MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagienne noaroroBku/cnenuaibHocTh: 14.03.01 AnepHas 3HepreTuka u Temjiogpu3nka
HaumeHnoBanune o6pa3oBaTebHOIl mporpamMmel: Temnopusuka
YpoBeHb 00pazoBaHus: Bbicliee o0pa3oBaHue - fakajlaBpuar

®opma o0yuenusi: Ounas

Pabouass nporpaMma QM CHUILIHHBI
TEIIJIOMACCOOBMEH

BJaok: Baok 1 «/Iucuuniunsl (MoxyJim)»

YacTb 00pa3oBaTeIbHOM

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil
MPOrPaMMBblL:

Ne IMCHUNJIMHBI 10 YYeOHOMY
IJIaHy:

b1.4.08

7 cemecTp - 6;
8 cemectp - 4;
Bcero - 10

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

Yacos (Bcero) no yueoHomy
MJIAHY:

360 yacoB

7 cemecTp - 64 yaca;
Jlekuuu 8 cemectp - 42 yaca;
Bcero - 106 yacos

7 cemectp - 32 yaca;
IIpakTnyeckue 3aHATHSA 8 cemectp - 28 yaca;
Bcero - 60 yacos

JlaGopaTopHble padoThI He Mpe1yCMOTPeHO Y4eOHbIM IJIaHOM

7 cemecTp - 2 yaca;
KoncyabTanuu 8 cemecTp - 2 yaca;
Bcero - 4 yaca

7 cemectp - 117,5 yacos;
CamocrosiTesibHasi padoTa 8 cemecTp - 71,5 yaca;
Bcero - 189,0 yaca

B TOM uncJje Ha KII/KP He NMpeyCMOTPeHO0 YUeOHbIM IVIAHOM

HNnas koHTakTHas padora NPOBOJMTCS B PAMKAX YACOB Ay AMTOPHbIX 3aHATHI
BKJIIOYAS:

KonTposabHnas padora

KoaokBuym

HpomemyTquaﬂ aTTrecrauud:

JK3amMeH 7 cemectp - 0,5 uaca;
JK3amMeH 8 cemectp - 0,5 uaca;
Bcero - 1,0 yac

Mocksa 2025



NPOI'PAMMY COCTABMUJI:

MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»
CseneHva o snagensuye L3N M3K

Bnageney, MuHKO M.B.
[IpenomaBaTelib MaerTndnkatop RdBd5bd57-MinkoMV-73411784 M.B. Mu»ko
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1. HEJIU U 3AJIAYU OCBOEHUA JUCHHUTIIJINHbI
Heanb ocBoeHWsi MAUCHUNJIMHBI. W3YYCHHE MEXaHHW3MOB OCHOBHBIX BHJIOB OJHO(A3HOTO
KOHBEKTHBHOTO TEIUIOOOMEHA, TeII000MeHa Mpu (Pa3oBBIX MPEBPAIICHUSX M MPAKTUIECKOEC OCBOCHUE
COBPEMEHHBIX METOIOB pacyeTa THX MPOIIECCOB.
3agauu AUCHHUILINHbBI
- OCBOEHHE COJICPKAHUS 3aKOHOB COXPaHEHUS MACChl, UMITYJIbCa, YHEPTUH U MAaCChl KOMIIOHEHTA B
CMECH ¥ TOHUMaHHUE POJIU ATUX OOIIMX 3aKOHOB B PELICHUH 3a/1a4 TEIIOMacCOOOMEHa;
- OBJIQJICHUE METOJIaMH COCTABJICHUS MaTEeMaTHUYECKOTO OIMUCAHMS MPOIECCOB TEIIO0OOMEHA
NPUMEHHUTEIHHO K TUITOBBIM KOHCTPYKIIMSIM U PEeXKHMaM padOThI TETII00OMEHHOT0 000pyI0BaHHUS;
- U3yYCHHUE COACPIKAHUS U METOJOB TCOPUH TOT00MS TPUMEHUTEIHHO K H3YUYCHUIO TIPOLIECCOB
TemIoMaccooOMeHa;
- opMupoBaHre MOHUMAHUS (PU3NYECKUX MEXaHU3MOB IEpEHOCA TETUIA B PA3JIMYHBIX 3a/1a4ax
0/1HO(a3HOTO KOHBEKTUBHOTO TEIJIO0OMEHA;
- OBJIQJICHUE METOJIaMH pacyeTa MPaKTHISCKUX 3a71a4 TeINI00OMEHA MPH BBIHYKJIEHHON 1
€CTEeCTBEHHOIN KOHBEKIIUU,
- U3y4YCHHE OCHOBHBIX 3aKOHOMEPHOCTEH TeUeHHs U TerooOMeHa B ABYX(a3HbIX
HapO)KI/IIIKOCTHI)IX CUcreMax,
- OBJIQJICHUE METOJIaMH pacyeTa HHTCHCUBHOCTH TETUIOOOMEHA MPU KOHJICHCAIIUU U TIPU
pa3JII/I‘~IHI>IX pC)KI/IMaX KUIICHUSI.

dopmupyembie y 00yJaronerocsi KOMNeTeHIMH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCITUIIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs] KOMIIETeHIIUIi

KOI[ U HAMMCHOBAHHEC KO}I 1 HAMMCHOBAaHHUEC 3a11.11a1mp03aHH1>1e pe3yJabTaThl Oﬁy‘leHI/l'il
KOMIICTCHIMH HHAUKATOPA TOCTUKCHUS
KOMIICTCHIIMH

[TIK-1 Cnoco6en poBoauts | MJI-1nk-1 Bnaneer naBsikamu 3HATh:

pacueTsl TeIUIO(U3HUUECKUX | pacyeTa MpoIecCoB - MaTéMaTU4ECKOC ONHUCAHNE IIPOLCCCOB
XAPAKTEPUCTHK MPOLECCOB, | TUAPOIUHAMHUKHA U TEIUIO- H MaccoOOMeHa;

IIPOTEKAIOLINX B TermiI000MeHa B - 3aKOHOMEPHOCTH IIPOLIECCOB
KOHKPETHBIX TEXHUYECKUX DHEPreTUYECKOM BBIHYKJICHHOH 07HO(a3HON KOHBEKLIUH
YCTPOMCTBAX U anmnaparax o0opyaoBaHUU HPHVPBMerHOHIHXCfI TEIIO(QU3MIECKUX
SHEPreTUYECKOro CBOMCTBAX MKHUJKOCTH;

o0opymoBaHus - 3aKOHOMEPHOCTHU MPOIIECCOB CBOOOHOM

Y BBIHY)KICHHON OHO(A3HOH KOHBEKIIUH;
- MaTeMaTU4eCKOe OMMCAHNE U MOJICITH
nByX(azHbIX cper;

- METOJIbI TEOPHUH TOTOOUST 1151
0000111eHUs Pe3yJIbTATOB OINBITHOTO
HCCIIEI0OBaHUS TEMI000OMEHA;

- 3aKOHOMEPHOCTH TEII00OMEHA TIPU
KOHACHCAIIUU U KUIICHHUH.

YMETB:
- BBIOUPATh METO/IMKY U OCYILECTBIIATh

pacueT TeMIepaTypHOro pekumMa
TETUIOBBIACTSIONUX 00bEKTOB;

- paboTaTh C TAaHHBIMU O
TerI0(hU3MYECKUX CBOMCTBAX BEIIECTB,
HEOOXOIUMBIX B pacyeTax TeII000OMEHa;
- PacCUUTHIBATh JIOMYCTUMBIC YPOBHU
TCIIJIOBBIX ITOTOKOB P KUIICHUU
KUIKOCTH;




Koa u HaumeHoBaHue
KOMIIETCHIINH

Koa u HaumeHoBaHMe
HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIHUHA

3amiaHupoBaHHbIE Pe3YabTATHI 00yYeHUsI

- IPOBOJIUTH TEIUIOBOM pacyer
TEII00OMEHHBIX alnapaToB;

- pacCUUTHIBaTh HUHTEHCUBHOCTh
TEI1000MEHa IPU KOHJEHCALINH.

2. MECTO JUCIUILINHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JluciumiimHa OTHOCHUTCS K OCHOBHOW TpO(eCCHOHAIbHOW 00pa3oBaTeNbHOW MporpaMme

Tennodusuka (manee — OIIOII),

HanpasieHus mnoarotoBku 14.03.01 SnepuHass sHepreTvika u

TerIo(Qu3MKa, ypOBEHb 00pa30BaHUs: BBICIIEE 0Opa3oBaHue - OaKaniaBpHar.

