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OraAaBAEeHUE

IlosicHuTeIbHAS 3aITMCKA.

TumnoBbie KOHTPOJBHBIE 3a/IaHUS WJIM MHBIC MaTePUAJIbI JJI OLICHKU 3HAHUH, YMEHUHN, HABBIKOB M (WJIH)
OTIBITA ICATEIbHOCTH, XapaKTEPU3YIOUIUX YPOBEHb C(HOPMUPOBAHHOCTH KOMITETEHIIHA.

Metoanyeckre MaTepHalbl, ONPEESIONNe TPoLeaypy U KPUTEPUH OLIEHUBAHUS C(HOPMUPOBAHHOCTU
KOMIIETCHIIUH PU NIPOBEACHUU IIPOMEKYTOUHOHN aTTECTALIUH.



1. IlosicHuTEILHAS 3aNIMCKA

Heﬂb HpOMe)KyTO‘IHOﬁ aTTCCTAllU — OLHCHUBAHUC MPOMCKYTOYHBIX W OKOHYATCIBHLIX PC3YJIbTATOB
oOydueHHs] TI0 JUCHUIUIMHE, OOCCICYMBAIONIMX JOCTHKCHHE IUIAHUPYEMBIX pe3yJIbTaTOB OCBOCHHS
00pa3zoBaTeNbHON IPOTPAMMBI.

@DopMbI IPOMEKYTOUYHOU aTTECTALNH: 3auem (3 cemecmp — ouHoe obyuenue, 2 Kypc —3a0uHoe obyuenue).

[lepeuens komneTeHIMA, HOPMUPYEMBIX B IIPOLIECCE OCBOCHUS THUCIUTUTHHBI

Kon n HanmeHoBaHe KOMITETCHITUHA

Kon nHIMKaTopa JOCTHKECHHST KOMITETEHITUN

OIIK-1. Cioco0eH peniath HHXEHEPHBIE
3aJa4u B PO eCcCHOHATHLHOM
JIeTEeNIbHOCTH C UCIIOJIb30BaHHEM
METOJIOB €CTECTBEHHBIX HAyK,
MaTeMaTHYeCKOro aHaIu3a 1
MOJCIINPOBAHUS

OIIK-1.2. IIpuMeHsieT OCHOBHBIE MOHATHS U 3aKOHBI €CTECTBEHHBIX HAYK JIJIs

peuicHuss Hpe[lMeTHO-HpO(i)I/IHLHLIX 3aga4

OIIK-1.3. [TpuMeHseT eCTeCTBEHHOHAYYHBIE METOJIbI TEOPETHICCKOTO U
SKCIEPUMEHTAIBHOTO UCCIIEAOBAHMS O0BEKTOB, IPOLIECCOB, SBICHHI, IPOBOIHUT
9KCIIEPUMEHTHI 110 3aJJaHHOW METOANKE M aHAIH3UPYET Pe3yIbTaThI

Pe3ynbTaTel 00yueHus 0 AUCHUILTUHE, COOTHECEHHBIC C TNIAHUPYEMBIMU
pe3yJibTaTaMu OCBOEHUS 00pa30BaTeIbHON MPOrPaMMBI

KO,H 1 HAUMCHOBAHUEC UHAUKATOPA
JOCTUKCHHUSA KOMIICTCHIIMN

PeSyJ’ILTaTI)I 06y‘~IeHI/I${ 0 AUCLUIIIINHE

OneHouHbIe
MaTepHabl
(cemectp 3/ kypc 2)

OIIK-1.2. ITIpuMeHsieT OCHOBHBIE MOHSITHS
Y 3aKOHBI €CTECTBEHHBIX HAYK IS
pemeHns IpeaMeTHO-IPOPIITBHBIX 3a1a4

OOy4JaroLHiics 3HACT:

OCHOBHBIE  TOHSATUSI W  3aKOHbl  TEIUIOTEXHUKH:
TEXHAYECKOM TEPMOMMHAMUKH W TEIIOMaccooOMeHa,
OCHOB TEOPHH TOPEHHS, W WX POJIb B pPEIICHUH
MPEIMETHO-TIPOPHIIBHBIX 38,134

Tecter m. 2.1.1
Bonpocsr . 2.1.2

OOyyarontuiicss ymeer:

UCIIONIb30BAaTh ~ OCHOBHBIC  IOHATHS M 3aKOHBI
TEIUIOTEXHUKU JUIS PEIICHHs HPEeIMETHO-NPOGHIbHBIX
3ajaq

Baganms 1. 2.2.1

OOyuaromuiics Biajeer:
HaBBIKAMU MPOBEACHUS TEIJIOBBIX PACUETOB
peLeHust IPEeAMETHO-NPOQMIBHBIX 33184

ISt

Bamanus . 2.3.1

OIIK-1.3. IIpumensier
€CTECTBEHHOHAYYHbIE METOJIbI
TEOPETHYECKOT0 M 3KCIEPUMEHTaIBHOIO
UCCIIEIOBAaHUS.  OOBEKTOB,  IIPOLIECCOB,
SBJIICHUH, TNPOBOMUT OSKCIIEPUMEHTHI IO
3aJaHHOW METOOWKE W  aHAIU3UPYeT
pe3ynIbTaThl

OOy4JaroLHiics 3HACT:

Tecter . 2.1.3

METOJAbl TMOJIyYeHHs, TepeJayd M Hucmosib3oBanus | Bompocsr m. 2.1.4
TEIUIOTBI, METOJIBI  TEIUIOCOCPEIKCHHS,  METOIHUKY

[IPOBEICHUS u 00paboTkH pe3yabTaToB
TEIJIOTEXHUYECKOTO DKCIIEPUMEHTA

OOyyarontuiicst ymeer: 3amanus 1. 2.2.2
MIPUMECHSITD METOIbI TEOPETUIECKOTO u
AKCIIEPUMEHTAIILHOTO HCCIICIOBaHUS 00OBEKTOB,

MPOIICCCOB M SIBJICHWH, MPOBOINTH TEIUIOTEXHUYECKHE
AKCIIEPUMEHTHI 10 33JJAaHHOW METOUKE U 00padaThIBaTh
HX PE3YJIbTATHI

OOyyaronuiics BiajeeT:
HABBIKAMH TPUMCHCHHUS METOJOB TEOPETHYECKOI0 U

OKCIICPUMEHTAJIbHOTO HCCIICAOBaHUA 06LeKTOB,
mpoueccoB n ﬂBHeHI/Iﬁ, HaBbIKaMH MpOBEACHUA
TCIJIOTCXHUYCCKUX OKCIICPUMEHTOB no 3aﬂaHH017[

MCTOOMUKC M HABbIKaAMU 06pa60TKI/I HX pEe3yJibTaTOB

Baganms 1.2.3.2

[TpomexyTounas aTTecTarus (3a4eT) MPOBOIUTCS B OAHON U3 CIEIYIOMHX (GOpM:

1) cobecenoBanue;

2) BeinonHenue 3aganuii B OMMOC yHuBepcurera.




2. Tunosblie! KOHTPOILHBIE 321aHUS HJIH HHbIE MATEPHAJIbI /151 OLEHKH 3HAHMIA, YMEeHHMIA,

HABBIKOB M (MJIM) ONBITA AEATEIbHOCTH, XaPAKTEPHU3YIOIINX YPOBeHb C()OPMHPOBAHHOCTH KOMIIeTeH M

2

.1 TunoBble Bonpockl (3a1aHNs) AJIs1 OCHKHU 3HAHUH B KayecTBe 00pPa30BaTeJIbHOI0 pe3yabTaTa

[TpoBepsieMbIii 00pa30BaTENbHBIN PE3yIbTAT:

Kox n HanmeHOBaHNE WHANKAaTOpa OO0pa3oBaTeNbHBINA Pe3yIbTaT
JTOCTH)KEHUS] KOMIICTCHITNH

OIIK-1.2. Ilpumenser ocHoBHbIe | OOyJarOIMINICS 3HALT:

MOHSTHSL U 3aKOHBI €CTECTBEHHBIX | OCHOBHBIC TIOHATHSI M 3aKOHbI TEIUIOTEXHUKH: TEXHUYECKOW TEPMOJMHAMHUKUA H
HAayK JJIsl pelleHHs MPEAMETHO- | TEINIOMAacCOOOMEHa, OCHOB TEOPHUH TOpPEHMS, M HMX POJIb B PEHICHUH MPEIMETHO-
pohUIBHBIX 33124 PO UIBHBIX 33724

2.
a)
b)
<)
d)

a)
b)
<)
d)

a)
b)
c)
d)
7.

