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OraAaBAEeHUE

IlosicHuTenpHas 3amucka.

TunoBsle KOHTPOJIBHBIE 33JaHUS WM UHBIE MaTepHalIbl Ul OLIEHKHU 3HAHUN, YMEHH, HaBBIKOB U (HJIN)
OTIBITA ICATEIBHOCTH, XapaKTEPU3YIOIIUX YPOBEHb C(HOPMUPOBAHHOCTH KOMITETECHIIUH.

Metoanyeckre MaTepHaibl, ONPEACSIONNe TPOLUEAYPY U KPUTEPHH OLIEHUBAHUSA COPMHUPOBAHHOCTH
KOMIIETCHIIUH MPU NIPOBEACHUY IIPOMEKYTOYHOM aTTECTALMH.



oOydeHHsI 10 IUCHHIUINHE,
00pa3zoBaTeNbHON MPOTPAMMBI.

1. HosicHuTEALHAA 3AMHCKA

HCJIB HpOMe)ICYTOqHOﬁ aTTeCTAllUd — OLCHUBAHUC NPOMCIKYTOYHLIX W OKOHYATCIBHBIX PE3YyJIbTATOB

o0ecreunBaOINX JOCTHIKEHNE

IUTAHUPYEMBIX ~ PE3yJbTaTOB

OCBOCHU

DopMBbI IPOMEKYTOUHOU ATTECTALIMU: 3auem (3 cemecmp — ouHoe obyuenue, 2 Kypc —3a04Hoe 0byueHue).

[lepeuens komMneTeHINH, GOPMUPYEMBIX B IIPOIECCE OCBOCHUS TUCIUTUINHBI

Kon n HanmeHnoBanue KOMIICTCHIIUH

Kox nannkaTopa TOCTHKEHUS KOMIETCHITNH

OIIK-1. CniocobeH penats HHXEHEPHbIE
3aJa4u B IPOeCcCUOHATILHOM
JIEITENILHOCTH C MCIIOJIb30BaHUEM
METOJIOB €CTECTBEHHBIX HAYK,
MaTeMaTHYecKoro aHaju3a u
MOZCITUPOBAHUS

OIIK-1.2. HpI/IMeHHeT OCHOBHBIC TOHATHUA U 3aKOHBI CCTCCTBCHHBIX HAYK JJIA

peuicHus Hpe}lMeTHO-HpO(l)I/IJ'II)HI)IX 3ajga4d

OIIK-1.3. IIpuMeHsIeT ecTeCTBEHHOHAYYHBIE METOIBI TEOPETHIECKOTO U
9KCTIEPUMEHTAILHOTO UCCIIEOBAaHNS OOBEKTOB, IPOLIECCOB, SBJICHHUHN, TPOBOANT
9KCTIEPUMEHTHI 110 33JJaHHON METOANKE W aHAIN3UPYET PE3YIIbTaThI

Pe?;y.]II)TaTI)I O6y‘IeHI/I$[ 10 JUCHUIIIIMHEC, COOTHCCCHHBIC C INIAHUPYCMbBIMHA
pe3yjibTaTaMu OCBOCHUS O6p330B8.TCJ'IBHOI>i IMporpaMmbl

KOZ[ 1 HAUMCHOBAHUE NHAUKATOpA
JOCTHXXCHUA KOMIICTCHIIMN

PesynbTarel 00yueHus 0 JUCIUILTUHE

O11eHOYHEIE
MaTepHaIbl

OIIK-1.2. ITlpuMeHsieT OCHOBHBIE MTOHSTHS
Y 3aKOHBI €CTECTBEHHBIX HAYK IS
pelieHHs MPeAMETHO-IPOPHIBLHBIX 33124

OOyuaroIumiics 3Haer:

OCHOBHBIC IIOHATHA nu 3aKOHbI TCIINIOTCXHUKU:
TEXHHYECKOW TEPMOJHMHAMHMKA W TEIIOMAacCcOOOMEHa,
OCHOB TEOPHM TOPEHHS, W HUX pOJb B pEIICHUH
MPEIMETHO-TIPOPHIBHBIX 33713