TpeGoBanust K BXOAHBIM 3HAHUSM U YMEHUSIM:

- 3HaTh OCHOBBI JU(PPEPEHIIUATHHOTO U HHTETPATLHOTO UCYUCIICHUHT

- 3HaTh OCHOBBI TEOPHH OOBIKHOBEHHBIX AU(PepeHInanbHbIX YpaBHEHUN U U PepeHnanbHbIX
YpaBHEHUH C YACTHBIMU MMPOU3BOTHBIMHU

- 3HaTh OCHOBBI TEOPHH MEXaHHUKU BS3KOW KUJKOCTU

- 3HATh OCHOBHBIE 3aKOHBI TEPMOIUHAMUKU

- 3HaTh OCHOBBI TEOPHH TEPMOJMHAMHYECKUX CBOMCTB BEILIECTB

- YMETb BBIYUCIISITH HHTETPAJIbI

- yMeTh pemath auddepeHnnanbHble ypaBHEHUs

- YMETh peliaTh 3a7a4u 10 TEPMOTUHAMUKE

Pe3ynbTarsl 00ydeHus, MoJydyeHHbIE P OCBOEHUH JUCLUIUIMHBL, HEOOXOIUMBI IIPU BBITOJHEHUU
BBIIYCKHOM KBaJU(UKALMOHHON PabOTBHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyI0eMKOCTh JUCIUIUTMHBI cocTanisieT 10 3aueTHpIX eaunull, 360 Jacos.

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

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemectpe | ATTECTALMH
m P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Koadduruent 22 7 8 - 4 - - - - - 10 - Camocmoamenvnoe uzyuenue
TEIIOOTAaYH. meopemuueckozo mamepuana: Visyaenue
Kraccudukanms JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
MPOIIECCOB "Koa¢ppuuument reroornaun. Knaccnduxamus
KOHBEKTHUBHOTO MPOLIECCOB KOHBEKTUBHOT'O TEIIOOOMEHa.
TEII000MeHa. KauecTBeHHOE 000CHOBaHUE pacyeTHBIX
KauectBennoe ypaBHeHHUH"
obocHOBaHNE H3yuenue mamepuanog 1umepamypHbix
pacyeTHHIX YpaBHEHUH UCIOYHUKOG:
1.1 Koadpdpumment 22 8 - 4 - - - - - 10 - [1], eTp. 19-55
TEIJIOOT/IaYH. [2], cTp. 19-55
Knaccudukarus
MPOLIECCOB
KOHBEKTHUBHOTO
TEII000MeHa.
KagectBennoe
o0ocHOBaHME
pacyeTHbIX ypaBHEHUN
2 MartemMaTHueckoe 22 8 - 4 - - - - - 10 - Camocmoamenvroe usyueHue
OIMCaHMe TPOIIECCOB meopemuyueckozo mamepuana: Vzyaenne
KOHBEKTHUBHOTO JIOTIOJTHUTENBHOTO MaTepHaia o pas3zierny
TerIoMaccooOMeHa "MareMaTH4ecKoe OITcaHKe IPOLECCOB
2.1 MartemaTrueckoe 22 8 - 4 - - - - - 10 - KOHBEKTHBHOT'O TeIIoMaccooOMeHa"
OIMCaHMe TPOIIECCOB H3yuenue mamepuanog 1umepamyprbix
KOHBEKTHUBHOTO UCIOYHUKOB:
TeroMaccooOMeHa [1], cTp. 56-90
[2], cTp. 56-90
3 [Ipumenerne Teopun 18 6 - 4 - - - - - 8 - CamocmoamensHoe usyuenue




MOZ00US K aHATTH3Y
TemIoMaccoooOMeHa

meopemuuecKo2o mamepuaia. I/I3yquHe
JONOJIHUTCIIBHOTO MaT€puasia 1o pasaciy

3.1 IIpumenenue Teopun 18 8 "IIpuMeHeHne TeOpUH MoJ00HS K aHAITU3Y
Noao0us K aHAIM3Y TeromMaccoobmeHa"
TETJIOMaccooOMeHa H3yuenue mamepuanog 1umepamypHbix
UCIOYHUKOG:
[1], cTp. 91-119
[2], cTp. 91-119
4 Tenmoobmen mpu 22 10 CamocmoamensHoe usyuenue
BHEIITHEM OOTCKaHUH meopemuueckozo mamepuana: VIzyaeane
tena. JlamuHapHbIi JIOTIOJIHUTENIBHOTO MaTepurala 1o pasaeiny
NIOTPaHUYHBIN CIIOH. "TerooOMeH Npyu BHEITHEM 00TEKaHUU Tela.
Ilepexon k JlamunapHsIil norpanuyHelil cinoi. Ilepexon k
TypOyJIeHTHOMY TypOyJaeHTHOMY TeueHHto. OcpeHeHHbIe
TEYCHHUIO. ypaBHeHus"
OcpenHeHHbIE H3yuenue mamepuanog 1umepamypHsix
YpaBHEHHS UCIOYHUKOG:
4.1 Tenmoobmen mpu 11 5 [1], cTp. 121-149
BHEITHEM OOTEKaHUH [2], cTp. 121-149
Tena. JlaMuHapHBINA
MIOTPaHUYHBIN CIIOH
4.2 [epexox k 11 5
TypOyIIEHTHOMY
TEYEHHUIO.
OcpenneHHbIE
ypaBHEHHSI
5 MexaHusm 24 12 Camocmoamenvroe usyuenue
TypOyIEeHTHOTO meopemuyuecko20 mamepuana: Mzyuenue
nepeHoca UMITyJIbca U JIOTIOJTHUTEIHHOTO MaTepraa o pasaery
METO/JIbI €T0 "MexaHu3M TypOyJIEHTHOTO MepeHoca
MOJICTTMPOBaHHSI. UMITyJIbCa M METOJIBI €TO MOAEINPOBAHUSL.
Amnanorus Peinonsca. Amnanorus Peinonsaca. PacuetHnie
Pacuernbie COOTHOUIECHUS JJIs TeIIooTAauH. TernnooomMeH
COOTHOUIECHUS JJIs Ipu 00TEKaHUH MyYKOB TPyO"
TEIUIOOTIAYH. H3yuenue mamepuanog 1umepamypHsix
TennoobmeH npu UCHIOUHUKOB:
00TEeKaHNH ITyYKOB [1], cTp. 151-192
TpyO [2], cTp. 151-192
51 MexaHu3m 14 6




TypOyJIEHTHOTO
MepeHoca UMITyJIbca U
METOJBI €r0
MOJICITUPOBAHHS.
Amnanorus PeiiHonbca.
PacueTrHrie
COOTHOIIEHMS JJIs1
TEMI00TAAYH

5.2

Tenmoobmen mpu
00TeKaHNH ITyYKOB

Tpy6

10

TemnoobMeH npu
CBOOOIHON KOHBEKIINU
B IIOTPaHUYHOM CJIO€ U
B 3aMKHYTBIX 00beMax

22

10

6.1

TemnoobMeH npu
CBOOOIHOM KOHBEKIIMH
B IIOTPaHUYHOM CJIOE H
B 3aMKHYTBIX 00beMax

22

10

Camocmoamenvhoe uzyuenue
meopemuueckozo mamepuana: 3ydcnue
JTOTIOJTHUTEIBHOTO MaTepraia 1o pa3aeiy
"Termmo00MeH npu CBOOOTHOM KOHBEKIIMU B
MOTPAHUYHOM CJIOC U B 3aMKHYTBIX 00beMax'
H3zyuenue mamepuanog iumepamypHslx
UCHOYHUKOG:

[1], cTp. 195-223

[2], cTp. 195-223

Maremaruyeckoe
OIMCaHUEe TeII00OMEeHa
B KPYIJIBIX TPyOax.
Wurerpan JlaiioHa.
Crabunu3upoBaHHBINA
TEIUI000MEH Ipu
JIaMUHAPHOM U
TypOyJIEHTHOM T€YCHHUU

26

10

12

Camocmoamenvhoe usyuenue
meopemuyueckoz0 mamepuana: Vzyaenne
JIOTIOJTHUTENBHOTO MaTepHaa o paszierny
"MaTteMaTH4YeCKOe OITMCaHNE TEIUIOOOMEHa B
KpyrJIsIx TpyOax. MuTerpan Jlaiiona.
Crabun3upOBaHHBIN TETJIO00MEH MpH
JJAMMHAPHOM U TypOYyJIEHTHOM TeueHUn"
H3yuenue mamepuanog 1umepamypHbix

7.1

MaremaTnueckoe
OIHCaHMe TemI000MeHa
B KPYTJIBIX TpyOax.
Wuterpan Jlaitona.
CraGMIM3npoBaHHbIN
TEII000MEH NpH
JIaMUHAPHOM U
TypOyJICHTHOM TeUCHHUHU

26

10

12

UCHOYHUKOB:
[1], cTp. 225-257
[2], cTp. 225-257

TennoobmeH npu
JIAMUHAPHOM TCYCHUH
KUJKOCTH B HAYaJIbHOM

24

12

Camocmoamenvroe usyyenue
meopemuueckozo mamepuana: VI3yaenue
JIOTIOJTHUTEIHHOTO MaTepraia 1o pasaerry

7




y4acTKe Kpyrjiaou
TpyOBl. HauanpHbIi
Y4YacTOK IIpu

"Tennoo0MeH Ipu JTaMHHAPHOM TEUCHUH
KHUIKOCTH B HA4aJIbHOM Y4acTKe KpyIJIoi
TpyObl. HauanbHblil yuacTok mpu

