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OranaBAeHUE

ITosicauTEIPHAS 3aITHCKA.

TumnoBbsie KOHTPOJBHBIC 3a/IaHUS WJIM MHBIC MaTEPHUAJIbI JJIsI OLICHKW 3HAHWUH, YMEHUH, HABBIKOB M (MJIH)
OTIBITA JESATEIHLHOCTH, XapaKTEPU3YIONINX YPOBEHb C(HOPMUPOBAHHOCTH KOMITCTCHITHH.

MeTtonuyeckue MaTepHalbl, ONpeAesioNnue MPoIeaypy U KpUTEpUN OLIEHUBAaHUSA C(HOPMUPOBAHHOCTH
KOMIIETEHIINI NpU MPOBEACHUU IPOMEKYTOUHOM aTTECTALIH.



o0yyeHHs 1O JUCLHUIUIMHE,
00pa3oBaTeNbHON IPOTrPAMMBI.

1. [TosicHuTEILHAA 3aMUCKA

HGHL HpOMeXCYTOqHOﬁ aTTeCTallul — OLCHHUBAHUC TIPOMCKYTOYHBIX W OKOHYATCIBHBIX PE3YJILTATOB

00eCcHeunBaIIMX JTOCTUKEHUE

IJIAHUPYEMBIX  pe3yJIbTaTOB

OCBOCHHA

@dopMbI MPOMEKYTOUHOMN aTTECTALIUU: 3auem (3 cemecmp — ouHoe obyueHue, 2 Kypc —3a0yHoe oOyuenue).

[Tepeuyens koMIIeTEHIINM, (POPMUPYEMBIX B TIPOLIECCE OCBOCHUS AUCITUTITMHBI

KO,Z[ N HAUMCHOBAHHUEC KOMIICTCHIITNH

KO,Z[ MHAWKATOpa JOCTHKCHUA KOMIICTCHIINN

OIIK-1. Cioco0eH peuiath HHXEHEPHbIE
3a/a4d B podeccruoHaIbHON
JIeATETILHOCTH C UCIIOIb30BAHHEM
METO/IOB €CTECTBCHHBIX HAYK,
MaTeMaTHYECKOTO aHAIN3a 1
MOJICTTUPOBAHUS

OIIK-1.2. ITpuMeHsieT OCHOBHBIE MTOHSITHSI U 3aKOHBI €CTECTBEHHBIX HAYK IS

peuIcHusA Hpe[lMeTHO—HpO(l)l/IﬂbelX 3ajga4

OIIK-1.3. IIpuMeHsIeT eCTECTBEHHOHAYYHBIC METO/IBI TEOPETUIECKOTO U
9KCIIEPUMEHTAIIBHOTO NCCIIEIOBAHNS OOBEKTOB, IIPOLECCOB, SIBICHHUH, TPOBOIANUT
9KCIIEPUMEHTHI 110 3aJaHHONH METOANKE W aHAIN3UPYET Pe3yIbTaThl

Pe3ynbTarsl 00yueHus o AUCUUILIUHE, COOTHECEHHBIE C TNIAHUPYEMBIMU
pe3yJbTaTaMu OCBOCHUS 00pa30BaTEIbHOM MPOrpPaMMBbl

KOI[ 1 HAUMCHOBAHUEC MHAUKATOPA
JOCTUKCHUSA KOMIICTCHIIMU

Pe3ynbraTsl 00y4eHus IO TUCIUITIIHE

OrneHOYHbIE
MaTepHabl
(cemectp 3/ kypc 2)

OIIK-1.2. IIlpuMeHsieT OCHOBHBIE MTOHSITHS
U 3aKOHBI €CTECTBEHHBIX HAyK JIJIs
pelIeHUs MPeIMETHO-IPOMMITBHBIX 3a/1a4

OOyyJaroluiics 3HaeT:

OCHOBHBIE ~ TIOHSTHUSI WM  3aKOHbl  TEIUIOTEXHUKH:
TEXHUYECKON TEPMOJMHAMUKH M TEIIOMACcCOOOMEHa,
OCHOB TEOpPHH TOpPEHHS, W HUX pPOJIb B pEIICHUU
TPEIMETHO-TIPOGUIILHBIX 38,18

Tecter m. 2.1.1
Bonpocsr . 2.1.2

OO0yJarouiicss ymeeT:

UCIIOJIB30BaTh ~ OCHOBHBIE  IIOHATHA M 3aKOHBI
TEIUIOTEXHUKU Ul PELICHUS MPEeIMETHO-IPOQHIBHBIX
3amay4

Samauns 1. 2.2.1

OOyyJaronuiics BiIaeer:
HABBIKAMH IPOBEACHUSA TEIUIOBBIX PacuyeTOB
pEIICHUS TPEIMETHO-TPOGUIBHBIX 313

ISt

Saganms 1. 2.3.1

OIIK-1.3. IIpumensier
€CTCCTBCHHOHAYYHBIC METOAbI
TEOPETUYECKOTO M IKCIEPUMEHTAIHLHOTO
UCCIIENIOBAaHHUsI ~ OOBEKTOB,  IIPOLECCOB,
SIBIICHUH, TPOBOJUT AKCHCPUMEHTHI IO
3a]aHHOM METOIMKE W  aHaJIH3HPYeT
pe3yIbTaThl

OOyyJaronuiics 3HaeT:

Tecterm. 2.1.3

METOJBl IOJy4yeHMd, TMepeJauyd U HCHoJIb30BaHUA | Bompocs! 1. 2.1.4
TEIUIOTBI, METOJABbl  TEMIOCOepeKeHHUs, METOJUKY

MIPOBEACHUS u 00paboTKH pe3yabTaToOB
TEIUIOTEXHUUYECKOI0 IKCIIEPUMEHTA

OO0yyJaromuiicss ymeeT: 3apanus m. 2.2.2
IIPUMEHSATh METObI TEOPETHYECKOTO u
SKCHEPUMEHTAIBHOIO UCCIIEI0BAHUS 00BEKTOB,

IIPOLIECCOB U ﬂBHCHHﬁ, TIPOBOAUTH TEIIJIOTEXHUYECKUE
OKCIICPUMCHTBI 110 SaﬂaHHOﬁ MCETOOUKE N O6pa6aTBIBaTB
HX PE3YJIbTATHL

OOyyJaronuiics BiIaeer:
HABBIKAMH NPUMEHEHHS METOMOB TEOPETHUECKOTO U

OKCIIEPUMEHTAIIBHOTO HCCICOAOBaHUA O6’beKTOB,
mpoueccoB u ﬂBﬂeHHﬁ, HaBbIKaMHU MpOBEACHUA
TCINIOTCXHUYCCKHUX 9KCIICPUMEHTOB 1o 3aJaHHOI

METOJIMKE U HaBbIKaMHi 00pabOTKH MX Pe3yJIbTaTOB

Baganus m.2.3.2

[TpomexxyTouHas aTTecTarus (3a4eT) MPOBOAUTCS B OJTHON U3 CIAEAYIOMHX HopMm:

1) cobecenoBanue;

2) seimonHenue 3aganuii B OMMOC yHuBepcurera.



2. Tunosbie! KOHTPOJILHBIE 321aHUA WM HHBIE MATEPUAJIBI VIS OLEHKH 3HAHUMN, YMEHHH,

HABBIKOB M (MJIH) ONBITA AeATEJbHOCTH, XaPAKTEPHU3YOIINX YPOBeHb C()OPMHUPOBAHHOCTH KOMIIETeHIIHIA

2

.1 TunosBble BOonpocskl (3a1aHNs) 1JIs1 OCHKH 3HAHUH B KauyecTBe 00pa30BaTeJIbHOIO pe3yJbTaTa

[TpoBepsiembIii 00pa3zoBaTEIBHBIN PE3yIbTAT:

KO}_'[ 1 HAUMCHOBAHUC MHJIUKATOpa O6paSOBaTeJ'[LHLII71 pe3yabTaT
JOCTHXKCHHNA KOMIICTCHIINH

OIIK-1.2. Ilpumensier ocHoBHble | OOyd4aromuiics 3HaeT:

TIOHATHS W 3aKOHBI €CTECTBCHHBIX | OCHOBHBIE TIOHATHS W 3aKOHBI TEIUIOTEXHUKH: TEXHWYECKOW TEPMOJUHAMHUKH |
HayK IVl DEIICHHWA IPEIMETHO- | TEINIOMAacCOOOMEHa, OCHOB TEOPHM TOPEHMS, M HX pPOJIb B PEHICHHH IPEIMETHO-
Mpo(UIBHBIX 33724 PO UIBHBIX 3a71a49

a)
b)

¢)
d)

2.
a)
b)
¢)
d)

a)
b)
¢)
d)

6.

a)
b)
¢)
d)
7.