2.1.1 lIpumepbl TeCTOBBIX 3aJaHUI

[Ipenmerom TeXHUUECKON TEPMOIUHAMUKH SIBIISIOTCS ...
3aKOHOMEPHOCTH B3aHMHOTO TIPEBPAIICHHUS TEIIOBOW W MEXaHUIECKOH HEPTHH U CBOMCTBA Tell, yYaCTBYIOIINX B 3THUX
TIpeBpaIIeHISIX
3aKOHOMEPHOCTH B3aUMHOI'0 TPEBpAIICHUs TEIUIOBOM M MEXaHUYECKOM HHEpruu W Macca Tej, YYaCTBYIOIIUX B 3THUX
TPEBPAILICHUSX
3aKOHOMEPHOCTH B3aMMHOTO MPEBPAIICHUS TEIIOBOW M MEXaHUYECKOH 3HEPTUM M 00BEM Tell, YYaCTBYIOIIUX B ITHUX
MpeBpaLeHUSIX
3aKOHOMEPHOCTH B3aUMHOTO MIPEBPAICHHSI TEIUIOBOM M MEXaHUYECKOM YHEPTUU U CUJIa IPUTSXKEHUS TeJl, y4aCTBYIOIIHX
B OTHX IMPEBPAIICHIIX

]
Ecmu T = 1000 K, v; = 3 M /ke, T = 10 K, T0v; = M/ka.
0,3 2 1
300 S —
0,03
30

v
Haiinure paboTy, coBepiiacMyro JBYMsi MOJSIMH HJI€alIbHOTO Tra3a HpH ero nzobapHoMm HarpeBanud Ha 100°C (/Ix).
R=8,3 Ix/moinp*K:

166

1660

830
0,166

Temnora B nukiie Penkuna, npencraBieHHOM Ha rpaduke, OTBOIUTCS B IPOLIECCE ...
1-2

2
6—
5—

O\ — W

.

OTHOIIIEHNE MaCCHI BOISHOTO Tapa My, COIEPKAIIETOCS BO BIaKHOM BO3yXe, K Macce
CyXOTO BO3/IyXa M HA3bIBACTCH ...

BIIATOCOJIEPIKaHUEM

OTHOCHTEIIbHOU BIIaYKHOCTHIO

a0COJIFOTHOM BIIaKHOCTHIO

TOYKOW POCHI

TernoBoit aBUTaTENb 32 OMH LMK NoTy4yaeT oT Harpesatesis 100 k[ TerunoTs! u oTnaet xonoamibHUKY 60 k/x. Uemy
paseH KII/I atoro asuratens (%):

25

40

60

0,4

KoadpunmeHT TemnepaTyponpoBOTHOCTH BEIYHCISAETCS 10 OPMYIIE ...

! TIpuBomsTcs THMOBBIE BONPOCHl M 3aiaHus. OLECHOYHBIC CPEACTBA, NpEAHA3HAYECHHBIC UL MPOBEICHHS ATTECTALHOHHOTO
MEpOIPUATHS, XPAHATCSA Ha Kadeape B TOCTATOYHOM JUIsi POBEACHUS OLEHOYHBIX MPOIELYp KOIMYECTBE BapnaHTOB. OIEHOYHBIC
CpeACTBa MOJJIEKAT aKTyaJlM3allud C Y4YEeTOM pa3BUTUS HayKd, oOpa3oBaHUs, KyJbTypbl, SKOHOMHMKH, TEXHHKH, TEXHOJOTUH W
couuaigbHON cdepbl. OTBETCTBEHHOCTH 3a HEPACIIPOCTPAHEHUE COJIEPIKAHHS OLICHOYHBIX CPEJICTB CPEN 00YUaIOIMXCsl YHUBEPCUTETA
HecyT 3aBellylolni kadeapoi u npenoaBaress — pa3padoTYMK OLIEHOUYHBIX CPEICTB.
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KOHBEKTHBHBIN TEMIO0OMEH - 3TO CJIOKHBIH BUJI TEIUIOOOMEHA, TIPH KOTOPOM COBMECTHO
MPOTEKAIOT MPOIIECCHI:

TEIUI000MEHa I MacCOOOMeHa

KOHBEKIIMH U TeIUIOOTAAYN

TEIJIONPOBOJHOCTU U KOHBEKLIUU

TeIJIoNnepeiadyd U KOHBEKIIUU

B kauectBe ompenensoniell TeMIepaTrypbl IpU pacuere CpeaHeit

TEIIOOTAAYH  BHYTPH TPYObl NPUMCHHTENBHO K DHCYHKY . . | ‘oo —— -
[PUHUMAETCA ... ] === ==

cpenHss apupMeTHUECKas TEMIIEpAaTypa JKHAKOCTH Ha BXOIE H = _;___:_Efg,i’ ==

BBIXOJIE U3 TPYOBI ——— — ¥
TEMIIEPATYPa KHUAKOCTH Ha BXOJIE B TpyOy o ) a &

TEMIIEpaTypa >KUAKOCTH Ha BBIXOJE U3 TPYOBI
cpenHss apudMeTHIecKas TEMIIEPaTypa )KUIKOCTH U CTEHKHU TPyOBbI

!

TernoBoil MOTOK, U3JIy4aeMblil HAa BCEX JUIMHAX BOJIH C €IMHMIIBI
MTOBEPXHOCTH TeJIa TI0 BCEM HAIPaBIICHUSM, Ha3bIBACTCS:
TETIJIOBBIM U3Ty4EeHHUEM

M3ITyYaTebHON CTIOCOOHOCTHIO

MHTEHCUBHOCTBIO U3ITy4EHUs

HUHTETPaTbHBIM JTYYHCTHIM TTOTOKOM

Ecnu nsnydarensHas ciocobHocTs ceporo tena E = 5670 Br/m%, To uHTerpanbHbiii kodpQUIUEHT u3tydenus (CTENeHb
YEpPHOTHI) PaBeH ...

0,01
! T =1000 K
2
o C=5,67 BrimK)
Ecnut duap = 1 M, dip = 0,9 M TO yTOJIIIEHNE TETUIOM30IISALMH HAa TPYOE IPUBOAUT K CyMMAapHOI'O TEPMUYECKOIO
COIIPOTUBJICHUA TCIUIONICPEIAYHN.
YMEHBIICHUIO
YBEINYCHUIO

YBEIMYICHUIO BO BTOPOH CTEIICHN
YBEIMYCHUIO B TEOMETPUUYECKOI MIPOTrPEecCH

CaMOMpOU3BOJIbHBIA ~ MNPOIECC  NPOHMKHOBEHWS ~ OJHOTO  BEmECTBA B APYroe B HAIPaBICHHUU
YCTaHOBJICHHSI BHYTPH HUX PABHOBECHOTO PaclpeIe/ICHUs] KOHIICHTPALUI Ha3bIBAIOT:

IIOTOKOM MAacChl

KOHBEKLIMEH

muddysuent

MaccooOMEHOM

B xakux TeII00OMEHHBIX aliapaTax nepeiada TeIUIOTH OT HarpeBaroIeH )KUIKOCTH K HarpeBaeMoO MIPOMCXOIUT CKBO3b
TBEPIYIO Pa3AeIUTENbHYIO CTEHKY:

PEKyMepaTUBHBIX

CMEUIMBAIOIINX

pereHepaTUBHBIX

CMECHUTENBHBIX

2.1.2 TlpumepsI BONPOCOB
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IMapameTtpsl cocrosiHus. Ypasaenue MKT, ypaBHeHHE COCTOSHUS.

3aKOoHBI U/I€ANbHBIX Ta30B.

OHepreTUKa TepMOJIUHAMUYECKON CUCTEMBI.

TennoeMkocTb. 3aBUCUMOCTb TEINIOEMKOCTH OT TEMIIEPATYPHIL.
Tepmoaunamuueckue npoueccsl. IloauTponHslil npouecc. Y paBHEHUE TOJIUTPOIIHOTO MpoIiecca.
OHrtanenus. MI3MeHeHne SHTaNbINY B TEPMOJUHAMUIECKUX MPOIECCcax.
OHTponwus. MI3MeHeHne SHTPONINH B TEPMOANHAMUYCCKHX MTPOIIECCAX.