TypOyJIeHTHOM TypOyJIEeHTHOM Te4eHUH."
TEYCHUH. H3yuenue mamepuanog numepamypHsix
8.1 Tennoobmen npu 24 8 4 - 12 - UCMOYHUKOG:
JAMWHAPHOM TEUCHUH [1], cTp. 258-282
JKUAKOCTH B HAYAITLHOM [2], cTp. 258-282
y4acTKe Kpyrioi
TpyOb1. HagansHbI
Y4YacTOK Ipu
TypOyJIEHTHOM T€YCHHUU
Ok3aMeH 36.0 - - 0.5 - 335
Bcero 3a cemecTp 216.0 64 32 0.5 84 335
Hroro 3a cemecTp 216.0 64 32 0.5 1175
9 Bnusinue 18 6 6 - 6 - Camocmosamenvnoe usyuenue
MEpPEeMEHHOCTH CBOWCTB meopemuueckozo mamepuana: N3ydenne
TEIUIOHOCHUTEIISL. JIOTIOTHUTEIBHOTO MaTepraa 1o pasaeny "
Bimsane cBobogHOMK BiusiHue nepeMeHHOCTH CBOICTB
KOHBEKITHH. TEIUIOHOCHUTENS. Biusane cBoO60aHOM
Temmooomen mpu CK/I. koHBekmuH. Tertooomer mpu CKI.
WuaTercnpukamus WuTeHcupukanus KOHBEKTHBHOTO
KOHBEKTHBHOT'O TerooomMeHa"
TEII000MeHa H3yuenue mamepuanog 1umepamypHsix
9.1 Bnusiaue 6 2 2 - 2 - UCHIOUHUKOB:
MIEPEMEHHOCTH CBOWCTB [1], cTp. 282-318
TEIUIOHOCHUTEJIS. [2], cTp. 282-318
Bnustane cBoG0gHOM
KOHBEKLIUH
9.2 | Tennooomen mpu CKJ] 6 2 2 - 2 -
9.3 Wurencndukanms 6 2 2 - 2 -
KOHBEKTHUBHOTO
TEIUI00OMEHA
10 Monenu aByx¢a3HbIX 18 8 4 - 6 - Camocmoamensroe usyuenue

cpen. YcioBus
COBMECTHOCTH;
HEPaBHOBECHBIE
3¢ GEeKTHL
KonnuectBenHnle

meopemuueckozo mamepuana: VIsydenue
JIOTIOJIHUTENBHOTO MaTepuaa o pasjaerny
"Mopenu nByx}asHbIX cpea. Y cioBus
COBMECTHOCTH; HEpaBHOBECHbIE AP (eKTHI.
KomdecTBeHHBIE XapaKTEePUCTHKH

8




XapaKTepUCTUKH
IBYX(a3HBIX TTOTOKOB.
I'omorenHast Mozieb

IByX(ha3HbIX MOTOKOB. ['oMOreHHas Moieip"
H3yuenue mamepuanog 1umepamypHslx
UCHLOUHUKOB:

10.1

Mopenu nByxGha3HbIx
cpen. YcinoBus
COBMECTHOCTH;
HEPABHOBECHBIE

3¢ PeKTHL
KomnuecTBeHanie
XapaKTEPUCTUKU
IBYX(a3zHbIX TIOTOKOB.
T"'omorennas Monaeib

18

[1], ctp. 319-370
[2], cTp. 319-370

11

TemnoobMeH npu
KOHJICHCALlUH Ha
BEPTUKAIbHOU
IUIOCKOCTH U
MIOBEPXHOCTH
TOPHU30HTAIBHOU
TpyOs1. KonneHcanus B
TpyOax. MeToapl
MHTEHCH(HUKALUT

26

10

10

Camocmoamensnoe uzyuenue
meopemuueckoz0 mamepuana: N3yuenue
JOIOITHUTENBEHOTO MaTepyaa o pasieny
"TemnnooOMeH Npy KOHICHCALIUU Ha
BEPTHKAJIbHOM MIIOCKOCTH U IIOBEPXHOCTH
TOpPH30HTAJIBHOH TpyObl. KoHneHcanus B
TpyOax. Metoabl nHTeHCHUKAIIH"
H3yuenue mamepuanos numepamypHsix
UCHOYHUKOG:

111

Tenmoobmen mpu
KOHJICHCAIIN! Ha
BEPTUKAIbHOU
IUIOCKOCTH U
MIOBEPXHOCTH
FOPU30HTAIILHOU
TpyOnl. KoHaencanus B
TpyOax. MeToisl
WHTCHCU(DUKAIHH

26

10

10

[1], ctp. 372-418
[2], cTp. 372-418

12

duznka KUMeHHs:
3apoXIeHHe MapoBOn
(asbl, pOCT NapoOBBIX
ITy3bIPBKOB, YCIOBUS

OTpBIBA OT CTEHKHU

20

121

Ou3nKa KUITCHUS:
3apOoXJICHHUE MapOBOU
(ha3bl, poCcT MapoBBIX
ITy3BIPHKOB, YCIIOBUS

20

Camocmoamenvhoe usyuenue
meopemuueckozo mamepuana: VIsydenue
JIOTIOJIHUTENBHOTO MaTepuaa o pasjaery
"®u3nKa KUIEHUS: 3apOXKICHHE NapoBoil (a3sl,
POCT MapOBBIX My3bIPHKOB, YCIOBUS OTPHIBA OT
cTeHkH"

H3yuenue mamepuanos 1umepanmypHsix
UCIOYHUKOG:

[1], ctp. 419-468




OTPpbIBA OT CTCHKU

[2], ctp. 419-468

13 TemnoobMeH npu 26 10 - 8 - 8 - Camocmoamenvnoe usyuenue
kunenuu. [Inenounoe n meopemuueckoz2o manepuana: 3ydenne
MEePEXOHOE KUIIEHHE. JIOTIOJTHUTEIBHOTO MaTepHaia Mo pa3aeiy
MexaHU3M H pacder "TemmooOMeH npu kumieHHH. [IneHounoe n
TETII000MEeHa pH MEPEXOHOE KUTIEHNE. MeXaHu3M H pacdeT
ITy3bIPHKOBOM TETIIO0OMEHA TIPH ITy3bIPFKOBOM KHIICHUH.
kuneHuu. Kunenue B Kunenne B notoke. Kpmusucer kunerns"
notoke. Kpuzucst H3yuenue mamepuanog 1umepamypHbix
KUICHUS UCIOYHUKOG:
13.1 TemooOMeH mpu 26 10 - 8 - 8 - [1], ctp. 468-536
KkuneHuu. [11eHouHoe u [2], cTp. 468-532
MepexoIHOE KUTICHHE.
MexaHu3Mm u pacuer
TerI000MeHa pu
IIy3bIPbKOBOM
kunenuu. Kunenue B
notoke. Kpuzucsl
KUTICHUS
OKk3aMeH 36.0 - - - 0.5 - 335
Bcero 3a cemecTp 144.0 42 - 28 05 38 335
Hroro 3a cemecTp 144.0 42 - 28 2 - 0.5 715
UTOrOo 360.0 - 106 - 60 4 - 1.0 189.0

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. Kosdppuyuenm menaoomoawu. Knaccuduxayus npoyeccos KOHEEKMuUEH020 menioooMena.
Kauecmesennoe obocrnosanue pacuemuix ypagHeHul

1.1. Koo uuuent rernootnaun. Knaccupukamus npoueccoB KOHBEKTHBHOTO TEIUIOOOMEHA.
KauecTBeHHOE 000CHOBaHUE PACUETHBIX YPaBHEHUI

Copneprxanue U kiaccuukanys 3a1a4 KOHBEKTUBHOTO TeIiooOMeHa. CBs3b MOJIEKYISIPHOTO H
KOHBEKTUBHOTO IEPEHOCA TeIula B JBIDKYIIEHCS KuAKkocTd. KosdunmeHt Temnooraadn, 4ucio
Hyccenbra. KadecTBeHHBIE 3aKOHOMEPHOCTM M pacdeTHble (OpMyJbl Ui TEIUIOOOMEHa MpU
00TEeKaHUH TUIOCKOH IIACTUHBI U JUIS TEYEHUSI B KPYIJIBIX TPYOax.

