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PABOYASA ITPOTPAMMA JINCIUTIIJIMHBI

Pa3znesibl paGoueii mporpamMmmbl
1. Ilenu ocBOCHUS AUCHUILTUHBI. [lepedeHb IaHuPyEeMbIX pe3yIbTaTOB 00yUeHHs.
2. MecTo AUCIUIUTHHBI B CTPYKTYpe 00pa3oBaTeIbHON MPOTPAMMBI.
3. Crpykrypa 1 conep>kaHnue AUCLUILINHBIL.

4. TlepeyeHb y4eOHO-METOTUIECKOTO O0CCIICUEHUS IJIsi CAMOCTOSITENILHON pabOThI
00y4Yaromuxcs 1Mo AUCHUTUIIHHE.

5. @POoHA OLEHOYHBIX CPEACTB JIs IPOBEACHUS IIPOMEKYTOUHOM aTTeCTalUU
00y4YarOLINXCs 110 TUCIUIUIUHE.

6. IlepeueHb OCHOBHOM U TOTIONIHUTEIBHON y4eOHOM TUTEepaTyphl, HEOOXOJUMOM IS
OCBOCHHSI TUCIIUILIIHHBI.

7. Tlepedenp pecypcoB HH(POPMAIMOHHO-TEIIEKOMMYHUKAITMOHHOM ceTn « HTepHEeTY,
HEOOXOMUMBIX JIJISl OCBOCHUS AUCIUILTUHBIL.

8. MeToaudeckue yka3aHus JJIs 00yJaroIIuXCs 10 OCBOCHHUIO TUCITUTIIINHBI.

9. Ilepeuenb HHOOPMALMOHHBIX TEXHOJIOTHA, UCTIOIB3YEMbIX MIPH OCYIIECTBICHUH
00pa30BaTeIbHOTO Mpoliecca Mo AUCIUILIHHE.

10. Onucanne MaTepuaIbHO-TEXHUIECKOM 0a3bl, HEOOXOAMMOM ISl OCYIIIECTBICHUS
00pa3oBaTeIbHOTO MPOIIECCca MO AUCIUIUIHHE.

Ipuioxkenus k padoyeil mporpaMMe QM CHUATIINHbBI
[Tpunoxenue 1. AnHOTaMs paboyeil mporpamMmbl
[Tpunoxenue 2. [IpukperneHusie Gaitipt

[Tporpamma cocraBieHa B coorBeTcTBHU ¢ TpeboBanusaMu CYOC MAMU, pa3paboTaHHOTO Ha
ocHoe ®I'OC BO (3++) no nanpasnenuto 24.03.05 JIBurarenu jeTareabHbIX alapaToB

ABTOpPBI IPOTPaMMBbIL:

ba6un C.B.

3aBenyromuii ooecneunBaromeid kadenpoit TITA/L

[Tporpamma omoOpeHa:

3aBenyromnuii BeITycKaromiel kadenpoit
TITAZ Hupextop Bbimyckatomero guinuana CT
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1. HEJX OCBOEHUS JUCIHUIIJIMHBI. IIEPEUYEHD
IIJIAHUPYEMBIX KOMIIETEHIIU U PE3YJIBTATOB

OBYYEHMUA.

[{enpr0 OCBOCHMS TUCIMIUIMHBI Terutonepenada sBisieTcsl JOCTHKEHUE CIIETYIOIINX

pesynbratoB ocBoeHusA(PO):

N

Hudp

Pe3yabTar 00yueHust

V-1(OIIK-1.2)

YMeTh NpUMEHSATh OCHOBHBIE 3aKOHBI (PU3UKU JJI aHAIHM3a U
OOBSICHEHHSI TEOPETUUECKUX U AKCIIEPUMEHTATbHBIX
PE3yabTaTOB UHKEHEPHOU e TEIbHOCTH

B-6(0OIITK-1.3)

Brnagets npuemamu pelieHrss OCHOBHBIX 3a/1a4, TUITMYHBIX JJIs1
€CTECTBEHHOHAYYHBIX IUCUUIUINH; METOJAMHU TEOPETUYECKOTO
1 DKCTIEPUMEHTAIBHOTO MCCIIE0BAaHNUS; HAaBbIKAMU MPUMEHEHUS
COBPEMEHHOT0 MaTeMaTUYECKOr0 HHCTPYMEHTAPHs IS
pelIeHNs XUMHYECKUX 3a]1a4u

3-5(0TK-2.1)

3HaTh, KaKk IPUMEHUTh OCHOBHBIE 3aKOHBI TEIIJIONEpeiadun pH
pacueTe TEIJIOBBIX MOTEPh B MHKEHEPHOU MPAKTHUKE

V-3(OIK-2.1)

YMeTh NpUMEHSATh OCHOBHBIE 3aKOHBI TEIUIONEpeadu Ipu
pacueTe TEMJIOBBIX MOTEPh B MHKEHEPHOU MPAKTHUKE

3-2(OTIK-2.2)

3HaTh OCHOBHBIC 3aKOHBI TEIuIonepeaadiu 1 MEXaHU3Mbl
IEpEHOCa TCILIa

V-2(OIIK-2.2)

VYmeTn IMPUMCEHATH OCHOBHBIC 3aKOHBI TCILIONICPEaAaqYn IIpU
BBITTIOJTHEHHH TCIIJIOBOT'O aHaJIM3a.

B-2(OIIK-2.2)

BJ'IaI[eTI) HaBbIKaMU IIPUMCHCHU 3aKOHOB TCILIONICpAa4U ITPU
IMPOBEACHNHU TCIIJIOBOT'O aHaJIM3a.

3-5(0T1K-2.2)

3HaTh OCHOBHBIE 3aKOHBI TEIJIONEPeIaul U MEXaHU3MBI
MepeHoca TerJia B djeMenTax Kouetpykuuu Y u JIA

V-7(OIIK-2.2)

YMeTh MPUMEHATH OCHOBHBIC 3aKOHBI TEILIONEPEIadn PH
BBITIOJTHCHHH TEIIOBOTO aHAIN3a 3JIEMEHTOB KOHCTPYKIuH J[Y
u JIA

10

B-6(0ITK-2.3)

Brnagets HaBbIKaMu pacyeTa TEIIOBBIX TOTOKOB U
TeMIEepaTypHbIX MOJIeH B 3JieMeHTax KOoHCTpyKuuu 1Y u JIA

11

B-12(OIIK-2.3)

Biamets HaBbIKaM¥ MPUMEHEHHS OOIIEHHKECHEPHBIX 3HAHUN
JUTsI pelieHrst y4eOHbBIX 3a1a4

12

3-2(OIIK-4.1)

3Hath ocHOBHBIE CAE mporpamMmHbie KOMIUIEKCH TPUMEHUMBIE
JUIS peIlieHus TETUIOBBIX U ra30IMHAMUYECKUX 3a/1a4

13

V-1(OIIK-4.2)

YmeTs npuMensaTh 0cHOBHbIE CAE mporpamMmHbIe KOMIUIEKCHI
IIPU PEIICHUH TETUIOBBIX U ra30IMHAMUYECKUX 3a/1a

14

B-1(OIIK-4.3)

Brnagets HaBbIKaMu MPOBEACHUS TEIUIOBBIX U
ra3oJMHaMH4eCKUX pacueToB B 0CHOBHbIX CAE mporpamMmHubIx
KOMJIEKCaX

15

3-1(OIIK-7.3)

3HaTh METOABI UCCIIEAOBAHUS TEXHUYECKUX CUCTEM ISt
aHaJIM3a U ONpeesICHUs] XapaKTePUCTUK UCCIIETyEeMbIX
MPOLIECCOB

16

B-1(OIIK-7.3)

Brnagetrs MeToquKaMu Mccie0BaHUS TEXHUUECKUX CUCTEM ISt
aHaJIM3a U ONpeesICHUs] XapaKTePUCTUK UCCIIETyEeMbIX
MPOLIECCOB
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[Tepeuncnennbie PO aBIsrOTCS OCHOBOM 17151 (HOPMHUPOBAHUS CIASAYIOIIMX KOMITCTCHITHIA:

N Hudp Komnerenuus

CrniocobeH NpUMEHSTh 3HAaHUs BBICILICH MaTeMaTHKH U
1 OIIK-1 €CTECTBEHHBIX HayK B IPO(EeCCHOHATBLHON JEATEIbHOCTH

Crnioco6eH npuMeHsTh 00IIenHKEHEPHbIE 3HAaHUS B
2 OIIK-2 po¢eCCHOHAIBHON AEATEIbHOCTH

CrniocobeH moHUMATh MPUHIUITEI Pa0OTHl COBPEMEHHBIX
MH(POPMALMOHHBIX TEXHOJIOTUI U UCTIONB30BaTh UX IS
3 OIIK-4 pereHus 3a1a4 npodeccuoHaIbHOM eI TeNbHOCTH

Crioco0eH UCToIb30BaTh COBPEMEHHBIE MTOIXOIBI U METOJIBI
penieHus mpodeccHOHANBHBIX 3a/1ad B 001aCTH aBUAIMOHHON H
4 OIIK-7 PaKETHO-KOCMUYECKOW TEXHUKHU

WuaukaTtopbl 1OCTHKEHUS KOMITETEHIUH, CIy)Kalliue Ui MPOBEepKU cHOPMUPOBAHHOCTH
YacTH COOTBETCTBYIOIIEH KOMIETEHIIUH:

N HIndpp Nuaukarop koMneTeHuuu

JIeMOHCTpUpPYET 3HAaHUS MOJOKEHUHM, 3aKOHOB U METOJIOB
1 OIIK-1.2 €CTECTBCHHBIX HayK

PemraeT cranapTHble 3aa4u MpoheCcCHOHATBHOM
NEATEIbHOCTU C IPUMEHEHUEM 3HAHUM BBICILIEH MAaTEMaTUKU U
2 OIIK-1.3 €CTECTBEHHBIX HAYK

JleMOHCTpUpYyEeT 3HAHUS TEOPUU U OCHOBHBIX 3aKOHOB B
3 OIIK-2.1 o0acTy OOIIEHHKEHEPHBIX JUCIUILTUH

Vcnionb3yeT 3aKOHbI ¥ PUHIIUITBI OOIEHHKEHEPHBIX
4 OIIK-2.2 JMCLUIUIMH B CBOEH NMpodeccuoHaIbHOM eI TeNbHOCTH

PemaeT cranmapTHele 3aa4u MpoheCcCHOHATBHOM
5 OIIK-2.3 JESITeIbHOCTH C IPUMEHEHNEM OOIEHHKEHEPHBIX 3HAHUH

OO6namaer 3HaHUSIMU COBPEMEHHOTO Pa3BUTHS
WH(OPMAITMOHHBIX TEXHOJIOTUN B aBUAITMOHHOMN U
6 OIIK-4.1 PAKETHO-KOCMHUYECKOU OTpaciiu

Hcnonb3yet coBpeMeHHbIe HH(POPMALMOHHBIE TEXHOIOTHH IS
7 OIIK-4.2 pereHus 3a1a4 npodeccuoHaIbHOM eI TeNbHOCTH

Bnaneet HaBbIKaMu pabOTHI CO CTAHIAPTHBIMU MPUKIIATHBIMU
8 OIIK-4.3 nakeramu I10, npumensiembIMu B oTpaciiu

I/ICHOHLSyCT METOAbI UCCIICAOBAHUA TEXHUYCCKNUX CUCTEM AJIA
aHaJIM3a U OIPEACIICHUSA XapaKTEPUCTUK UCCIIELYEMbIX
9 OIIK-7.3 MIPOLIECCOB

2. MECTO JUCIMIIV/IMHBI B CTPYKTYPE
OBPA3OBATEJIBHOM ITPOI' PAMMBI.

Jucuumnnza Teruionepenaya sSBISE€TCS MPEAIIECTBYIOIEN U OCAEAYOIIEN s
CHEAYOLIMX JUCUUIUINH:

N Hpe;[mecTBymmne JAUCHHUITJIMHbI Hoc.ne;[ymmue JAUCHHUITJIMHbI

1 |ConpoTHBi€eHNE MaTEpUATIOB Nrorosas roc. arrectanus

JleTamu MalivH U OCHOBBI
2 | Xumust KOHCTPYUPOBaHUSA
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HaueprarensHas reomerpus

TeopeTnueckue 0CHOBBI MPOESKTUPOBAHHS
TEXHOJIOTMUECKUX TpornieccoB JJJIA

Teopetnueckas MexaHUKa

MeTOI[I)I MaTeMaTH4C€CKOro MOACINPOBaHUA

Teopnsl MCXaHU3MOB U MalllUH

NN || W

MarepuanoBeieHrie

TexHOoI0rus KOHCTPYKLIMOHHBIX
MaTepuasoB

(oM RN

MexaHuka >XKUIKOCTH U raza

9 | TepmonriHaMuKa

DJNEKTPOTEXHUKA U IEKTPOHUKA |

11 |UmxenepHas rpaduka

12 | YueOHast mpakTuka

BBGI[GHI/IG B aBUAlITUOHHYIO U

13 |pakeTHO-KOCMHYECKYIO TEXHUKY

HckycCcTBEHHBIN MHTEIIEKT U CUCTEMHBIN
aHaJIn3

14

15 |MareMaTu4ueCcKuil aHaJIN3

Jluneiinas anreOpa u aHATUTHYECKAs

16 [reomeTpust

17 | uddepennmanbabie ypaBHEHH

Teopus BepoATHOCTEN U MaTeMaTHYECKas
CTaTUCTHKA

18

19 |Pusnka 1

20

YucneHHbIe METOABI

21 |KommbrorepHas rpaduka

AJ'Il"OpI/ITMI/I‘IeCKI/Ie SA3BIKH U

22 |mporpaMMHUpOBaHHUE

23 |Uu¢popmaruka

3. CTPYKTYPA U COAEPKAHUE JTUCIHUITJIMHBI

OO01mas TpyI0eMKOCTh IPAKTUKH COCTaBISET 3 3aueTHBIX(bIe) equHuI(bl), 108 gaca(os).

Bcero ¢
Monyas Paszen Jlexmun IIpaktnu. |JIaGopart. CPC Bcero [3xk3amenamu
3aHATHA paﬁoTu yacoB H
KYpPCOBBIMH
Tennonepenaua OcHoBHbIE 2 0 0 1 3 108

TTOJIOKEHUSI

TEIJIOMPOBOIHOCTH.