Huxn Kapnao. Tepmuaecknit KT/ mukma Kapro. Heo6patimerit nukn KapHo.
Peanbhbie ra3el YpaBHenue Ban-/lep-Baanbca.

W3orepmuueckue nosepxHocru. TeMnepaTypHslid I'paJiueHT.
TennonpoBoHOCTH B ra3ax, JKUAKOCTSIX, MeTalIax.

OCHOBHO 3aKOH TEIUIONPOBOJHOCTH.

CB060)1H351 1 BBIHYXJICHHAsA KOHBCKI M.

OcHoBHOE ypaBHeHHE TerooTaaun. KoadduiueHT temioornaun

I'openue TommuBa. @U3HUECKUIl IPOLIECC TOPEHUS TOILINBA.

Bomnpocsl 5kooruy nNpyu NCHOAb30BaHUH TEILIOTHI.

[MocnencTBus napHUKOBOTO Y dEKTa.

OIIK-1.3. ITIpumenser OOyuarontuiics 3HaeT:
€CTECTBEHHOHAYYHbBIC METO/IbI METO/Ibl TOJIyYeHHUs], MePelaud U UCIOJIb30BAHHS TEIUIOThI, METObI TEIIOCOEPEKEHUS,
TEOPETHYECKOTO U METOJUKY TPOBE/ICHHS U 00pa0OTKH Pe3yJIbTATOB TEIUIOTEXHHYECKOTO IKCIIEPUMEHTA

JKCIIEPUMEHTAITLHOTO
HCCIEA0BaHUs 00BEKTOB,
MIPOLIECCOB, ABJICHUH, MPOBOIUT
9KCIIEPUMEHTHI IO 3aJIaHHOM
METOJIMKE U aHAJIU3UPYET

pe3yIbTaThl
2.1.3 IIpumepbl TeCTOBBIX 3aJaHUI

1. Ckoibko nbja (Kr) pacTaer, eciu Jiex Maccoit 5 kr u remneparypoit 0°C onycTuTs B BoAay mMaccoit 10 kr u
Temnepatypoii 0°C:

a) 1

b) 10

c) 0

d 5

2. Haiigure paboTy, coBepIIaeMyro IByMs MOJISIMH HAEaIbHOTO ra3a mpH ero uzobdapuom Harpesanuu Ha 100°C (Ix).
R=8,3]>x/momb-K:

a) 166

b) 1660

c) 830

d) 83

3. Kaxkoit momkHa OBITH TeMIEpaTypa XOJOAWIbHHKA TeruioBod mamubbl (°C), uTo0b MakcuMmanbpHoe 3HaueHue KII
pasnsutock 50%? Temnepatypa HarpeBatens 327°C:

a) 260

b) 27

c) 327

d) 300

4. Temogoit neurarens ¢ KITJ] 50% 3a oquH UK OTAAET XOMOIMIBHUKY 56 K[k TermnoTsl. Kakas padora um (k1x)
COBEpIIACTCS 32 OJIUH IIUKII:

a) 40

b) 27

c) 56

d 17

5. Ecmu € =16, k = 1,5 To Tepmuueckuii KI1/I xaporopaToproro JIBC (¢ moABOIOM TEIUIOTHI IPH V = CONSst) paBeH ...

a) 0,75

0,5




<)
d)

a)
b)

d)

c)
d)

0,25

t

Ecmu q = 1 kBt/M2, A = 50 Br/(M-K), O = 100 mm, t; = 500°C, To 115 CTeHKH,

ty
MOKa3aHHOW Ha rpaduke, TeMmepaTypa t, paBHa °C. \\

498 b

q=const

500 o: 5"

!

502

102

Ecmu A = 50 B/(M+K), Az = 30 B1/(M+K), TO IIIOTHOCTH TEIIOBOTO MOTOKA ( B KBT/M? paBHa ...
377

37700
37,7

3770

Ecnu onpenenstomas temneparypa 20°C, o0 = 60 Br/(mM*K), d = 0,1 M To kputepuii nomobus (uucio) Hyccenbra,
COIJIACHO Ta0JIUIIE, PaBEH ...

t°C | A, BTiMK)

10
0 0,55
0,1 20 06
’ 40 0,63
100 60 0,66
0,01

Ecnu uznyuarenbHas cniocobHocTs ceporo tena E = 5000 Br/m? To koodpuuuent usinyuenns tena 8 Br/(m?K*) pasen ...

4
) O T =1000 K

5,67

0,5

. Ecimu Gy = 10 kr/c, ¢'p1 = ¢"p1 =4,2 xJIx/(xkr-K), t"; 70°C, t'; = 80°C, To , TO TemIoBoii MOTOK, OTAABAEMbIH TOPIYUM

TETJIOHOCHUTENIEM, B KBT paBeH ...
42

4,2
420

0,42

2.1.4 lIpumepbl BONPOCOB




MeTO[[I/IKI/I pacyeTa HMKJIOB [[BPIFaTeJIeﬁ BHYTPCHHETO CropaHus.
Metoauku pacyeTa HMKJIOB [[BPIFaTeJIeﬁ BHCHIHETO IIOABOJA TCIIJIOTHI.

CramrioHapHasi TeIUIOTIPOBOAHOCTD TUIOCKON OJTHOCIIOMHOM CTEHKH MPU I'paHUYHBIX yciaoBusx I pona.
CrarrioHapHasi TeIUIOIIPOBOAHOCTD TUIOCKON MHOTOCIOMHON CTEHKM IPU TPaHUYHBIX yciaoBusx I pona.
CranuoHapHas TeTIONPOBOAHOCTh [IMIUHAPUIECKON OTHOCIONHON CTEHKHM MPY TPAHUYHBIX YCIOBUAX | posa.
CranuoHapHas TETUIONPOBOAHOCTh IIUIMHAPUIECKON MHOTOCIIONHON CTEHKH MPU TPAaHUYHBIX YCIOBUAX [ pona.

Temnonepenaya yepes MUIMHAPHIECKYIO OJHOCIOHHYIO CTEHKY.

. Ternmonepenayua yepe3 TMIMHAPUIECKYIO MHOTOCIOWHYIO CTEHKY.

1. Cwmecu uneanbHbIX ra3oB. CriocoObl 3alaHNsI CMECH.

2. [TIlepBoe, BTOpoe Hauajaa TEPMOJUHAMUKU U €T0 IPUMEHEHUE.
3. YpaBHeHHe PHEpPruu razoBOro INporecca U ero NpUMeHeHHe.
4.

5.

6. MeToauku pacdera IUKIOB ra30TypOUHHBIX YCTaHOBOK.

7. BopnsgHol map, METOBI pacyeTa.

8. BnaxHblil BO3yX, METOJBI pacuera.

9. MeToauku pacyeTa UMKIOB HapOCHIIOBBIX YCTaHOBOK.

1. VYcioBus 0ITHO3HAYHOCTH B MPOLIECCAX TEIJIONPOBOJHOCTH.
2.

3.

4.

5.

6. Teopus nompodus. Kpurepuu nomodus.

7. Tennonepenaya yepes MIOCKYIO OJHOCIOWHYIO CTEHKY.

8. Tennomnepenada yepes MIOCKYI0 MHOTOCIOWHYIO CTCHKY.

9.