2. Mamemamuueckoe onucanue npoyeccos KOH6EKmueHo2o Meniomaccoobmena

2.1. Maremaruyeckoe OIMcaHue MPOIecCOB KOHBEKTUBHOTO TEIFIOMAacCOOOMEHA

O6mass ¢opma ypaBHEHUN COXpaHEHHUS MPU SUJIEPOBOM METOJE ONHUCAHUSA. YPaBHEHUE
COXpaHEeHHsI MacChl (HEpa3pbIBHOCTH). YPaBHCHHUE COXPAHCHUS HMMITYJIbCA; TEH30PBI IUIOTHOCTH
MIOTOKA WMITYJbCA, JABICHUH U BA3KUX HANpPsHKEHUH; pasnudHble GopMbl TudQepeHIInaTbHOr0
YpaBHEHHSI COXPAHCHHUS HUMITYJIbCA. YPABHCHHE COXPAHEHUS JSHEPTUU B JABIDKYIICHCS Cpele;
IUIOTHOCTh TIOTOKA IIOJHOW DJHEPruu; paziauyHble (GopMbl audQepeHInaIbHOro  ypaBHEHUS
SHEPruu. YpaBHEHUE COXPAHEHUS MacChl KOMIIOHEHTa B OWHApHOW CMeCH; BIMSHHE
T PY3MOHHOTO TTOTOKA MAacChl KOMITOHEHTA Ha MEPEHOC MMITYJIbCa M DHEPTUU B OMHAPHON CMECH.
AHaJIOTHs TIPOIIECCOB MEPEHOCA UMITYJIbCA, SHEPTHH U MacChl KOMIIOHEHTa B CMECH.

3. Ilpumenenue meopuu no0obus Kk anHaiuzy meniomaccooomena

3.1. Ilpumenenue Teopuu NoA0OUS K aHAJIN3Y TEIIOMAaccOOOMeHa

[Tonobue ¢usmueckux sBieHuii. Teopembl Teopun momodus. [lomodue u ananorus. Teopus
noao0usi Kak HayyHas OCHOBa JKCIEpUMEHTANbHBIX uccienoBaHuil. Teopuss mnomobus u
MozenrpoBanue. du3nueckuil CMbICI YKCeN MOJ00UsST B MEXaHUKE OAHO(MA3HBIX U JIBYX(a3HBIX
CHCTEM, B ITPOIIECCaX KOHBEKTUBHOTO TEIIO- M MaccooOMeHa. Teopust pa3MepHOCTEH.

4. Tennoobmen npu enewinem obmexanuu mend. Jlamunaprolil nocpanuynsli ciou. Illepexoo K
mypoyaenmuomy meyenuro. Ocpeonennvie VPasHeHus

4.1. TennooOMeH npu BHEIIHEM O0TeKaHUU Tela. JlaMuHapHBINA OTPAaHUYHBIN CIION

Cucrema ypaBHEHUH TeMIEpaTypHOTO IOTPAaHUYHOIO CJOs. AHANIMU3 TEIMIOOOMEHa IpH
JaMUHApHOM TEYEHHWU B IOTPAHCIIOE METOJaMU pa3MepHocTed. TermnooOMeH MHpu JIaMHHApHOM
00TeKaHUM U30TEPMHUUYECKON TUIACTHHBI;, aHAJIN3 MIPeeNbHBIX 10 yuchy [Tpanarns ciyyaes.

4.2. Ilepexon k TypOyneHTHOMY TeueHHI0. OcpelHEeHHbIE YpaBHEHUS

[Tepexon k TypOyJE€HTHOMY pEXHMY TEUEHHUS B MOTPAHUYHOM CJIO€ U B KaHajaX: OCHOBHBIE
pe3ybTaThl TEOPETHUYECKOTO aHajdh3a yCTOWYMBOCTH, (AKTOPHI, BIHSIOIMIME HA TEpeXoa K
TypOyneHTHOMY TeueHuto. OcpenHeHHbIE YpaBHEHUS ABIMKEHHSI M 3HEPTHH JUIsl TypOYJIEHTHOIO
TEUEHUS; KaKYIIUECs HaINpsDKEHHUs] TYpOYJIEHTHOTO TpPEHUs, TYpOYJICHTHBIH TEIJIOBOH ITOTOK.
CrpykTypa npucTeHHO! TypOyJIeHTHOM o0aacTu.

5. Mexanusm mypéwzeﬁmuoeo nepeHoca umnyivca u Memoobl €20 MO@@JZMDO@LIHM}Z. Ananocus
Peuinonvoca. Pacuemnvie coomuouiernus 0 menioomoayu. Teniooomen npu obmekanuu ny4Koe

mpyo
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5.1. MexaHu3M TypOyJIEHTHOIO IIepeHOCa UMITYJIbCa U METO/IbI €0 MOJICTUPOBAHMS. AHATIOTUS
Peiinonnnca. PacueTHEIE COOTHOMIEHUS UIS TEIJIOOT AU

Mexaau3m TypOyJIE€HTHOTO TMEpPEeHOCa HMMITYJIbCa U METOABl €r0 MOACITHPOBAHHS. AHAIOTHS
PeiiHonpaca mims  TeriooOMeHa TMpu  TYpOYJICHTHOM TEUEHHWH B TOTpaHUYHOM ciioe. Ee
MOJIEPHU3UPOBAHHBIN BapuaHT (JBYXCJIONHHAs CXEMa), pACYETHBIE COOTHOIIEHHUS JUIsl TEIJI00TIa4H.

5.2. TemtooOMeH npu 00TEKaHWUHU MTYYKOB TPYO
TemooOMeH Mpy MONEPEYHOM 00TEKaHUU OJJMHOYHOTO [IUJIMH]IPA U ITYYKOB TPYO.

6. Tennoobmen npu c60000HOU KOHEEKYUU 8 NO2DAHUYHOM C0€ U 8 3AMKHYMbBLX 00bemax

6.1. TermooOMeH npu cBOOOIHOM KOHBEKIIUH B TOTPAHUYHOM CJIO€ U B 3aMKHYTBHIX 00beMax

MexaHu3M U MaTeMaTH4ecKoe ONKCaHHe CBOOOIHON KOHBEKLUH, IMpubimxeHue byccunecka,
MaKCHUMaJIbHasi CKOPOCTh CBOOOIHOM KOHBEKIIMU. CBOOOIHOKOHBEKTHBHBIM MOTPAaHUYHBINA CJION Ha
BEPTUKAJIBHOH MJIOCKOCTH, pacueT Ko3((uIMeHTa TeII00TJauu Ipy JJAMUHAPHOM U TypOyJIEHTHOM
TedeHUH. CBOOOJHAsT KOHBEKLMSI Yy TIOBEPXHOCTH TOPU30HTAIBHOTO ULMIMHApPAa U CQEpBhL.
CB000HAasE KOHBEKIIMSI HA TOPU3OHTAIBHOM IIIOCKOCTH, B IIPOCIIONKAX U B 3aMKHYTBIX 00bEMax.

7. Mamemamuueckoe onucanue menioobmena  kpyeivix mpyoax. Hnmezpan Jlationa.
CmabuausupoearHulil Menao00OMeH nPu IAMUHADHOM U MYypOVIeHMHOM MeYeHUU

7.1. MaTtemaTr4eckoe ONucaHue Terioo0MeHa B Kpyriibix Tpyoax. Murerpan Jlaitona.
Crabunn3upoBaHHbIN TEMI00OMEH NpU JIAMUHAPHOM M TypOYJIIEHTHOM TEUEHUU

MaremaTnueckoe omnmucaHue TermiooOMeHa B Kpyrabsix TpyOax. TemsoBoii  6ananc,
CpeaHeMaccoBasi CKOpOCTb U Temreparypa. CTaOMIM3UPOBaHHBIM TEIUIOOOMEH NpU T'PAaHUYHBIX
YCIOBHAX 2-TO POja, MPOGUIH CKOPOCTH, TEMIIEPATYphI, TEIUIOBOTO MOTOKA MPU JIAMHHAPHOM H
TypOyJIeHTHOM TeueHuH; uHrerpan Jlaitona. CTaOUIN3UPOBaHHbIN TEIIOOOMEH MPH JIAMUHAPHOM
TedeHUH. CTaOWIM3UPOBAHHBIM TEMIOOOMEH TpU TYpOyJE€HTHOM TEUYEHUH: pe3yJIbTaThl
TEOPETUYECKOr0 aHalu3a Il HEeMETAUIMYECKUX J>KUIKOCTEH M J>KUIKUX METallIOB, PacyeTHbIE

bOpMyJIBL..

8. Tennoobmen npu 1amMurRapHom medeHuu AHCUOKOCU 68 HAYANbHOM yuacmke KDVZJZOIZ 7’]’ZDV6bl.
Hauanvuwiii y4acmokK npu myD6V]l€HWlHOM me4yeruu.

8.1. TertooOMeH MpH JaMUHAPHOM TE€YEHUH JKUJAKOCTH B HAYaJIbHOM Y4acTKe KPYTJIoi TpyObl.
HavanbHblil yuacTok npu TypOyJI€HTHOM T€UEHUHU

TennmooOMeH nHpu JaMUHAPHOM TEYEHHWH MXXHUJIKOCTH B HA4YaJbHOM TEPMUYECKOM Yy4yacTKe
Kpyrioi TpyObl. HauanpHbli THUApOAMHAMHUYECKHMH YydacTOK. HawanbHbI ydacTOK Ipu
TypOyJIEHTHOM TEUCHHH.