Tecter 1. 2.1.1
Bomnpocer m. 2.1.2

OOyuarommiicst yMeeT:

UCTIONB30BAaTh ~ OCHOBHBIE  TOHATHA W 3aKOHEI
TEIJIOTEXHUKU JUIS PEIICHUS NPEeIMETHO-TIPOPHUIBHBIX
3a1a4

Bamauus . 2.2.1

OOyuaronmiics BIaieeT:

Samanns 1. 2.3.1

HaBbIKaMU MpOBEACHUA TCIUIOBBIX  PpacucTOB JUIA
pEeUICHUA HpeI[MeTHO-HpO(bI/IHLHLIX 3ajgayd
OIIK-1.3. [Ipumensier | OOy4aromuiics 3HaeT: Tectpr m. 2.1.3
€CTCCTBCHHOHAYYHBIC METOAbI METOABI MOJYYCHUsA, T€pe€aadyud W HCIOJb30BaHUA BOHpOCI)I m 2.1.4
TCOPETUYECKOI0 M DOKCIECPUMCHTAJIBHOTO | TCIJIOTHI, METOAbI Tennoc6epe)1<eH1/I$[, METOOUKY
UCCIICIOBAaHUSI  OOBEKTOB,  IIPOLECCOB, | MPOBEICHUS u 00paboTkH pe3yJIbTaToB
ﬂBﬂeHHﬁ, MMpOBOAUT OKCHIEPUMEHTHI I10 TCTIJIOTEXHUYECKOI'O SKCICPUMEHTA
3aJJaHHOM METOAMKE W  aHanumsupyeT | OOydaromuiics ymeer: 3amanus . 2.2.2
pe3yIBTATHI NPUMEHSTh METOJIBI TEOPETUYECKOTO u
9KCHEPUMCHTAIBHOTO HCCIIEJOBAHUS 00BEKTOB,

mpoueccoB n ﬂBHCHPIﬁ, MIPOBOAWUTH TCIIOTECXHUYCCKUC
OKCIICPUMCEHTHI 110 Sa,E[aHHOfI MCTOOUKE U O6pa6aTBIBaTL
HX pE3yJIbTAThL

OOyuaronmiics BIaeeT:
HaBbIKAMU MPUMEHEHHUS METOAOB TEOPETUYECKOTO U

OKCIICPUMEHTAJILHOTO HUCCIICAOBAHUA 06'I)GKTOB,
IpoueccoB )4 ﬂBHeHI/II\/’I, HaBbIKaMH IMPpOBEACHUA
TCINIOTCXHHUYCCKUX OKCIIEPUMECHTOB 10 BaHaHHOﬁ

METOJIMIKE ¥ HABBIKAMH 00pabOTKH UX PEe3yIbTAaTOB

Saganus m.2.3.2

[TpomesxyTouHas aTTecTanus (3a4eT) MPOBOIUTCS B OJJHON U3 CICAYIOMUX (HopM:

1) coGecenoBanue;

2) BeimoaHenue 3aaanuii B DMMOC yHuBepcureTa.



2. Tunosbie! KOHTPOJILHBIE 32JAHUS WM HHbIE MATEPHAJIBI /15l OLEHKH 3HAHUM, yMEHHUH,

HABBIKOB M (MJIM) ONBITA AEATEJIbHOCTH, XaPAKTEPHU3YIOIIHMX YPOBEHb C()OPMHPOBAHHOCTH KOMIIETEeHM I

2

.1 TunoBbie Bonpockl (3a1aHusi) 1715 OIleHKU 3HAHNH B KauecTBe 00pPa30BaTeILHOIO pe3yJbTaTa

[IpoBepsiembliit 00pa3zoBaTEIbHBIN pe3ysIbTaT:

Kon n HanMeHOBaHNE HHANKATOPA O0pazoBaTesnbHBIA Pe3yIbTaT
JOCTHKEHHS KOMIICTCHIINT