10

11. MeTomp! pacdera TEILIOOOMEHHBIX aIMapaToB.

12. XomomunbHas ycTaHOBKa. [IpuHIMT pabOTHI.

13. Tenmosoit Hacoc. IIpuHIHIT pabOTHI

14. Tepmotpanchopmatop. [TpurImm paboTh!

2.2 TunoBble 3aJaHUA VISl OLEHKH YMEHUIl B KayecTBe 00pa30BaTe/IbHOI0 pe3yJbTaTa

[TpoBepsiembIit 00pa3zoBaTEILHBIN pPe3yJIbTaT:

KO,H 1 HAMMCHOBAHUC
HHAUKATOpa JOCTUKCHUS
KOMIICTCHIIMH

OO0pazoBarenbHbli pe3ysbTaT

OIIK-1.2. TTpuMeHsieT OCHOBHBIE
TIOHSATHUS U 3aKOHBI
€CTECTBEHHBIX HAYK IS
peuieHus npeaMeTHO-
mpohUIBHBIX 33724

OOyuaronuiicst ymeer:

HCIIOJIb30BaTh OCHOBHBIC MNOHATUSA W 3aKOHBI TCIJIOTCXHUKU i1 PCHICHUA HOPEAMETHO-

npodUIBHBIX 33134

2.2.1 llpumepsnl 3a7a4
MaHoMeTp, YCTaHOBJICHHBIM HA ITapOBOM KOTJIE, TToKa3biBaeT aapyeHue 1,8 Mlla. KakoBo abcomoTHOE naBieHue mapa B
KOTIIe, eciii atMocdepHoe nasieHue pasHo 0,099 MIla.
Bakyymmetp mokaseiBaet paspexenne 80 klla. KakoBo abcomoTHOE TaBiIeHHE B COCYIE, €CIH aTMOC(epHOe TaBlIeHHUE
o 6apomerpy coctasiser 0,1 MIla?
B Gamione comepkuTcs 2 Kuiaorpamma Kuciopoja npu nasieHud 8,3 MIla u temnepatype 15° C. Beruucmuthb
BMECTHMOCTB (€MKOCTb) OajutoHa. BenmuuuHy yaenpHOH ra30BoU MOCTOSTHHOM [T KUCJIOPOia MPUHATEH paBHOU R = 2598
Jox/(xkrxK).
PesepByap BMeCTUMOCTBIO 4 M3 3amlONHEH YIIIEKUCIBIM ra3oM. HaliTH Maccy 3TOro rasa M €ro Bec, €Clu U30BITOYHOE
JTABJICHUE, TTOKAa3bIBACMOE MaHOMETPOM, IIPUCOCIUHEHHBIM K pe3epByapy, paBHo 40 klla, remneparypa rasza - 80° C, a
atMocgepHoe (6apoMerpuieckoe) masieHne paBHo 1024 xlla. YaenpHas razoBasi MOCTOSHHASA [UIS YTICKHCIOTO Tras3a
paBHa R = 188,9 [Ix/(xkrxK).
Kommnpeccop kagaet Bo3ayx B Bo3myxocOopHHK o0beMoM V = 100 1. Ilepen monkadmBanreM B BO3LyXOCOOpHHUKE OBLITO
armoc(eproe nasiaenue 750 MM pT. ¢T. ¥ TeMneparypa t; = -10°C. ITocie nojkayMBanus JaBJI€HUE B BO3AYXOCOOPHUKE

cTano pz = 8 6ap Mo MaHOMETPY, a TemMneparypa t; = 25°C. OnpenennuTs Maccy MOAKAYaHHOTO BO3IyXa.
3anan 00OBEMHBIH COCTaB cMecH Ta3oB (7¢o, = 10%, 1o = 2%, 1y, = 60%, 1o, = 28%). OnpenenuTs 10 Kakoro

JIABJICHUSI 10 MAHOMETPY HYXKHO CXAaTh 9Ty CMeCh, 4T00bI ipu Temmeparype t = 100°C macca m = 20 kr umena oobem V
= 1,2 M*. BapomeTtpuueckoe aasnenne 750 MM pT. CT.

2 KI KHCIOpOJA C HAa4YalbHBIM abCOMIOTHBIM AaBieHueM 6 MIla u HauanbHO# Temmeparypoit 17 °C pacumpsorcs
n30TepMHUYecKH 10 KoHeyHoro aasienus 0,1 MIla. Onpenenuts 00beM KUCIOPO/a B HaYalle U B KOHIIE PACHINPEHHS U
paboTy paciupeHus.

4 Kr BO31yXa ¢ HA4YAIIbHBIM a0COIFOTHBIM JaBierueM 1,2 MIIa u HayansHOU TemiiepaTypoii -10°C cxumaroTcst anuabaTHo
n0 koHeyHoro npasienus 0,2 MIla. Onpenenuts 00beM M TeMIlepaTypy BO3[yXa B KOHIIE CXaTHs, paboTy cxKaTus U
N3MEHEHHEe BHYTPEHHEW HEPIHy, Il MoKa3aTelb aanabdars! 1,4.

2 Kr BO3/lyXa C HadalubHbIM a0comoTHbIM aasierueM 0,12 MIla u HauanbHO# Temmeparypoit 20 °C CKUMAIOTCS IpH
MOCTOSIHHOM JIaBJIEHMH JI0 yeNIbHOT0 06bema 0,05 m3/kr. Onpeenuts paboTy cxkaTusi, H3MEHEHUE BHYTPEHHEN SHEPIUM
U KOJIMUECTBO OTBEACHHON TEIIOTHI OT BO3yXa.




10.

11.

12.

ﬂO KaKOro AaBJICHUSA HAAO CXaTb BO3AYX B MOJIUTPOIMHOM MPOLECCE CO CPCAHUM IOKA3aTCIIEM 1 = 1,3 B WJIMHAPE

JIBHTATENss BHYTPEHHETrO cropanus (Iu3esis) Mpu HavausHOM abconmoTHoM nasienun 100 kIla u temmeparype 125°C,
4TOOBI JOCTHIHYTh TEMIEPATyphl BOCILIaMeHeHus Tomamsa 650°C? Ompenenurs Takxke paboTy, 3aTpaudBacMylo Ha
CXaTHe, U KOJIMYEeCTBO OTBOJAUMOM TEIJIOThI, OTHECEHHBIX K /x2 Bo3yXa. TemnoéMKoCTh BO3yXa CUUTATh HE 3aBUCSIICH
OT TeMIIEPaTyphl.

Bosayx, umes HauanbHy0 Temreparypy ¢ = 27 °C u abconotHoe aasienue p; = | MIla, 130TepMUYECKH PACIIUPAETCS
1o nasnenus p; = 0,1 MIla, a 3aTeM HarpeBaeTcsl B HK30XOPHOM Ipoliecce A0 TeX Mop, MoKa JIaBjeHHe He CTAaHET PaBHBIM
pi1. Tpebyetcs onpenenuTh yACNbHBIH 00bEM BO3AyXa B KOHIIC M30XOPHOTO MOJBOJA TEIUIOTHI, a TAKIKE M3MCHCHHUS
YAENbHBIX 3HAUEHUN BHYTPEHHEW DHEPrUM, PHTAJIBIUU U DHTPONHUU B M30XOPHOM Ipolecce. TerioeMKOCTh BO3yXa
CYMTaTh HE 3aBUCIIICH OT Temreparypbl. M300pa3utk npomeccsl B p-v 7-S nuarpammax.

BBIUKCIUTE MIOTHOCTH TEMIOBOTO MIOTOKA ¢ YEPE3 IIOCKYIO CTEHKY TOMIUHOM O = 110 MM, BBHINOIHEHHYIO U3 YKA3aHHBIX
HUOKE M30JISIUOHHBIX MATEPHAIIOB (IPUMEHAEMBIX B BATOHOCTPOEHHH), KOI(POHUIMEHTHI TEMUIONPOBOJHOCTH KOTOPBIX A,
Bm/(mK), CBS3aHHBIX C TEMIIEPATYPOMl CIEAYIOIMMH 3aBUCHUMOCTAMU: IeBenud A = 0,060+0,002-t; munopa A =
0,035+0,002-t, nomactunon IIC5-C A = 0,038+0,0036-t; nomayperan IIITY-3C A = 0,004+0,0035 . TemuepaTypst
HOBEPXHOCTEN CTEHKU COOTBETCTBEHHO paBHbl t{" =21°C u t§" = -1°C.

Omnpenenuts KO3((UIMEHT TEIUIONPOBOJAHOCTH KHPIMHYHONW CTeHKH TonmmHOoM 390 MM, ecim TemmepaTypa Ha
BHyTpeHHei nosepxHocT 300°C 1 Ha HapysxkHel 60°C. IToTepu Temna yepes cTeHKy q = 178 B1/m?2.