9. Bausnue nepemenHocmiu ceoucme menjioHocumens. Bausnue c6ob600HOU KOHEEKUUL.
Tennoobmen npu CKJl. Unmencuuxayus koneekmueio2o menioobomena

9.1. Bausinue mepeMeHHOCTH CBOMCTB TEIUIOHOCUTENSI. BiusitHue cBOOOIHOM KOHBEKITMHI

Brnusinue nepeMeHHOCTH CBOMCTB KHJIKOCTH Ha TETJIO0OMEH MPHU TEUESHUU B TPyOax KamelabHBIX
KUIKOCTEN U ra3oB. BiusiHue cBOOOTHON KOHBEKIIMH Ha TEMJI000MEH MPH BBIHYKICHHOM TEUCHUH
KUAKOCTEH B TpyOax pa3nuyHON OpUEHTAIIHH.

9.2. TenmooOmen npu CKJ{
TenmooOMeH B 01HO(a3HON CBEPXKPUTHUECKONW 001aCTH..
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9.3. UHTeHcuduKanus KOHBEKTUBHOTO TETIOOOMEHA
MeTtoapl nHTEHCHU(DHUKAIIMN TTPOIIECCOB OAHO(A3HOTO KOHBEKTUBHOTO TETNIOOOMEHA.

10. Mooenu OGVXd)CBHle CD@(). Ycnosus coemecmnocmu,; HepasHogecHble 3d)d7€l<’mbl.
Konuwecmsennvie xapaxmepucmuxu dGVXd)GB’HbZX nomoxos. I omozenuas mooenn

10.1. Monenu aByxda3HbIX cpel. Y CIOBUS COBMECTHOCTH; HEPaBHOBECHBIE 3(P(EKTHI.
KosnyecTBeHHbIE XapaKTEPUCTUKU IBYX(Da3HBIX OTOKOB. 'OMOreHHas Mozieb

MareMaTHuecKoe ONMUCAaHWE W MOJEeNU JBYX(a3HBIX CpeA. YHUBEPCAIbHbIE YCIOBUS
COBMECTHOCTH Ha Me(a3HbIX IpaHULAX: BbIBOJ B 0Ouiel (opme, 3amuch sl TOTOKOB MAacCCHl,
UMITYJIbCa, HHEPTUM W MacChl KOMIOHEHTa B cMmecd. CKOpocTh TpaHuUIBl paszaena ¢as.
VYHMBepcallbHbIE YCIOBUSI COBMECTHOCTH B cHcTeMe oTcueTa HabmoaaTens. CrnenuaabHble YCIOBUS
COBMECTHOCTH JJISl TIPOLIECCOB TeruioMaccooomMeHna. HepaBHOBEeCHOCTh Ha MeK(a3HBIX TpaHUIAX;
KBa3upaBHOBecHOe mpuOImkeHue. KoanuecTBeHHble XapaKTEPUCTHUKU JBYX(a3HbIX IOTOKOB.
I'omorenHnas mozens.

11. Tennoobmen npu KoHoeHcauuy Ha 8epMUKAIbHOU NIOCKOCMU U HOBEDXHOCHU
2opusoumanvrou mpyooi. Konoencauyus 6 mpyoax. Memoowsi unmencuchuxayuu

11.1. TerutooOMeH npy KOHJIEHCALIMU HA BEPTUKAIBHOM MJIOCKOCTU U MIOBEPXHOCTH
ropu3oHTanbHOU TpyOsl. KoHneHcanus B Tpy6ax. MeTo sl HHTEHCU(DUKAIINN

[Inenounass M KameibHass KoOHAEHcalus. TemnooOMeH MNpH IJIEHOYHOW KOHJAEHCAllMu Ha
BEpPTUKaIbHOM IIockocTu (3agada Hyccenbra). KonaeHcanyss Ha MOBEPXHOCTH TOPU30OHTAIBHOIO
IWIMHApPA. AHaJIW3 OCHOBHBIX JomyumieHMdH B 3amgaye Hyccenbra, pacdeTHble (HOPMYIIBL.
TernmooOMeH NpU KOHACHCAIMM B YCIOBUSX TypOYJIEHTHOrO TeueHHs IUleHKH. KoHaeHcarus
JBIDKyIerocst mnapa. TemnooOMeH Npu KOHAEHCAlMM B TpyOax IHpu TypOyJIEHTHOM TEYeHUU
nByxdazHoi cmecu. Konaencamus Ha mydykax TpyO ¥ METOJIbI €€ MHTEHCH(DUKALINH.

12. Qusuxa kunenus: 3ap09fcdeHue I’ZCZDOG’OIZ d)a3bl, pocm napoevlx ny3vlpbKoes, VCi0BUA
ompbled om CmeHKU

12.1. ®uznka KUNEHUs: 3apOXKAEHUE apoBOM (ha3bl, pOCT MAPOBBIX MY3bIPHKOB, YCIOBHS
OTpbIBA OT CTCHKHU

VYcrnoBus 3apoXkJIeHHs NMapoBOro 3apojiplilla B 00beMe MeperpeToil *KHUJIKOCTH U Ha TBEpIOH
MOBEPXHOCTU HarpeBa. PocT mapoBbIX My3bIPHKOB B 00bEME OJAHOPOJHO MEPETPETOM >KUIKOCTH:
aHalU3 «IIpeleTbHBIX» CXEM pOCTa, PEHIeHUs JUIs JWHAMHUYECKOW HMHEPLHUOHHOM M TemIoBOH
HHEPreTUUECKON CXEeM pocTa, OCOOEHHOCTHM pocTa npu Oosblmiux uuciax fAxoba. OcCHOBHbIE
3aKOHOMEPHOCTH POCTa U OTPbIBA MAPOBBIX MY3bIPHKOB Ha TBEPI0W MOBEPXHOCTH.

13. Tennoobmen npu kunenuu. Ilnenounoe u nepexoonoe kunenue. Mexanusm u pacuem
menioobmena npu ny3vipbkoeom kunenuu. Kunenue 6 nomoke. Kpusucwl kunenust

13.1. Tennmoo6meH npu kumeHuu. [IneHouHoe u nepexoiHoe KUneHne. Mexanusm u pacyeT
TEII000MEeHa MpH My3bIpbKOBOM KunieHnH. Kunenue B motoke. Kpusucel kunenus

“KpuBas kunenus”. TemnooOMeH Nnpu IUIEHOYHOM M MEepeXOJHOM KHUIMeHUU. TemnooOMeH npu
My3bIPbKOBOM KHIIEHHM B OOJIbIIIOM 0oOBeMe (MEXaHU3M Ipoliecca, 00OOCHOBaHHME pPacdyeTHOIO
ypaBHeHUs1). Kpu3ucel KumneHuss B OOJBIIOM 0OBbeMe. XapakTep W3MEHEHHUs CpPeaHEMacCOBOM
TEMIEPATYPHl JKUJIKOCTH, TEMIEPATYpbl CTEHKH, PACXOJHOTO MAacCOBOTO MAapOCOAEpPXKaHHUS IO
JUIMHE o0orpeBaeMoro KaHama. TemmooOMeH mpH KWUIIEHWU JKUIKOCTH B YCIOBUSAX €€
BBIHY’)KJICHHOTO JIBMKEeHUs. Kpu3uc TenaooTjaun npu KUIMEHWU B TpyOax.
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3.3. TeMbl NIpaKTHYECKUX 3aHATHH
1. Benenue B MexaHUKY ABYX(a3HBIX CUCTEM;
2. TenmooOMeH MpH MornepeyHoM 00TeKaHUU TPYO M TPYOHBIX IyUKOB;
3. TermooOmeH ipu CBOOOTHOM KOHBEKIIHH;
4. TermooOMeH NpH BBIHYKIEHHOM OOTEKaHUH TUIOCKOW TUIACTHHBI,
5. CocraBieHue MaTeMaTHYeCKOro OMMCaHUs IIPOLECCOB TEIUIO- U MacCOOOMEHa;
6. TeriooOMeH 1 TUAPABIMYECKOE COMPOTHBIICHUE MIPU TEUCHUH B TPyOaX MKHUIKOCTH U rasa C
HepPEeMEHHBIMU (PU3NYECKMMHU CBOWCTBAMU;
7. Bnusinue cBOOOHOI KOHBEKLIMU HA TETJIOOOMEH MPH BHIHYK/ICHHOM TEYCHHUHU B TPyOax;
8. Pacuer cpegneMaccoBoil TeMnepaTypbl U TEIUIOOTAA4YM IIPU TEUEHUH KUJKOCTH B TpyOax;
9. IlpumeHeHne Teopuu MoI00Us K PELICHHUIO 3a/1a4 THAPOIMHAMHUKH U TeTJI000MeHa;
10. Tenyi006MeH M CONPOTUBIIEHNE TPEHUS IIPU TEUCHUH B LIIEPOXOBATHIX TPYOaX;
11. TermooOMeH npy KOHJCHCALIUY T1apa;
12. TermooOMeH npu KUTICHUY;
13. Pacuer termnooomena mpu CKJI;
14. TenmooOMeH MpHu TEYSHHUH B TPyOax;
15. TennoBo# pacyeT TEMI000MEHHBIX alapaToB.