2.1.1 Ilpumepnbl TeCTOBBIX 3aAaHUM

I[IpenMeToM TeXHUYECKOi TePMOINHAMUKH ABIISIOTCS ...
3aKOHOMEPHOCTH B3aMMHOTO MPEBPAIEHHs TEIIOBOM ¥ MEXaHHUECKOH YHEPIUU U CBOMCTBA TeJl, yJacTBYIOIIUX B 3THX
TIpeBpanIeHUsX
3aKOHOMEPHOCTH B3aHMHOTO MPEBPAIeHHUs TEIIOBOM M MEXaHWYECKOW SHEPTMH M Macca Tejl, yYacTBYIOIIUMX B THX
TIpeBpaNIeHHsIX
3aKOHOMEPHOCTH B3aUMHOTO NPEBPALICHHS TEIIOBOM M MEXAHMUECKOH PHEPTHH M 00HEM Tell, YUaCTBYIOMIHX B 3THX
IPEBPAILEHUSX
3aKOHOMEPHOCTH B3aHMHOTO MIPEBPALIeHIs TETIOBOH ¥ MEXaHHIECKOH SHEPTHH U CHJIA TIPUTKEHUS TEJ, yIaCTBYIOIIMX
B 3THX HPEBPaLIEHUAX

p
EBeou T; = 1000 K, vi = 3 m/ke, T, = 10K, T0v; = m/ke.
0,3 2 1
0,03
30

v
Haiinure paboty, coBepmaeMyto OBYMsI MOJISIMH HJ€ajbHOTO ra3a IpH ero mzobapHom HarpeBanuu Ha 100°C ([Dx).
R=8,3JI>x/MonbeK:

166

1660

830
0,166

Temnnora B nukne Penkuna, npeacraBieHHOM Ha Tpaduke, OTBOJUTCS B POLIECCE ...
12

2
6—
5—
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OTHOIIEHHE MacChl BOJSHOTO ITapa My, COAEPHKALIET0Cs BO BIAXKHOM BO3yXe€, K Macce
CYXOro BO3/1yXa M, Ha3bIBAETCH ...

BIIArocoAep>KaHuEM

OTHOCHTEJIBHOH BIaKHOCTBIO

a0COMFOTHOHN BIA’KHOCTBIO

TOYKOH POCHI

TemoBoit ABUTaTENH 32 OJMH MUK 1MorydaeT oT HarpeBaTens 100 k/[x TerutoTs! u oTaaeT xonoauwnbHUKY 60 kJIx. Uemy
pasen KII/] atoro apuratens (%):

25

40

60

0,4

Koa¢ddunment TeMmneparyponpoBoAHOCTH BEIYHCIISIETCS 10 opMyie ...

! TlpuBomsrcs TUMOBBIE BONPOCH M 3amaHus. OUEHOYHBIE CPEACTBA, MNPEAHAZHAYEHHBIE JUIS MPOBEIECHUS ATTECTAMOHHOTO
MEpOIIPUATHSA, XPAHATCA Ha Kadeape B TOCTATOUHOM JUI MPOBEICHUS OLCHOYHBIX HPOLEAYp KOIMYECTBE BapHaHTOB. OIEHOUYHbIC
CpeACTBa MOAJIEKAT aKTyallM3allMk C Y4YE€TOM pa3BUTHS HayKu, oOpa3oBaHUs, KyJIbTypbl, SKOHOMUKH, TEXHHKH, TEXHOJOTUH u
conuanbHOU chepsl. OTBETCTBEHHOCTH 32 HEPACIPOCTPAHEHHE COJEPKaHMs OLEHOYHBIX CPEICTB Cpeid 00yJaIoIMXCcsl YHUBEPCUTETA
HECYT 3aBeyIoIui kadeIpoil U mpernoaaBaTelb — pa3pabOTUUK OLIEHOYHBIX CPEJICTB.




a)

b)

¢)
d)

11.

a)
b)
<)
d)

14.

A

a=—-
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c-p
a=—

A

a=—

c-v
a=—" t]

c-p
Hanpasnenne BeKTOpa TEIIIOBOTO ITOTOKA HA PUCYHKE 0003HAYEHO IO ... 1
4 t
1 !
2 t
T —
3 > v
S——

KoHBeKTHBHBII TEIIIOOOMEH - 3TO CIIOKHBIN BU TEIUIOOOMEHA, IIPH KOTOPOM COBMECTHO
MPOTEKAIOT IPOLECCHI:
TerooOMeHa 1 MaccooOMeHa

KOHBCKIMU U TCIJIOOTAAaYN
TCIJIOMPOBOJAHOCTHU Y KOHBEKIINU
TCIuIonepeJauyu U KOHBCKIIUN

B kadectBe ompenenstonieil TeMmeparypbl Ipu pacuere cpeaHeit

TEIUIOOTA@Yd BHYTPU TPYOBl HPHUMEHHUTENFHO K PUCYHKY - Y= —— -
MPUHUMAETCA ... L —_— =

cpenHsisi apupMeTHdecKas TeMIlepaTypa >KHAKOCTH Ha BXOJAE U e =S ==

BBIXOJIE U3 pr6BI — = | e W
TeMIIepaTypa KAIKOCTH Ha BXO/Ie B TPyOy o 'i' a 5
TeMIepaTypa )KUIKOCTH Ha BBIXOJE U3 TPYObI

cpenHsist apupMeTHIecKast TeMIIepaTypa KHUIKOCTH H CTEHKU TPYOBI

TermioBoil NOTOK, U3JIy4aeMblil Ha BCEX JJIMHAX BOJIH C €IUHULBI T 3

HOBEPXHOCTH TeJIa I10 BCEM HallpaBJICHUSIM, Ha3bIBACTCS:
TEIUIOBBIM H3Ty4YeHHUEM

M3ITy4aTe’abHOI CITIOCOOHOCTHIO

WHTCHCUBHOCTBIO U3TYUCHUA

HUHTErpaJIbHbIM JIYYHUCTBIM ITOTOKOM

Ecnu u3iny4aTensHas ciocobHocTh ceporo Tena E = 5670 B1/M2, To HHTerpaibHbli Kod(QQUIHEHT H3MydeHns (CTEIEHb
YEpPHOTHI) PABEH ...

0,01

! T =1000 K

0,1 2

o C=5,67 Bri(mK)

Ecmut duap = 1 M, dipy = 0,9 M TO yTONIIIEHNE TETIION30JIALUK Ha TPYyOE IPUBOANT K CYMMAapHOI'0 TEPMUYECKOIO
CONIPOTHUBJICHUA TECINIONIEPEIAAYN.

YMCHBIICHUIO

YBCJINYCHUTIO

YBEIMUYECHUIO BO BTOPOH CTETICHU
YBEIMUYCHUIO B TEOMETPUYECKOI ITPOTrpeccun

CaMOTIpOM3BONBHBIA ~ TIPOIlecC ~ MPOHWKHOBEHHWS ~ ODHOTO  BEmeCTBA B JPYyroe B HaTpaBICHUN
YCTaHOBIICHHSI BHYTPH HUX PABHOBECHOTO paclipe/leIeHus] KOHIICHTPAH Ha3bIBAIOT:

IIOTOKOM MacChl

KOHBEKIIHEH

muddysueit
MaccooOMEHOM

B xakux TeII000MEHHBIX anapaTax nepeada TeIUIOTH OT HarpeBaroIei )KUIKOCTH K HarpeBaeMOi IPOUCXOIUT CKBO3b
TBEPIAYIO Pa3AeIUTEIbHYIO CTEHKY:

peKyInepaTuBHBIX

CMEIINBAIOIINX

pereHepaTUBHBIX

CMECHUTEIIbHBIX

2.1.2 IIpumepbl BONPOCOB




PN WD =
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10.
11.
12.
13.
14.
15.
16.
17.

ITapameTtpsl coctosinus. YpaBuenne MKT, ypaBHEeHHE COCTOSHUSI.

3aKoHBI UCaTbHBIX T'a30B.

OHepreTUka TepMOJIUHAMUYECKOI CHCTEMBI.