Croii 1b1ja Ha TOBEPXHOCTH BOABI mMeeT TommuHy 400 MM, a TeMreparypa Ha BepXHell U HIDKHEH TOBEpPXHOCTAX pPaBHBI
0°C u -15°C coorBeTcTBeHHO. ONpenenuTh TEIUIOBOH IOTOK depe3 1 M’ MOBEPXHOCTH Jbja, ecld Kod(GQPHIHMEHT
TEIUIONPOBOIHOCTH IIbJA PABEH A, = 2,25 Bm/(m-2pad). Kak M3MEHNTHCS TEMIOBOM MOTOK, €CIIU JIE MOKPOETCS CIOEM
cHera TOMIMUHOW 250 MM ¢ KOO(D(HIMEHTOM TEIIONPOBOAHOCTH A; = 0,465 Bm/(m-epad), a Temmeparypa Ha
noBepxHoctH chera - 20°C.

OIIK-1.3. [pumensier | OOy4arOIMIACT YMEECT:
CCTECTBCHHOHAYYHBIC  METOJbI | MPUMECHITh METOJBI TECOPETHYCCKOTO M OSKCICPUMCHTAIBHOTO HCCICIOBAHUS OOBEKTOB,
TEOPETUUYECKOTO U | IPOLECCOB U IBJICHUH, TPOBOAUTD TEILIOTEXHUUECKHE HKCIIEPUMEHTHI [0 3aJaHHOU METOJNKE

IKCIEPUMEHTAIEHOTO
HCCIIEOBAHMS 00BEKTOB,
TIPOIIECCOB, SIBIICHHUH, IMPOBOIUT
SKCIIEPUMEHTBl 110  3aJaHHOM
METOIUKE n aHAIIN3HAPYET
PE3YIBTATHI

1 00padaThIBaTh UX PE3yJIbTATHI

2.2.2 Tlpumepsnl 3a7a4

AHanu3 MMpoyKTOB CropaHus IoKaszall ciefyromuii o0béMHbIH cocTas, %: CO; - 12,2; Oz - 7,1; CO - 0,4; N, - 80,3.
OmnpenenuTs MacCOBBII COCTAB BXOAAIINX B CMECH I'a30B, Ta30BYIO IOCTOSIHHYIO, yJIENIbHBIH 00BEM IIIOTHOCTH CMECH NIPU
abcoirotHOM aasienun p = [ MIla v remneparype t = 250 C. OnpenenuTs Takke NaplyuaibHble JaBIeHHS KOMIIOHEHTOB
CMECH.

Bosznyx, umes HayanpHyto Temuepatypy ¢t; = 27 C u abconmoTHoe AapneHue p; = 0,5 MIla, A30TepMUYECKU PACITUPACTCS
Jo nasnenus p; = 0,1 Mlla, a 3aTemM HarpeBaeTcs: B ©30XOPHOM IIPOLIECCE JI0 TEX 0P, [TOKa JIaBJICHUE HE CTAaHET PaBHBIM
pi1. TpeOyercst onpenenuts yAenbHBIH 00bEM BO3AyXa B KOHLE W30XOPHOTO II0/IBOJA TEIUIOTHI, a TaKKe W3MEHEHHS
yZeNBHBIX 3HAYEHUH BHYTPEHHEH SHEpruM, SHTAIBIHM U SHTPOIMH B M30XOPHOM Ipoliecce. TermmoeMKocTh BO3ayXa
CUMTATh HE 3aBHCAILICH OT Temreparypsl. 1300pa3uts nmpomeccs B p-v 7T-S nuarpammax.

OnpenenuTe CTENEHb CHXAaTHS, NABICHHE M TEMIEpaTypy B MEPEXOIHBIX TOYKaX HACATHHOTO IIMKIIA MOPIIHEBOTO
JBUTATENII BHYTPEHHETO CTOPaHUS C MOJBOJOM TEIUIOTHI NPH IOCTOSHHOM 00BEMe, a Take Tepmmdeckuii KII/I,
yaenpHbIe 3HaYeHHs (Ha 1 Kr pabodero Temna) mojie3HoH padoThI, MOIBEAEHHONW W OTBEAEHHON TEIUIOTHI, €CII M3BECTHO,
4TO abCONIOTHOE TaBJeHne pabodero Tena B Havyaine cxatus pi = 95 klla, a B koHne cxarus — p2 = 0,65 MIla. OtHomeHue
JIaBJICHUI pabodero Teja B mporiecce MmoABeAeHus TeTuioThl 3,3. Temmeparypa B Hadase npoiecca cxaTtus 50°C. Pabounm

J71st TeOpeTHYECKOro 0OJHOCTYIIEHYaTOr0 BO3AYIIIHOI'O KOMIIPECCOPa ONPENETINTh CeKYHIHYIO paboTy, 3aTpaylBaeMylo Ha
€ro HpUBOJI, ECIIH 1101a9a KOMIPeccopa IpH HavyalbHbIX napamerpax Bosayxa (p; = 0,1 MITa u t; = 17°C) coctapnser
V = 0,15 m%/c. Cxarne raza 10 KOHEYHOTO abCOJIOTHOTO JaByieHus p2 = 0,5 MI1a poTeKaeT Mo MOJMUTPOIIE C TTOKA3aTENEM

TMaccaxxupckuil BAroH UMEET IUIONIA/(b OrpaXkaeHus Ky3osa F=225 m?. lpuBenéunniii koapUIMEHT TEIIONEPEIAUH
4epe3 OrpaXk/ieHHe BaroHa ¢ y4éToM mHQUIbTpanmu Bosayxa k = 2,5 Bm/(m?K). Kakosa GyneT cpeHss TeMIeparypa
BO3/lyXa B BAarOHE NpH TEMIEPAType HApPYKHOro Bo3myxa ty = 5°C, eciH OTONMTENbHAs CHCTEMa BaroHa HUMEET
CYMMApHYIO IUIOIAAb TEMIO0OMEHHOM MoBepXHOCTH F=25 M’ eé Temmeparypa te. = 40°C? Cpennuii ko>ppupenT

TEMIOOTAA4H OT TEMIO0OMEHHOMN MOBEPXHOCTH CHCTEMBI OTOILIEHHS K BO3MyXy O. = 12 Bm/(m?-K). CyMMapHas MOIIHOCTh
JIOTIOJTHUTENBbHBIX UCTOYHUKOB BHYTPEHHETO TEILIOBBIICICHNUS B BaroHe Quus = 2,8 xkBm.

2.
3.
TEJIOM CYUTATh CYXOil BO3/IyX.
4,
n=12.
5.
6.

CranpHas CTEHKA TEIIOOOMEHHOM MOBEPXHOCTH MAPOBOTO KOTJIA TOMIMHON O= 20 MM OMBIBAETCS C OJHOW CTOPOHBI
KHIAIIEH BOJON MTpH abCONMIOTHOM JaBieHuu p = 0,6 MIla, a ¢ Ipyroi CTOPOHBI — IBIMOBBIMH T'a3aMH C TEMIIEPATypOit
t1 = 900°C. Y enbHas MapOIpOH3BOAMTENBHOCTE MOBEPXHOCTH Harpesa g = 21 ke (M°-u), CyXoro HacBILEHHOTO Mapa.
Ompenenuts KOd(QQUIMEHT Temwonepenaud k u mepemajg Temmeparyp B CTEHKE Ayr, €cid  Kod()(QHIUEeHT
TerIonpoBogHocTH cTamu A = 40 Bm/(v’ -K).




Onpenenute TpeOyeMble IUIOMIATM IOBEPXHOCTEH MNPSAMOTOYHOTO W MPOTHBOTOYHOTO TEIJIOOOMEHHHUKOB IS
! 14 v
oxJIaXaeHus maciia B KoiuuectBe G,=0,93 ke/c ot [ v 65°C o t N =55°C. Pacxon oxmaxnaromiei Boasl G,,=0,55
. ! e o .
Ke/c, a eé TeMIlepaTypa Ha BXOJIe TEIIO0OMEHHHKA - [ ,, - Pacu€rnbiii koddduument remnonepenaqn — k. TernoémkocTs

macna C,, =2, 5 x/[c/(ke-K). Temnoémkocts Bousl Cy, =4, 1 9 k/{oic/(ke-K). 300pa3uth rpauku K3MEHEHUSI TEMIICPATYP
BOJIBI U MacJja B TEIIOOOMEHHHUKE.

2.3 TunoBble 3a1aHUS VISl OLIEHKH HABBIKOB B Ka4yecTBe 00pa30BaTeJIbHOIO pe3yJibTara

OIIK-1.2. [TpumeHsieT OCHOBHBIE
TIOHSTHS U 3aKOHBI €CTCCTBEHHBIX
HAYK JJIS PEUICHUS MPEeIMETHO-

OOyyaronuiicst BiajeeT:
HABBIKAMU TPOBEICHUS TCIUIOBBIX PACYCTOB LIS PEUICHUS IPEIMETHO-IIPOPHUIHHBIX 3324

npodIbHBIX 33134

10.