3.4. Tembl 1a60paTOPHBIX PadoT
HE MPEyCMOTPEHO
3.5 KoncyabTauuu

[ pynnosvie koncyaomauuu no pazoeiam oucyuniunol (I'K)

1. OOGcyxnenme warepuanioB pazaena "Kosadpdumument temnoormaun. Kriaccuduxarms
IIPOLIECCOB KOHBEKTUBHOIO TemiooOMeHa. KadecTBeHHOe 0OOCHOBaHME pacyETHBIX
ypaBHEHH"

2. OO6cyxneHue  MaTepuaslioB  pasjena  "MaTeMaTHdecKoe  ONMCAaHHE  IPOILIECCOB
KOHBEKTHBHOI'O TeriomaccooOMeHa"

3. OO6cyxnenne MartepuanoB paszznena "l[lpumeHeHune Teopun MOAOOMS K aHAIU3Y
TerioMaccooomena”

4. OO6cyxneHue MartepuanoB paszzaena '"TemnooOMeH MNpu BHEUIHEM OOTEKaHMM Tea.
JlamuHapHbIi norpaHuyHbi cioil. Ilepexon k TypOyneHTHOMY TedeHHIo. OcpelHEeHHbIe
ypaBHeHus"

5. OOcyxneHue marepuainoB paszena "MexaHu3Mm TypOYJIEHTHOIO NEpeHoca HUMITYJIbca U
METOJIbl €ro MoAenupoBaHus. AHanorus PeiiHonbaca. PacdeTHble cOOTHOLIEHUS AJIA
terootnayu. TermmooOMeH rpu o0TeKaHUH My4YKoB TpyO"

6. OO6cyxnenne MaTtepuasnioB pasfena "TermooOMeH mpu CBOOOAHON KOHBEKIMH B
MOTPAaHUYHOM CJIO€ U B 3aMKHYTBIX 00bemax"

7. OO6cyxaeHue MatepuanoB paszena "MaTemMaTHueckoe oNnucaHue TemI000MeHa B KPYTJIbIX
Tpy6ax. Wurterpan Jlaiiona. CraOuinm3upoBaHHBIA TEMJIOOOMEH MpU JIAMUHAPHOM U
TypOyJneHTHOM TeueHun"

8. OOcyxneHne MatepuaioB pasena "Term1oo0MeH Mpyu JaMHHAPHOM TCUCHHH KXUJIKOCTH B
HayaJIbHOM y4acTKe Kpyrioi TpyOsl. HauanbHbli yqacTok npu TypOyJIeHTHOM Te4eHUH."

9. OO0cyxnenne MaTepuaioB pasziena "BriusHue NMEepeMEHHOCTH CBOMCTB TETUIOHOCHTEIIS.
Bnusaue cBoOomuoit  kouBekmmu. Temmooomen mpu  CKJ.  HaTeHcuduxamms
KOHBEKTHBHOI'O TeII000MeHa"

10. Ob6cyxnenue marepuanoB pasaena "Mojenu 1ByX(}a3HbIX cpell. Y CIOBUS COBMECTHOCTH;
HepaBHOBecHble 3¢ dexTsl. KomndyecTBeHHbIE XapaKTEPUCTHKU JABYX(a3HbIX IOTOKOB.
TI'omorennas Mmoaeins'"
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11. Obcyxnenue marepuanoB pasfena "TemnooOMeH NMpU KOHACHCAIMM Ha BEPTUKAIHHON
TJIOCKOCTH U TIOBEPXHOCTH TOPU30HTaIbHOW TpyObl. KoHmeHcanust B TpyOax. Mertoms
WHTEHCUPUKAITUN"

12. O6cyxnaenue MarepuanoB paszzena "dusuka KUMEHUS: 3apOKICHHE MapoBoi (asbl, pocT
IIapPOBBIX My3bIPHKOB, YCIOBUS OTPbIBA OT CTEHKU"

13. Ob6cyxnenue wmarepuanoB pazaena "TermmooOMeH T1ipu  KkuneHuW. IlneHouHoe U
[IEPEXO/IHOE KUIleHUE. MeXaHu3M U pacyeT TEII00OMEHa IPU Iy3bIPbKOBOM KHIIEHHUU.
Kunenne B noroke. Kpusuce kunenus"

3.6 TemaTuka KypcoBbIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabora He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

3aruIaHupPOBAHHbIE Howmep pazaena nucuurinHbl (B COOTBETCTBHUHU C OueHo4HOE CpeaCcTBO
pe3yNIbTaThl O0YUICHHS 110 Koter n.3.1) (T ¥ HAUMEHOBAHUE)
JTUCIUILINHE HH/HKATOPOB 2134|567 ]8]9]10|11 1213
(B COOTBETCTBHHU C pa3ieiioM
1)

3HaTh:

3aKOHOMEPHOCTHU KomnokBuym/TennooOMeH npu KOHACHCALIUU.

TEII000MEHa TTPU N-1nk-1 + | + | + | Ousndeckue 3aKOHOMEPHOCTH KUIICHUS U

KOHJICHCAllUU U KUIIEHUH pacueT TernnoooMeHa

METO/Ibl TEOPUHU OO0 KomtoxkBuym/KoapduiineHT TerooTnaqu;

11 000011IeHUs PEe3yIbTATOB V-l + MaTeMatuyeckoe onucanue TMO; meToabl

OTIBITHOTO UCCJICIOBAHUS ’ noao0ust

Ter1000MeHa

MaTeMaTU4eCKOe ONUCAHUE U KomtoxkBuym/Brusiaue nepeMeHHOCTH

MoJieTH IBYX(pa3HBIX Cpel CBOMCTB TEIJIOHOCHUTENSI K CBOOOTHOM

V-1 + KOHBEKIIMU Ha TeroooMeH. TemiooOMeH npu

CK/I. MnTencudukanms KOHBEKTUBHOTO
TeroooMeHna. Moienu u MaTeMaTHYeCKOe
onucaHue ABYX(ha3HbIX CUCTEM

3aKOHOMEPHOCTH TTPOIIECCOB KomnoxBuym/TenaooOMeH B MOTpaHCIIoE;

cB0oOOaHOM U BeIHYKAeHHOU | MI-1mk-1 ++ |+ |+ ]+ cB0OOIHAs KOHBEKIHS. TermooOMeH B

0/1HO(a3HON KOHBEKITHU KaHaJiax

3aKOHOMEPHOCTH MPOLIECCOB KomnnokBuym/BnusiHue nepeMeHHOCTH

BBIHYX/ICHHOM 0JTHO(a3HOM CBOMCTB TEIMJIOHOCUTENSI M CBOOOTHOM

KOHBEKLUHU MTPU VL + KOHBEKIIMU Ha Terioo0MeH. TermnooOMeH npu

N3MEHSIIOIMINXCSA CK/. MaTtencudukaims KOHBEKTUBHOTO

TerI0(hU3NIEeCKIX TeruiooOMeHa. Mozenu U MaTeMaTu4ecKoe

CBOMCTBAX XHJIKOCTH omnucaHue AByX(}a3HbIX CUCTEM

MaTeMaTH4eCKOe ONMCaHUE Komnoksuym/KoapduiueHT TenaooTaayu;

MPOLIECCOB TEIUIO- U N/I-1nk-1 + | + maTeMmaTuueckoe onucanue TMQO; meToabl

MaccooOMeHa nogo0ust
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YMmern:

paccYuTHIBATH KonTtponpHas padora/Temnooomen npu
WHTCHCUBHOCTh KOHJICHCAIIUH T1apa
TeII000MeHa pH WAL ’
KOHJICHCAIIUU
MPOBOJUTH TEIIOBOM pacyer V-1 KonTpomnpHas padorta/TemnnoBoii pacuer
TEIUIOOOMEHHBIX aIlaparoB TETIOOOMEHHBIX aIapaToB
pacCcYUTHIBATH AOIMYCTHMBIE KonTtponpHas padora/Termiooomen npu
YPOBHHU TEIUIOBBIX OTOKOB | MJI-1mk-1 KUTICHUH
NPU KUIICHUH KUIKOCTH
paboTaTh C JAHHBIMH O KonTtponbHast pabora/TemoBoii pacuer
TETUIO(PU3UIECKUX TETIOOOMEHHBIX aIapaToB
CBOMCTBAX BEIIIECTB, N-1nk-1
HEOOXO/IMMBIX B pacueTax
TEII000MeHa
BBIOMpATh METOAMKY U KontponbHas padota/TemnoooMen npu
OCYIIECTBIISATh pacyer BBIHYJICHHOM OOTEKaHUH TIOCKOI
TEMIIEPaTyPHOTO pexXnma racTuHbl. Pacuer cpeanemMaccoBoit
TETUIOBBIICIISFOIINX TeMITEPaTypPhl IPU TEYCHUH KHUKOCTH B
00BEKTOB TpyOax