TennonpoBOgHOCTH 4 0 4 4 12

[P CTAIlMOHAPHOM

pexume

TennonpoBOgHOCTH 4 0 4 3 11

npu

HECTalIMOHAPHOM

pexume

KonBekTuBHBII 6 0 4 3 13

TerIooOMeH
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DJIEeMEHTHI TEOPUH 8 0 0 1 9
Iomo0us
Tennooomen 4 0 4 3 11
U3JTy4EeHUEM
TennooOMeHHBIE 4 0 0 1 5
anmaparsl
Tennoo6meH B 6 0 0 2 8
anemenTax JIJIA
Bcero 38 0 16 18 | 72 108
3.1. Jlekuuu
Ne Oobem
/1 Pa3zgen nucuunanHbI JacoB Tema JeKIuu
1|1.1.0cHOBHBIE TIOJIOKEHUS 2 OCHOBHBIE TIOJIO’KEHHUS TEIJIONPOBOIHOCTH
TEIIONPOBOIHOCTH.
2|1.2. TennonpoBOAHOCTH IpU 2 TemonpoBOAHOCTH MPU CTALIHOHAPHOM
CTAIL[MOHAPHOM PEKUME peXHMME U TPAaHUYHBIX YCIOBUAX IIEPBOTO POAA.
3{1.2.TerionpoBOoAHOCTH NPU 2 TemIonpoBOAHOCTH MPU CTALIMOHAPHOM
CTAL[MOHAPHOM PEKUME peXHUMe U TPaHUYHBIX YCIOBUSAX TPETHETO poaa
4|1.3.TennonpoBOAHOCTh IpU 4 TermIonpoBOAHOCTH IPU HECTALUOHAPHOM
HECTallMOHAPHOM PEXKHUME pexume
5(1.4. KoHBEKTUBHBIN 6 KoHBEeKTHBHBII TETUIO0OOMEH B BBIHYKICHHOM U
TEII000MEH CBOOOHOM ITOTOKE KHJIKOCTH.
6[1.5.OnemenTsI TEOpUU 8 OCHOBBI TEOPHH TTOAOOHS
rnoxoous
7|1.6.TemmooOmen 4 TerooOMeH u3Iy4eHneM
U3ITy4YEHUEM
8[1.7. TermooOMeHHBIE 4 TerooOMeHHBIE anmaparsl ¥ UX IPUMEHEHUE B
anmnaparsl JUIA
9|1.8.TermooOmeH B 6 TennooOMeH B 3lieMEeHTaX MPOTOUYHON YacTH
anemenTax JJJIA JUTA
Hroro: 38

3.2. Conep:xanue JeKI Uil

1.1.1. OcHoBHBIe NOJ0KeHU TemaonpoBognoctu (A3: 2, CPC: 1)
Tun nexkumu: HpopmanonHas geKus
®opma opranmzanmu: Jlexknus

Onucanme: Buasl remnooomena. Kparkue cBeieHust 13 UCTOPUM Pa3BUTHUS HAYKHU O
TertooOMeHe. SIBiieHnsI TeIT000MeHa B aBUAIMOHHOM U PaKETHOM
TexHUKe. 3aKoHbl Dypre n Puka. PopMyIbl 7151 TEIIOBOTO U MACCOBOTO
MOTOKOB. 3aKOHBI TEINIOOOMEHA U3Ty4eHHEM. TeMIieparypHoe moie.
I'paguent Temneparypsl.

1.2.1. TemIonpoBOAHOCTH NPH CTAMOHAPHOM pesKMMe H IPAHMYHBIX YCJIOBHAX NEPBOIro
pona. (A3:2,CPC:1)
Tun aexknuu: WHbopmannoHHas IeKuus
dopma opranuszanum: Jlexuus
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Onucanue: TemnonpoBOIHOCTh YEPE3 OMHOCIONHYIO M MHOTOCIIOMHYIO MIJIOCKYIO
CTEHKY. TenaonpoBOJHOCTh Ye€pe3 OTHOCIONHYIO 1 MHOTOCIIOWHYIO
HWIMHIPUYECKYIO CTEHKY. TerionpoBOAHOCTh Yepe3 MIapOBYIO CTEHKY.
TermonpoBOAHOCTH TEN TPOU3BOJILHON (HOPMBL.

1.2.2. TemionpoBOAHOCTH NPH CTAMOHAPHOM pesKMMe H I'PAHMYHBIX YCIOBHAX TPEThEro

pona (A3:2,CPC:1)

Tun aexknuu: WHbopmannoHHas TeKuus

dopma opranuszanum: Jlexnuus

Onucanmne: IIepenaua TEIUIOTHI Yepes3 MIIOCKYIO OMHOCIONHYIO U MHOTOCIIONHYIO
creHku. [lepenada TemnoTsl Yyepe3 LUIMHAPUUIECKUE OAHOCIONHYIO U
MHOTOCJIONHYI0 cTeHKH. Kputnueckuil tuametp nzomnsuuu. Ilepenaua
TEIUIOTHI Yepe3 MIapoBYI0 CTEHKY. [lepenaya TEIoTsl uepes peOpHucTyio
cTeHKy. IHTeHCcupuKays Terionepeaadn.

1.3.1. TemnonpoBoaHOCTH NPU HecTanUOHAPHOM pe:xkume (A3: 4, CPC: 1)

Tun aexknuu: WHbopmannoHHas TeKuus

dopma opranuszanum: Jlexuus

Onucanmne: OCHOBHBIE METO/IbI PELLIEHUS YPABHEHUS TEILIONPOBOAHOCTH IIPH
HECTAallMOHAPHOM pexxuMe. HecranmonapHsie mpoueccsl
TEIUIONPOBOIHOCTH B HEOIPAaHUYEHHOM I1acTHHE. Kom4ecTBO TEMIOTHI,
BOCIIPUHMMAEMOE IIJIACTUHOM B IIpoLiecce HarpeBaHus. BimsHue uncen
buo n @ypse Ha TeMIiepaTypHOE 10JI€ B IIaCTUHE. TerIonpoBOIHOCTE B
Tenax, 00pa3oBaHHBIX MIPU NEPECEUEHUH MIaCTUH. TeMIiepaTypHoe mosie
IUTACTHHBI C BHYTPEHHUMHU UCTOYHHUKAMHU TeIUIoThl. HecTanuonapaoe
TeMIIepaTypHoe moje OECKOHEYHO JITMHHOTO InHApa. HectanmonapHoe
TEeMIIEpaTypHOE 1oJIe 1apa. PerynsapHsiii pekKuM IpoLECcCOB
TEILIONPOBOAHOCTH. [lepuonnueckue TeroBbie Ipoueccsl. YUCIeHHbIE
METO/IbI PEILICHHUs 3a/1a4 TEIUIONPOBOAHOCTH. McciienoBanue nmpoueccos
TEILIONPOBOAHOCTH METOIOM aHAJIOTUU.

1.4.1. KoHBeKTMBHBIN TeN1000MeH B BbIHY’KICHHOM M CBOOOJIHOM NOTOKE KHUIKOCTH.

(A3:6,CPC: 1)

Tun aexknuu: WHbopmannoHHas IeKuus

dopma opranuszanum: Jlexuus

Onucanme: Cpennsas temneparypa. Onpenenstomnas TeMneparypa. OKBUBaJIECHTHBIN
nuaMeTp. TerooOMeH npu JJaMUHApHOM M TypOYyIEeHTHOM TEUEHUSX
KHUIKOCTH B TpyOax. TermmooOMeH npu nepexoqHo pexume. TermnoooMmen
NIPY BBIHYKJCHHOM JBI)KEHHU KHUIKOCTH BJIOJIb IJIacTUHBL. TermnoooMeH
IIPY TIOTIEPEYHOMOMBIBAaHUU OJMHOYHON TPYyOBI U IydKa TpyoO.
TeriooOMeH npy BBICOKUX CKOPOCTSIX JABHXKEHMS Ta30B. TemnoooMeH npu
CBOOOZHOM JIBM>KEHUH KHUJIKOCTU. TernooOMeH NMpH KUIEHUH U
KOH/JICHCAL1H.

1.5.1. OcHoBbl Teopun nogooust (A3: 8, CPC: 1)
Tun nexkuuu: MHpOpMaoOHHAS JTEKIUSI
®opma opranuszanum: Jlexuus

Omnucanne: OCHOBBI TEOpUH NMOAO0US PpHU3HUECKUX ABIeHUNA. Yncna monolus.
Teopemsl nonodus. [IpuBenenue quddepeHnraIbHbIX ypaBHeHUN
KOHBEKTUBHOT'O TEIUIOOOMEHA U YCJIOBUS OTHO3HAYHOCTH K
0e3pa3zMepHOMY BUAY. YpaBHEHUs o00usi. MonennpoBaHue.
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1.6.1.

1.7.1.

1.8.2.

Tennoodmen nznyuennem (A3: 4, CPC: 1)

Tun Jeknuun:

®opma opranuzanum: Jlexnus

Onucanmue:

Nudopmarnmonnas exius

OO0mue cBeeHHs O TEIJIOBOM M3irydeHuH. OCHOBHOM 3aKOH

nortomieHus. OCHOBHBIE 3aKOHBI TEIJIOBOTO M3TydeHHs. TermnoooMeH
U3ITy4YEeHUEM MEXy TBepAbIMU Tenamu. [lapannenbHble MIacTHHBL.
TennooOMeH U3TydeHneM MEXy TeJIaMH, OTHO U3 KOTOPBIX HaXOIUTCS
BHYTpHU Apyroro. [Ipon3BonbHO pacronokeHHbIe Tena. DKPaHBbI.
Nznyyenue ra3zoB. ClI0KHBIN TETIIOOOMEH.

TensiooOMeHHbIe annmaparbl U uxX npumeHenue B JIJIA (A3: 4, CPC: 1)

Tun Jexknum:

dopma opranuzanum: Jlexuus

Onucanmue:

Nudopmanmonnas nexus

Tuns! TemmooOMeHHBIX anmaparoB. Teronepeaada B peKyrnepaTuBHBIX

TeII000MeHHUKaX. MI3MeHeHue TeMneparypbl TeIUIOHOCUTENEH.
Temneparypusiii Harop. OmnpenienieHue cpeHero TeMIeparypHoro Harnopa
u ko3 dunreHTa remionepenayu. Terosas 3 HeKTUBHOCTD
TEIUIO0OMEHHBIX arnmnapaToB. MeTon pacuera TeI00OMEHHBIX annaparoB
10 3aJJaHHO TeruoBoH 3(pdexkruBHOCTU. [MapaBIMUECKUil pacuéT
TEII000MEHHBIX anmnaparoB. [TpubmkeHHBIN pacuéT Bpallaonerocs

pereHneparopa

Tensioo0meH B 3iemenTax nporouHoi yactu IJIA (A3: 6, CPC: 2)

Tun Jexknumn:

dopma opranuszanum: Jlexuus

3.3 IIpakTH4yeckue 3aHATUSA
He npenycMoTpeHO y4eOHBIM TLIIAHOM.

3.4. JIaGopaTopHbIe padoThI

Nudopmanmonnas nexus

Ne Oo6bem HaumenoBanue HaumenoBanue
n/n Paszpen aucuuninHbl yacoB | JadopaTropHoi padoThl Jaboparopuu
1|1.2. TemnonpoBoAHOCTH MIpH 4 HUccnenosanue TepmoguHaMuKH 1
CTaI[IOHAPHOM PEKUME TerI0(U3NUECKUX CBOMCTB |TEIIOMaccOOOMEH
HEMETANTUYECKUX a
MaTepuaaoB METOI0M
nrapa
2 |1.3. TemnonpoBOAHOCTH MPH 4 Onpenenenue TepMmoguHaMuKH 1
HECTallMOHAPHOM PEKHUME TerI0(U3UUECKUX CBOMCTB |TEINIOMAacCOOOMEH
Te1a METOJ0M a
PEryisipHOTO peKruMa
3|1.4. KoHBEeKTUBHBIN 4 Onpenenenue TepmoguHaMuKH 1
TETI000MEeH k03 dunreHTa TEIJIOMacCOOOMEeH
TEIUIO0TIaYu NPy a

BBIHY’)KJICHHOM TCUCHHUU
BO3yXa B HarpeTou Tpyoe
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411.6.TermmooOmen 4 Onpenenenue TepMmoguHaMuKH 1
M3IIyYCHUEM k03 duneHTa TEIJIOMacCOOOMEH
JYYEUCITYyCKaHMsI CEpOro  |a
TeNa U CTEIECHH €0
YEPHOTHI
Hroro: 16

3.5.Conep:xanne J1adOpaTOPHbIX padoT

1.2.1.

1.3.1.

1.4.1.

1.6.1.

HccaenoBanue TenioQpu3nyecKux CBOMCTB HEMETAUIHYECKUX MATEPHAJIOB

Metonom mapa (A3: 4, CPC: 2)
®opma opranm3anuu: JlaGopatopHas pabota

(A3: 4, CPC: 2)

OnpenesieHue TemI0(pU3N4eCKUX CBOMCTB TeJIa METOIOM PEryJsipHOIro pexumMa

®opma opranmsanmuu: JlaGopatopHas pabota

Onpenesienue ko3ppuuMeHTa TENI00TAAYU NPHU BHIHYKIEHHOM Te4eHUHU BO3yXa

B Harpetoii Tpyoe (A3: 4, CPC: 2)
®opma opranm3anmuu: JlaGopatopHas pabota

Onpenesenue ko3GpGuuMeHTa Jy4eHCIIyCKAHUS CEPOro Tejia U CTeNeHu ero

yepHoThl (A3: 4, CPC: 2)
®opma opranm3anuu: JlaGopatopHas pabota

3.6. KypcoBbie paboThl M MPOEKTHI M0 JUCIHUIINHE

3.7. IIpome:kyTOYHAA aTTECTAIUS

1.

Dk3aMeH (5 cemectp)

Ipukpensiennbie paiijabi:

Bomnpocsi sx3amenanronnbsix ounetoB Termonepenada.pdf

4. IEPEYEHDb YYEBHO-METOJUYECKOI'O OBECIIEHEHU A
JIJISI CAMOCTOSTEJBbHOM PABOTBI OBYUYAIOIIUXCSA 1O

JTUCHMUIIIAHE

1. OcHOBHas U JOMONHUTEIbHAS IUTEPATypa MO AUCHUIIIIMHE

2. Pecypchbl nHQOpMAIIMOHHO-TEIEKOMMYHUKAIMOHHON ceTH «THTepHeT.

3. Pecypcel HayuHO-TexHUUYECKOH Onbamorexku MAW.

4. adopMalimoHHbIe CTEH B! KadeIphl.

Bonpocwl ona camocmoamenvnoit padbomst no memam:

Ne Pasznen nucuunnHbI Bomnpoce! 111 caMoCTOATEIbHOI PadoThI
1 | TeronpoBoAHOCTE NpU [ToaroroBka Kk 3amure 1a00paTOpHOI paboThI
CTAllMOHAPHOM PEXUME HccnenoBanne TermnoGu3nuecKux CBOMCTB
HEMETAJUIMYECKUX MAaTEpHUAJIOB METOIOM LlIapa
2 | TennonpoBOAHOCTD IIPU [ToaroroBka K 3amure J1a00paTopHOI paboOThI

HCCTAIMOHAPHOM PCIKUMC

Omnpenenenue TerIOGU3NIECKUX CBOWCTB TBEP/BIX TEll
METOIOM PETYJISIPHOTO PEKUMa
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3 |KonBektupHbIii TermmooOMen |IloaroroBka k 3amute apabotel OnpeneneHue

K03 GUIIMEHTA TETIOOTAAYH TIPH BRIHYKICHHOM
TEUYEeHUH BO3/yXa B HarpeTou Tpyde

4 | TermooOMeH U3TydYeHHEM [TonroroBka K 3amuTe J1abOpaTopHOH PabOTHI
Onpenenenne kodhHUIMEHTA JTyIEHCITYCKaHUSI CEPOTO
TeJa U CTENeHH €r0 YePHOTHI

5. ®OH/JI OLIEHOYHBIX CPEJACTB JJ1s1 TPOBEJIEHUS
MPOMEKYTOUYHO ATTECTALIMYA OBYYAIOLAXCS MO
JTUCHMUIIIAHE

Onucanue nokaszareyiei, KpUTepuu OLICHUBAHUSI KOMIIETEHIIUI U OMHUCAHUE KAl
OILICHUBAHUS OCYIIECTBISIFOTCSI B COOTBETCTBUH C [lookeHneM 0 0aibHO-pEHTHHTOBON
CUCTEMeE OIICHKH pe3yJIbTaToB o0ydeHwus cTyaeHToB no aucuuruiuHe ([Ipukas Ned2 ot 04.04.2014
«O0 yTBepKICHUU TOJOKECHUS « PEUTHHT IO TUCIIUTLITHHEY).