2.3.1 Ilpumepsl 3aaHUI

Kak 3aBHUCUT pJaBieHHME HACBINIICHHONO Tmapa OT Temmeparypbl? ONUIIMTE METOAWKY ONpPEJCIICHHUS JTaBICHHS
HACBIIIEHHOTO Mapa B JabopaTopHoil padote 1. Omnpenenure AaBIcHUE HACHIIIEHHOTO BOASHOTO Mapa MpH TeMIepaType
45°C, nokazanus mmpe3omerpa 4,2 cM, ecin HauanbHas Temrepatypa 20°C, ho = 3,3 cm.

Kak ompenenuts kK03((QUIIMEHT MOBEPXHOCTHOTO HATSKCHHS, ONHUIINTE METOAWKY OIpeAeieHus Kod(pdHuuueHTa
MTOBEPXHOCTHOTO HATSHKEHHS BOJIBI B T1abopaTopHoit padote Ne2. OnpeaenuTs KO3 HUIIMEHT TOBEPXHOCTHOTO HATSIKEHUS
mpu Temrieparype 38°C, ecan moka3aHus mbe3oMeTpa 42 MM.

Kak 3aBHCHT BSI3KOCTB KHAKOCTH OT TEMIIEPATYPhI, OTUIINTE METOIUKY OTIPEIEICHNUS BI3KOCTH B JaOOpaTOpHOI padoTte
Ne3. Ompenenuts BA3KOCTD *kuaK0ocTH TpH TemmuepaType 50 °C, eciut ho = 103 mm, hy =20 MM, hy = 70 mm, At = 15,7 c.
B mapomneperpeBatenie KOTEIHLHOTO arperara 3a cuéT MmoaABeAEHHON TetuioThl ¢ =240 kJ/KT K / ke BOASHOTO Tapa mpu
MOCTOSHHOM JaBienun p =2 MIla Temmeparypa mapa NoBBICHIACE 10 3HaueHus ¢ = 300 °C. OupenennTs MOCTOSHHBIE
mapa 1 ero rnapaMeTpsl 10 aporeperpeBatens (TeMIeparypy, YACTbHBIH 00bEM, SHTAJIBIIHIO, BHYTPEHHIOIO YHEPTHIO U
SHTPONUIO). Pemmenue 3aaaun WILTIOCTPUPOBATH i-S' THAarpaMMOi.

Kakoe xonngecTBO BO3ayxa HEOOXOIUMO MPOITyCTUTH Yepe3 CYIIMIBHYIO KaMepy, YTOOBI OT MaTepHaia, TOMEIIEHHOTO B
Hee, oTBecTH / m BoAbI? HapyXHBIN BO3IyX IPH OapOMETPUIECKOM MaBIICHUH B = 745 mm pm.cm., AMest TEeMIIepaTypy ?;
= 10 °C 1 OTHOCHTEJIbHYIO BIAKHOCTh @ = 50%, B Kanopudepe MoA0rpeBaeTcs 10 TEMIIEPATYPHI t>=60°C, a

3aTeM BO3JyX MOCTYIAET B CYMIMIBHYIO KaMepy M BBIXOIUT M3 HEE MPH OTHOCUTENBHON BIaXXHOCTH (P = 90%. Pemenne
3a[a9d WIUTIOCTPHUPOBATH B i-d JHarpamMme.

[MapoTypOunHas ycraHOBKa paboTaeT mo mukiy PeHKknHa ¢ HavyaJdbHBIMH MapameTpamu p; = 15 Gap u t; = 450°C.
JlaBnenue B koHneHcarope p2 = 4 klla. Onpenenuts Tepmudeckuii KI1J] nukna PeHkrHa U CpaBHUTH €T0 C TEPMUUECKUM
KIIJ] nukna KapHo B TOM e HHTEpBaJie TEMIIEPATYP.

Bosayx, uMes napienue no manomerpy p; = 0,4 MIla u temnepatypy ¢; = 130°C, BeiTekaeT B aTMocdepy 4epes3 COIIo
JlaBans. MaccoBerit pacxon Bo3ayxa — G = 0,4 ke/c. OnpenenuTh TEOPETUIECKYI0 CKOPOCTh UCTEUCHUS W OCHOBHBIC
pa3MepsI coma (M300pa3uTh CXeMy coIia B MacmTade). YToI KOHyca pacIfpsIONIecsl 9acTH COIUIa IPHHATH PAaBHBIM
10°. bapomerpuueckoe aasienue B = 750 mm pm. cm. ONpenenuTh TaKXKe pPacroyiaraéMyl0 MOIIHOCTh CTPYH TpH
ucteueHuu. Mcredenue cuntath aquabaTHBIM, CKOPOCTh BO3/IyXa MEPe]l COIUIOM U TIOTEPU HA TPEHUE HE YUUTHIBATH.
Beruuciuth 1 mokasath rpadudyecku 3aBUCUMOCTb Tepmuueckoro KITJ[ mukia PeHknHA mapoCHIIOBON YCTaHOBKH OT
HavaIlbHOMU TeMIIepaTyphl apa, npuHsB ee paBHoi 400, 450, 500, 550 u 600 °C nipu 0JMHAKOBBIX 3HAYCHUSIX HAYAIBHOTO
a0coMoTHOTO MaByieHus p; = 20 6ap ¥ KOHEYHOTO NaBJeHUs p,> = 5 klla. [loka3aTh TakKe BIMSHUE MOBBIIICHUS HAYAIBHON
TEMIepaTyphl Mapa B IUKJIC HA M3MEHEHHE CTCIICHU BJIAXKHOCTH Iapa, BRIXOJASAIICTO U3 MTAPOBOT0 IBUraTels. Pernenue
3aJ1aud WUTFOCTPUPOBATh B i-S Harpamme.

[lo faHHBIM TEIUIOBBIX W3MEPEHUH TEIUIOMEPOM CpEIHEH YACTbHBIA TEIUIOBOM TIOTOK 4Yepe3 OrpaxIcHHS
M30TEPMHUYECKOTO BaroHa MpPU TEMIEpaType HAPYXKHOTo Bo3ayxa ty = 1°C u Temmeparype Bo3ayxa B BaroHe t; = 1°C
coctaBwi ¢ = 8,5 Bm/m°. Ha CKOJNBKO NMPOLEHTOB M3MEHMTCS KOJMYECTBO TEIUIA, MOCTYMNAKOIIETO B BaroH 3a CUET
TEIUIOTIEPEIaYd  4Yepe3 OTPAXKICHUS, €CIU NpPU MPOYMX PAaBHBIX YCIOBUSX HA €ro IMOBEPXHOCTh HAJIOKHUTh
JIOTIOJIHUTENLHBIN CIIOM U30IALMK M3 IIHaTEPMa TOIMMHON & = 30 mm ¢ ko3P dumuenToM TemwtonposoaHoctu A = 0,036
Bm/(m-K)?

Onpenenutrs TpeOyeMy0 MHUHHUMAIbHYIO TOJIIMHY OOMYPOBKM ra30xoja KOTJa, 4TOOBl TemMmepaTypa €€ HapyXKHOM
noBepxHocTH He npesbimana 50 °C mpu Temieparype ra3oB B raszoxoje ¢; = 300 °C. DxBuBajeHTHbIH KO3QPULHEHT
TEIJIONPOBOAHOCTH 00MYpOBKH A = 0,6 Bm/(m -K). CymmapHbIii K03(GPHIMEHT TEIIOOTAA4YH CO CTOPOHBI Ta30B - Ol = 65
Bm/(m-K), co cTOpoHBI Bo3yXa O, = 16 Bm/(m?K), a Temnepatypa Bosmyxa t2 = 20 °C.