N-1nka Kontponbnas padota/Temnoodmen npu

CcBOOOIHOI KOHBEKIIMHA

Kontponbnas padota/Temnoodmen npu
TedeHuH B TpyOax. TemnooOMeH npu
MONepeyHOM O0TEeKaHUHU TPYO U TPYyOHBIX
yYKOB
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHUS PE3YJIbTATOB OBYUEHUS 11O JUCIUIIINHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
7 cemecTp

dopma peanmuzanuu: [TuceMeHnHas padbota
1. TermooOMeH MpH BBIHYKJICHHOM O00TEKaHUU IUIOCKOH MIacTuHBL. PacueT cpeqHemMaccoBoit
TEeMITepaTypbl IPH TEUESHUHU KUIKOCTH B TpyOax (KoHTposbHas paboTa)
2. TerutooOMmen nipu cBoOoaHON KoHBeknU (KoHTponmpHas pabora)
3. TermooOmeH nipu TedueHuu B TpyOax. TermiooOMeH nmpu monepeyHoM 00TeKaHUU TPYO U
TpyOHbIX yukoB (KoHTponbHas paboTa)

Dopma peanuszauuu: CmemanHas Gopma
1. KoaddurmenT rermnootnaun; Mmaremarndeckoe onucanue TMO; MeTos! To1o0us
(KomnokBuym)
2. TemmooOMeH B morpancioe; cBoboaHast KoHBeKIus. TermmooOmen B kaHanax (Kommoksuym)

8 cemectp

Popma peanmzanuu: [TucemenHas pabora
1. TeroBoii pacyeT TemiooOMeHHbIX anmnaparoB (KoHTposibHast paboTta)
2. Terutooomen nipu kuriennn (KorTponsHas padora)
3. TermooO6men nipu KoHaeHcanuu napa (KoHTponbHas padora)

Dopma peanmzanuu: CmemanHas Gopma
1. BnusiHue nepeMeHHOCTH CBOMCTB TEIJIOHOCHUTENSI M CBOOOTHOM KOHBEKIIMH Ha TEIIOOOMEH.
Tennooomen npu CKJI. UuTeHcudukanys KOHBEKTUBHOTO TeTiooOMeHa. Mojenu u
MaTeMaThieckoe onucanue nByxQazubix cucteMm (Kommoksuym)
2. TenmooOMeH 1ipu KoHAeHcauu. OU3nyecKre 3aKOHOMEPHOCTU KUIIEHUS U pacueT
teriooomena (KommokBuym)

bannbHO-pedTHHTOBas CTPYKTYpa AUCLUIIUHBI SABISETCS NPUIOKEHUEM A.

4.2 IlpomMe:kyTOUYHAs aTTECTALMUS MO JUCIUNJINHE

Orzamen (Cemecmp Ne7)
HTorosas olieHKa omnpenensieTcss B COOTBETCTBHH ¢ [looxkeHnem o 0anibpHO-peHTHHTOBOM crUcTEMeE
st ctyaeHtoB HUY «M3OUW» Ha OCHOBaHMM CEMECTPOBOM U HK3aMEHAIIMOHHOM COCTaBIISIOMIMX.

Ixzamen (Cemecmp Ne§)
HToroBas olieHKa ompenensieTcss B COOTBETCTBHH ¢ [lonokeHneM 0 OaibHO-PEHTHHTOBOM crcTeMe
st cryaentoB HUY «MOW» Ha 0OCHOBaHUM CEMECTPOBOM M AK3aMEHAIIMOHHOM COCTABJISIOIIMNX.

B numiom BeICTaBISETCS OLIEHKA 3a 8 CCMECTD.

Ipumeuyanue: OneHOYHBIE MaTEPUAITBI 11O TUCIMITIMHE IPUBEICHBI B (DOHIIE OIEHOYHBIX
matepuanos OITOII.

5. YYHEBHO-METOANYECKOE OBECHHEYHEHUE JUCHUIIJINHBI
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5.1 IleyaTHbIe M JIEKTPOHHbIE U3TAHUSA:
1. Sros B.B.- "Temnoo6men B ogHO(]a3HBIX cpefax v mpH (Ha3oBbIX MpeBpanieHusx ",
HznarenscrBo: "MOUN", Mocksa, 2019
https://www.studentlibrary.ru/book/ISBN9785383012451.html;

2. SIros, B. B. TeriooOMeH B oHOGA3HBIX cpefax u mpu (pa3oBhIX MPEBPAILCHUSIX | yUeOHOE
nocoOue JyuIsi By30B 10 HampaBiieHuto "SnepHas sHepretuka u temodusuka" / B. B. fAros . — M. :
Uz narensckuii nom MOU, 2014 . — 542 ¢. - ISBN 978-5-383-00854-6 ..

5.2 JIuueH3MoHHOE U CBOOOIHO pacnpocTpaHsieMoe MPOrpaMMHoe odecneyeHue:
1. Office / Poccuiickuii makeT o(hUCHBIX IPOrpam;
2. Windows / OniepanrionHas cucrema cemeictra Linux.

5.3 UnTepHeT-pecypchl, BKJIOYasA NPogeccuoHaTbHbIe 0a3bl JAHHBIX 1 HH(OPMAIUOHHO-

CIIPaBOYHBIC CUCTEMBI:

1. 3BC Jlans - https://e.lanbook.com/

2. 9BC "YHuBepcuTeTckas 6u0JM0TEKA OHIANH" -

http://biblioclub.ru/index.php?page=main_ub_red
3. ba3za nannbIx :)xypHanoB m3nareabcrBa Elsevier - https://www.sciencedirect.com/
4. DneKTPOHHBIE pecypchbl U3aaTesibecTBa Springer - https://link.springer.com/

5. ba3za nannbix Web of Science - http://webofscience.com/

6. Ba3za nannbix Scopus - http://www.scopus.com
7. Dnexrponnas oudmoreka MOU (36 MOH) - http://elib.mpei.ru/login.php

6. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUITJIMHBI

Tun noMeneHust

Y4eOHbIe ayIUTOPUU AJIs
MIPOBEJICHUS JIEKIIMOHHBIX
3aHATUHN U TEKYILETO
KOHTPOJIA

Homep aynuropun, OcHaenue
HaAaMMCHOBaHUE
K-120, MamuHHbIMA cepBep, KOHAUITMOHEP
3an MBI]
T-408, Yuebnas CTOJI TIPENO/IaBaTelis, CTOJI YYeOHBIH, CTYI,
ayIUTOpUs mkad, KOMIbIOTEPHAs CETh C BEIXOJOM B

HHTepHeT, MyIbTUMEIUUHBINA TPOEKTOP,
JIOCKa MapKepHasi, KOMIIBIOTED
MePCOHAIbHBIN

Y4eOHble ayAUTOPUH IS
MIPOBEACHUS TPAKTUUECKUX
3ansatui, KP u KII

T-408, YucOnas
ayTUTOpUS

CTOJI IIpEeToiaBaTesi, CTON Y4eOHbIH, CTYI,
mKag, KOMIbIOTEPHAS CETh C BBIXOJIOM B
HHTtepHeT, MyIbTUMEIUUHBINA IIPOEKTOP,

JIOCKa MapKepHasi, KOMIIBIOTED
IIEPCOHAJIbHBIN

VY4eOHble ayAUTOpUH IS
MIPOBECHUS
MTPOMEKYTOUHON
aTTecTalluu

T-408, YueOnas
ayIuTOpUs

CTOJI MPEMNo/IaBaTesl, CTOJI yueOHbIH, CTYII,
mKad, KOMIbIOTEPHAS CETh C BBIXOJIOM B
WHTepHeT, MyIbTUMEIUUHBINA TPOEKTOP,

JIOCKa MapKepHasi, KOMIIBIOTED
MePCOHAIbHBIN

ITomentenus mis

T-412, YuecOnas

CTOJI MPEMo/iaBaTesi, CTON y4eOHbIH, CTYII,

CaMOCTOSATEIILHON PabOThI nabopaTopus KOMITHIOTEPHAs CETh C BBIXOJOM B
BBIUNCIIUTEIBbHOU WHTepHeT, 1ocKka MapKepHas, KOMIIBIOTED
TEXHUKHU MIEPCOHAJIBHBIN
ITomemenus s T-205, Yuebnas CTOJI IIpEeToiaBaTesi, CTON Y4eOHBIH, CTYI,
KOHCYJIbTUPOBaHUS ayuTOpus mkad, 10cKa MapKepHas
[Tomemienus ais XpaHeHUs! T-213, ITogcobHoe
000pyI0oBaHUs U Y9€OHOTO MTOMEICHUE
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WHBEHTaps
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

TennomaccoooMeH

(Ha3BaHME AUCIMILIMHBI)

7 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-3

KM-4
KM-5

TermnooOMeH npu BEIHYKICHHOM OOTEKaHHWH TUIOCKOH TUIACTHHBL. PacueT cpemHemMaccoBoi
TEMIIepaTyphl IPH TEUEHUH KUAKOCTH B TpyOax (KoHTponbHas pabora)

Koaddunument terrootnaun; Matemaruueckoe onrcanue TMO; MeTo bl To100ust
(KomnmoxkBuym)

TennooOmeH npu TeueHuu B TpyOax. TermiooOMeH npu nmonepeyHoM 00TeKaHUU TPYO M TPYOHBIX
nyukoB (KoHtposnbHas pabota)

Tennooomen nipu cBoOoaHOM KoHBeKIMK (KoHTponbHas paboTa)

TernmooOMeH B morpancioe; cBoOoaHas KoHBeKIus. Temmooomen B kananax (Komioksuym)

Bujx npome:xyTo4HOI aTTecTalmu — JK3aMeH.