J151s o1leHMBaHMSI UHTETPUPOBAHHBIX U MPAKTUKO-OPUEHTUPOBAHHBIX 3aJaHUM
00yJaroImXxcsl UCMONB3YIOTCS ciieaytonue kKputepun 1o 100-0amipHOM mIkane:

1. dopmynupoBaHHEe MPEACTABICHHON HH(pOPMALIUU B BHJIE TIPOOJIEMBI;
2. Illpennoxenne crocoba pemmeHus mpooIeMBbl;

3. OGocHoBaHue crioco0a perieHus MpooIeMbl;

4. JleMoHcTpaIus crocobda penieHus: mpooIeMBbl.

O1ieHUBAaHMUE OCYIIIECTBIIAETCS MO CIEAYIONIEH IIKAJIE:

100-6amipHas mkana Pesynbrar ocBoeHuUs
meHee 40 Kpurepuii e chopmupoBan
41-70 Kpurepuii 4eTko He BBIpAKEH
71-100 Kputepuii BeipaxeH 4eTKO

JUis OLleHMBaHUS CUTYallMOHHBIX 33JaHUH MCIIOIb3YETCs CIEeIyIOIas IIKaja:
100-6amipHas mkana Pesynbrar ocBoeHuUs

oOyyaronuiics He MOXKET chopMynupoBaTh MpoodIEMY,
MmeHee 30 IIPEJICTABICHHYIO B 3aJaHUU

oOyyaronuiics GopMynupyeT MOCTaBICHHYIO 3a/1a4y, Y HETO
c(hOpMHPOBaHBI N30JIUPOBAHHbIC 3HAHUS H YMEHUS, OTHAKO

OTCYTCTBYIOT MHTETPHPOBAaHHBIC TIOHATHS U HABBIKH, B
pe3ynbTare 4ero JOMyIIeHbl OUTMOKY B PEIICHUH U 3aJJaHHe
31-50 HE BBINOJIHEHO

3aJJaHKE BBIMIOJIHEHO, 00yYarOMUCs MPUMEHSET 3HAHUS
JUISL PELICHHUs TIOCTABICHHON POOIEeMBbI, OJJHAKO HE
c(hOpMHUPOBaHBI KOMIIETCHIIUH, BCJICJCTBUE YETO
00yJaroNuiics NCTIBITHIBACT 3aTPYAHEHUS B IEMOHCTPALIUU
51-80 CHOCO0O0B pelIeHus 3a/1a4u

3aJJaHHE BBIIIOJHEHO KaK B TEOPETHUECKOM, TaK U B
NPaKTUYECKOM IUIaHe, 00yYaroImuiics J1erko
JIEMOHCTPHUPYET CBOIO KOMIETEHTHOCTH 110 IaHHOMY

81-100 BOIPOCY

CDOHI[BI OILICHOYHBIX CpC,Z[CTB, ITO3BOJISAIOIIMEC OLICHUTDH pe3y.TH>TaTI>I O6y‘ICHI/ISI, BKJIHOYAKOT B
ceost:

* BOIIPOCHI K IPOMEKYTOUHOM aTTeCTaIuH.
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[lepeuenp KoMIIETEHIMHI U Tarbl UX POPMUPOBAHMS IIPUBEICHBI B CIEAYIONICH TabIHLIe:

Jrtanbl popMHUPOBaAHUS

N Hudp Komnertenuus KOMIIETEH UM
1|OIIK-1 CriocobeH MpUMEHATh 3HaHUS BBICIIEH | YMETh MPUMEHATh OCHOBHBIC 3aKOHBI
MaTeMaTHUKU U €CTECTBEHHBIX HAyK B |(DU3UKH [ aHATU3a U OObSICHEHUS
npodeccroHaIbHOM AesITeNbHOCTH TEOPETUUECKUX U

AKCIEPUMEHTAIBHBIX PE3YJIETaTOB
WHXCHEPHOU JEITeIbHOCTH

Brnagets nmpuemamu pereHus
OCHOBHBIX 33J1a4, THITUYHBIX JJIs
€CTECTBEHHOHAYYHBIX JUCIIUILINH;
METOJaMH TEOPETHUECKOTO U
AKCIEPUMEHTAIBHOTO HCCIICIOBAHHS,
HaBBIKAMH MPUMCHCHHS
COBPEMEHHOT'0 MaTeMaTu4eCcKOro
WHCTPYMEHTAPUS JUIS PEIICHUS
xumudeckux 3anad Cemectp - 5

2|0OIIK-2 CriocobeH NpUMEeHSITh 3HaTh, KaKk IPUMEHUTh OCHOBHBIC
oOIIenHKeHEpHBIE 3HAHUS B 3aKOHBI TEIIONEPENAaun IPU pacyeTe
npodeccroHaIbHOM AesITeNbHOCTH TEIIOBBIX OTEPh B HHKEHEPHOU
MIpaKTHKE

YMeTh NPUMEHATH OCHOBHBIE 3aKOHBI
TeIUIoNEepenady MpH pacueTe
TEIIOBBIX OTEPh B HHKEHEPHOU
MPaKTHKE

3HaTh OCHOBHBIE 3aKOHBI
TEIUIONEpEeNayl U MEXaHU3MbI
MepeHoca Ternia

YMeTh NPUMEHATH OCHOBHBIE 3aKOHBI
TeIUIoNEpeNayy MPH BBITOJTHEHUH
TEIJIOBOTO aHAJIM3a.

BrnaneTs HaBBIKaMU IPUMEHEHHS
3aKOHOB TEIUIONEPATIH PH
MIPOBEJICHUH TEIUIOBOTO aHAJIN3A.
3HaTh OCHOBHBIE 3aKOHBI
TeIUIoNEpeaayl U MEXaHU3MbI
NepeHoca Tema B 3JIEMEHTax
koHcTpykuuu Y u JIA

YMeTh NPUMEHATH OCHOBHBIE 3aKOHBI
TeIUIoNEpeNayy MPH BBITOJTHEHUH
TEIJIOBOTO aHaJIM3a 3JIEMEHTOB
koHcTpykuuu Y u JIA

Brnaners HaBBIKaMu pacyeTta
TEIJIOBBIX TOTOKOB M TEMITEPATYPHBIX
MoJIeH B 3JIEMEHTax KOHCTpyKIuu 1Y
n JIA

BrnaneTs HaBBIKaMU IPUMEHEHHS
OOIIENH)KEHEPHBIX 3HAHHUN IS
pemenus yueOHbIx 3agad Cemectp - 5

3 |OIIK-4 Cnoco0eH NOHUMAaTh MPUHLUIIBL Cemectp -
paboTBI COBPEMEHHBIX
UH()OPMAIIOHHBIX TEXHOJIOTUH U
UCIIOJIb30BATh UX JUIA PELICHUs 3a1a4
po(ecCUOHANBHOMN AESITEIbHOCTH
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4|0IIK-7 Cnoco0eH HCToIh30BaTh CemecTp -
COBpPEMEHHBIE TTOJIXOIBI H METO/IBI
peieHus NpoQecCHoHaIbHbIX 3a/1a4 B
001aCcTH aBUAITMOHHON 1
PaKeTHO-KOCMUYECKON TEXHUKH

Bonpockl K IPOMeKYTOYHON aTTeCTallMKi

"Tennonepenaya”
1. Jk3ameH (5 cemecTp)
Ipukpeniennbie paiian:  Bonpocs sKk3aMeHAMOHHBIX OUJIETOB
Teronepenaua.pdf

6. IEPEYEHb OCHOBHOM U JONOJTHUTEJIBHON YYEBHON
JINTEPATYPBI, HEOBXOJIVMOM JUIsI OCBOEHUS
NTUCLUIIINHBI

a) Ocnoenas numepamypa:

* 1. Bproxanos O. H. TenmmomaccooOmen: Yue6nuk / O.H. Bproxanos, C.H. [lleBueHko.
- M.: HULI Uudpa-M, 2012. - 464 c. http://znanium.com/catalog.php?bookinfo=258657
.(Onexrponnas Bepcus — loctyn cepsep kadenpsr TIIAJ)

2. bapunosud B A OcHOBBI TEXHMUYECKOM TEPMOAMHAMUKH U TEOPUU TEILJIO- U
MaccooOmeHa: YuebHoe nocodue / B.A. bapunosuu, F0.A. Cmupaos. - M.: HUIL]
NHO®PA-M, 2014. - 432 ¢ .(Onekrponnas Bepcus — Jloctyn cepsep kadenpst TTIAT)
http://znanium.com/catalog.php?bookinfo=356818

3. Kynunos A. A. Termomaccoobmen: Yuebnoe nmocodue / A.A. Kyaunos. - M.
NH®PA-M, 2012. - 375 ¢ http://znanium.com/catalog.php?bookinfo=238920

4. Kapmunckuit B./l., Texuuueckas TepMouHaMuKa U Terionepenada. Kypce nexuui.
M.: MapmipyT, 2005. (nekrporHas Bepcusi — qoctyn cepsep kadenpsr TITAT).

5. ®@.@.1IBeTKoB U 1p. 3aJa4HUK 10 TerioMaccoodMeny. MockBa. Mznarenbekuit 1om
MDBMU. 2008 T -195 ¢ (DnekrponHas Bepcus — 1ocTyn cepsep kadeapst TITAT).

0) /lononnumenvnaa tumepamypa:

* 1. Onpenenenre k03()PUIIMEHTOB TETIIOMPOBOAHOCTH CHITYYUX TETIOU30SIIHOHHBIX
Marepua 0B MeTtoaoM mapa. M.:MATH, 2016.

3. Onpenenenue Ko3pPUIMEHTA TEIUIOOTIAuH PH BHIHYK/IEHHOM TEUEHUH BO3yXa B
Harperoii Tpyoe. M.:.MATHU, 2016.

3. Meroanueckue MaTepralibl K MPaKTUYECKUM 3aHATUSAM 10 JUCIUIITUHE
«Tepmonunamuka u temnonepenada» BBUA nm. H.E. XKykosckoro. 2007 r.-45¢
(OnexTponHas Bepcus — goctyn cepsep kadeapsr TIIAJT).

7. NEPEYEHB PECYPCOB
WH®OPMAIIMOHHO-TEJEKOMMYHUKALIMOHHON CETH
«MHTEPHET», HEOBXOJIUMBIX J1JI51 OCBOEHHUS
T CTUTLIAHBI

st oGecriedenust 06pa3oBaTeILHOTO MPOIECCa MO AUCIUIUITMHE 00yJaronuMCs
MPEIOCTABISICTCS BOBMOKHOCTh KPYIJIOCYTOUHOTO TUCTAHIIMOHHOTO WHIMBUIYATBHOTO
JOCTyTa K 3JICKTPOHHBIM OHMOIMOTEUHBIM CHCTEMaM M3 JIF000# TOUKH, B KOTOPOH UMEeTCs
JI0CTyN K ceTH «HTepHeT.
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HaumenoBaHue pecypca

| HNHTepHeT-cCHLIKA HA pecypc

"ZNANIUM.COM"

JHorosop Ne 4855 36¢/027-1-3200-20 ot 08.12.2020 ¢
000 "3HAHUVYM" C «18»12.2020 . mo «17»12.2021 r

http://znanium.com

Horosop Ne 36¢/027-1-3026-21 ot 22.12.2021 ¢ OOO
"SHAHUYM" C «15»12.2021 . no «31»12.2022 r

https://znanium.com/

Horosop Ne 36¢/027-1-2586-22 ot 07.12.2022 ¢ OO0
"SHAHUYM" C «20»12.2022 . no «31»12.2023 r

00O "NU3nareancTBo Jla

Horosop Ne 027-1-0234-21 ot 18.02.2021 roga ¢ OOO
"U3narensctBo Jlanp" C «22 » 02.2021r mo « 21»
02.2022r

e.lanbook.com

Horosop Ne 027-1-0234-21 ot 18.02.2021 roga ¢ OOO
"OBC Jlanp" C «22 » 02.2021r. mo « 21» 02.2022

Horosop Ne COb 027-0-0400-21 ot 15.09.2021 rona c
000 "9BC Jlanp" C «15 » 09. 2021r. mo « 14» 09.2024

Horosop Ne 027-1-0169-22 ot 07.02.2022 roga ¢ OOO
"U3narensctBo Jlanp" C «22 » 02.2022r. o « 21»
02.2023r

Horosop Ne 027-1-0168-22 or 07.02.2022 roga ¢ OOO
"OBC Jlanp" C «22 » 02.2022r. mo « 21» 02.2023

00O "DaexTponHoe W3aTeabcTBo FOPAUT"

DnextpoHHas 6ubmroreynas cuctema FOPAWIT. DBC
"JlerenpapHpie KHUTH"

http://biblio-online.ru,
https://biblio-
online.ru/catalog/legendary

Joroop Ne 027-1-3191-20 ot 04.12.2020r OOO
"Onexrponnoe uzaarenbctBo FOPAUT" qs CIIO C
«04»12.2020 1. mo «03»12.2021

https://urait.ru/

Joroop Ne 027-1-3194-20 ot 04.12.2020r. ¢ OOO
"OnexrponHoe uznarenbctBa KOPAUT" C «04»12.2020 1.
no «03»12.2021 r

https://urait.ru/

Joroop Ne 027-1-3034-21 ot 03.12.2021r OOO
"OnexkrponHoe uznarenbctBo FOPAUT" C «04»12.2021 1.
o «03»12.2022 r

https://urait.ru/

Horoop Ne 150-1-3269-21 ot 10.12.21 OOO
"Onexrponnoe uzaarenbctBo FOPAUT" niis CI1IO

https://urait.ru/

Joroop Ne 027-1-2554-22 ot 01.12.2022r OOO
"Onexkrponnoe uznarenbctBo FOPAUT" C «04»12.2022 1.
no «03»12.2023 r

Horosop Ne 5537 ot 25.11.2022 OOQO "2nexTpoHHOE
n3narenscTBo IOPAUT" noia CITIO

DJIeKTPOHHAS OMOIMOTEKA

OnexrponHas 6ubnuoreka MAU (cooctBerrnocts MAN).
JIuuensuonnsiit gorosop Ne 0267-HNY-13 ot
11.12.2013 . ¢ OO0 "ara Dkcnpecc "Ha IpaBo
UCIIOJIb30BaHMs Nporpammsl 111 OBM
ABTOMaTH3MPOBAaHHAS WHTETPUPOBAHHAS OMOIHOTEUHAs
cucrema (AUBC) «Merallpo» (ans pasmereHus

https://elibrary.mai.ru/MegaPro/We

OnexTpoHHON OubOMMoTeKn MAI)
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JuekTpoHHas OnduoTexka Koncopunyma aypokocmuuyecknx By30B Poccnu

DnexTponHas 6ubnuoreka Koncopmmyma
a’POKOCMUYECKUX By30B Poccum.