OIIK-1.2. Tlpumenser ocHOBHBIe | OOydJarOUIHIicCs 3HACT:

MOHSTHSL U 3aKOHBI €CTECTBEHHBIX | OCHOBHBIC TIIOHATHSI M 3aKOHbI TEIUIOTEXHHKH: TEXHHYECKOH TEpMOAMHAMUKA U
HAyK Uil peIIeHHs MPEAMETHO- | TEINIOMAacCOOOMEHa, OCHOB TEOPUH TOPEHUS, W HX PpOJIb B PEUICHHHA MPEAMETHO-
poGUIBHBIX 32724 PO HIBHBIX 33724

a)
b)
c)
d)

a)
b)
c)
d)

2.1.1 Ilpumepbl TECTOBBIX 3a/IaHUH

[IpenmeToM TEXHUUECKOH TEPMOAUHAMUKH SBIISIOTCS ...
3aKOHOMEPHOCTH B3aUMHOTI'O IIPEBPALLEHUS TEMJIOBOM U MEXaHUYECKOW SHEPIUyU U CBOMCTBA TeJl, yYACTBYIOIIHUX B 3TUX
MIPEBPALLEHUIX
3aKOHOMEPHOCTH B3aMMHOI'0 MPEBpAIllCHUs] TEIJIOBOW M MEXaHWYECKOW PHEPIMM M Macca Tel, YYaCTBYIOLIUX B TUX
MpEBPAIIEHAIX
3aKOHOMepHOCTI/I B3aUMHOTI'O npeBpameHI/m TeHJ’IOBOﬁ nu MexaHI/I‘IeCKOﬁ 3Hepr1/11/1 nu O6’beM TCII, y‘-IaCTBy}OH_[I/IX B OTUX
MPEBPAIEHAIX
3aKOHOMepHOCTI/I B3aUMHOTI'O HpeBpaHleHI/IH TeHJ’IOBOﬁ u MexaHI/I‘IeCKOﬁ 3Hepr1/11/1 U ChuJia HpI/ITH)KeHI/IH TCII, y‘laCTBy}OIlII/IX
B 3THX IPEBPALECHUSIX

p
Ecin T1 = 1000 K, vi = 3 m%ke, T2 =10 K, ToVi = ___ m%/ke.
03 2 1
0,03
30

v
Haiinure paboty, coBepuiaeMyio NBYMsI MOJISIMH HJEaJbHOTO ra3a Mpu ero m3odapHom HarpeBanuu Ha 100°C ([Ix).
R=8,3]I:x/Monb*K:

166

1660

830
0,166 T

Temnora B nukie PeHknHa, mpeacTaBIeHHOM Ha rpaduke, OTBOJUTCS B IIPOLIECCE ...
1-2

2
6—
5

(o2 R @V]

|

OTHoOLIEHNE MacChl BOASHOTO Mapa My, COJIEPIKaIIErocs BO BIAKHOM BO3/IyXe, K Macce
CYXOT'0 BO3JlyXa M Ha3bIBACTCH ...

BJIaroco/iepXKaHueM

OTHOCHUTEJIHOH BIIaKHOCTBIO

a0COJIOTHOH BIIa>KHOCTBIO

TOUYKOM POCHI

TenoBoit ABUTraTes 3a OAWH UK MmoTy4daeT oT HarpeBatess 100 kI TeruoTs! 1 oTaaet xomoamibHUKY 60 k/[x. Uemy
paser KIIl storo neurarens (%):

25

40

60

0,4

Koapunrent remneparyponpoBoIHOCTH BBIUUCISIETCS 110 (OPMYIIE ...