Wunekc KM- | KM- | KM- | KM- | KM-
Howep Paznen qucuumimHbl KM: L 2 3 4 >
paznena Henens 4 8 12 15 16
KM:
KoaddurmenT rermmmootnaun. Kimaccndukarnms
1 IPOILIECCOB KOHBEKTUBHOTO TEIJIOOOMEHA.
KagecTBeHHOE 000CHOBAaHNE PACUETHBIX YPAaBHEHHI
Koaddumment rennootaauun. Knaccuduxarnms
11 MPOLIECCOB KOHBEKTUBHOTO TEIII000MEHA. + + + +
KayecTBeHHOE 000CHOBAaHNE PACUETHBIX YPAaBHEHHUN
2 MaremaTrueckoe OnrucaHue MpoIeccoB
KOHBEKTHBHOT'O TEIIOMaccoOOMeHa
21 MaremaTrueckoe onrucaHue MpoIeccoB + + + +
' KOHBEKTHBHOT'O TEIIOMaccoOOMeHa
3 [TpumeHeHne Teopun NOAOOUS K aHAIIU3Y
TEIIOMAacCOOOMEHa
31 [TpumeHeHne Teopun MOAOOUS K aHAIU3Y +
' TEIIOMaccOOOMeHa
TennooOMeH npu BHELTHEM OOTEKaHUHU Tela.
4 JlamuHapHsIil norpannyHbIi cioi. Ilepexon k
TypOyJieHTHOMY TeueHHnto. OcpeJHEeHHbIE ypaBHEHUS
41 TemooOMeH npy BHENTHEM OOTEKaHUHU Tea. + + + +
' JlaMuHapHBIN IOrPAaHUYHBIN CIION
42 [Tepexon k TypOyiaeHTHOMY TedeHH0. OcpeTHEHHbIE + + + +
ypaBHEHHS
Mexanu3m TypOyJIEeHTHOTO IEpeHOca UMITYIIbCa U
5 METO/Ibl €ro MoJienpoBanus. Ananorus PeliHonb/ca.
PacdeTHble COOTHOIIEHUS TSI TETIOOTAAYH.
TennooOMeH npu 00TEKaHUU ITyYKOB TPYO
51 MexaHu3m TypOyJIEeHTHOTO IEpeHOca UMITYJIbCa U + + + +

MCTOJbI €TO MOACIINPOBAHUS. Amnamorus Pelinonpaca.
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PacueTHBIE COOTHOIICHUS JJI1 TETIII00TJau

5.2

TenmooOMeH npu 00TEKaHUU ITYYKOB TPYO + + + +

TennooO6meH pu cBOOOAHON KOHBEKIIUU B
TIOTPAHWYHOM CJIO€ U B 3aMKHYTBIX 00BheMax

6.1

TennooO6meH ipu cBOOOAHON KOHBEKIIUH B
MIOTPAHIYHOM CJIO€ U B 3aMKHYTBIX 00BheMax

MaremaTHueckoe onucaHue TeImI000MeHa B KPYTIJIbIX
TpyOax. UnTerpan Jlaitona. Ctabuan3upoBaHHbIH
TEIIO0OMEH IPU JIAMUHAPHOM M TypOYJIEHTHOM
TEYEHHUH

7.1

MaremaTHueckoe onucaHue TeImI000MeHa B KPYTIJIbIX
TpybOax. UnTerpan Jlaitona. Ctabuan3upoBaHHbIH
TEII00OMEH IpH JIJAMUHAPHOM U TypOYJIEHTHOM
TEYEHUH

TernnmooOMeH npu TaMHHAPHOM TEYESHUH JKUIKOCTH B
HAYaJIbHOM Y4acTKe Kpyrioi TpyOsl. HauanbHbIi
Y4acCTOK NpU TypOYIEHTHOM TEUEHUHU.

8.1

TennooOMeH npu JaMUHAPHOM TEUEHUH JKUKOCTH B
HAYaJIbHOM Y4acTKe Kpyrjoi TpyOsl. HauanbHbIi +
Y4acCTOK IpU TypOyJIEHTHOM T€UEHUHU

BecKM, %: | 15 | 20 | 15 15 | 35

8 cemectp

Hepeqem, KOHTPOJIbHBIX MEpOHpI/IﬂTI/Iﬁ TEKYIIEIro KOHTPOJIA YCIIEBACMOCTH 110 JUCHMILVIMHE:

KM-1
KM-2

KM-3
KM-4
KM-5

TemoBoii pacuer TemiooOMeHHbIX anmnapaToB (KoHnTponbHas padoTa)

BriusiHue nepeMeHHOCTH CBOMCTB TEIUIOHOCUTENS U CBOOOIHONM KOHBEKIIMM Ha TEIIOOOMEH.
Temnooomen npu CKJI. UaTeHCHUKaAUs KOHBEKTUBHOTO TerjaooomMena. Moaenu u
MaTeMaTHuYecKoe onucaHue AByxQasHbix cucteM (KomiokBuym)

Tennooomen npu koHaeHcanuu mapa (KontponsHas padorta)

TennmooOmen npu kunenuu (KonrponbsHas padora)

TermooOMmeH npu koHAeHcau. Ou3nyeckre 3aKOHOMEPHOCTH KUTICHHUS U pacyueT TeII000OMeHa
(KonmnokBuym)

Bujx npomexyTo4HOI aTTecTaliMy — JK3aMEH.

Hnunekc KM- | KM- | KM- | KM- | KM-
Howmep Pa3nen muciuIuinHbl KM: L 2 3 4 0
pasnena Henens 3 7 10 13 14
KM:
BiusiHne nepeMeHHOCTH CBOMCTB TEMJIOHOCUTEIIS.
1 Bnusinue cBoOo1HOM KOHBEKIMH. Tenioo0MeH npu
CK/I. MaTencudukanms KOHBEKTUBHOTO
TermiooOMeHa
11 BiusiHne nepeMeHHOCTH CBOMCTB TEMJIOHOCUTEIIS. + +
) Bausinne cBoOOIHON KOHBEKIIUHA
1.2 Tennooomen npu CKJJ + +
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1.3

WuTencnukaius KOHBEKTUBHOTO TEINI00OMeHa

Monenu nByx(ha3HbIX cpei. Y CIOBHS COBMECTHOCTH,
HepaBHOBecHBIC A (dekThl. KonmnyecTBeHHBIE
XapaKTEPUCTHKH BYX(a3HBIX MOTOKOB. [ OMOreHHast
MO/JIEITb

2.1

Mogenu nByx(ha3HbIX cpei. Y CIOBHS COBMECTHOCTH,
HepaBHOBecHBIC A (dekThl. KonmnyecTBeHHBIE
XapaKTEPUCTHKH IBYX(a3HBIX TIOTOKOB. [ oMOreHHast
MO/JIEITb

TemooOMeH npy KOHAECHCAIIMU Ha BEPTUKAIbHON
TUIOCKOCTH ¥ TIOBEPXHOCTU TOPU3OHTAILHOU TPYOBI.
Kongencanus B Tpyb6ax. Metoasl HHTEHCU(DUKAIIIH

3.1

TemooOMeH Mpy KOHACHCAIIUU Ha BEPTUKATHHON
TUIOCKOCTH M TOBEPXHOCTU TOPU3OHTAILHOM TPYOBI.
Konzgencanus B Tpyoax. MeToapl HHTCHCH(DHKAIIH

Ou3rKa KUIEHUS: 3apOKIeHIE MapoBou (asbl, pocT
MapPOBBIX MY3bIPHKOB, YCJIOBUSI OTPHIBA OT CTEHKHU

4.1

®du3nKa KUICHUS: 3apOKICHUE TapoBO (ha3bl, pOCT
MapOBBIX MY3BIPHKOB, YCIOBHSI OTPHIBA OT CTEHKHU

TermooOmen npu kunenuu. [IneHounoe u nmepexoaHoe
KUIleHre. MexaHu3M U pacyeT TeIoo0MeHa npu
IMY3BIPbKOBOM KHIICHUH. Kwurmienne B moToke. KpI/IBI/ICI)I
KHIICHUS

5.1

TermooOmen npu kunenuu. [IneHounoe u nepexoaHoe
KUIleHre. MexaHu3M U pacyeT TeIoo0MeHa npu
IMY3BIPbKOBOM KHIICHUH. Kwurmienne B moToke. KpI/IBI/ICI)I
KUIICHUS

Bec KM, %:

15

25

15

15

30
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