OIIK-1.3. [Mpumensier | OOydaromuics BIaaeeT:

€CTECTBEHHOHAy4YHbIE  METOJbI | HABBIKAMU HPUMEHEHHS METOJOB TEOPETUYECKOI0 M IKCIEPUMEHTAJIBHOTO HCCIIeIOBaHHS
TEOPETHYECKOTO U | 00BEKTOB, IPOLIECCOB U SIBJIICHHUI, HABBIKAMU MPOBEACHHS TEINIOTEX HIYECKUX IKCIIEPUMEHTOB
JKCIEPUMEHTAILHOTO IO 33JJAHHOI METOJIMKE U HABBIKAMU 0OPA0OTKH UX PE3yJIbTATOB

HCCJICAOBAHUA O6’BeKTOB,
IMpO1LECCOB, ﬂBHeHI/Iﬁ, MMpoBOAUT




SKCHEPUMEHTBl 10  3aJaHHOMN
METOMKE u aHAIM3UPYET
pe3yJIbTaTh

2.3.2 Ilpumepsl 3aJaHUIH
Kak (11 Bo ckoJIbKO pa3) n3MeHnTCs KodpQUIMeHT TerooTaa4yu npy TypOyIeHTHOM Te4eHHH rasa B Tpyoe (JlaboparopHas
pabora No7), ecnm TpH MPOYMX PAaBHBIX YCIOBHAX 3a CUET IIEPOXOBATOCTH MOBEPXHOCTH TPyORl Ko3dduiment
THIIPABINYECKOTO COTMPOTUBICHNUS & yMeHpmmTes 1,5 paza?
[Ipu TypOysieHTHOM TeUeHHWH >XHIKOCTH B TpyOe (maboparopHas pabora Ne7) TermiooOMeH Ha CTaOWIM3HPOBAaHHOM
ydacTke ommchiBaeTcst Gpopmyinoii Nu = cRe’®. Kak (1 BO CKONBKO pa3) M3MEHUTCSA CPERHUN TEMIIEPATYPHBIH HAIop
MeXy CTeHKOH M )XHUAKOCThI0 AT=Ty —T;, €ciu Npu NOCTOSIHHBIX IJIOTHOCTSX TEIUIOBOI'O IMOTOKA (w M TEMIIEpaType
KUJKOCTH Ha BXozie T’y yBETMUYUTB €€ CKOPOCTh B 2 pa3a, a AUaMeTp TpyObl yBEIHUYHTh B 2 pa3a?
Uro HyXHO clenath B JaboparopHoi padore Ne9, 4ToOBl YBEJIMUNTH Pacxo] ra3a HpU UCTEUEHHH Yepe3 Cy’Karoleecs
COIUIO HEM3MEHHOW T€OMETPHUH B CBEPXKPUTHUECKON 001aCTH UCTEUeHHS?
CpaBHUTE IUIOTHOCTH MOTOKA M3ITyUYESHHUS JIATYHHOU rutacTuHbl € = 0,06 (C MpoKaTaHHOW MOBEPXHOCTHIO) M IUIACTHUHBI &
= 0,2 (oOpaboTaHHOI TpyOBIM HaXJ1aKOM) Ipu Temrepatype 22°C.
Omnpenenure TUIOTHOCTH MOTOKA M3JIy4EHHs a0COJIIOTHO YEPHOTO Tejla MpH TeMIlepaType, JUIs KOTOPOH JUIMHA BOJIHBI
COOTBETCTBYET MAKCHMAJILHOM CIEKTPAIILHOMN MIIOTHOCTH M3JTYYEHUS Amax = 0,48-10° M.
Onpenenure TemmepaTypy T» HOBEpXHOCTH HaHMEHBIIEro AuameTpa cTeHku kajopumerpa (Fa =18,84%10°m?),
BBINIOJTHEHHOTO U3 OOBIKHOBEHHOTO CTEKIIA TONMIUHON & = 0,3 MM (k03 punuenT Teronposoauoct A = 0,74 Bt/(m-K)),
€ClIU CpelHAA TeMIeparypa OxJaxJaroliel BoAbl t; M MOTOK u3nydeHUs i, NepeJaBaéMOro B BOJY, PaBHBI
SKCMIEPUMEHTANLHBIM JIaHHBIM. Koaduiment temnoornayn ot crenku k Boge & = 1000 Br/(mM?K). Crenky mns pacuera
MPUHATH 32 IIOCKY10. OIEHUTE pacXoKAeHUEe MeX Ty YKa3aHHBIMH TeMIepaTypaMu, eclid AOIMyCTUTb 3aMeHy T Ha t).

2.4 IlepeveHb BONPOCOB JIsl MOATOTOBKH 00Y4YaIOIIMXCS K MPOMEKYTOYHOM aTTecTaluu
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28.

IpolLeccaM.
29.
30.
1.

OcHoBHble NIOHATHA TepMoarHaMuKu. Y paBHeHue MKT, ypaBHeHne cocTosiHuS.
[TapameTpbl cOCTOSTHUSL.

3aKOHBI UJI€aTbHBIX ra30B.

Cwmecu uneaiabHbIX Tra3oB. CocoOb! 3a1aHus CMECH.

DHepreTuka TePMOJAMHAMUYECKON CUCTEMBI.

TennoeMKocTh. 3aBUCUMOCTh TEILUIOEMKOCTH OT TEMIIEPATYPBI.
TepMoaMHaMUYECKHUE TIPOLIECCHI.

[TonuTponHekIi Tipolecc. Y paBHEHUE MOJIUTPOITHOTO MpoOIIECcca.

[TepBoe u BTOpOE Havasia TEPMOAMHAMUKH.

YpaBHEHHE dHEPTUH ra30BOroO MPOIECca.

OHranbnus. VI3MeHeHre SHTaIbIIMK B TEPMOJAMHAMUYECKUX MPOLIECCax.
OHtponus. I3MeHeHue S3HTpONUU B TEPMOIUHAMUYECKUX MTPOLECCaX.
Tepmonunamuueckue nukibl. Tepmuyeckuid KIT/ nukna.

[uxn Kapro. Tepmuaeckuit KITJ] nukima Kapro. HeoOpatumerii mukin Kapho.
O6parnsriii nuka Kapho.

Teopema Kapno.

Teuenue ra3oB 3akoH oOparnienus Bo3aerictBus. Coruia, 1udQy30p5l.
OrnpeneneHne CKOPOCTH UCTEUEHMS ra3a u3 coruia. Kpurnueckue nmapaMmerpsl.
Omnpenenenne paboOTH UACATHLHOTO OAHOCTYIIEHYATOTO KOMITPECCOpa.
MHoOrocTyneH4aTblii KOMIIPECCOP.

PeanbHb1il KOMIIPECCOD.

[{ukmbl ABUTATENEH BHYTPEHHETO CTOPaHUs.

[ukiiel ABUTaTENEl BHEMIHETO MOIBOIA TEIUIOTHI.

PerenepaTuBHBIE LIUKJIBI.

Peanbuble rasel YpasHenue Ban-/lep-Baanbca.

Boasnoit map. [-S nuarpamma BoAsiHOTo mapa.

Brnaxnsriii Bo3ayx. I-d quarpamMma Biia)xHOTO BO3TyXa.

Xumuueckas TepmonHamMuka. [lepBoe Hayaio TepMOIMHAMUKHA IPUMEHUTEIBHO K XUMUYECKUM

[{ukiel ra30TYypOMHHBIX YCTaHOBOK.
[[MKIBI TAPOCUIIOBBIX YCTaHOBOK.
N3oTepmuueckue moBepxHOCTU. TeMnepaTypHbIid TpaJueHT.




2.

3.

4.

5.

6.

7.

8.
pona.

9.
pona.

10.

TennonpoBOIHOCTH B razax, XKUAKOCTSIX, METaJlIax.

OCHOBHOM 3aKOH TETJIONPOBOJHOCTH.

Huddepennmanproe ypaBHEHUE TEIIONPOBOTHOCTH.

UYactHele cnydau qudepeHInanbHOro ypaBHEHUS TETUIONPOBOHOCTH.
VYcnoBUs 0HO3HAYHOCTHU B IIPOLECCaX TEIIONPOBOIHOCTH.
®dusnyeckue CBONCTBA KUIKOCTH (Taza).

CranuoHapHasi TEIIONPOBOIHOCTh TJIOCKON OJHOCIOMHOW CTEHKH MPH T'PAHUYHBIX YCIOBHUSAX [
CranuoHapHasi TEIJIONPOBOAHOCTh IJIOCKOW MHOTOCIIOMHOW CTEHKH MPU IPAHUYHBIX YCIOBUSX |

CranuoHapHasi TEIUIONPOBOAHOCTh IUIMHIPUYECKOM OJHOCIOMHOM CTEHKHM NPH TPaAHUYHBIX

ycnosusx [ pona.