TennoeMkocTb. 3aBUCUMOCTb TEMIOEMKOCTH OT TEMIEPATYPBHIL.
TepmoaunaMudeckue npoueccsl. [lonuTponHslil mporecc. YpaBHEHUE MOJUTPOIHOTO MIpoLEcca.
Onranenus. 3MeHeHne 3HTaNbIul B TEPMOJIUHAMUYECKHX MPOLIECCaX.
OHTponus. MI3MeHeHue SHTPONUHU B TEPMOANHAMHYECKUX IPOLIECCax.

Hwukn Kapro. Tepmuaeckuii KITJ nukna Kapro. HeoOpatumsrit mukn KapHo.
PeanbHele rassl YpasHenue Ban-/lep-Baansca.

M3otepmuueckue noBepxHOCTU. TemnepaTypHbIid IpaJUeHT.
TennonpoBoIHOCT B rasax, JKUAKOCTSIX, METaJIax.

OCHOBHO1 3aKOH TEIUIONPOBOIHOCTH.

CB00O/HAsI ¥ BBIHYK/ICHHAs] KOHBEKIIHSL.

OcHoBHOe ypaBHeHHe TerooTaaun. KoadduiueHT temiooraaun

I'openue TormBa. @U3MUECKUIl IPOLIECC TOPEHUSI TOILINBA.

Bompocs! 3xo0n0run npu UCMOIb30BaHUU TEILIOTHI.

[TocnencTBus MapHUKOBOTO APPEKTa.

OIIK-1.3. Ilpumenser OOyuaronuiicst 3HaeT:
€CTECTBEHHOHAYYHbIE METOIbI METO/BI MONYYCHHUs], NEPEeAaYrd M HCIIOJIB30BAHUS TEIIOTHI, METOJBI TEIUIOCOEpPEKEHNS,
TEOPETHYECKOTO U METOAMKY MPOBEACHUS M 00PaOOTKH PE3yJIbTATOB TEIUIOTEXHUYECKOTO IKCIIEPUMEHTA

SKCIIEPUMEHTAIBHOTO
HCCIIEN0BAaHKU OOBEKTOB,
MIPOIIECCOB, SIBJICHUH, TPOBOIUT
SKCHEPUMEHTHI 110 3a1aHHOU
METOJIMKE U aHAJIU3HPYET

pE3yNbTAThI
2.1.3 IIpumepbI TeCTOBBIX 3aaHMTi

1. Cxonbko Jipza (KI') pacTaer, eciu Jiex Maccoit 5 kr u Temneparypoit 0°C onyctuTs B Bogy Maccoit 10 kr u
temrieparypoit 0°C:

a) 1

b) 10

c) O

d 5

2. Haiigute paboTy, coBepIIaeMyro IByMsI MOJISIMH HIEaIbHOTO ra3a mpu ero uzobapaom Harpesannu Ha 100°C (Ix).
R=8,3JI:x/monb-K:

a) 166

b) 1660

c) 830

d) 83

3. Kakoit momxHa OBITH TeMIlEpaTypa XOJOMIIBHHUKA TerutoBoi MammHbl (°C), uroOs MakcuMmanbsHOe 3HaueHne KI1J]
pasHsutock 50%? Temnepatypa Harpesarens 327°C:

a) 260

b) 27

c) 327

d) 300

4. Temnoso# neurarens ¢ KITJ 50% 3a ogux nuki otaaeT xonoauibHUKy 56 k/[x Teruorsl. Kakas padota um (k/[x)
COBEpIIAETCS 33 OAUH LUK

a) 40

b) 27

c) 56

d 17

5. Ecmu € =16, k= 1,5 To Tepmuueckuii KI1JI kap6ropatoproro JIBC (c moaBoJOM TEILUIOTHI IIPU V = const) paBeH ...

a) 0,75

0,5




¢)
d)

b)

¢)
d)

b)
©)

d)

a)
b)

d)

10.

a)
b)

d)

0,25

t

Ecmu q = 1 kB1/M%, A = 50 B/(M-K), & = 100 MM, t; = 500°C, TO 1715 CTEHKH,

ts
NIOKa3aHHOM Ha rpaduke, TemrepaTypa t, paBHa °C. \\

498 t,

q=const

500 0 5 %

V|

502

102

Ecmu A = 50 Br/(M-K), A, = 30 B/(M-K), To IJI0THOCTB TEMIOBOrO MOTOKA q B KBT/M> paBHa ...
377

37700
37,7

3770

Eciu onpepensromas temneparypa 20°C, o = 60 Br/(m*K), d = 0,1 M To xputepuii nogobus (uucio) Hyccenbra,
COMJIaCHO Ta0JIHIIEe, PABEH ...

t°C | a, BriMK)

10
0 055
0,1 20 06
? 40 063
100 60 0,66
0,01

Ecnu u3nyyaTenbHas ciocobHocTh ceporo Tena E = 5000 B1/m? To ko duiment nanydenus Tena B Br/(M?K*) pasen ...

4
) O T =1000 K

5,67

0,5

Ecmu Gy = 10 xr/c, ¢'p1 = ¢"p1 =4,2 xJlx/(xr-K), t"1 70°C, t'; = 80°C, T0 , TO TeII0BO# MOTOK, OT/IABAEMBIH TOPIUUM
TeMIOHOCHTENEM, B KBT paBeH ...
42

4,2
420

0,42

2.1.4 Ilpumepsl BONPOCOB




ORXNANE DD =00 N R WD =
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B LN =0

CMmecu uaeanpHbIX ra3oB. CriocoObl 3a1aHNs CMECH.

IIepBoe, BTOpoe Hauana TEPMOJUHAMUKU U €0 IIPUMEHEHUE.

YpaBHeHHE SHEPTUU Ta30BOT0O MpoIlecca U €ro NpUMEHEHHE.

Mertoauku pacueTa HUKIIOB JBUTATENE BHYTPEHHETO CTOPaHUs.

MeTtoauku pacyeTa IUKJIOB IBUTATENIeH BHELTHETO MOBOA TEIUIOTHI.

MeTouKH pacdeTa IUKIOB Ta30TypOMHHBIX YCTaHOBOK.

Bogsnoii map, MeToab! pacueTa.

BraxxHbIl BO31yX, METOBI pacyeTa.

MeTtoauku pacyeTa UKJIOB MapOCUIOBBIX YCTaHOBOK.

YcnoBus 0OAHO3HAYHOCTH B IIPOLECCAX TEILIONPOBOAHOCTH.

CramroHapHas TEIUIOIPOBOAHOCTD TUIOCKON OJTHOCIIOMHOM CTEHKH MPH TPaHUYHBIX yciaoBusaX | pona.
CramrioHapHas TEIUIOIPOBOAHOCTD TUIOCKOW MHOTOCIIOWHOM CTEHKH MPH TPaHUYHBIX ycIoBHAX | pona.
CramrioHapHasi TEIUIOIPOBOIHOCTD IIMIIMHAPHYECKON OTHOCIONHOM CTEHKH MPH IPpaHNYHBIX YCIOBHAX | pona.
CranuoHapHas TEIUIONPOBOAHOCTh MIJIMHAPUISCKON MHOTOCIIONHOM CTEHKY MPU TPaHUYHBIX YCIOBUAX | posa.
Teopus nogobust. Kpurepun nogobus.

Tennonepenaya yepes MIOCKYIO OJTHOCIOMHYIO CTEHKY.

Tennonepenaua uepes MIOCKYI0 MHOTOCIONHYIO CTEHKY.

Tennonepenaya uyepes HUIMHAPUUECKYIO OAHOCIOWHYIO CTEHKY.

Tennonepenaua uyepes MWIMHAPHUUECKYIO MHOTOCIOHHYIO CTEHKY.

Mertonpl pacyera TEII00OMEHHBIX alapaTos.

. XosnonwieHas yctaHoBka. [IpuHimm paboTsl.

TemoBoit Hacoc. [IpuHIKT paboTHI
Tepmotpanchopmarop. [IpuHnun padoTs!