Cornamenue o coznanuu Koncopuyma By3oB Poccun
"HanmoHanbHbI 00bEIMHEHHBIN a9POKOCMHUYECKUI
yHusepcuret" ot 03.09.2012 1. ZloroBop o cereBoM
B3auMozencTeum ot 15.12.2014 .

Cormamenue ot «03»09.2012 r. 6eccpouno

bubnauoreka POOU

bubmunorexka PODOU |http://www.rfbr.ru/rfﬁ/ru/library

Enunoe 0KHO 10cTyNAa K 00pa30BaTeIbHBIM pecypcam
Enunoe okHO mocTyna k oOpa3oBaTeIbHBIM pecypcam |http://window.edu.ru/

Polpred.com
Polpred.com. O630p CMU |http://polpred.c0m
00O "PYHDB"

Horoop Ne 027-1-3051-20 ot 07.12.2020 ¢ OOO http://elibrary.ru

"PYHOB" C «07»12.2020 r. mo «06»12.2028

Horosop Ne 027-1-2895-21 ot 03.12.2021 ¢ OOO
"PYHOB" C «03»12.2021 r. mo «02»12.2039

Joroop Ne 027-133215-22 o1 20.12.2022 ¢ OOO "HOB"
C «20»12.2022 1. o «19»12.2030

00O "HauunonaabHbiii Hugpposoii pecypc "Pykont"

Horosop Ne PKT-054/20/027-1-1129-20 ot 30.05.2020 ¢ |http://text.rucont.ru/
OOO "HauunonansHslit nudposoii pecype "Pykont" C
«01»06.2020 . mo «31»05.2021 r

Horosop Ne 027-1-1235-21 ot 01.06.2021 ¢ OOO https://text.rucont.ru/
"HamonaneHelii iudposoit pecypce "Pykont" C
«01»06.2021 r. mo «31»05.2022 r

Horosop Ne 027-1-1467-22 ot 09.06.2022 ¢ OOO https://text.rucont.ru/
"HaronaneHelii iudposoit pecypce "Pykont" C
«01»06.2022 r. mo «31»05.2023 r

oI'BY "PI'B"

JloroBop o npenocrasieHnn qoctyna k HarmonaneHoit  |http://H30.pd
anektporHoi 6ubnuoreke (HOB) Nel01/HDb/2139 ot
13.11.2018r. ¢ ®I'BY" PI'B" C «13»11. 2018 r. mo «12»
11. 2023
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HIT HOUKOH

Cormamenne Ne 715 J1C-2011 ot 16.05.2011 o http://archive.neicon.ru
corpynHudectse B Koncopuuyme HOMKOH C «16»
05.2011 r c aBTOMaTHYECKUM MPOTICHUEM
Hanuonansaas noamnucka Ha-2021 r ¢ POOU
T'ocynapctBennoro 3ananus Ne 075-00011-20-00

Web Of Science- https://apps.webotknowledge.com https://apps.webofknowledge.com
Scopus- http://scopus.com http://scopus.com
Elsevier-http://www.sciencedirect.com, http://www.sciencedirect.com,
http://www.elsevierscience.ru/products/science-direct, http://www.elsevierscience.ru/
https://www.elsevier.com/solutions/sciencedirect/content/ |products/science-direct,
journal-collections, https://www.elsevier.com/solutions
https://www.elsevier.com/solutions/sciencedirect/content/ |/
backfile-collections sciencedirect/content/journal-collec
tions,

https://www.elsevier.com/solutions
/sciencedirect/content/backfile-
collections

http://rd.springer.com,
http://www.springerprotocols.com

Maremarndeckas 6a3a nanabix zbMATH: http://zbMATH.org
http://zbMATH.org

American Chemical Society (ACS)- https://www.acs.org/content/acs/
https://www.acs.org/content/acs/en.html en.html

American Institute of Physics (AIP)- https://www.scitation.org/

https://www.scitation.org/
American Physical Society- https://journals.aps.org/about |https://journals.aps.org/about

EBSCO Publishing (baza CASC)- http://search.ebscohost.com
http://search.ebscohost.com

Cambridge University Press (CUP)- https://www.cambridge.org/core
https://www.cambridge.org/core

IEL n3narensctBa IEEE (Institute of Electrical and https://ieeexplore.ieee.org

Electronics Engineers , Inc.)- https://ieeexplore.ieee.org
INSPEC kommnanun EBSCO- INSPEC

Institute of Physics (IOP) uznarensctBa IOP Publishing- |https://iopscience.iop.org/
https://iopscience.iop.org/

MathSciNet American Mathematical Society- https://www.ams.org/home/page
https://www.ams.org’/home/page
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Optical Society of America (OSA)-
https://www.osapublishing.org/about.cfm

Oxford University Press-
https://academic.oup.com/journals/

ProQuest Dissertations & Theses Global-
https://search.proquest.com/index

ORBIT Intelligence - 6a3a nanapix QUESTEL-
https://www.orbit.com/

SAGE Publication- https://journals.sagepub.com/

Annual Reviews Science Collection (AR)-
https://www.annualreviews.org

JSTOR- www.jstor.org

Wiley. John Wiley & Sons.-
https://onlinelibrary.wiley.com/

Haunnonaanuasa noanucka Ha 2022 r ¢c POOU
T'ocynapcTBeHHOro 3a1aHus

Springer Nature:

1. eBoock Collection: xypHaibl, KHUTH -
https://link.springer.com

2. Konnexiust )KypHasioB 1 6a3bl JaHHBIX Springer
Nature: https://link.springer.com

Begell House Inc.

https://www.dl.begellhouse.com/collections/6764f0021c0
5bd10.html

China Academic Journals |(CD Edition) Electronic
Publishing House Co., Ltd: https://ar.cnki.net/ ACADREF
Institute of Electrical and Electronics Engineers:

https://ieeexplore.ieee.org/Xplore/home.jsp;
https://ieeexplore.ieee.org

EBSCO. https://www.search.ebscohost.com/
INSPEC:

1. baza gannbix Academic Search Premier

2. baza mausbpix eBook Academic Collection

3. eBook EngineeringCore Collection

ORBIT Intelligence |— 6a3a nanueix QUESTEL:
https://www.orbit.com/

SAGE https://journals.sagepub.com/
Publication:

Wiley: |https://onlinelibrary.wiley.com/

https://www.osapublishing.org/abo
ut.cfm
https://academic.oup.com/journals/
https://search.proquest.com/index

https://www.orbit.com/

https://journals.sagepub.com/
https://www.annualreviews.org

WWW.jstor.org
https://onlinelibrary.wiley.com

https://link.springer.com

https://www.dl.begellhouse.com/
collections/
676410021c05bd10.html

https://ar.cnki.net/ ACADREF
https://ieeexplore.ieee.org/Xplore/
home.jsp;

https://ieeexplore.ieee.org
https://www.search.ebscohost.com/

https://www.orbit.com/

https://journals.sagepub.com/

https://onlinelibrary.wiley.com/
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8. METOANYECKUE YKA3ZAHUA IS OBYUYAIOIIUXCA 110
OCBOEHHIO JUCIIUIIJINHbI

D deKkTUBHBIM CITOCOOOM Pa3BUTHS TBOPUYECKHUX CIIOCOOHOCTEH CTYJICHTOB MPHU U3YUECHUHN
JUCLUILTMHBI SBJISIETCS CaMOCTOsITeNIbHAs paboTa, KOTopasi HalleJieHa Ha MPopadboTKy
CTyJIEHTaMH MaTepHasia MpOoIIeIINX KOHTAKTHBIX 3aHATUH U MOATOTOBKY K MPEICTOSLIIIM
3aHATUSM.

CamocTtosiTenbHast paboTa CTyJ€HTOB IPOBOJIUTCS UMH B COOTBETCTBUU C COOCTBEHHBIMU
BO3MOXKHOCTSIMH. MOXHO, OZJHAKO, PEKOMEHI0BATh TPYIIIOBOE U3yUCHHE MaTepUaOB,
o0ecreurBaroIee COBMECTHYIO pa0OTy HECKOJIBKUX CTYIEHTOB, YTO MOJIOKHUTEIBHO BIUSET HA
Ka4eCcTBO MPOpadOTKH MPOrpaMMbl Kypca.

B To ke BpeMs BbICOKasl CTENIEHb YCBOEHUS U3y4yaeMOU TUCIUIUINHBI JOCTUTAeTCs pU
MTOCTOSTHHOM paboTe CTYACHTOB HaJl TEKYIIIMM MaTrepuaioM. B 3To# CBs3M jkenaTebHa
npopaboTKa JIEKIIMOHHOTO Marepuaia B JIeHb €0 IPOYTEHUs, UTO ITO3BOJISIET, BO-TIEPBBIX,
OTIepaTUBHO (Ha CJEIyIOIIeH JeKIIMN) CHUMAaTh BOSHUKAIOIINE BOMIPOCHI U, BO-BTOPBIX,
co3/1aBaTh Oarak 3HaHUW MO JUCIUIUIMHE 3300 IO TPOMEXYTOYHON aTTeCTALIHH.

[Ipu MOArOTOBKE K MPAKTUUECKUM 3aHATHUSAM TakKe He0OXoIuMa NpopadoTKa JEKIIMOHHOTO
MaTepuaia. To MO3BOJIUT OCO3HAHO pabOTaTh C MpeAaraéMbIM MaTepHUaioM MPEToAaBaTeIeM
Ha MPaKTUYECKOM 3aHATHUH, a, CIeI0BaTeIbHO, 3aKJIabIBaTh 0a3y METOIMK U MPUEMOB MIPH
pElIeHNN IPAKTUYECKUX 3aj1ay.

[Ipu uzyyennn mMatepuaia HEOOXOIMMO JIeIaTh aKLEHT He Ha 3a3yOpHMBaHUU MaTepHaa, a
Ha TIOHMMaHUue ero (pU3NUecKoil CyTH, YTO Pa3BUBAET MBIIICHUE U TTO3BOJISIET MTOHSTh
METOZ0JOTHIO N3y4aeMOU TUCIUTINHBI.

9. IEPEYEHb MH®OPMAIIMOHHBIX TEXHOJIOT U,
NCHOJIB3YEMBIX ITPU OCYIIECTBJIEHUUA
OBPA3OBATEJIBHOI'O NTPOLECCA 1O INCIHUIIVIMHE

JlucuuIuinHa OpeMHTHPOBaHA Ha IPUMEHEHNE KOMITBIOTEPHOH TEXHKH, PECypCOB
nH(pOpMaITMOHHO-TEJIEKOMMYHHUKAITMOHHOU ceTh "MHTepHeT", anekTponHoi oubamoreku MAU
JUTsI TIOUCKa, cOopa, XpaHeHus, 00pabOTKH | MpeACTaBICHUS HHDOPMAITHH.
Ilpozpammnoe obecneuenue, Hnmepnem-pecypcol, 31eKmponnvie OudIUOmMeyHble CUCIEMbL:
Omneparmmonasie Windows, cTaHgapTHbIE O(UCHBIE POTPAMMBI, JJIEKTPOHHBIC BEPCHH YICOHHUKOB,
yKa3aHUH U peKOMEHIAIi TI0 BCEM BUaM y4eOHOM padoThI,
Poccutiickue caiitel. http://znanium.com
http://www.k204.ru/index.php?index=7

10. MATEPUAJTBHO-TEXHUYECKOE OBECITEYEHUE
T CTUTLIAHBI

CrnenranibHO 00OPYIOBaHHBIC ayAUTOPUH TSI IPOBEICHHS JICKIHA, JTa0OpaTOPHBIX pa—0o0T,
MPAaKTUYECKUX 3aHATHIA, TIO3BOJISIONINE TPOBOAUTH MPE3CHTAINH, KOMIIBIOTEPHBIH KJIACC C
pabourM MECTOM JIJIsl K&XKAOTO CTYIEHTA.

1. BupryanpHas uHTEpakTUBHAS JJabopaTopHas pabota «VccnemoBanue Termiopuznyeckux
CBOWCTB HEMETAITMYECKUX MAaTePHAIOB METOIOM IIapay.

2. BupryanpHas nuHTEpaKkTUBHAS JIabopaTtopHas padora «Omnpenenenue ko3 huineHTa
TEIUIOOT/IauH TP BBIHYKICHHOM TEYCHUH BO3yXa B HArPETOM TpyOe».

3. YcTaHoBKa 1151 IpOBEICHUS JJa0opaTopHOM paboThl «OnpeneneHue TermoGu3nIecKux
CBOWCTB TBEPJIBIX TEJ METOAOM PETYJISIPHOTO PEKIMa)

4. YcraHOBKa JiJ1s1 TPOBENICHUS JTabopaTopHO# padoTel «OnpeneneHue kodpduimenta
JTYYEHCITyCKaHUs CEpOro Tejla U CTETICHH €r0 YEPHOTHI»
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Hpnnoxenne 1
K padoyeii mporpaMmMe TUCHHTLIMHBI
«Temnonepenayay

AHHoOTauus padoyeil MporpaMMal

Jucuumnnuna "Teronepenaya” siBisieTcst yactbio "bioka 1 Jucuuminasl" AUCIUIUIMH
MIOATOTOBKH CTY/EHTOB 110 HalpaBieHUIO MoAroToBkyu 24.03.05 "[IBurarenu nerarenbHbIX
annaparoB". /lucuuminza peanusyercd Ha "MOCKOBCKOTO aBUallHOHHOTO UHCTUTYTa
(HaMOHAIBHOTO MCCIIE0BATENbCKOTO YHUBEpcuTeTa)" Kadeapoii (kadempamn) .

JlucuuiuinHa HaresneHa Ha ¢popmupoBanue cienyromux komnerennuii: OIIK-1, OIIK-2,
OIIK-4, OIIK-7.

ConeprkaHne AMCUUIIIIMHBI OXBAThIBAET KPYT BOIPOCOB, CBSI3aHHBIX C: BOIIPOCAMHU
TEIUI000MEHA B pa3IMYHBIX YCTPOWCTBAX JIETATEIbHBIX almaparoB. JUCIUIINHA pacCMaTpUBAET
TaKKe MPOLECCH, COMPOBOXKIAIOIINECS PA3TUYHBIMU Pe0Opa30BaHUsIMU YHEPTUH, KaK B
MOKOSIIIIEMCS], TaK U B ABMXKY "LLIEMCS Ta3e

[IpenonaBanue AUCHUILTUHBI IPEyCMaTPUBACT CIIEAYIOLIIE (HOPMbI OpTaHU3AIH
yaebHoro nporecca: Jlekmus, JlaboparopHas pabora.

IIporpaMMoy IUCHUIUIMHBI IPEAYCMOTPEHBI CIEAYIOIINE BUJIbI KOHTPOJIS: TPOMEXYTOUHAS
arrectanus B popme Dk3aMeH (5 cemectp).