11.

CranuoHapHasi TEIUIONPOBOAHOCTh MUIMHAPUYECKOW MHOTOCIOMHOM CTEHKHU MPH TPAHUYHBIX

ycnosusx [ pona.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

CBo0Oo1Has ¥ BBIHYKJIEHHAS! KOHBEKIIUS.

OcHoBHOE ypaBHeHHe TernooTnaun. Koadduiment Tennooraaun
Teopus nogobus. Kpurepuun nmomoousi.

Temonepenaya yepes IMIOCKYIO OJHOCIONHYIO CTEHKY.

Tenmonepenaya yepes3 MIOCKYI MHOTOCIOMHYIO CTEHKY.
Temonepenaya yepe3 HUIMHIPUUECKYIO OJTHOCIONHYIO CTEHKY.
Temnonepenaya yepe3 HMIMHAPUYECKYIO MHOTOCIOMHYIO CTEHKY.
OCHOBHOE ypaBHEHUE TEIJIONEPEAAYN.

WuTeHcudukaius Temionepeaady NyTeM yBelandeHus: Ko3pPHUIreHTa TeriooTJauu.
WnuTencnukaius Teruionepeiayn 3a c4eT opeOpeHus: CTEHOK.
HuddepennmanpHoe ypaBHEHHE TEIIOOTAAYH.

TenmooOMeH u3nydeHueM. 3aKOHBI TETJIOBOTO U3ITyUSHHS.
TennomaccooOMEHHBIE YCTPOMCTRA.

YpaBHeHUEe TEII0BOro 6ajgaHca TernI000MEHHOr0 anmapara.

Yro Ha3biBatOT TOIIMBOM. Ero coctaB. Kakue Bubl TONIMBA BBl 3HAaeTE?
Kaxkue ncnons3yroTcss MOTOpHBIE TOIIMBa A1 opuiHeBsIx JBC.
Cxuranue TOIUIMBA.

I'openne TormBa. ®u3ndyecKuid NpoOLECC FTOPEHUS TOILINUBA.

Bonpocs! 5konoruu npu UCroib30BaHUH TEIUIOTHL.

TokcuuHbIe ra3bl IPOAYKTOB CTOPAHUS.

[TocnencTBust mapHUKOBOTO A DeKTa.

XonoaunbHas yctaHoBKa. [IpuHImn paboTel. Buabl X0I0MIBHBIX YCTAHOBOK.
xkekTop. [TpuHIun paboTs

TennoBoii Hacoc. [IpuHimn paboTel

Tepmotpanchopmarop. [Ipunium padboThI.

Kpuorennas TexHuka.



3. Meroau4eckue MaTepHaJibl, ONpeaeJsoIue Npoueaypy 1 KpUTepHH OLleHMBaHUSA
chopMHPOBAHHOCTH KOMIIETEHIIMH IIPH NPOBEACHUH IIPOMEKYTOYHOM aTTeCTALMU

Kpurtepun ¢popMupoBaHusi OLIEHOK 110 0TBETaM HA BONPOCHI, BHIIOJIHEHHIO TeCTOBBIX 3a1aHUH

- OLCHKA <«OTJHUYHO» BBICTABIISICTCA O6y‘laIOH_[eMYC$I, CCJIM KOJMYCCTBO NPABUIIBHBIX OTBCTOB Ha
Bonpockl coctapisieT 100 — 90% ot oluiero o6bEMa 3aJaHHBIX BOIIPOCOB;

- OIICHKAa «X0POII0>» BBICTABIIACTCA O6y‘IaIOH_I€MyC$I, CCJIM KOJIMYCCTBO MPAaBUJIbHBIX OTBCTOB HAa BOIIPOCHL
— 89 — 76% ot o6miero o0bEMa 3aTaHHBIX BOTIPOCOB;

- OIICHKAa «Y/AOBJIETBOPHUTEIBLHO» BBICTABIACTCS OOYYAIOMIEMYCsl, €CIH KOJHUYECTBO IMPABUIBHBIX
OTBETOB Ha TeCTOBbIE BONPOCHl —75—60 % oT 0b1iero o0bEma 3a1aHHBIX BOIIPOCOB;

- OIICHKA «HEYJAOBJIETBOPUTEIBbHO» BBICTABISETCS OOYYArOMIEMYCs, €CITH KOJIUYECTBO MPABUIHHBIX
oTBeTOB — MeHee 60% oT 001Iero 00bEMa 3aJaHHBIX BOIPOCOB.

Kpurepun ¢popmMupoBanusi OieHOK MO pe3yJabTATaM BbINOJHEHUS 3aIaHUM

«OTIHYHO/32UTEHO0» — CTABUTCS 32 padOTY, BHIITOJIHEHHYIO MOJHOCTHIO 0€3 OMMUOOK U HEJ0UYECTOB.

«Xopo1io/3a4TeH0» — CTaBUTCS 32 PadOTY, BHIMOJIHEHHYIO IMOJTHOCTBIO, HO MPU HAIMYUU B HEH He Oonee
OJTHOM HErpyOoi OITMOKHK M OJTHOTO HeJoueTa, He O0JIee TpeX HET0UYETOB.

«Y10BJIETBOPHUTEILHO/3a4TEH0» — CTABUTCS 32 PabOTy, €CITU O00YUYaIONIUIICS MPAaBUIHHO BBIMOTHII HE
MeHee 2/3 Bceil paboThl WM JOMYCTHII He OoJiee OJTHON TpyOol OmMOKHM M IBYX HEIOYETOB, HE OoJiee OJTHOU
rpy0oii u omHO#N HerpyOoil omuoOku, He Oojiee TpeX HerpyObIX OIMOOK, OJHOW HEerpyOoil OomMOKM M ABYX
HEJI0YETOB.

«HeynoBjieTBOpUTEJbLHO/HE 3a4YTE€HO» — CTAaBUTCA 3a pPabOTy, €CIM YHUCIO OMHOOK M HEI0YETOB
MIPEBBICHIIO HOPMY JUISI OIIEHKH «YJIOBJICTBOPUTEIBHOY» HITU MPABHIILHO BBITIOJHEHO MeHee 2/3 Bcel paboThl.

Buowl owubok:

- epybvie OwuOKU. He3HAHUe OCHOBHLIX NOHSAMUL, NPAGUL, HOPM, HE3HAHUE NPUEMO8 pPeuleHus 3a0ay,
OWUOKU, NOKA3bIBAIOWUE HENPABUTLHOE NOHUMAHUE Y CII08USL NPEON0NHCEHHO20 3A0AHUSL.

- He2pyOble OWUOKU: HEMOYHOCMU POPMYTUPOBOK, ONPedeleHUl, HEPAYUOHAIbHBIL 8b1O0P X00A peuleHUs.

- HeOoYembl.: HePAYUOHAbHbLE NPUEMbL 8bINOIHEHUSA 3A0aHUsL, OMOebHble NO2PEUHOCMU 8 (POPMYIUPOBKe
8160008, HEOPEICHOE BbINOIHEHUE 3A0AHUS.

Kpurepun ¢popmMupoBanusi OieHOK M0 3a4eTy
«3a4TeHO0» — CTYAEHT NpUOOpen HEOOXOIMMble YMEHHMS W HaBBIKHM, MPOJAEMOHCTPUPOBAT HABBIK
MPAKTUYECKOTO MPUMEHEHHUS MOJYYCHHBIX 3HAHUM, HE JOMYCTHJI JIOTUYECKUX M (DaKTHUECKHUX OIINOOK;
CTYAEHT IproOpes HeoOX0IMMBbIE YMEHUS U HABBIKH, TPOAEMOHCTPHPOBAJI HABBIK MPAKTHYECKOTO IPUMEHEHUS
MOJIy4E€HHBIX 3HaHUMN, HO AOMYCTUJI HE3HAUUTEIbHbIE OLTUOKU M HETOYHOCTH.

«He 3a4TeHo0» — CTyJICHT JEMOHCTPUpPYET (parMEeHTApHbIC 3HAHUS HM3y4aeMOTO Kypca; OTCYTCTBYIOT
HE0O0XO/IMMBbIE YMEHUS U HaBBIKH, JOMYLICHbI IPyOble OITMOKH.