2.2 TunoBble 3aJaHMSA IS OLIEHKH YMEHHI B Ka4yecTBe 00pPa30BaTe/IbHOIO pe3y/ibTaTa

[IpoBepsieMblii 00pa3oBaTENbHBIN pe3yIbTaT:

Kon n HanmeHoBaHue OO6pa3oBaTenbHBINA PE3yIbTAT

OO0yuaromnuiicsi ymeer:
HCIIOJIb30BaTh OCHOBHBIC TMOHSTHS M 3aKOHBI TEIUIOTEXHHKU ISl PEHIeHHS MPeAMETHO-
npoQHIBHBIX 33184

2.2.1 lIpumepnI 3aaa4
ManHoMeTp, YCTaHOBIICHHBIN Ha TApOBOM KOTIIE, MOKa3eiBaeT aapienne 1,8 MIla. KakoBo abconroTHOE naBieHUE mapa B

Bakyymmetp nokasseiBaet pazpexenue 80 klla. KakoBo abcomroTHOE naBieHue B COCYIE, €CIIM aTMOC(EpHOE TaBICHUE

B Gamtone copepxwurcst 2 KuigorpamMma kuciopona mpu aasienun 8,3 Mlla m temneparype 15° C. Boraucnutsb
BMECTHUMOCTH (€MKOCTH) OatoHa. BenmuunHy ynensHON ra30BOH IMOCTOSHHOM [T KUCIIOPOia IPUHATH paBHOU R = 259,8

Pe3epByap BMeCTHMOCTBIO 4 M3 3aMOJHEH YIJIEKHCIBIM ra3oM. HaiiTh mMaccy 3TOro rasa u ero Bec, eciid W30bITOUYHOE
JaBJICHUE, TTOKa3bIBAEMOE MaHOMETPOM, MPUCOSIMHEHHBIM K pe3epByapy, paBHo 40 klla, temmeparypa rasza - 80° C, a
arMocepHoe (bapomerpuyeckoe) nasineHue pasHo 102,4 xIla. YiaenbHas ra3oBasi MOCTOSIHHASI ISl YTJIIEKHUCIIOTO rasa

Komrmpeccop kagaeT Bo3ayXx B Bo3ayxocOopHHK oobemMoM V = 100 i1. [Tepen nmonkaunBaHueM B BO3AyXOCOOPHHUKE OBLIO
arMocdeproe nasierne 750 MM pt. cT. u Temmepatypa t; = -10°C. TTocie moaKauyMBaHus TaBJIeHHE B BO3LYXOCOOPHUKE
crao p, = 8 6ap 1Mo MaHOMETpY, a Temrepatypa t, = 25°C. OnpenenuTs Maccy MOAKAYaHHOTO BO3IyXa.

3ajan 00bEMHBIH cOCTaB cMecH Ta3oB (7¢o, = 10%, 1co = 2%, 1y, = 60%, 10, = 28%). Onpenenuts 10 Kakoro

JaBJICHHS TI0 MAHOMETPY HYXKHO CXKaTh 3Ty CMecCh, 4To0bI mipu Temmeparype t = 100°C macca m = 20 kr umena o6bem V

2 KI' KHCJIOpOJa C HayajbHBIM abCONIOTHEIM HaBieHneM 6 MIla u HadanbHOM TemnepaTypoit 17 °C pacrupsrorcs
U30TePMHYCCKH 10 KoHeuHoro nasienus 0,1 MIla. Onpenenuts 00beM KUCIOPO/Ia B HaYalIC U B KOHIIE PACUIHPCHUS U

4 Kr BO3/lyXa ¢ HAYAIBHBIM a0COMIOTHBIM jaBieHueM 1,2 MITa u HayansHOU TemmepaTypoii -10°C cxumaroTces aauabaTtHo
1o koHeynoro nasienusi 0,2 MIla. Onpenenuts 00beM U TeMIlepaTypy BO3IyXa B KOHIIE CXaTHs, paboTy cxKaTus M
U3MEHEHHE BHYTPEHHEH SHEPIHH, €CIU [ToKa3aTelb aauadatsl 1,4.

2 Kr BO3/yXa ¢ HadaubHbIM abcomoTHbIM aapieHueM 0,12 MIla u HavanbHO#M Temmeparypoii 20 °C CKUMAOTCs [pH
TIOCTOSIHHOM JIaBJIEHHHU J10 YeNbHOro oobema 0,05 M3 /kr. OnpenenuTs paboTy CxkaTHs, M3MEHEHHE BHYTPEHHEH SHEPTUU

WHIUKATOpa JOCTHKEHHS
KOMIIETCHIIMH
OIIK-1.2. ITlpuMeHsieT OCHOBHBIE
TIOHSTHS M 3aKOHBI
€CTECTBEHHBIX HayK IS
pelIeHus NpeIMeTHO-
npodHIIbHBIX 33/1a4
1.
KOTJIe, ecu aTMocdepHoe aaBnerue pasHo 0,099 MIla.
2.
o 6apometpy coctasiusier 0,1 MITa?
3.
Jox/(xkrxK).
2.
pasna R = 188,9 JI/(xrxK).
3.
4.
= 1,2 M*. bapomerpuueckoe aaBienue 750 MM pT. CT.
5.
paboTy paciiupeHus.
6.
7.
U KOJIMUECTBO OTBEACHHON TEIJIOTHI OT BO3AyXa.




10.

11.

12.

Jlo xaxoro naBIEHWS HAZO CXATh BO3AyX B IOJHUTPOIHOM IIpOIlecce CO CPEOHHWM IOoKaszaTeneM n = [,3 B IWIHHIPE

JIBUTATelsi BHYTPEHHEr0 Cropanus ([u3elist) mpu HadanbHOM abcomtotHoM aasieruu 100 kIla u temmeparype 125°C,
4TO0BI JOCTUTHYTH TEMIIEPATYpPBl BOCILIaMeHeHus TommBa 650°C? Onpenenurs Takke paboTy, 3aTpaunBaeMylo Ha
c)KaTue, ¥ KOJIMIECTBO OTBOANMOM TETIIOTHI, OTHECEHHBIX K /K2 BO3ayXa. TemToéMKOCTh BO3/IyXa CYNTATh HE 3aBUCSIIEH
OT TEMIIEPATYPBHI.

Bosnyx, uMes HauansHy0 Temrepatypy ¢; = 27 9C u abcomoTHoe nasienne p; = | MIla, H30TepMUYECKH PACIIHPIETCS
1o gasneHus p; = 0,1 Mlla, a 3aTeM HarpeBaeTcsl B ©30XOpHOM MpOIIecce 10 TeX MOop, MOKa JaBJIeHHE HE CTAaHET PaBHBIM
pi1. Tpebyercst onpenenutb yAenbHbIH 00bEM BO3[yXa B KOHLE M30XOPHOrO IO/BOJA TEIUIOTHI, & TAKKe M3MEHEHHs
yAENbHBIX 3HAYCHUH BHYTPEHHEW 3HEprHM, SHTAJIBIUM U SHTPOIMHU B M30XOPHOM Ipoliecce. TemnoeMKoCTh BO3ayXa
CUMTATh HE 3aBUCHILEH OT Temiepatypbl. M300pa3uts nporeccsl B p-v 7-S auarpammax.

BBIUMCIIUTS IUIOTHOCTH TEIIOBOTO IOTOKA ¢ YE€PE3 IVIOCKYIO CTEHKY TOMUUHOM O = 110 MM, BBIIOJIHEHHYO U3 YKA3aHHBIX
HIKE U30JIALIMOHHBIX MATEPUAJIOB (IPUMEHSAEMBIX B BATOHOCTPOEHHUH), KO3 (DUIIMEHTHI TEMIONPOBOAHOCTH KOTOPHIX A,
Bm/(m-K), CBA3aHHBIX C TEMIIEPATYPOM CIEAYIOLIMMU 3aBUCUMOCTAMU: LieBeuH A = 0,060+0,002-t; munopa A =
0,035+0,002-t; nomuctunon IICE-C A = 0,038+0,0036-t; nomyperaun [I1Y-3C A = 0,004+0,0035 t. Temneparypsl

MOBEPXHOCTEH CTEHKH COOTBETCTBEHHO paBHbI " =21°C u t§" =-1°C.
Onpenenutp K0A(Q(GUIMEHT TEIUIONPOBOJAHOCTH KHPIUYHONH CTEHKH TOonmmuHONH 390 MM, ecnm TemmepaTypa Ha

BHyTpennei nosepxnoctr 300°C u na Hapyxuel 60°C. [lotepu Termna yepes crenky q = 178 Br/m?.
Croit 16712 Ha TOBEPXHOCTH BOABI MMeeT TommHy 400 MM, a TeMIepaTypa Ha BepXHEH 1 HIDKHEH MTOBEPXHOCTSIX PaBHBI

0°C u -15°C coorBercTBeHHO. ONpeneNuTh TEIUIOBOM IOTOK depe3 1 M’ IOBEPXHOCTH JIbAA, e€clH Kod(p HUIHEHT
TEIUIONPOBOIHOCTH JIbJa paBeH A, = 2,25 Bm/(m-2pad). Kak H3MEHHUTHCS TEILIOBOM MOTOK, €C/IHM JIEM NOKPOETCS CIIOEM
cHera TOMUMHOM 250 MM ¢ Kod(duuueHToM TemIonposoaHocty A; = 0,465 Bm/(m-2pad), a Temmeparypa Ha
noBepxHocTH cHera - 20°C.