OO01mast TpPyI0eMKOCTh OCBOCHHUS JUCIUILTAHBI COCTABISIET 3 3a4eTHBIX equHull, 108 gacos.
[TporpamMmoii TUCIMITIIMHEI IPEeyCMOTPEHbI JIeKIIMOHHBIE (38 yacoB), taboparopusle (16 yacos)
3ansaTus U (18 yacoB) caMOCTOSATENHHON PaOOTHI CTYACHTA.

Bepcus: AAAAAATELOY Koa: 000194057



Hpnnoxenue 2
K padoueii nporpaMMe JUCHUTIJIHHBI

«Temnonepenayay

IIpukpensieHHbie Paitabl
Bonpocel 3x3ameHannoHHbIX OniieToB Tenonepenava.pdf

Omnpenenenue anbgpa.pdf

Metoauuka TenjaonpoBoaHoCcTb. pdf
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Bomnpocekl 32k3AMEHAIMOHHEIX OumjaeTos Temnmmonepemauda.pdf

TEIIJIONPOBOJAHOCTbH ITPU CTAIMOHAPHOM PEKUME.

1. OcHoBHO# 3aK0H TeronpoBogHOCTH. [ unore3a dypre. KordduimeHnt TemnonpoBoHOCTH.

N

. AuddepennnanbHoe ypaBHEeHHE TeILTONPoBoAHOCTU. KoahhUmeHT TenaonpoBoHOCTH.

w

. AuddepeHnnanbHoe ypaBHEHUE TEILIOMPOBOTHOCTH IS TBUKYIICHCS CPEIBL.
4. TenonpoBOAHOCTh OJJHOCIOWHOM IJIOCKOW CTEHKHU.

5. TennonpoBOAHOCTh MHOTOCIIONHOM MIIOCKOW CTEHKH

. Ter1onpoBOAHOCTh UJIMHAPUYECKON CTEHKHU.

. TeronpoBoAHOCTs MHOTOCIIOMHON UIUHAPHYECKOW CTEHKH.

. TeronpoBOAHOCTh IAPOBOM CTEHKHU.

© o N o

Kputnueckuii paguyc TEIIOBON U30ISALUN.
10. Termomnepenaya yepe3 MHOTOCIONHYIO IMIMHIPUYECKYIO CTeHKY. Kputnueckuii paguyc ter-

JIOBOM M30JISILIUH.

TEIIJIOITPOBOJAHOCTH INTPU HECTALIUOHAPHOM PEKUME
11. IuddepenunanbHoe ypaBHEHHE TEIIONPOBOAHOCTH. OmnpenenseMble U ONpeAessStonne KpH-
TEpHUH NMOA0OMS MPU HECTALMOHAPHOM TETNIOOOMEHE.



12.

13.

14.
15.

16.
17.

18.

19.

20.

TemooOMeH npu HecTallMOHApHOM pexxuMe Bnusinue kpurepus buo Ha pacnpenenenue tem-
repaTyp B TeEIE.

PerynsapHbIil pexxuM IEpBOro pofa U €ro MCIOJb30BaHUE JJIA DKCIEPUMEHTAIbHOTO OIpene-
neHus KodpuimenTa Terio0TAauH.

PerynsapHsiil pexxum BToporo poja. [lonsaTue TemnoBol HHEpLUXHU Tea.

PerynspHble pexxuMbl HecTalMOHApHOro TeruiooomeHa. IlpuMeHeHne meroma peryiaspHOro

peXuMa MepBoro poJja s onpeaesneHust KodpUIMeHTa TeIUIONPOBOIHOCTH.
OCHOBBI TEOPUH IOAOBUA

Teopus nono6ust. KoHcTaHThl M HHAUKATOPBI 000, OHOPOAHBIE BETUYMHBI U SBICHHSL.
Teopust mogobus. OnpenenseMble U omnpeensole Kputepun noaodus. I'eomerpudeckoe,
ra3oJIMHaMUYeCKOe U TEIIOBOE M0100ue.

Teopus nonobusi. Onpenensronyue KpUTeprun moo0ust Ipu BEIHYKJIEHHONW U CBOOOIHOM KOH-
Bekuuu. Ornpenensionas TeMIeparypa 1 XapakTepHbIi pa3mep.

Teopust monobus. OmnpenensemMble U ONpPEACAIONINE KPUTEPUU MOJO0US MPU HECTallMoHap-
HOM TeTI000MEHe.

Teopus mogo6usi. Teopus mogo6ust B NpUMEHEHUH K OTPaHUYHOMY ci1010. 3aKkoH HpioToHAa.



21. Teopust mogo6us. OOImuMil BUA KPUTEPUATBHBIX 3aBUCUMOCTEH /7151 Pa3UYHBIX 33]a4 KOHBEK-

TUBHOTO Teri000MeHa. PU3NYECKUI CMBICIT KPUTEPHUEB MOA00USI.

KOHBEKTHUBHBIN TEILNIOOBMEH

22. Pacuer TersiooOMeHa Ha TUIOCKOH TIaCTHHE.

23. Pacuer TemiooOMeHa B TpyOe KPYIJIOrO CEUCHUSI.

24. Pacuet TeriooOMeHa Mpu CBOOOIHOM KOHBEKITMHN HAa BEPTHKAIBHON HAarpeToi TUTacTHHE.
25. Pacuer temnooOMeHa npu cBOOOIHOM KOHBEKIIMHN Ha BEPTHKAIBHOM IMIIUHIPE.

26. Pacuer TerooOMeHa mpu cBOOOIHONW KOHBEKIIMM Ha TOPU30HTAIILHOM IIMIIMHPE.

27. Pacuer TeriooOMeHa B 0071acTH KpUTHUECKOH Touku. Onpenensomue KpuTepuu moaoous.

TEIIJIOOBMEH I1PU BOJIBHINX CKOPOCTSAX BBICOKUX TEMIIEPATYITAX
I'A30BOI'O IOTOKA

28. CBs13b MeX/1y HANPsOHKEHUSAMU M CKOPOCTSAMH JedopMaluu B KHUIKOCTU. ['unoTte3a HeioToHa.
KacaTenbHble HanpspKEeHUS.
29. YpaBuenus Hasbe-Ctokca.



30.
31.

32.

33.

34.

35.

36.
37.

CBsi3b MEX]Iy TEITIOOOMEHOM U TPEHUEM.

Hecxxumaemass u cxxumaemasi cpena (HadwHas ¢ KaKOW CKOPOCTH HEOOXOJUMO YUUTHIBATH
C)KMMAEMOCTh CPEJIbI? WM T TpaHuIla OOJIBIION U MaJIOl CKOPOCTH?).

Oco0eHHoCTH pacyeTa TermI000MeHa Ha TUIOCKOH IIaCTHHE MPH OO0JIBIION CKOPOCTH MOTOKA.

JYYUCTHIN TEILIOOBEMEH

3aKOHEBI N3ITYyUCHUA a0COJIFOTHO YCPHOI'0 U CCPpOro TC¢JI U UX NPpUMCHUMOCTDL IIPHU PaCUCTC U3-
JIYy4CHUS PCAJIbHBIX TCII.

Pacuer JIYYUCTOT O TEII00OMEHA MCXKAY TCIaMU. Paziauunbie cirydan termoooMena. becko-
HCYHBIC IINIOCKUC MapaJlJICJIbHBIC TIOBEPXHOCTH.

3aHlI/ITa OT M3JIYUCHUA C TIOMOIIBIO SKPaHOB.

CBEJEHUS O TEIIVIOOBMEHHBIX AIIITAPATAX

Paznuunble cxeMbl TEIII000MEHHBIX annapaToB.
Onenka ux 3¢ (HeKTUBHOCTH.



Onpenenenue anasda.pdf

MunuctepcTBO 00111eT0 ¥ MPOo(heCCHOHATHHOTO 00pa30BaHUS
Poccuiickon Oenepanmnu
MOCKOBCKHI aBUALIMOHHBIN TEXHOJIOTUYECKUN YHUBEPCUTET-
Poccuiickuii rocy1apCTBEHHBIN TEXHOJIOTUYECKUN YHUBEPCUTET
uM. K. O. [{uoakoBckoro
Kadenpa “TexHonorus npou3BoACTBa aBUAITMOHHBIX JIBUTATEIICH

OINPEAEJIEHUE KOO®OPUIMEHTA TEIIJIOOTAAYUA
1IPW BbIHYXKJIEHHOM TEYEHNH BO3IY XA
B HATPETOU TPVYBE

Metoauueckue ykazaHus K JlabopaTopHOU paboTe
o kypcy “Temnonepenaya ™

Cocrasurenu: C.B.badouu
H.C.Cypos

Mocksa 2009



OCHOBHBIE OFO3HAYEHU A
Nu — kputepuit Hyccenbra
Re - kputepuii Pelinonbaca
o - cpeaHuit KOG OUIMEHT TeTTI00TaaqH
Ax - KOO(POUIIMEHT TETIONPOBOIHOCTH
d - nuametp
T - abGcousroTHas TemMmepaTypa
t - Temneparypa no ukane [enbcus
At — TeMIiepaTypHblii HAIIop
F — mutomanp moBepxXHOCTH TPYOBI
Q — mOJTHOE KOJIMUYECTBO TEIIa, MepelaHHOe Yepe3 MOBEPXHOCTD
G4 — MaccoBBI pacxo BO3ayxa
f — oAk MOTIEPEYHOTO CeUCHUS
p - IUIOTHOCTH BO3TyXa
U - Ko PUIIMEHT pacxoaa MEPHOM IIaiiObI
AH,, — nepenan qaBiaeHus HA MEPHOU aiioe
Ps — 6apoMeTpuueckoe 1aBieHUE
t,. — TemrmepaTypa OXJIaXIaroIIero BO3ayxa Ha BXOIe B TpyOy
t,. — TeMmeparypa Ha BBIXOJI€ U3 KCIEPUMEHTAIIBHOTO y4acTKa TPyObl
¢ — CpeIHss CKOPOCTh BO3/IyXa B TpyOe
V - KOO(PPUIIUEHT KHUHEMAaTUYECKON BSI3KOCTH BO3TyXa
L — uiHA OMBITHOTO ydacTKa TpyObl
U — HanpspkeHue Ha criupain
J - cuna Toka B crimpanu
Ui_nokazanus tepmonap B B

OCHOBHBIE MHJAEKCBI

K — BEJIMUMHA OTHOCUTCS K OXJIAXKIAOLIEH )KUIKOCTH

Cp — CpeIHEE 3HAYEHUE BEJINYHUHbI

CT — BEJINYMHA OTHOCUTCS K CTEHKE

I — BEJIMYMHA OTHOCUTCS K MapaMeTpaM MEPHOM 11aiiobl
| — OPSIKOBBIN HOMEP TePMOIIaphI

M — MECTHOE 3HAYEHHUE BEIUUYNHBI



1. IIEJIb PABOTBI.

[lenps HacTOsIIIEH paOOTHI:

- [O3HAKOMMTH CTYJEHTOB C OAHUM U3 CIIOCOOOB IKCIIEPUMEHTAIBHOIO OIpe-
JICJICHUs CPEeHEr0 KO3PPUIIMEHTa TEIIOOTIAauH MIPH BHIHYKICHHOM T€YCHUU
BO3/1yXa B INIaJIKON MUIUHIPUYECKON TpyOe;

- HaWlTU 3TOT KOAPPUIUEHT IKCIIEPUMEHTATBHBIM ITyTEM, UCIIOJIb3YS OMBITHYIO
YCTaHOBKY;

- MOJIyYEHUE MPAKTHYECKHUX HABBIKOB IIPOBEACHUS PACYETOB MO KPUTEPUATIbHBIM
YpaBHEHUSIM , C UCTIOJIb30BAHUEM 3JIEMEHTOB TEOPUH MOA00US JIsl HAXO0XKIe-
HUE cpeaHero ko puirenTa TemIo0TAaun PaCYCTHBIM IIyTEM.

2. 3AJIAHUE

J1J1s BBINOJTHEHU S 1TAOOpaTOPHOM paboThI CleayeT:

1. O3HaKOMUTBCA ¢ TEOPETUUECKUMU CBEACHUSIMH, COJIEPKAIIMMHUCS B HACTOSALLEM
ONHCAHUH.

2. O3HaKOMUTHCS C YCTAaHOBKOM, U3MEPUTENbHBIMUA MPUOOPAMU ¥ TIOPSAIKOM IIPO-
BEJICHUS OTBITA.

3. [IpoBecTH 3KCIIEPUMEHT.

4. O0paboTaTh MOTYUYEHHBIE JTAHHBIE U OMPENEIUTh ONBITHYIO BEIMUUHY KO3(Pu-
LMEHTA TEIIOO0TAAYH.

5. Paccuurarh, UCNIOIB3YsI ONBITHBIE PE3YNbTaThl, KOA()(PUIMEHT TEII00TAauU 1O
KpUTEPUAIBHOMY YPaBHEHMUIO.

6. ComnocTaBUTh SKCIIEPUMEHTAIILHOE M pacYETHOE 3HAYCHUS KOI(P(UIIUEHTOB TETI-
JIOOTAAYH.

3 .KPATKUE CBEAEHUA 13 TEOPUMU.

[Ipu TeueHun Bo3ayXa MO HArpeTou TpyoOe TEII0 MepenaéTcsi OT MOBEPXHOCTH
TpyObI K BO37yxy. KoJimuecTBO Temia , KoTopoe nepeaaércsi BO3AYyXy € eIMHHIbI
NMOBEPXHOCTH B €JMHUIY BpEMEHHU MPU TEeMIIEPATYPHOM HAIOpPe MeXKAY CTEHKOH
4 BO3IyXOM B OJIUH I'PaayC , Ha3bIBaeTC KOA(P(PUUMEHTOM TEII00TAAYH U
00bIYHO 0003HauYaeTcs yepe3 o.. KommuecTBo Teria dQ , KOTOpoe MepeHOCHTCS ¢
noBepxHocty dF mpu TemriepatypHoM Hamope At =ty - tx w32 SAMHHIY BPEMEHH ,
OIIPEIEIISAETCS 110 YPABHEHUIO

dQ = ou(ter v— tx ) dF . (1)



KoaddummeHT TemiooTaauu o, 3aBUCHT OT OOJIBIIOr0 KOJINYecTBa (haKTOPOB:;
- (U3NYECKHX CBOMCTB M PEIKUMA IBUKEHUS KUIKOCTH;
- Temneparypbl CTeHKH(te; v) B BO3IyXa (L y);
- yCJIOBHUH BXO/a BO3AyXa B TpyOy U T.1I.
MHorwe u3 3THX (PaKTOPOB CYIIECTBEHHO U3MEHSIOTCS 110 JumnHe TpyOs! [ | ], uto
HEOOXOIUMO YUUTBIBATH IIPU ONPEACICHIH KOJINYECTBA TEIIa

L
Q = 1d Jou(ter w— tuew) dL, )
0

KOTOpOe mepenaéTcs yepes BCro moBepxHocTh F = mdlL.

