(POPMAIIHOHHO-
CIpaBOYHbIE CHCTEMbI:

1. 9BC Jlaus - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 0u0J1M0TeKa OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3JiekTpoHHasi Gub.moreka - https://elibrary.ru/

4. JnexTponHasi 6udmmoreka MIU (36 MDIH) - http://elib.mpei.ru/login.php

5. IopTaa oTKPHITHIX TaHHBIX Poccuiickoii dexepamuu - https://data.gov.ru

6. ba3a oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPY/AA U COUMAIBLHOI 3amuTH PO -
https://rosmintrud.ru/opendata

7. Baza OTKPBITBHIX JaHHBIX NPO(ecCHOHATBHBIX CTAHAAPTOB MHUHHCTEpPCTBA TPyAa U
conmnabHoi 3amuTel PA - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

8. ba3a oTKpBITHIX JaHHBIX MHHHCTEPCTBA IKOHOMUYECKOro pa3BuTus PO -
http://www.economy.gov.ru

9. Ba3a oTKpBITHIX JaHHBIX PochuamonuTopunra - http://www.fedsfm.ru/opendata

10. DniexTponHasi oTKpbITast 6a3a naHHbIX '""Polpred.com O630p CMHU" -
https://www.polpred.com

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun nomemeHus Homep ayauropun, OcHamenue
HaHMeHOBaHMe
VY4eOHble aynuTopun K-417/6, benas CTOJI KOMITBIOTEPHBIN, TOCKAa HUHTEPaKTHBHAS,
JUIS IPOBEJICHUS MYJIbTUMEIUITHAS KOMIIBIOTEpHAsI CETh C BBIXOOM B IHTEpHET,
JIEKIMOHHBIX 3aHATHH U CTYIUS MYJIbTUMEAUNHBINA POEKTOP, KOMIIbIOTED
TEKYIEro KOHTPOJISA NIEPCOHAJIbHBIN
K-417/7, CeroBas CTYJI, KOMITBIOTEPHAsI CETh C BBIXOJIOM B
qyepHas CTyus WutepHet, MUKPOOH, MyIbTUMETUIHHBIN

MIPOEKTOP, IKPaH, 000pyA0BaHKE
CTCHUATM3UPOBAHHOE, KOMITBIOTED

TIePCOHAJIbHBIN
VY4eOHble ayiuTopun XK-417/1, CTOJI ITPENOIABATENISA, CTOJI KOMIIBIOTEPHBI,
JUTSL TIPOBEJICHUS KomnbroTepusiit | mkad 11 JOKYMEHTOB, MIKad I 0J1€XKIbI, CTOJ
MPAKTUYECKUX 3aHITUH, kimacc UJ1O MHCHbMEHHBIN, KOMITBIOTEPHAsI CETh C BBIXOJIOM B
KP u KII WNHuTepHer, 1ocka MapKepHas IIepeIBUKHAs,

KOMIIBIOTEP NEPCOHAIBHBIN, IPUHTED,
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KOHJIUIIMOHEP, CTeH]T MH()OPMAITMOHHBIH

VY4eOHble ayIUTOPUH K-417/1, CTOJI IIPENOAABATENISA, CTOJI KOMIIBIOTEPHBIH,
JUIS IPOBEICHUS Kommbrorepusiii | mkad 11t TOKyMEHTOB, KA IS 0K IbL, CTOI
MIPOMEKYTOUHOMN kiacc U1J10 MMHCbMEHHBIN, KOMIIBIOTEPHAsL CETh C BBIXOJOM B

aTTecTaluu WuTepHer, 10cKa MapKepHas NepeIBUKHa,
KOMITBIOTEP MEPCOHATIBHBIN, IPUHTED,
KOHAMIIMOHED, CTeH 1 HHGOPMaIIMOHHBIN
[Tomernenus s HTB-303, CTOJI KOMITBIOTEPHBIN, CTYJI, CTOJI TUCbMEHHBIH,
CaMOCTOSITENIbHOI KommbrotepHsiit BelIaJIKa JIsl OAEK/bl, KOMIBIOTEpPHAsI CETh C
paboThI YUTAIBHBIN 32 BBIX0JIOM B UHTEpHET, KOMIIBIOTED
NePCOHANIbHBIN, IPUHTEP, KOHIUITUOHED
ITomemenus s K-2000, CTOJI, CTYJI, KOMIIBIOTEP IIEPCOHAIBHBIMN,
KOHCYJIbTUPOBaHUS Kondepenu-3an KOHJAUIIMOHED
naj0
[Tomemenus st K-417 /2a, CTe/UIaXX MJid XpaHEHHS MHBEHTAaps, SKPaH,
XxpaHeHus ooopynoBanus | Ilomemnienue st yKa3Ka, apXUBHBIC IOKYMEHTBI, TUTIIIOMHBIC U
1 y4eOHOTrO UHBEHTapsA WHBEHTapsI KypCOBbI€ pabOThI CTY/IEHTOB, KAHIIETSAPCKUI