OIIK-1.3. IIpumensier | OGyuaromuiics ymeer:
€CTCCTBCHHOHAYYHBIC METOAbI | IPUMCHATH MCETOJAbl TCOPCTUYECKOTO W OSKCHIECPHUMCHTAJIBHOI'O HCCICIOBaAHUA O6'I)€KTOB,
TCOPETUUYCCKOTO H | OIpOLCCCOB U ﬂBJ’IeHMﬁ, MMPOBOAUTH TCINIOTCXHUYCCKHUE SKCIICPUMEHTHI 110 3aﬂaHHOﬁ MECTOOUKC

9KCIIEPUMEHTAILHOTO
HCCIICIOBAHMS 0OBEKTOB,
MPOLIECCOB, SIBJICHUM, MPOBOJIUT
SKCIIEPUMEHTHl 10  3aJlaHHOU
METOIUKE u aHAITU3UPYyeT
Pe3yIBTATHI

1 00pabaThIBaTh NX PE3yIbTAThI

2.2.2 Ilpumepsl 32124

AHanu3 MpoAyKTOB CrOpaHUs IOKazal clexyromuil o0sEMHbIH coctas, %: CO, - 12,2; O, - 7,1; CO - 0,4; N> - 80,3.
OmnpenenuTs MaccoBBIil COCTaB BXOASAIINX B CMECH I'a30B, Ta30BYI0 IOCTOSIHHYIO, YCJIbHBIH 00BEM IIIOTHOCTE CMECH MIPU
abcommoTHOM faBieHun p = | MIla n temneparype ¢ = 250 °C. OnupeaenuTs Takxe HapIiaibHbIe JaBJICHNAS KOMIIOHEHTOB
CMECH.

Boznyx, nmes HagansHyto Temuepatypy ¢; = 27 °C n abcomtoTHOe nasnenue p; = 0,5 MIla, n30TepMUYECKU PacIINPAETCS
Jo nasnenus p, = 0,1 MIla, a 3aTeM HarpeBaeTcsi B ©30XOpHOM IpoIiecce 10 TeX Mop, oKa JaBJIeHHE He CTAaHET PaBHBIM
pi1. TpeOyercsi onpenenuTh yAeiIbHBIH 00BEM BO3[yXa B KOHIE M30XOPHOTO TI0/IBOJIA TEIJIOTHI, a TaKKe M3MEHEHHs
yAETbHBIX 3HAYCHUH BHYTPEHHEH 3HEPTHM, SHTAJIBIHM U HTPOIHUH B M30XOpHOM Ipouecce. TemnoeMKocTs BO3ayXxa
CUNTATh HE 3aBUCSILEH OT Temieparypbl. 1300pasuts nponeccsl B p-v 7-S quarpammax.

OmnpenenuTh CTENEHb CXKaTHs, JIABICHWE M TEMIlCpaTypy B MEpPEXOJHBIX TOUYKaX HICAIBHOTO LUKJIA IOPIIHEBOTO
JIBUTATEeNsT BHYTPEHHETO CTrOpPaHUsl C IOJBOJOM TEIUIOTHI IPH IIOCTOSHHOM 00BéMe, a Taike Tepmuueckuit KII,
yznenpHble 3Ha4eHus (Ha 1 kr pabodero Tena) mone3Hol paboThl, MOABEAEHHON M OTBEAEHHOHN TEIUIOTHI, €CIIM 3BECTHO,
4YTO a0CONIOTHOE aBIIcHHE pabodero Tena B Havane cxatus pi = 95 klla, a B koHme cxatus — p2 = 0,65 MIla. OtHomIeHNE
JlaBJIeHNH pabouero Tena B Ipolecce moJBeieHus TerioThl 3,3. Temneparypa B Hauasne nporecca ckarus 50°C. Pabounm

Jl1st TEOpeTHIECKOTO OTHOCTYIIEHYATOTO BO3/YIIIHOIO KOMIIPECCOpa ONIPEAEIUTh CEKyHIHYIO PaboTy, 3aTpadnBacMyto Ha
€ro NpUBOJI, eciH N01a4a KOMIpeccopa Py HavalbHbIX napamerpax Bosayxa (p; = 0,1 MIla ut; = 17°C) cocrapnser
V = 0,15 m3/c. Cxarue ra3a 10 KOHEUHOTO a0CONOTHOTO AaBieHus P2 = 0,5 MIIa npoTeKaeT o MOIUTPOIIE ¢ MOKA3aTENEM

ITaccaxupckuii BaroH UMeeT IJIOMIalb OTPAXKACHUS Ky30Ba F'=225 m?. TlpuBenéHHBIN K03(QPUILUEHT TEILIONEPENaIn
4epe3 OrpakIcHHE BaroHa ¢ y4éToM MH(UIbTpamu Bosayxa k = 2,5 Bm/(m?K). KaxoBa GyneT cpeHss TemIeparypa
BO3jlyXa B BAarOHE IPH TEMIIEPATypPe HAPYKHOrO BO3dyxa ty = 5°C, eciau OTONMTENbHAss CHCTEMAa BaroHa HUMeEeT
CYMMAapHYIO ILIOIIA/b TeII000MEHHOM noBepXHocTH F=25 m’, eé Temneparypa te; = 40°C? Cpennuii kosdpduruent

TEIUIOOTAA4H OT TEIIOOOMEHHOM IIOBEPXHOCTH CUCTEMBI OTOILIEHHUS K BO3MyXy O = 12 Bm/(m’ -K). CyMMapHas MOIIHOCTE
JIOTIOJTHUTEIHHBIX UCTOYHUKOB BHYTPEHHETO TCIUIOBBIIEICHUS B BATOHE Qpyp = 2,8 kBm.

2.
3.
TEJIOM CUUTATh CYXOH BO3IYX.
4.
n=12.
5.
6.

CrajpHas CTEHKa TEIIIOOOMEHHON MOBEPXHOCTH MAPOBOrO KOTIA TOMLUHONW 0= 20 MM OMBIBAETCS C OJHOM CTOPOHEI
KUIISIe Booi npu abcomotHOM aaBieHun p = 0,6 Mlla, a ¢ qpyroii CTOPOHBI — JIBIMOBBIMH Ta3aMH C TEMIIEpaTypon
t1 = 900°C. Y aensHas mapoIpOH3BOIMTENLHOCTE MOBEPXHOCTH HarpeBa g = 21 ke (m’-u), CyXOro HaCBHILEHHOTO Hapa.
Ompenenuts KOQQHUIMEHT TeIUionepenaud k © mepemag TeMIeparyp B CTEHKE Ayg, €Clii Ko3()(QHIIHEHT
TEIIONPOBOAHOCTH cTanu A = 40 Bm/(v’ K).




7. Ompenenuts TpeOyeMble IUIOMAAA ITOBEPXHOCTEH NPSAMOTOYHOTO M TMPOTHBOTOYHOTO TEINIOOOMEHHUKOB JUIS

; "
oxJaxaeHus macia B xoinuuecrse G,=0,93 ke/c or tM = 65°C no tM =55°C. Pacxon oxmaxnaromeii Boasl G,,=0,55

'
Ke/c, a e€ TeMueparypa Ha BXOJle TEIJIO0OMEHHHKA - t v - Pacu€THbIi K03 uuuent Temnonepenaun — k. TernoémkocTs

macna C,,=2,5 k/loc/(ke-K). Tennoémrkocts Boawl C, =4, 19 x/lowc/(ke-K). I300pa3uthb rpadvku ©3MEHEHUsI TEMIIepaTyp
BOJIBI M Macjia B TEIUIOOOMEHHUKE.