B nemnsix ympoieHus pacy€ToB MOJIb3YIOTCS 3HAUCHUSIMU CPETHUX TI0 JITTUHE TPY-
o061 kod(pumreHTa o u Temrnepatyp creHkH (i ) 1 Bozmyxa (tx ). B aTom cimyqae (2)
MO>KHO 3amucaTh B BUJE

Q = auter— ti)F . (3)

N3 (3) onpenensieTcst cpeHee Mo AJIMHE TPYyObl 3HaUeHHEe KO3 dUIIMeHTa TEMI00T-
Ja4u:

_Q
a = (ta-tF. 4)

B razoo0pa3Hoii cpene Temionepeaada oCymecTBISIETCS TeIIONPOBOHOCTRIO U
KOHBEKIIMEH, CyMMapHBI IIPOIIECC HA3bIBACTCSI KOHBEKTHUBHBIM TEILJIO0OOMEHOM.
PaznuyaroT KOHBEKTUBHBIN TEINIOOOMEH IIPH €CTECTBEHHON KOHBEKIIUH, KOT/Ia JIBH-
YKEHHE BBI3BAHO PA3HOCTHIO INIOTHOCTEH B PA3JIMUHBIX TOUKAX CPEJIbl U TEIJIOOOMEH
MIPY BBIHYKJIEHHOM T€UYEHUH , HATPUMED , MOJI JICUCTBUEM PA3HOCTH JaBjieHui. B
000UX CIy4yasiX MHTEHCUBHOCTb TEIJIOOOMEHA 3aBUCUT OT pekuMa (JTaMUHAPHOTO
WM TYpOYJIEHTHOTO) TEYEHUS Tra3a.

B nanHoii paboTe nccienyercs TeIo0Ta4ya Mpu BIHYKJIEHHOM U Pa3BUTOM
TypOYJEHTHOM JABM>KEHUH Ta3a.
Kak n3BecTHO, peUM TEUEHHUsI ONIPEAEIAETCS BEIUNUYMHON KpuTepus PeitHob-
aca

Re=cd/v, (5)

KOTOPBIN SIBISAETCS MEPOU OTHOLIEHUS TMHAMUYECKHUX CHJI K CHJIaM BSA3KOCTHU.
Pa3BuThIil TypOyIEHTHBIN PEKUM UMEET MECTO MIPU

Re > 10*

Ha Benuunny kod(puimenTa Terio0T1aqu CyIeCTBEHHOE BIUSHNAE OKa3bhIBACT
HaYaJIbHBINA y4acTOK TpyObl. OJIHAKO MPU JIIUHE TPYOBI



L >15d

cpenHuii Koa(h(PHUIMEHT TeITIO0TAAYN MPAKTHUECKN HE 3aBUCUT OT YCJIOBHM BX0/a
BO3/yXa B TpyOy.

[Ipu BBIHYKIEHHOM TE€YEHHH BO3/1yXa B IPSIMON I1aIKoi TpyOe U pa3BUTOM
TypOyaecHTHOM pexkume aprkenus (Re > 10000) pa3iauuHbIME aBTOPAMHU IOJTYUEHO
OO0JIBIIOE KOJTUYECTBO IKCIIEPUMEHTAIBHBIX JIAaHHBIX 110 CPETHUM 3HAYEHUSIM KO (-
(GUIMEHTOB TEIUIOOTAAUM. DTU JaHHBIE 00padOTaHbI C TOMOIIBIO METOJIOB TEOPUU
no100us, B pe3yabTaTe Yero Nojay4yeHo KpUTepruaabHOe ypaBHEHHE:!

Nu=0,018 Re ¢, (6)

rne Nu= ad/Ax -xpurepuii Hyccenbra, SIBISIONMICS MEPOIl OTHOIICHUS
HepeHoca Teria 3a CU€T KOHBEKIMU K TIEPEHOCY €ro 3a CYET TeIUIONPOBOTHOCTH.

B cocraB kputepueB Nu u Re BXxonsaT Termodu3ndeckue KOHCTaHThI
KHJIKOCTH, KOTOPbIC OTHOCSTCS K CpeiHeapU(PMETHUSCKON 110 JUTHHE TPYOBI onpee-
JSIOLIEH TeMITepaType.

4. OIIMCAHUE YCTAHOBKU JUUIA TTPOBEAEHUA
OKCIIEPUMEHTOB

Cxema yCTaHOBKH J1JIsl IPOBEACHUS SKCIIEPUMEHTOB MTOKa3aHa Ha puc.l.
DKCNepUMEHTANIbHBIN y4acTOK MPEACTaBIsieT cOO0M rOpU30HTAIBHYIO aTFOMUHHE-
ByI0 TpyOy (4), BHyTpenHuii quamerp kotopoit d =18,9%10° m, a mmna L =1 m.
OxJaxgaromui BO31yX TeYET B HAPABICHUH CTPEJIKU O JEHCTBUEM BEHTHIIATOPA
(8) uepe3 sKCIEpUMEHTANIbHBIN y4acTOK, MEpHYIO 11aii0y (5), a 3aTeM BbIOpachIBaeT-
csi B atMmocdepy. UToOs! BUOpaIK OT BEHTWIATOPA MPHU ero paboTe He nepeiaBa-
JUCh Ha TpyOy, MeXAy TpyOOoil 1 BEHTHUIISITOPOM MOCTaBJIeH TMOKui nuianr 7).Pacxon
BO3/lyXa uepe3 TpyOy peryaupyercst U3MEHEHHEM IOJIOKEHUS 3aclIOHKH (6), a u3Me-
psieTCsl ¢ TOMOIIBI0 MEpHOU 11ai0bI (5) 1 BomsgHoro Manometpa (9). Temno moaBo-
JUTCSL K IOBEPXHOCTU TPYOBI OT OCHOBHOTI'O 3JIEKTpUUecKkoro Harpesarens (15),
IPEJCTaBISIIOIIET0 COO0H HUXPOMOBYIO MPOBOJIOKY, PABHOMEPHO HAMOTAHHYIO Ha
HapY>KHOUN MOBEPXHOCTH OMBITHOTO y4yacTka TpyOsl (4). KonuvecTBo Temmna, moaBo-
JUMOTO K TIOBEPXHOCTU TPYOBI U MEpeaBaeMoro 3aTeM OXJIaXIAI0IEMy BO3yXY, B
OTCYTCTBHE yTE€UEK MPU CTALIMOHAPHOM PEXKUME PABHO AIEKTPUUECKON MOLTHOCTH,
MOJIBOJIMMOM K OCHOBHOMY HarpeBaTelto. ITa MOIIHOCTh PETYJIUPYETCs C OMOIIbIO
aBToTpanchopmaropa (19) u BeraucasieTcs 1o nokaszanusim ammepmerpa (11) u BoJib-
T™eTpa (18).

JI71st ICKJTIOYEHUs yTeUeK Teria OT OCHOBHOT'O HarpeBaTelis B OKPYKAIOIIYIO
cpeny uepe3 OOKOBYIO TOBEPXHOCTh U COKpAILIEHUS BPEMEHH BbIX0J1a YCTAHOBKHU Ha
CTal[MOHAPHBIN TEMIOBOM PeKUM pabOThI KpoMe ciiosl Teruion3oisauuu (13) ucnomnb-
3yeTCsl JOTOJIHUTENbHBIA KOMIIEHCAIIMOHHBIN HarpeBarens (14). MouiHocTb, moaBo-



JIUMasi K TOMY HarpeBartelo, peryiaupyercs aBrotpanchopmaropom (12) u ompene-
JsieTcesl Mo nmokaszanusM amnepmetpa (17) u BonbTMmeTpa (16). Ilotepu Temta uepes
TOPIIBI TPYOBI, KaK MOKa3bIBAIOT OIICHKHU, MaJIbl © UMU MOKHO MpeHeOpeyb.

[Tpu mpoBeIeHNH OTBITA YICKTPUUECKAs MOIIIHOCTb, ITOABOIUMAs K KOMIICHCA-
IIMOHHOMY HarpeBaTeiio, peryjIupyeTcs Tak, YTOObI TPU HEU3MEHHBIX PacXo/ie BO3-
nyxa uepe3 TpyOy ¥ MOIIIHOCTH OCHOBHOTO HarpeBateisi MIUTMBOIbTMETP (1) moka-
3bIBaJI OTCYTCTBHUE HampspkeHUs Ha quddepeHnmnansHoi Tepmonape (2). B atom ciy-
Yae TEIIOBOH MOTOK OT OCHOBHOTO HAarpeBartels 4epe3 OOKOBYIO MMOBEPXHOCTh TEI-
JIOM30JISIIIY B OKPYKAIOITYI0 cpeay Oyaer uckimouéH. [1ockonbpKy BO3ayx B TpyOy
BCACBhIBACTCS HEITOCPEACTBECHHO U3 TOMEIIEHUS JIA0OpaTOpUH, TO TemiepaTypy ( )
BO3/yXa Ha BXOJI¢ B TPYOY MOYKHO NPUHSATH paBHOMU Temreparype (i) ero B komHare:

b}

t)[(:tK,

KOTOpast U3MEPSIETCS TEPMOMETPOM, YCTAHOBJIEHHBIM B KOMHATE.

Temmneparypa (tx ) BO3IyXa Ha BEIXOJE M3 SKCIEPUMEHTAILHOTO y9aCTKa IIPH-
HUMAaeTCs PaBHOUM TEMIEPATYPe Ha OCU TPYOBI U U3MEPSIETCS XPOMENb-ATFOMEIIEBON
tepmornapoii ( 1), craii KoTopoit MOMENEH Ha OCH MOTOKA.

TeMmmneparypa B pa3jIMuHbIX TOUYKAX SKCIIEPUMEHTAIBHOTO YYaCTKa CTEHKHU TPY-
OBbI H3MEPSIETCS C TIOMOIIBIO XPOMEITb-ATIOMENIeBBIX Tepmonap ( 2 — 6 ), crmau KoTo-
PBIX 3ajieTIaHbl HA HAPY>KHOU TOBEPXHOCTH TPYObI ¢ uHTEpBaioM L,=0,2 m o eé
niuHe. [Ipu 00paboTKe OMBITHBIX IAHHBIX TPUHUMAETCS, YTO TEMIIEpaTypa BHYTPEH-
HEel U HapyKHOM MOBEPXHOCTEN CTEHKH TPYObl OJIMHAKOBBI U PaBHHI e, T.K. mepe-
naj| TeMIEepaTyphbl MO TOJIIIMHE ATFOMUHUEBOM CTEHKH MaJl U3-3a €€ OOJIbIIO Terio-
IIPOBOJHOCTH.

Peructpanus HanpsikeHus Ha Bcex Tepmomnapax (kpome nuddepeHnnaibHOM )
OCYUIIECTBJISIETCS. MHOTOTOYEYHBIM camonuinymum npudopom KCIT —4.

[Ipu onpeneneHnr MaccOBOIO pacxojia BO3ayxa yepe3 TpyOy naJeHue 1aBICHUS
(AHy,) Ha MepHoI m1aii6e (5), Kak y)Ke yKa3bIBalIoCh, 3aMEPSIETCS C ITOMOIIBIO MaHO-
metpa (9), a cunxenue nasienus (AHq, ) nepen MmepHoi maiidoi o CpaBHEHHUIO €
nasnenueM (Ps ) B okpyskarorieit cpesie, BBI3BaHHOE Pa3IMYHBIMU TPUYMHAMH, 3aMe-
psieTcst BOASTHBIM MaHoMeTpoM (10).

5. 1TOPAAOK ITPOBEAEHMA OIIBITA

1.Bximtounts BeHTUIsATOP (8) 1 ipubop KCII — 4, 3anuckiBaromuii moka3aHus
TepMoIap, 3a4eKaHEeHHBIX B TpyOe.

2. BKJIIOYUTh OCHOBHOW M KOMIIEHCAIIMOHHBIA HAarPEBATEIIH.

3. OtperynupoBats 1o nepenany (AH,, ) naBienus Ha maiioe (5) BeIMuruHy Mac-
COBOI'0 pacxojia BO3yXa, a, CIe0BaTeNIbHO, U CKOPOCTh €ro TeUeHHUsI uepe3 Tpyoy.
[Tpu 3TOM pacxos Bo3ayxa U MOIHOCTh, MOJIBOAMMAsi K OCHOBHOMY HarpeBaTeto,
BBIOHMPAIOTCS IPOU3BOJIBHO, HO € YYETOM pabouero Auana3zoHa M3MEHEHHUs ATHX Ta-
paMeTpOB HA YCTaHOBKE.



4. OTperynupoBarts 10 MOKa3aHUSIM MUJUIUBOJIBTMETpPA (1) BETMYMHY MOIIIHOCTH,
MOJIBOAMMOM K KOMIIEHCAIIMOHHOMY HarpeBaTento (14) Takum o6pa3oM, 4ToObI
CTpeJIKa MHJIJTMBOJIBTMETPA MTPU YCTAHOBUBILIEMCSI peXXUME pabOThl YCTAHOBKH ObLIa
Ha HyJze. TerioBoil pexxuM padoThl MO’KHO CUUTATh IPUMEPHO YCTAaHOBUBIIIMMCS,
KOI'/Ia IOKa3aHus Bcex Tepmornap, peructpupyemsie Ha aeHte KCII — 4, He usmensi-
I0TCs1 0€3 TONOJHUTENBHOM PEeryIupoBKU B 3-X - 4-X TOYKax, CIEIYIOIIUX APYT 3a

JPYTOM.
5. Ha craninonapHom pexume paboThl yCTAHOBKH 3aMEPUTh:

a) cuty Toka ( J ) u Hanpspkenue ( U ) Ha OCHOBHOM HarpeBaTesie ¢ TOMOIIIbIO
amriepmerpa (11) u Bomer™meTpa (18).

0) nepenan nasienus (AHy) Ha MepHO# m1aitoe (5) ¢ MOMOIIbIO BOJASHOTO MAaHOMET-

pa (9) u nonnmxenue (AH.p) naBneHus nepen maiidoil Mo cpaBHEHUIO C JaBJICHUEM B
OKpY’Karolen cpejie ¢ momolibo manomeTpa (10).

B) Temneparypy ( t, ) u naBnenue ( Ps ) Bo3ayxa Ha BXoje B TpyOy [0 TEPMOMETPY M
OapomeTpy, HaXOIAITUMUCS B IOMEIICHUH JIa00PATOPHH.
6. Bce nmokazanus npuOoOpoB 3amucath B KypHal HaOmoaeHui ( Tadiuia Nel).
7. OTKJIIOYUTH YCTAaHOBKY OT CETH.
8. CHATB JICHTY C 3allMCaHHBIMU MOKa3aHUsIMH TepMonap ¢ npudopa KCII-4.

6. ObPABOTKA PE3VYJIbTATOB OIIBITA.

O6paboTKy pe3yJIbTaTOB IKCIIEPUMEHTOB PEKOMEHIYETCSI IPOBOJIUTH B TAKOU
MOCJIETIOBATEIbHOCTH:
1. ITokazanus Tepmonap B MWIIMBOJIbTax ¢ JeHThl KCII—4 3anucars B xKypHaI
HaOIIOICHUIA.
2. Ucnionwiys rpaduk (puc.2), Haittu Temrnepatypy ( teri ) B KQKIION U3 TIATH TO-
YeK CTEHKH TPYyObI, a TAKKE TEMIIEPATYPY BO3yXa Ha BBIXOJE U3 TPYOBI 5 10
YpaBHEHUSIM:

tCTiz(ti0+ tK)1O Cl
t)K :(tmo+tk);ocs

rae tiou t,—Temneparypsl, HaliileHHbIe 10 Tpaduky. Pe3ynbrarsl pacuéToB
3anucath B Tabmuiry Ne 2 ( Peynbratel pacuéra ).