IIPUHAJIEKHOCTH, CIIOPTUBHBIN UHBEHTAPb,
XO3511ICTBEHHBIN MHBEHTAPb, 3allaCHbIC
KOMIUIEKTYIOLHE /1711 000pyI0OBaHUS
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IIpunoxenne A

BAJJIBHO-PEUTUHIOBAS CTPYKTYPA JJUCHUILJIAHBI

TexHuueckas TCpMOINHAMHUKA

(Ha3BaHME AUCIMILIMHBI)

4 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2
KM-3
KM-4

3akon TepmoauHamMuku (TectupoBanue)
Nneanbueiii ra3 (TectupoBanue)
CgoiictBa (TectupoBanue)

[ukier (PacueTHO-rpaduueckas padbora)

Bujx npome:xyTo4HOI aTTecTalMu — JK3aMeH.

Wunexc KM- | KM- | KM- | KM-
Homep Pa3en muciuminHbl KM: 1 2 3 A
pasnena Henens 3 6 9 12
KM:
1 OcHOBHBIE IOHATHUSA U 3aKOHBI TEPMOJMHAMHUKHU
11 OCHOBHBIE TIOHSTHS + +
1.2 IlepBblil 3aKOH TEPMOAVMHAMUKH + +
1.3 Bropoii 3akoH TepMOAMHAMUKH + +
2 [Tpoueccs! naeanbHOro rasza
2.1 TepmoanHaMHYECKUE CBOMCTBA UACAIBHOTO ra3a + +
2.2 TepmorHaMUUECKUE MPOIECCHI HI€ATLHOTO Ta3a + +
3 CBoiicTBa U MPOLIECCHI PeaIbHOTO ra3a
31 TepMoaMHaMUYECKHE CBOMCTBA PeabHOTO ra3a (BOJbI U +
' BOJISIHOT'O I1apa)
39 TepMoanHaMUYECKHE TPOIIECCHI peaTbHOTro ra3a (BOIbl U +
' BOJISIHOT'O Iapa)
4 TepMoarHaAMUYECKUE ITUKIIBI TAPOTYPOUHHBIX YCTaHOBOK
4.1 [{uksl mapoTypOuHHBIX yeTaHoBOK (IITY) +
4.2 [{ukiet ra30TypOuHHBIX ycTaHOBOK (I'TY) +
4.3 [{uxer mapora3zoBeix yctaHoBoK (ITI'Y) +
Bec KM, %: | 25 25 25 25
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S cemecTp

IlepeyeHb KOHTPOJIbHBIX MEPONPUITHI TEKYIIEr0 KOHTPOJISl yCII€eBAEMOCTH 0 JHCIUILIHHE:

KM-1 BemectBa (TectupoBanue)

KM-2 VYcranosku (TectupoBanue)

KM-3 Ob6partnbie Tepmonunamuueckue (TectupoBanue)
KM-4 Hogeiimras repmoanHamuka ([{omanraee 3aganue)

Bua npoMexkyTouyHoil aTTecTanMu — JK3aMEH.

Nnpexc KM- | KM- | KM- | KM-
Howmep Paznen qucuumimnbl KM: L 2 3 4
pasnena Henens 3 6 9 12
KM:
1 [Tpoueccrl B OTOKE BeLIeCTBa
11 ITapameTpsl TOPMOKEHUS +
1.2 HpoccenupoBanue +
2 TepMoaguHAMUYECKHE IIUKIIBI Ta30TYPOHMHHBIX U
MapOra3oBbIX YCTAHOBOK
2.1 [Mukn npoctoit razorypounHoi yctaHoBKku (I'TY) + +
29 TepMoarHaMHUYECKUE ITUKIIBI ABUTATEICH BHYTPEHHETO + +
' CTOpaHHUs
2.3 DKceprust TerI0ThI + +
3 OO0paTHbie TEPMOAMHAMHYECKHE ITUKITBI XOJIOIUIBHBIX U
TEMJIOHACOCHBIX YCTaHOBOK
31 OOpaTHbIe TEPMOAMHAMUYECKUE ITUKIIBI XOJIOJUIBHBIX + +
' YCTaHOBOK M MX XapaKTEPUCTUKU
39 CpaBHeHUE BHYTPEHHETO OXJIAXK/ICHUS B J€TaHIEpax U + +
' JIPOCCETISX
OO6parssiii ki1 KapHo — MUK TETIOHACOCHOW YCTaHOBKH
3.3 + +
(THY)
4 Hogelimas tepmoinHaMuKa
4.1 Hosgelimas TepmoinHaMuKa +
42 Huddepennmanbapie COOTHOIICHUS MEXAY KATOPHIECKUMU N
' U TEPMUYECKUMU (QYHKIHSIMU COCTOSTHUS
Bec KM, %: | 25 25 25 25
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