2.3 Tunosble 3a1aHNUsA 1JIs1 OIECHKH HABBIKOB B Ka4ecTBe 00pa30BaTeJIbHOI0 pe3yJibTaTa

OIIK-1.2. Ilpumensier ocHoBHble | OOy4arommiics BIaaeeT:

TIOHSTHS 1 3aKOHBI €CTECTBEHHBIX | HABBIKAMH MPOBEICHNS TEIUIOBBIX PACUETOB AJISI PELICHUS IPEAMETHO-NPO(MIBHBIX 33124
HayK Ul PELICHUs IpeIMETHO-
poMIFHBIX 33129

2.3.1 Ilpumepsl 3a1aHUIi

1. Kak 3aBucHT [aBleHHE HACHINEHHOTO Mapa OT TemuepaTypbl? ONHIINTE METOAWKY OIPEACICHUS TaBICHUS
HACBIIIEHHOTO Tapa B labopaTopHoii pabote 1. Onpenennre gaBieHNE HACHIIIEHHOTO BOASHOTO I1apa MpH TeMIlepaType
45°C, moka3zanus mee3oMeTpa 4,2 cM, ecnu HadanpHas Temnepatypa 20°C, ho = 3,3 cm.

2. Kak ompenenuts K03()(GUIMEHT MOBEPXHOCTHOIO HATSDKEHHMS, ONMIIMTE METOJHUKY OlpeaeneHus koddduipeHta
MIOBEPXHOCTHOT'O HATSDKEHHUS BOJIbI B J1abopaTopHOi padote No2. Onpenesiutb KoaQUIMEeHT MOBEpXHOCTHOTO HATSHKEHHS
mpu Temmeparype 38°C, ecnu moka3aHus mbe3oMeTpa 42 MM.

3. Kak 3aBHCHT BS3KOCTb KHJIKOCTH OT TEMIIEPATyPBl, ONUIINTE METOUKY OIpE/IelICHHs BI3KOCTH B JIaDOpaTopHoOil paboTe
Ne3. Onpenenuts BsizkocTh xuaKoCTH NpU Temmnepatype 50 °C, ecnu hg = 103 MM, h; =20 mm, hy, =70 mm, At = 15,7 c.

4. B mapormeperpeBaresic KOTEIbHOTO arperara 3a c4ét moaBeaEHHO# TemnoTel g =240 kJ/[X/Kr Kk I ke BOJISHOTO mapa npu
TIOCTOSSHHOM JaBienuu p =2 MIla Temmeparypa mapa MOBBICHIACh 10 3HaueHus ¢ = 300 C. OnpenenuTsb MOCTOSHHBIE
napa ¥ ero napamerpsl JI0 naporeperpeBareis (TeMrepaTypy, yAeIbHbII 00bEM, SHTAIBINIO, BHYTPEHHIOI SHEPTUIO U
SHTpoNHIo). Pemenue 3a1aun WITIOCTPUPOBATH i-S AUArpaMMOi.

5. Kakoe konn4ecTBo Bo3/1yxa HEOOX0ANMO MPOIYCTUTH Yepe3 CYIIMIBLHYIO KaMepy, YTOOBbI OT MaTepHalia, HOMEIIEHHOTO B
Hee, oTBecTH / m BoJbI? HapykHBIN BO31yX pu OapOMETpHUECKOM AaBICHUH B = 745 mm pm.cm., UMest TEeMIIEpaTypy ¢,
= 10 °C 1 OTHOCHTENBHYIO BIQKHOCTE () = 50%, B Kamopudepe mogorpeBaeTcs A0 TEMIIEPaTypsl t,=60°C, a

3aTeM BO3/yX IOCTYTAET B CYIIMIBHYIO KaMepy M BBIXOJUT U3 HEE MPU OTHOCHTEIBHON BIaXHOCTH (¢ = 90%. Pemenue
3aJ]a4y WIUTIOCTPUPOBATH B i-d TarpaMMe.

6. IlaporypOunHas ycraHOBKa paboraeT 1o HMKIy PeHKkMHa ¢ HadanbHBIMH Napamerpamu p; = 15 Oap u t; = 450°C.
Hasnenue B kongeHcarope p2 = 4 klla. Onpeaenuts Tepmuueckuiit KI1J[ unkina PeHkrHa 1 CPaBHUTH €70 C TEPMUUECKUM
KIT umkna KapHo B TOM e UHTEpBase TEMIEPaTyp.

7. Bosnyx, uMmes aaBiieHne mo manomerpy p; = 0,4 MlIla u temneparypy ¢; = 130°C, BbITekaeT B atMochepy depe3 CoIuio
JlaBans. MaccoBslii pacxon Bo3nyxa — G = 0,4 ke/c. OnpenenuTs TEOPETHYECKYI0 CKOPOCTh MCTEUEHUSI U OCHOBHBIC
pa3Mepsl comia (n300pa3uTh cXxeMy colula B Maciitade). YToil KOHyca pacIIMpsIONIEHCsl YacTH COIUIA IPUHATH PAaBHBIM
10°. Bapomerpuueckoe nasienue B = 750 mm pm. cm. ONpenenuTs TAKKe PacHOIaraéMyl MOLIHOCTb CTPYH INpH
ncTedeHnd. VcTeuenne cunTarh aquadbaTHbIM, CKOPOCTh BO3/AyXa IEpe/l COIUIOM M OTEPH Ha TPEHHUE HE YUUTHIBATh.

8. Bormcnuts u mokaszate rpadudeckn 3aBUCHMOCTh Tepmudeckoro KIITJ muxma PeHkmHa mapocHIIOBON YCTaHOBKH OT

HaYaJbHON TEMIIEPATypHI apa, MPUHAB ee paBHo 400, 450, 500, 550 u 600 °C pr OMUHAKOBBIX 3HAUCHUSIX HAYATBHOTO
abcoIroTHOTO NaBieHus p; = 20 6ap ¥ KOHEYHOTO NaBieHus p; = 5 klla. [Toka3aTs TakxKe BIUSHIE TOBBIIICHNS HA9aIbHOM
TEMITEpaTyphl Mapa B MUKJIC HA W3MEHEHHE CTEIIEHH BIIAXKHOCTH Iapa, BBIXOSIIETO M3 MapoBOro ABUraTens. Pemenue
3aJja4y WIUTIOCTPUPOBATH B i-S' TUarpaMMe.

9. Tlo pmaHHBIM TEIUIOBBIX W3MEPEHHH TEIUIOMEPOM CpEOHEH yIeNbHBIH TEIJIOBOM IOTOK Yepe3 OTpakKACHUS
M30TEPMUYECKOTO BAaroHa IPU TEMIIEPAType HAPYKHOTO Bo3ayxa ty; = 1°C u Temmneparype Bo3ayxa B BaroHe t, = 1°C
cocraBul q = 8,5 Bm/m?. Ha ckompko MPOLIEHTOB U3MEHUTCSl KOJIMYECTBO TEIUIA, MOCTYMNAIOIIET0 B BaroH 3a CUET
TEIJIONEpelauil 4Yepe3 OrPaKACHHs, €CIM IPH MPOYMX PpaBHBIX YCIOBHAX HA €ro IOBEPXHOCTh HAJOXKUTh
JIOTIOJIHUTENBHBIN CIION U30ISLUN U3 IIMaTePMa TOMMMHON O = 30 mm ¢ koddduuenTom TemtonposoaHoct A = 0,036
Bm/(m-K)?

10. Ompenmenuts TpeOyeMyH0 MHHUMAIBFHYIO TONIIMHY OOMYPOBKH Ta30X0la KOTJIA, YTOOBI TeMIieparypa e HapyKHOH
MOBEPXHOCTH He TpeBbirana 50 °C npu Temreparype ra3os B razoxone #; = 300 C. DxkBUBaICHTHBINA KOP(HUIIHCHT
TEIUIONPOBOJHOCTH 00OMYPOBKH A = 0,6 Bm/(m-K). CyMMapHblii Ko9(QPULKMEHT TEIUIOOTIAYU CO CTOPOHBI ['a308B - Ol = 65
Bm/(M?-K), co cToponsl Boziyxa O, = 16 Bm/(m?-K), a Temueparypa Bosnyxa £, = 20 °C.