3. [ocTpouTk 10 NaHHbIM 1.2 Tpaduku ( puc.3) U3MEHEHHUs TEMIIEPATypPbl CTEHKU
U TEMIIepaTyphl OXJIaKIAIOUIET0 BO3AyXa Mo JynHe TpyOsl. [Ipu aTOM cunrtats,
urtot = t, , a Temmeparypa BO3ayXa BIOJb TPYObl U3MEHSETCS IMHEHHO.

4. Ilo naHHBIM 1.2 HAUTH CPEHIO apU(PMETHUECKYIO TEMIIEPATYPy CTEHKH BIOJIb
TPYOBI.

ter =1/5(tcﬂ + teo ...+t 5),°C.

5. [TocTpouTh TMHUIO CPETHEH TeMIIepaTyphl CTEHKH Ha Tpaduke (puc. 3).



6. Ilo nanHbIM 1. 2 HANTH CpenHIO apu(METHIECKYIO 110 ATUHE TPYOBl TeMIepa-
Typy BO31yXa:

t= (b + t) /2 ,°C.

7. I1oCTpOUTH TMHUIO CPEIHEN IO JJIMHE TPYOBI TEMIIEPATYPbI
BO31yXxa Ha rpaduke (puc. 3).

8. OnpenenuTs CpeHUI MEXKIY CTEHKOM U KUAKOCTBIO TEMIIEPATYPHBIN HAIOP 110
YPaBHEHHUIO:

Atepy=(te-1x)°C

9. OnpenenuTh KOMMYECTBO TEILIA. TIOBOUMOIO K OCHOBHOMY HarpeBaTeIio 3a
CEKYHY:
Q=JU Br.

10. HaiiTt o ypaBHeHUIO (4) BeJTMUUHY 3KCIIEPUMEHTAIBHOTO K03 dunmeHTa
TEIUIOOTIAYN:

a=Q/(FAt,) [Brt/m?rp].
31ech II0IIa1b IOBEPXHOCTH TPYOBI BEIYUCIIAETCS 110 YPABHEHUIO:
F=ndL m?,
roe d=18,9%103 m, a I=1 m.
7. PACYHET KOOOOUIIMEHTA TEITJIOOTIAYMN.

Pacuer cpennero koa¢duuueHTa TermIo0TAauH (0,,) OCYIIECTBISIETCSI Ha OCHO-
BE KpUTEPUATBHOTO YpaBHEHUS (6), KOTOpOE Mociie MpeoOpa3oBaHus MPUBOIUTCS K
153201 %

a,,=0,018 (A, /d) Re®8 [Br/m?rp] . (7)

B stom ypasuenunn 0=18,9%10 M - onpenensrommuii pasmep, Ko3QpOHUIMEHT TEIIO-
MIPOBOJTHOCTH () HAXOUTCSA 1O cpeaHeit Temmneparype (L) )KUIKocTH u3 rpaduka
Ha puc.6.

Benuunna kpurtepus PeitHonbaca BEIYUCISIETCS TI0 YpaBHEHUIO (5), B KOTOPOM
d=18,9*103m, a xko>(PuIMEHT BA3KOCTU (V) OIPENENAETCA 10 CPEAHEN TeMIepa-
Type (k) )KuakocTu u3 rpaduka Ha puc. 5.

Cpennsiss CKOpOCTh (C) ABMKEHUS BO3/TyXa B TpyOe HAXOUTCS U3 YPaBHEHUS Mac-
COBOI'0 pacxoja.

Gs = Cpepf p [KT/C] (8)



rac pacxoa onpeacisaceTcCs 1o COOTHOICHUTO .
G, = fu pV(2gAHwpw) [xr/c] 9)

[IpupasruBas npassie yacty (8) u (9) ¢ yuérom toro, uro f,=nd?/4 u
f,=nd?,/4, moayurm nocne MOACTAHOBOK M IIPE0OPa30BAHUN YPABHEHHE [UIS BBIYKC-
JICHUSI CKOPOCTH

C= udu®V(2gAHwpw) / d?pey , [M/c] (10)

B sTom ypaBHeHnn ko3 uimeHT pacxoaa mepHoit maiiosl p =0,8; nuamerp npo-
XOJHOTO ceyeHus maitonl dy, = 16-10° M, d=18,9-10° M yckopeHue cBOGOIHOTO
nanenus §=9,81 M/c?, mageHue napiaeHus Ha mmaiibe AH, MmojcTaBiasTh B MM. BOJI.
CTOJ10a, TUIOTHOCTB (Pcp) BO3AYyXa B TpyOE OIpenesseTcs: Mo CpeaHel Temieparype
(tx) m3 rpaduka Ha puc. 4, a INIOTHOCTh BO31yXa (Py) Mepes maiOok U3 TOro ke
rpaduka o remmneparype - ty’’.

[lo HalaeHHBIM DApaMeTpaM oOmpeaessieTcss Kpurepud PelHonpaca, a 3a-
TeM TO ypaBHeHHIO (7) BbIUMCIACTCS KOIDOUIIMEHT TEIIO0TaauH (L p).
IToce HaxOKAEHHUS OMBITHOIO (0L) M PacdyeTHOro (Ol p) 3HaAUYEHUIN KO3(PPUIMEHTOB
TEIUIOOTAa4Yd HEOOXOJUMO CPaBHUTh UX MEXIY COOOM, UCTIONB3Ys (hOopMYITy:

da = (o - ap) / o - 100% .

B CJIydac 3HaUUTCIIbHOTO HCCOBIIAACHU OL U Olp HGO6XOI[I/IMO JaTb aHaJIN3 BO3MOXK-
HBIX IIPUYHUH HCCOBIIAACHMA.

8. OOOPMJIEHUE U CJAYA PABOTDI

PesynbTaThl mpoBeeHHOM TabopaTOpHOM pabOThI MPEACTABISIIOTCS CTYJIEHTOM
npenojaBaresito Ha odopmMieHHOM Jucte oTyeTa. OGOpMIICHHBIN JIUCT OTYETa
JIOJKEH COJIepKAaTh:

1. [TpuHIMITHATHFHYIO CXEMY YCTaHOBKH.
2. KpaTkue cBeIeHHS U3 TEOPUH.
3. 3anosiHeHHbIE TaOIUIBI: a) KypHaT HAOII0ICHUH,
0) pe3yJIbTaThl pacuera.
4. Bce HeoOXoaMMbIe pacueThl U MOJTyYeHHbIE TpaduKu.



[Ipu cnaue paboOThI CTYAEHT IOJKEH YMETh OOBSICHUTD CO/IEpKaHUE PaOOTHI,

YCTPOMCTBO SKCMEPUMEHTANIBHOW YCTAaHOBKH, €€ paboTy, METOIbl OMNpeeIeHUs
BCEX HANJICHHBIX BEJIMYUH, OPSAIOK MIPOBEICHUS PACUETOB U IKCIIEPUMEHTA.

9. KOHTPOJIBHBIE BOITPOCHI

1. Yrto HazweiBaeTcs K0O3GOUITUEHTOM TEIJIO0TIaun ?
2. Uto Ha3bIBaeTCS ONPEACIISIONICH TeMIepaTypou ?
3. Kaxk 3aBucut BennunHa ko3 puiMenTa TeriooTAauy OT pekuMa TeUeHus ra3a
B TpyOe ?
4. KaxoB ¢gusndeckuii cmpbici kputepus Hyccenbsta ? Kpurepus Peitnonbiaca ?
5. OT KaKkuX OCHOBHBIX (paKTOPOB 3aBUCUT BEIMYMHA KO3(PPHUIIMEHTa TETII00Taa-
qu?
6. KakoB nopsiiok HaXx0X/I€HUsI CKOPOCTH TEUEHUS BO3/yXa B TpyOe Ipu npoBe-
JICHUH SKCTIEPUMEHTA HA YCTAaHOBKE ?
7. YTo Takoe KOHBEKTHUBHBII TEIJIONEPEHOC ?
8. KaxoB nopsiiox npoBeieHNs SKCIIEpUMEHTA Ha YCTaHOBKE ?
9. Kak u3mepsieTcs pacxo]1 Bo3ayxa uepes Tpyoy ?
JIMTEPATYPA
1. Teopus termomaccooomena 1970.
2. bonrapckuit A.B. u ap. Tepmoannamuka u teruoornaqa. M. 1975.
3. OcumoBa B.A. DKCIIEpUMEHTAIBLHOE UCCIICIOBAHUE TIPOIIECCOB
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[HEJIb PABOTBI

O3HaKOMIIEHHE CO CIIOCOOOM 3KCIEPUMEHTAILHOTO ONpeieeHus Kodppuiu-
€HTa TEeTUIONPOBOHOCTH CHITYUYHUX TEIUIOU30JISIIMOHHBIX MaTEPHAIOB METOAOM
tapa. OCBOeHHE METOI0B POBE/ICHUSI SKCIIEPUMEHTA U PacyeTa, CBSI3aHHOTO C
00pabOTKOW Pe3yNbTaTOB UCIIHITAHUS.

KPATKUE CBEJEHU A 13 TEOPUU

[Ipouiecc pactpocTpaHeHus TEIUIA B TBEPJIBIX TEaX, B HETIOJBUXKHBIX KUIKO-

CTSIX M Ta3ax aHAJUTUYECKHU OonMUChIBaeTcs 3akoHoM Dypre:

q=—AgradT (1)
3nech grad T — BekTOp, Ha3bIBAEMbIN TPAJUEHTOM TEMIIEPATYPHI,

BEJINYMHA €70 PABHA IIPEAEIy OTHOLIEHUS NpupanieHns remuepatypsl AT k pac-
CTOSTHUIO MEXIY U30TEPMUYECKUMU ITOBEPXHOCTSAMH 110 HOPMAJIH /1 IIPU CTPEM-

neHu AN K HyIIO, T. €.
. AT dT | K
radT = —|=— | =
) IA'nHo][Anj dn [M}

Kak BUHO, rpaAMEHT TEMITEPATYPBI XapaAKTEPU3YET CKOPOCTh N3MEHEHHUS
TEMIIEPATYPBI IO HOPMAIIU K U30TEPMUYECKON IIOBEPXHOCTH, T. €. MAKCUMAJIBHYIO
CKOPOCTb U3MEHEHUS TEMIIEPATYpPhl B TaHHBIA MOMEHT BpeMeHHU. [lonoxurens-
HBIM HalpaBJICHUEM BEKTOPA IPUHATO CUATATH [0 HOPMAJIH, IPOBEAECHHOM B CTO-
POHY BO3pacTarOLIUX TEMIIEpATYP.

—

Hapamerp J [Br/M?], B neBoii uactu ypasaenus (1) — BeKTOp MIOTHOCTH
TEIJIOBOTO MOTOKA, MPEACTABIISIIONINI CO00M KOJIMYECTBO TEIUIOTHI, MPOXOSIICe

yepes eIMHUILy H30TepMUYECKOi MOBEPXHOCTH B eIMHUILY BpeMenu. Bextop (]

HAIIpaBJICH B CTOPOHY YMEHBILIEHHUs TEMIIEPATYP, T. €. B CTOPOHY, IIPOTUBOIIO-
JIO)KHYIO HarpaBieHHO Bektopa grad 7, 4yTo u yuyuThIBaeT 3HaK MUHYC B hopmyIie
(2).

Koa¢ppuuuent A [Bt/MK] B hopmyre (1) —koadumpeHT TermmonpoBoaHo-
CTH, (PU3HUECKU NTapaMeTp BEIIECTBA, B KOTOPOM PaCCMAaTPUBAETCS IEPEHOC
teruia. [1o BeMurMHe OH COOTBETCTBYET KOJIMYECTBY TEIUIOTHI, MPOXOISIIETO B
€IUHUIY BPEMEHM Yepe3 €AMHUILY U30TEPMUUECKON TOBEPXHOCTH MPH IPATUEHTE
TeMIlepaTyphbl, paBHOM eauHule. Kak BuaHO, KO3 OUIMEHT TEMI0NpOBOAHOCTH
XapaKTEPHU3yeT CIIOCOOHOCTh BEIIECTBA MPOBOAUTH Teri0. Bennunna kosdpuiiu-
€HTa TEIJIONPOBOIHOCTH 3aBUCUT OT IPUPOJABI BEIIECTBA, €0 CTPYKTYPHI, IIOT-
HOCTH, TEMIIEpATyphbl, 1aBlieHUus U 1pyrux ¢gakropos. Hambonasmmum ko3 pdummen-
TOM TEIUIONPOBOAHOCTH 00/1aAA10T METALIbI, HANMEHbIIMM — ra3bl. 3HaYeHH e
BeJIMYHH KO3PPUUHEHTOB TEMIONPOBOIHOCTH BeLECTB HEO0X0AMMO 151 pacyera
Pa3JIMYHBIX TEXHOJIOTHYECKHX MPOLECCOB, TEIVIO0OMEHHBIX ANNAPATOB, TEIJIOBBIX
JIBUTaTeJIel, JIeTaTeJIbHbIX ANNAapaToB, HX AeTajieil 1 npudOpoB U T. 1., T.e. BO BCeX
cly4asix, I/ie CyllleCTBeHHYI0 POJib UIPAIOT MPOLECCHI PACIPOCTPAHEHHS TEIIA
MeXaHHM3MOM TeIUIONPOBOJAHOCTH, I7Ie HeOOX0AUMO 3HATH paclpeeIeHus TemMie-
paTypbl U TEILIOBbIE IIOTOKH.

3HayeHue KoIQ(PHUUMEHTA TEMJIONPOBOAHOCTH OINPEACJSIIOT, KaK IPaBHJIo,
ONBITHBIM MyTEeM, HCIO0JIb3YH 3aKOH ®Pypbe. B mi10cKko0il 0eCKOHEYHOH CTEHKe TOJI-



IIUHOH 0, KOTJa HA TPAHUYHBIX NOBEPXHOCTHAX MOJJEPAKUBAKTCH MOCTOSHHbIE
Temneparypsl 7 11 7> , ycTaHABJIMBAaeTCHd JHHEHHBI Npoduib TeMneparypsl 1o
TOJILIMHE CTEHKHU, TPAANEHT TeMIIEPATyPbl HMeeT OHO U TO Ke 3HAYCHHe HAa JII0-
00ii riryOnHe

gradT = L-h
o

U pacyeTHas ¢opmyJia 1isi A npuodpeTaeT 0COOEHHO MPOCTO BUJ

B C R
lgradT| |T,-T,
5

OaHako B 3TOM cJiy4yae TPYAHO U3MEPHUTD ¢ TPeOyeMoil TOYHOCTBIO INIOTHOCTD
TEIJIOBOT0 MOTOKA (], MOCKOJIbKY A INIACTHHBI KOHEYHOI IIMPHHBI U JIHHHbI
Hen30e/KHbI MOTEPH TEIUIOTHI Yepe3 00KOBbIe IOBEPXHOCTH.