OIIK-1.3. [Ipumensier | OOyvaromuiics Biaaeer:

€CTECTBEHHOHAYYHbIE  METOJbI | HAaBbIKAMU NMPHUMEHEHHsS] METOAOB TEOPETUYECKOTO U SKCHEPUMEHTANBHOIO HUCCIEIO0BAHUS
TEOPETHYECKOTO U | 00BEKTOB, ITPOLIECCOB U SIBJICHUH, HABBIKAMH IPOBEACHHS TEINIOTEXHUYECKUX SKCIIEPHIMEHTOB
9KCIIEPUMEHTAILHOTO 110 33/1aHHOM METOJIMKE W HaBBIKAMH 00PabOTKH MX PE3YIIbTaTOB

HCCJIEOBAHMS 00BEKTOB,




IIPOLIECCOB, SIBJIEHUM, MPOBOIUT
9KCHEPUMEHThl 1O  3aJaHHOU
METOJUKE u AHAJIU3UPYET
PE3yNbTAThL

2.3.2 llpumepbl 3agaHuit
Kak (11 Bo ckoJIbKO pa3) n3MeHNTCS KOAQQUIIMEHT TEeII00TJa4uy IpH TypOyJIeHTHOM TEUEeHHH ra3a B TpyOe (J1aboparopHas
pabora No7), ecaM mpH NPOYMX PaBHBIX YCIOBHSX 3a CYET IIEPOXOBATOCTH ITOBEPXHOCTH TpPyOBI KoddduimeHt
THPABINYECKOTO CONPOTHUBICHUS & ymeHbmmTes 1,5 paza?
IIpu TypOyJIeHTHOM TEUEHHWH XXHUIKOCTH B TpyOe (aboparopHas paborta Ne7) TermmooOMeH Ha CTaOMIM3HPOBAHHOM
ydacTke omuchBaetest Gpopmynoi Nu = cRe’®. Kak (4 BO CKOINBKO pa3) M3MEHHUTCSA CPEIHUN TEMIIEPATYpHBIH HAIop
MeXIy CTEeHKON M kKHIAKOCTbI0O AT=Ty —T;, eciu IpU MOCTOSHHBIX IUIOTHOCTAX TEIUIOBOTO MOTOKA (w M TEMIIEpAType
KHUJKOCTH Ha BXozie T’y yBETHUHUTB €€ CKOPOCTh B 2 pa3a, a AUaMETp TPYOb! yBEITHUIHUTh B 2 pa3a?
Uro HyXHO cenaTh B JlabopaTopHOH padote Ne9, 94TOOBI yBEINYNUTH PacXo Ta3a MpPU HCTEYCHUH Yepe3 CyXKaromeecs
COIUIO HEM3MEHHOW T'€OMETPHH B CBEPXKPUTUYECKOW 00JIaCTH NCTEUEeHHS?
CpaBHHUTE TUIOTHOCTH MOTOKA U3ITyYCHHUS JIaTyHHOU rutacTuHbl € = 0,06 (¢ mpoKaTaHHOW MMOBEPXHOCTHIO) W IUIACTUHBI &
= 0,2 (obpaboTanHOH TPYOBIM HaX1aKoM) Tipu Temiepatype 22°C.
Omnpenenure IIOTHOCTh MMOTOKA M3IIy4YEHHsI aOCOJIIOTHO YEPHOTO Tejla MPH TeMIepaType, sk KOTOPOH JUIMHA BOJIHBI
COOTBETCTBYET MAKCHMAIBHOM CIIEKTPATBHON MIIOTHOCTH U3JTYYEHUS Amax = 0,48:107 m.
Onpenenure Temneparypy T NOBEPXHOCTH HaMMEHBIIErO jauameTpa creHkd kanopumerpa (Fo =18,84%107m?),
BBINOJIHEHHOTO U3 OOBIKHOBEHHOTO CTEKIIA TOMIMHOM O = 0,3 MM (ko3 unent rertonposoasoctu A = 0,74 Br/(m-K)),
€CII CPelHss TeMIepaTypa OXJaxKaaromell Boapl t; M MOTOK wm3dmydeHHus Qp.,, MeperaBacéMoro B BOAY, DPaBHBI
SKCMIEPUMEHTANIBHEIM JanHbM. Koadument Temnoornaun ot crenku k Boge ¢ = 1000 Br/(M?K). Crenky ans pacuera
HPUHATS 3a IUIOCKy0. OIeHUTE pacX0XKICHUE MEKAY yKa3aHHBIMH TEMIIEpaTypaMH, €CJIU JOIyCTUTh 3aMeHy T2 Ha t;.

2.4 IlepeyeHb BONPOCOB JJIsl MOATOTOBKH 00Y4YAIOMIUXCH K MPOMEKYTOYHOM aTTeCTAMHU
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28.
HpOLIECCaM.

29.

30.

OcHoBHble IOHATHA TepMoauHaMuKu. Y paBHeHue MKT, ypaBHeHue cocTosiHUS.
[TapameTpsl cOCTOSHUS.

3aKOHBI U/I€aJIbHBIX Ta30B.

Cmecu naeanbHbIX ra3oB. CriocoObl 3a1aHUsI CMECH.

DHepreTuka TepMOJUHAMUYECKON CUCTEMBI.

TemnoeMKoCcTh. 3aBUCUMOCTD TEINIOEMKOCTH OT TEMIIEPATYPBHI.
TepmoanHaMUYECKUE TIPOLIECCHI.

[TosmmTponHeli mpouecc. Y paBHEHUE MOJIUTPOIHOTO IIpOLECCa.

ITepBoe 1 BTOpOE HavasIa TEPMOIMHAMUKH.

VYpaBHEHHE SHEPTUH rA30BOT0 MpoLecca.

Onranbnus. U3MeHeHne SHTaIbIUU B TEPMOIMHAMUYECKUX MTPOLIECCaX.
OHTponus. MI3MeHeHne SHTPONuU B TEPMOJAMHAMUYECKUX ITPOLIECCAX.
Tepmonnnamuueckue nukibl. Tepmuyecknit KIT/ nukna.

Hukn Kapno. Tepmuueckuit KITJ1 nukna Kaprno. Heo6patumerii mukn Kapho.
OO6partnsrii nuki KapHo.

Teopema Kapso.

Tedenune ra3oB 3akoH oOpamnieHus Bo3aerictus. Coruta, 1uddy30psl.
OmnpeneneHne CKOPOCTH UCTEUEHUS ra3a U3 coruia. Kputuueckue napameTpasl.
OnpeneneHne padOTHI HACATHHOTO OAHOCTYIIEHYATOTO KOMITPECCOpa.
MHoroctyneH4yaTbiii KOMIIPECCOP.

PeanbHbIil KOMIIpEccop.

[{ukiel qBUraTeneii BHyTPEHHETO CrOpaHusl.

[{mkiibl ABUTaTENIed BHEIIHETO MOABOA TETUIOTHI.

PerenepaTuBHbIE LIUKIIBI.

PeanbHble ra3el YpaBHenue Ban-/lep-Baanbca.

Bopasuoi nap. [-S auarpamMmma BoJsiHOTO mnapa.

Brnaxusrit Bo3ayx. [-d quarpamma Bia)xHOTO BO3TyXa.

XuMuyeckas TepMoarHaMuKa. [lepBoe Hauano TepMOAMHAMUKY PUMEHUTENIBHO K XMMUUYECKAM

[{uK1bI ra30TypOMHHBIX YCTaHOBOK.
[{uKJIBI TAPOCUIIOBBIX YCTAHOBOK.




1.
2.
3.
4.
5.
6.
7.
8.
pona.
9.
pona.
10.

N3otepMuyeckne MOBEpXHOCTH. TeMIiepaTypHbIN I'PaIUCHT.
TennonpoBOAHOCTH B rasax, )KHIKOCTSIX, METaJUIAX.

OCHOBHO 3aKOH TEIUIONPOBOJIHOCTH.

HuddepennmranbHoe ypaBHEHHE TETUIOMPOBOIHOCTH.

YacTHble cnyyan JudQepeHIaIbHOro YpaBHEHUS TeIIONPOBOIHOCTH.
VY cn0BuUs OTHO3HAYHOCTH B IIPOLIECCAX TEMIONPOBOJIHOCTH.
duzndecKre CBOMCTBA KUIKOCTH (rasa).

CrarnmonapHas TEIUIONPOBOJHOCTh IUIOCKOW OJTHOCIIOMHOW CTEHKHU MPU TPAHUYHBIX YCIOBUSX [
CrarnmonapHas TEIIONPOBOIHOCTh MIIOCKOW MHOTOCIONHON CTEHKH MPHU TPAHUYHBIX YCIOBUSIX [

CrammonapHas TEIJIONPOBOAHOCTh MMWIMHAPUYECKOW OJHOCIOWHOW CTEHKHM MPH TPaHUYHBIX

ycnosusx [ pona.