OTMe4YeHHbIE HEIOCTATKH OTCYTCTBYKOT NIPH onpeaeeHnd KOG PUIneHTa Ten-
JIONMPOBOJHOCTH METOAOM INApa, KOIJAAa HCCIeAyeMoOe BelIeCTBO 3aKJII0YAeTCsi
MeXKIy JABYMSI MOJBbIMH TOHKOCTEHHBIMM MeETANJIHYECKHUMH HIAPpAMHU, TaK YTO
CBO0O/HbIe OOKOBbIC MOBEPXHOCTH B LIAPOBOIl MPOC/IOKe MCCIeyeMOro Belle-
CTBA OTCYTCTBYIOT.

Oco0eHHO y100HO HAX0AUTH KO3 (PULIHMEHT TeNJI0NMPOBOIHOCTH METOA0OM Iapa
JJI CHINYYUX MaTepuajioB. B HacTrosimeil padore JaHHBIM METOAOM ONpeeisieT-
csl KO3 (PUIMEHT TEMJIONPOBOAHOCTH KEPAMUYECKOM KPOLIKH C pa3MepaMu 3epHa
d=1—2 MM, ucnoab3ymoleiics B KauecTBe TeIIOH30JISIIIHOHHOI 3aChINKH B pa3-
JIMYHOTO PO/ TEMJIOTEXHUYECKHUX YCTPOiiCTBaX.

- it ~ . Ilpu ycraHoBuBHIeMCH (CTAIHOHAPHOM)

TEIJIOBOM COCTOSIHMY MOJIHOE KOJIUYECTBO Tell-
L= JIOTbI, MPOXOJsilee B €IHMHULY BpPeMEeHH OT
' PABHOMEPHO HAarpeBaeMOM BHYTPEHHeH II0-
BEPXHOCTH K PABHOMEPHO  OXJIAXkKIaeMOi
HAPY’KHOW TOBEPXHOCTH IIAPOBOI0  CJIOS,
0CTACTCSI HEW3MEHHBIM ISl JIFOOOTO paauyca U
corjacHo 3akoHy Dypbe onpenensiercs o dop-

MyJie

dT dT
Q =—AF W = —14721-2 E [Bm](Z)

rae r-paamyc 3jeMeHTapHoro ciosi; dr -
TOJIIMHA  JJIEMEHTAPHOr0  CJI0;  A-
K03 PUUHEHT TemIoNnpoBOAHOCTH MaTepuaJia
111 2 POBOI CTEHKH.

TemnieparypHOe I0jIe CTeHKHA OJHOMEPHO, T. €.
TEMIIepaTypa W3MEHSETCSl TOJBKO IO Pauycy.
BBenem cienyromie obo3HaueHus (puc. 1): riu

Pre. 1. Cxema nepenoca Teflld dcpes
waponofi crofi. :



I>,- paguychl BHyTPeHHeH W BHEIHeH MmoBepxHocTel maposoro ciosi; 7 12 TeM-
nepaTypbl BHYTpeHHeli M BHeUIHel moBepxHocTeld maposoro ciosi (71> T>).
Torna, mociie HHTErpupoBaHusi ypaBHeHus (2) ¢ OTPAHMYHBIMH YCJIOBUSIMH
(mpu 1= ry=> T1= To, mpu r = r,=>T=T2), MOJAYyYHUM 3aKOH H3MEHEHUS TeMIe-
pPaTypHI 10 PaANyCy IHAPOBOH CTEHKH

a B3SIB IIPOM3BOIHYI0 — U 32KOH M3MeHEHHsl IPAHEeHTA TeMIIePaTypbl
dT T-T,,1

ar 1 1 2@

h n

B utore pacueTHyo dopmyiy s KO3GGHUIUEHTa  TEIIONPOBOTHOCTH C YUETOM
(2), (4) mMoxHO 3amKcaTh B BUJIE:

1 1

- Q :grl g zi Q d2_d1(5)

FogradT 4~z T,-T, ~T,-T, 2dd,

[TockonbKy, KaK YK€ OTMEYaJIOCh, 3HAaY€HUE KOAPPUIMEHTA TEMIONPOBOJIHO-
CTH OOJIBIITMHCTBA MarcpruajgioB, B TOM YUCIIC U UCCIICAYCEMOI'O, 3aBHUCUT OT TCMIIC-

paTypbl, TO MOJYYEHHBIA pPE3yJbTaT CIECAYET OTHOCUTh K CPEOHEH TeMIlepaType

mapoBOro CJjios.

_3aKJIIOYCHUE TOJIC3HO OOpaTUTh BHMMAaHWE, 4YTO BHYTPU  OJHO
pPOAHON  IIApPOBOM CTEHKM IIPM  YCTAHOBUBILIEMCS  TEIUIOBOM  PEXUME
TeMIleparypa IO pagdycy MU3MEHSAETCs [0 3aKoHy rumepoossl  (3),
I'PAJMCHT TEMIEepPaTypbl W IJIOTHOCTh TEIUIOBOIO TOTOKA (] YMCHBIIAKOTCA IO
HampaBJICHUIO OT BHYTpPEHHEN [TOBEPXHOCTHU K BHEIIIHEM,
a TermoBoM mMOTOK Q ocraercs OAHMM HM TEM JK€, UYTO M JOJDKHQ
OBITH IIPM YCTAHOBUBILEMCS TEIUIOBOM pEXHMME, KOra TemIleparypa B 000
TOYKE TeJIa HE M3MEHACTCS CO BPEMEHEM.

OIIMCAHUE YCTAHOBKHM 1 METOMKA ITPOBEJIEHIA OKC-
[TEPUMEHTA

DKcrnepuMeHTalIbHAsI YCTAaHOBKA (CXeMa ee MoKa3aHa Ha PHC. 2) COCTOUT U3 ABYX
] L MOJIBIX TOHKOCTEHHBIX ME/I-
! 2 HBIX IIApOB C JMaMETpaMHu
| [ === : dh =0,05 Mmu dy =0,15 m..
l : ' Hapy»Hblii miap ykperieH Ha
| - : I\ P MOJICTaBKE; BHYTPH 3TOT'0
1 A
I

_ 11apa KOHLIEHTPUYHO PacIio-
4 gD JIOKEH Ipyrou map. Mexiy
HUMH 3aCBHIIIaH UCCIELye-
MBI{ CBITYYHH MAaTEPHU AT

o : (dapdopoBas kpomika),
tlt e . K03()(UIIMEHT TEILIONPOBOI-

T

7 'l,-.ezlcm\ﬁ L 2404

o
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HOCTH KOTOPOTO TpeOyeTcst ONpeIeIUTh.

Puc. 2. Cxema ycmanoexku: 1 — uccnedyemotii cotnyuuit mamepuai; 2 — cghepuueckan kamepa; 3
— anekmpuueckuil nazpesamenv; 4 — eammmemp /[5004: 5 — peocmam; 6 — nomenyuomemp
nokasuviearouuii ¢ epawiarougumca yugeponamom KBII1-503, zpadyupoexa XK ¢ npedenom u3z-
mepenusn 0—300° C; 7—nepekntouamens mepmonap KiagUWIHblIL; 8§ — MepMOnapsvl Xpomeib-
Koneneeule.

Bo BHyTpeHHEM I1ape CMOHTHPOBAH JJIEKTpUYECKUN Harpesarenpb 3. [ us-
MepeHust Temrieparyp BHyTpeHHel (71) u HapyxHO# (T2) HOBEpXHOCTEH IIapo-
BOT'O CJIOSI CIIy’KaT BMOHTUPOBAHHBIE B METAININYECKUE IIAPbI XPOMEIIb-KOIIEIEBbIC
TepMonapsl 8: 1Be Ha HApYKHOM U OJIHA HAa BHYTPEHHEM LIapax.

B nepBoe Bpems mociie BKJIFOYEHHsI YCTAHOBKH TEILIOTA, BbIACIsIEMasl Harpe-
BaTEJIEM, 3aTPAYMBACTCA HA NPOTPEB BHYTPEHHETO MIapa, CIOS HCCIEIyEMOTO
Marepuaia U HapyKHOTO IIapa.

[To wmcreyennm HekoToporo BpemeHu (1=90—120 MUHYT) ycTaHABIMBAETCS
CTAl[MOHAPHBIN pabounii pexum padoThl ycTaHOBKUA. Ha 3TOM pexume mapoBbie
MMOBEPXHOCTH UMEIOT MOCTOSIHHBIE, HO pa3Hble Temreparypel Tiu T2, a o CJOI0
HCCIIEAYEMOr0 MaTEpHaIa YCTAaHABIIMBAECTCS CTAlMOHAPHOE TEMIIEPATYPHOE IOJIE,
OMKChIBaeMOe ypaBHeHHeM (3); TEIIoTa, BeIACIIEMas HarpeBarelieM, P YCTaHO-
BUBILEMCSI PEKMME IIOJHOCTBIO IEPENAaeTCsl 4Yepe3 CTEHKY BHYTPEHHEro Inapa,
CJION KEpaMHUYECKON KPOIIKH, CTEHKY HAPY>KHOTO IIapa B OKPYXAIOIIUM BO3/1yX.

YT0oOBI SKCIEPUMEHT ObLI KAU€CTBEHHBIM, HApYKHBIN I1ap BHINOJIHEH HUKEHU-
POBAHHBIM I10 BHEIIHEN NOBEPXHOCTH. DTO YMEHBIIAET BIUSHUE BHELIIHUX HC-
TOYHUKOB TEIVIOBOTO U3JIy4€HHUS (JIEKTPUUECKHUE JIAMITbI, TPUOOPHI OTOIJICHUS U
ap.). Janee HOKKM MOACTaBKHU, HA KOTOPBIX KPEHUTCSI HAPYKHBIN 11ap, A€Ial0T
TOHBIIE, YTOObI YMEHBIIUTh MECTHBIN TEIJIOOTBOJ OT Hapy»)HOro mapa. Temnora
OT HAPYKHOTO IIapa K BO3AyXy OTBOJAMUTCS €CTECTBEHHOM KOHBEKIMEH. [loaTomy
MOTYT ObITh HE3HAUUTEIbHBIE OTIIMYHUS B TEIUIOCHEME C HI)KHEW U BEpXHEH Momy-
cdep. B cBs3u ¢ 3TUM TeMIiepaTypa HapyKHOTO IIapa U3MEpSIeTCs B IBYX TOUKaX
(BBepxy T2 ‘ u BHU3Y T2”) U 3a pacueTHyI0 IPUHUMAETCS cpeaHeapupMeTniecKas
TeMIeparypa

T,=(T,+T,)/2

O6a mapa, HapyXKHbIN U BHYTPEHHUM, U3TOTOBJICHBI U3 MU, UMEIOIIEH
007b1I0M KOA(DPHUIIUEHT TETUIONPOBOJHOCTH. DTO YMEHBIIAET OTINYUS, TEMIIEpa-
TYpHbI IO IOBEPXHOCTAM IIAPOB M3-32 MECTHBIX YCIOBUN UX KOHTAKTUPOBAHMUS C
dbapdopoBoit KpOIIKOH, a TAK)KE MO3BOJISIET C OOJIBIIION HAJIEKHOCTHIO CUMTATh
IpaHUYHBIE TEMIIEPATYPHI IIAPOBOTO CJI0S PABHBIMU TEMIIEpaTypaM MEJHBIX I1a-
poB. Ciau XpOMEJIEBOTO U KOIEJIEBOTO0 TEPMOIJIEKTPOAOB I HAIEKHOCTH TE-
JIOBOT'O KOHTAKTa C IIapaMHU 3a4€KaHEHbI B CTEHKH, 4 CAMH TEPMOAJIEKTPObI Ha
PACCTOSIHUE ~ 5—7 MM YJIOKEHBI A 3JIEKTPOU30JISIIUOHHON MOIIOXKKE MO U30-
TEPMHUUYECKUM MOBEPXHOCTAM HIapOB. ITO 00€CIeUnBaeT JOCTOBEPHOCTh U3MEPE-
HUS TEMIIEPATYyphl IIAPOB B MECTAX YCTAHOBKHM CIIaeB (KOPOJIBKOB) Tepmomnap,



MIOCKOJIBKY YMEHBIIIAETCS TEIJIO0TBO MEXaHU3MOM TEIIONPOBOIHOCTH 1O
caMUM TEpPMORJIEKTpoAaM. XPOMENb-KOIEeJIeBble TEPMOIAPhI BBIOPaHBI MOTO-
My, 4TO B JaHHOM Juana3zone temmnepatyp (T<373K) oHu uMEIOT JIUHEHHYIO U J0-
CTaTouHO KpyTyto xapakrepuctuky T =f(D. JI. C.), uto obseryaet ux TapupoBKY
Y TIOBBIIIAET TOYHOCTh U3MEPEHUH.

BbIBO/IBI TEpMOMTIap Yepe3 NepeKiovaTelib MoJACOSIUHEHbI K aBTOMAaTHYECKOMY
MOKa3bIBaroIieMy puoopy ¢ Bpamatomumes nudepoaatom tuna KBI , umeroie-
My MOrPEIIHOCTh NoKazanuii He Huxke 0,5% oT nuanazoHa u3MepeHun (Kiacc
TouHOCTH TIprbopa 0,5). 3HaueHne U3MEPSIEMON TeMIepaTypbl CHUMAETCS CO
Kb uQepoiaTa mpyu HaXKaTUU COOTBETCTBYIONIEH KIABUIIH MEPEKII0YaTENs.

TermoBoit MOTOK Q KOTOPBINM MPOXOAUT YEpe3 MIAPOBYIO MPOCIONKY, OMpee-
JsieTCsl Ha OCHOBE 3akoHa J[>xoyis — JleHna no 3JeKTpu4ecKoil MOIIHOCTH, 110-
TpeOIsieMOii HarpeBaTeIeM:

Q=W [Br],
W —snekTpuueckas MOIHOCTb, U3MepsieMas - BarTMeTpoM tuna /{5004 knacca
touHoctH 0,5.

[Topsnok BeIoNHEHUS pabOTHI CleAyomui. BkitouaeTcs nuranue HarpeBa-
TeJsl, ycTaHaBIMBaeTCs: MOIHOCTh HarpeBarenss W= 17 Bt, BkitouaeTcs B ceTb
npubop uzMepeHus reMieparypsl. [locie ycTaHOBIEHUS pexXuMa, KOrja NoKas3bl-
BaIoOIas CTpeiKa Nprubopa, MOAKIIOYEHHOTO K TepMONape Ha BHYTPEHHEM LIape,
CTaHET HEMOABIKHOM, CHUMAIOTCS MOCIIE0BATENILHO OKA3aHUs TEMIIEPATyp ty,t’
, {3 1 onexTprueckoii Momuoctd W, HO KOTOPBIM ONPEENISIOTCS TEMIIEPATYPbI
T, T>', T,", Tou TennoBoii moTok Q.

[1o naHHBIM U3MEPEHU ¢ TOMOILBIO POpMYIIbI (5) HaxoaUTCsA KO PUIIMEHT Te-
JIOTIPOBOIHOCTH UCCJIEAYEMOT0 MaTepHaIa.
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