I11.

CrammonapHas TEIJIONPOBOJAHOCTh HWJIMHAPUYECKOW MHOTOCIOMHOW CTEHKU MPH TPAaHUYHBIX

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.

CB00OOHAs U BBIHYKJICHHAs! KOHBEKIIHSI.

OcHoBHOE ypaBHeHHE TermooTaaun. Koagduiment Termnooraaun
Teopus mogobus. Kpurepun nmomgoousi.

Tennonepenayua yepes MIOCKY0 OAHOCIOMHYIO CTEHKY.
Temnonepenaya yepes MIOCKYK MHOTOCIIOMHYIO CTEHKY .
Tennonepenaya yepe3 HIMIMHAPUIECKYIO OJHOCIONHYIO CTEHKY.
Temonepenaya yepes UMIMHIPUYECKYIO MHOTOCIONHYIO CTEHKY.
OcHOBHOE ypaBHEHHE TeIJIONEpeIauu.

HuTeHcudukaius Temionepeaadyy nyTeM yBeandeHus: Ko3pPuirenTa TermiooTaauu.

WuaTencudukanys Teronepeiayn 3a cueT opeOpeHus: CTEHOK.
HuddepennmanbHoe ypaBHEHUE TETUIOOT/IAUH.

TenmooOMeH u3irydueHueM. 3aKOHBI TETIJIOBOTO U3ITyUeHHS.
TennomaccooOMeHHBIE YCTPOMCTBA.

YpaBHeHHUE TEIIOBOro HajaHca TemI000MEHHOT0 anmapara.

UYro Ha3bBarOT TOINIMBOM. Ero cocta. Kakue BubI TOIIMBA BB 3HaeTe?
Kakue ncnonb3yroTcst MOTOpHBIE TOIIMBA A1 nopiiHeBbIx JBC.
Cxuranue TOIUIMBA.

I'openue TommmBa. GU3n4eCKuil IIpoLecc ropeHust TOIIUBA.

Bonpocs! skonoruu npu UCroib30BaHUH TEIUIOTHI.

TokcuuHbIE ra3bl NPOAYKTOB CTOPAHUS.

[TocnencrBus mapHUKOBOTO Y (heKTa.

XononunbHas yctaHoBKa. [IpuHimn paboTel. Buabl X0I0IMIIBHBIX YCTAHOBOK.
IxkexTop. [TpuHIun paboTs

TennoBoii Hacoc. [IpuHimn paGoTsl

Tepmotpanchopmarop. [Ipuniumn paboTsI.

Kpuorennas TexHuka.



3. MeToan4eckne MaTepHaJibl, ONpeaesiioIne Npoueaypy 1 KpuTepuH OLleHUBAHUS
c(hopMHPOBAHHOCTH KOMIIETCHIMI NIPU NPOBEACHUH MPOMEKYTOYHOM aTTeCTAllUH

Kpurepun ¢popMupoBaHusi OlIeHOK 110 0TBETAM HA BONPOCHI, BBHIIOJHEHHIO TECTOBBIX 3aJaHUMH

- OLEHKA «OTJIMYHO» BBICTABISICTCS OOYydYaIOMIEMYyCs, €CIM KOJIMYECTBO IPABHIBHBIX OTBETOB Ha
Bornpockl coctasisier 100 — 90% ot oOriero 00bEMa 3aJaHHBIX BOIIPOCOB;

- OIICHKA «XOPOII0» BHICTABISECTCS 00yUarOnIeMyCsl, €CJIM KOJIMYECTBO NPABIIIBHBIX OTBETOB HAa BOIPOCHI
— 89 —76% ot o0miero o0bEMa 3aJaHHBIX BOIIPOCOB;

- OIICHKa «YIOBJIETBOPHMTEJBHO» BBICTABISACTCA OOYYAIOMIEMyCs, €CIH KOJIWYECTBO HPAaBHIBHBIX
OTBETOB Ha TeCTOBbIe BONPOCH —75—60 % oT o61ero o6béMa 3a1aHHBIX BOIPOCOB;

- OLCHKAa «HEYAOBJETBOPUTEJLHO» BBICTABIICTCS OOYYaIOMIEMYCs, €CIIM KOJMYECTBO MPABMIBHBIX
0TBEeTOB — MeHee 60% ot 00111ero 00BhEMa 3a/TaHHBIX BOTIPOCOB.

Kpurepun ¢popmMupoBaHusi OLlEHOK 10 pe3yJabTaTaM BbINOJHEHUS 3alaHU

«OTIAUYHO/32a4TEHO» — CTABUTCS 32 pa0dOTY, BHIIOJHEHHYIO IMOJTHOCTHIO 0€3 OIIMO0K U HEI0UYETOB.

«Xo0poI1o/3a4TeH0» — CTABUTCS 32 PadOTY, BBITOIHEHHYIO MMOJIHOCTHIO, HO MTPH HAIMYHMH B HEW He Ooliee
OJTHOH Herpy0oil OMmMOKY U OJTHOTO HeloueTa, He 0oJiee TpexX HEJJOUETOB.

«Y10BJIETBOPUTEIBLHO/3aUTEHO» — CTABUTCS 32 padOTy, €CIIM 00yYaIOUIHIACS TPAaBUIIBHO BBITIOHUI HE
MeHee 2/3 Bceil paboThl WM JOMyCTHI He OoJiee oJHOM Tpy0Ooit ommbOKu U ABYX HEIOYETOB, HE Oojee OJHOM
rpy0oil m oxHOUM HerpyOoi ommOku, HE Ooyiee TpexX HETpyOBIX OMMOOK, OJHOM HErpyOOl OMMOKH M JABYX
HEJI0YETOB.

«Hey/10BJIeTBOPUTEJIHLHO/HE 3a4YTEHO» — CTAaBUTCS 3a pabOTy, €CIM YHCIO OMMOOK W HEJOYETOB
MIPEBBICHUIIO HOPMY ISl OLIEHKU «YIOBIETBOPUTEIHHOY» HITU MPABUILHO BHITIOTHEHO MeHee 2/3 Bceil paOoThI.

Buowt owubox:

- epybOvle OwuUbOKY: He3HAHUe OCHOBHLIX NOHAMUL, NPABU, HOPM, HE3HAHUEe NPUEMO8 peuleHus 3a0ai;
OWUOKU, NOKA3bIEAIOWUE HENPABUTILHOE NOHUMAHUE YCA08USL NPEOTIONCEHHO20 3A0AHUSL.

- Hee2pyOble OWUOKU. HEMOYHOCTU POPMYTUPOBOK, ONPedeleHUll, HePAYUOHATbHBIL 8b100P X00Ad PeUleHUs.

- He0ouemvl: HEPAYUOHATbHBIE NPUEMbL BLINOIHEHUS 3A0AHUSL, OMOETbHbLE NOZPEUHOCIU 8 YOPMYTUPOBKE
861860008, HEOPEIHCHOE BLINONHEHUE 3A0AHUSL.

Kpurepun ¢popmMupoBaHusi OLlEeHOK 10 3a4eTy
«3auTeH0» — CTyIeHT mnpuolOpes HEOOXOIHWMbIE YMEHHS W HaBbIKH, NPOJAEMOHCTPUPOBAJI HABBIK
MPAKTUYECKOTO MPUMEHEHHs TOJYYEeHHBIX 3HAHHWM, HE MOMyCTWI JIOTMYECKUX M (PAKTUYECKUX OLIMOOK;
CTYJEHT IpHuoOpes He0OXOAUMbIE YMEHHS U HABBIKH, IPOIEMOHCTPUPOBAJ HABBIK TPAKTUYECKOTO IPUMEHEHHS
TOJIYUCHHBIX 3HaHI/If/’I, HO JOITYCTHUJI HC3HAUUTCIILHBIC OH_II/IGKI/I 1 HECTOYHOCTHU.

«He 3a4TeHO0» — CTYJCHT JEMOHCTPUpPYET (pparMeHTapHbIC 3HAHHS U3y4aeMOTO Kypca;, OTCYTCTBYIOT
HEOOXOMMBbIC YMEHHUSI U HaBBIKH, IOMYIICHBI TPyObIe OIIHOKH.