! TIpuBomsaTcs TUMOBbIE BONPOCH K 3ananHus. OIEHOYHBIE CPEACTBA, MNPEAHA3HAYEHHBIE JUIS MPOBEIEHUS ATTECTALIMOHHOTO
MEpOIPHUATHS, XpPaHIATCs Ha Kadeape B JOCTATOYHOM JUISl TIPOBEAEHUS OLIEHOYHBIX MPOLEAYp KoJMuecTBe BapuaHTOB. OneHOYHbIC
CpeICTBa MOJUIeKAT aKTyalW3aldd C YY4eTOM Da3BHTHUS HAayKd, oOpa3oBaHUWsA, KyJIbTYPbI, SKOHOMHKH, TEXHHWKH, TEXHOJOTHH M
conuanbHON cepbl. OTBETCTBEHHOCTH 32 HEPACIIPOCTPAHEHHE COJEPKAHNS OLIEHOYHBIX CPEACTB CPeAr 00yJaromnuXcs YHUBEPCUTETA
HECYT 3aBenyromuii kapeapoil 1 mpenoaaBarenb — pa3padOTINK OIIEHOYHBIX CPEJICTB.




b)

c)

d)

a)
b)
c)
d)

10.

a)
b)
c)
d)

13.

a)
b)
c)
d)
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HanpasieHne BeKTOpa TEIIOBOTO ITOTOKA HAa PUCYHKE 0003HAYCHO MHADPOIA ... t 1
4 1
1 t
2
2 - -7
3 Y
- S 3

KoHBEKTHBHEBII TEIIIOOOMEH - 3TO CIIOKHBIH BUJI TEINIOOOMEHA, IIPH KOTOPOM COBMECTHO
MPOTEKAIOT IPOLECCHI:

TeTI000MEHa ¥ MacCoOOMeHa

KOHBEKIUH U TETIOOTAAYN

TEIUIONPOBOAHOCTH M KOHBEKIIUHI

TEIUIONepelayl U KOHBEKIIUU

B xauectBe ompezaensdronieil TeMnepaTypbl IpU pacuere cpeaHei
TEIJIOOTAAYM BHYTPH TPYObl NPUMEHHUTENBHO K PHCYHKY
MIpUHUMAETCH ...

cpenmHss apupMeTHdyecKkas TeMIlepaTypa >KHAKOCTH Ha BXOIE U
BEIXOJIE W3 TPYOBI

TeMIepaTypa XHIKOCTH Ha BXOJe B TPyOy

TeMIepaTypa XHUIKOCTH Ha BEIXOJE U3 TPYObI

cpenHsis apupMeTHIecKas TeMIIepaTypa XUIKOCTH H CTCHKH TPYOBI

f

TemmoBoit IIOTOK, HSHy‘IaeMLIﬁ Ha BCCX JIMHAX BOJIH C €HHHIBI
IMOBEPXHOCTHU TEJIa IO BCEM HAIIPABJICHUAM, HA3BIBACTCA:
TCIIJIOBBIM HU3JIYUYCHUCM

HSquaTCHBHOﬁ CIIOCOOHOCTBHIO

WHTCHCUBHOCTBIO U3TTYUCHUA

HUHTETPAJIbHBIM JIYYHUCTBIM ITOTOKOM

Eciu usiydarenbHas cioco6HocTh ceporo Tena E = 5670 B1/M2, To uHTErpanbHblil Ko3(UIHEHT U3jyueHus (CTeneHb
YEepHOTHI) PaBeH ...

0,01

1 T=1000 K

0,1 e 2

o C=56,67 BrimK)

Ecnut duap = 1 M, dip = 0,9 M TO yTONIIIEHNE TETUTON30IAIMK HA TPYOE MPUBOAUT K CYyMMAapHOTO TEPMHUYECKOTO
COIPOTHUBIICHUS TEILIOIEPE/IaUH.

YMEHbBIICHUIO

YBEIHYCHHUIO

YBCJIUYCHUTIO BO BTOpOﬁ CTCIICHU
YBCJIUYCHUIO B FeOMCTpPI‘IGCKOﬁ nporpeccumn

CaMonpou3BOIbHBIN npotecc MIPOHUKHOBEHUS OJTHOTO BEIleCTBa B JIpyroe B HanpaBJIEHUU
YCTaHOBJIEHUS] BHYTPU HUX PaBHOBECHOT'O paclpe/eNeHrs] KOHUEHTpaluil Ha3bIBatoT:

MOTOKOM MacChI

KOHBEKIIMEH

muddysneit
MaccooOMEHOM

. B Kakux Temoo0MeHHbIX afmaparax nepeaada TerjioTbl OT HarpeBanmeﬁ KHUJIKOCTHU K HarpeBaeMoﬁ MPOUCXOJUT CKBO3b

TBEPJYIO Pa3A€IUTENbHYIO CTEHKY:
peKyTIepaTUBHBIX

CMEIINBAIOIINX

pereHepaTHBHBIX

CMECHTENBHBIX

2.1.2 Tlpumepbl BONIPOCOB




BOoo~NoUA~WNE

[EEN
[EEN

0.
. TennonpoBOIHOCTH B ra3ax, >KUAKOCTSIX, METaJlIax.
12.
13.
14,
15.
16.

ITapametpsl cocrosiHus. Ypasaenue MKT, ypaBHeHHE COCTOSHUS.

3aKOHBI UNICANBHBIX Fa30B.

OHepreTHKa TEpMOIUHAMUYECKOI CUCTEMBL.

TennoeMkocTb. 3aBUCUMOCTb TEIJIOEMKOCTU OT TEMIEPATYPBHI.

Tepmogunamuueckue npoueccsl. [lonuTponHslil npouecc. Y paBHEHHE MOJUTPOIHOTO MpoLecca.
OHrtanenus. MI3MeHeHne SHTaIbIINN B TEPMOANHAMUYECKHUX MPOIIECCAX.

OHTponus. MI3MeHeHne SHTPONUH B TEPMOIUHAMHYECKHX IpOoLeccax.

Huxa Kapnao. Tepmuaecknit KIT/T muxma Kapro. HeoOpaTumetii nukn KapHo.

Peanbhbie rasel YpaBnenue Ban-/lep-Baansca.

W3oTepMuueckie MOBEPXHOCTH. TeMmepaTypHblil IpaJUeHT.

OCHOBHOH 3aKOH TETJIONIPOBOJHOCTH.

CB00OOHAS U BBIHYKJCHHAsE KOHBEKIIHSL.

OcHoBHoOe ypaBHeHue Terootaaun. Koaddunuent termnoornaun
I'openue TorumBa. Gu3nveckuii mpouecc TOPEHUs TOIIHUBA.
Bompocs! 5K0JI0THH ITPU HCTIOIb30BAHUHU TEIIOTHL

17. TlocnenctBus mapHUKOBOTO ddekTa.
OIIK-1.3. Ilpumensiet OOyuarommiics 3HaeT:
€CTECTBEHHOHAYYHBIC METOMBI METOJIbl TOJIyYeHHsI, epejad M HCIOJIB30BaHUS TEIUIOTHI, METOABI TEIIOCOepeKEeHNS,
TEOPETUYECKOTO U METOJIMKY TIPOBEICHUS 1 00pabOTKH Pe3yJIbTaTOB TEIUIOTEXHUISCKOTO KCIIEPUMEHTA
9KCIIEPHUMEHTAIBEHOTO

HCCIIeIOBAHMS 00BEKTOB,
IIPOLIECCOB, ABJICHUH, IPOBOJUT
3KCIEPUMEHTHI 110 3a1aHHOU
METOJIMKE U aHAJIU3UPYET

pe3yIbpTaThl
2.1.3 IlpumMepbl TECTOBBIX 3a/1aHMii

1. Ckonbko 1bJa (KT) pacTaer, eciii jie Maccoif 5 kr u temneparypoit 0°C omycTtuTh B Boxy Maccoit 10 kr u
Temnepatypoit 0°C:

a) 1

b) 10

c) 0

d 5

2. Haiigure paboTy, coBepIIaeMyro IByMs MOJSIMH HACATBHOTO Ta3a Mpu ero m3o0apHoMm HarpeBannu Ha 100°C (k).
R=8,3]>x/mom5-K:

a) 166

b) 1660

c) 830

d) 83

3. Kaxoif nomkHa OBITH TeMmIlepatypa XOJOIWIbHHKA TerioBoi MmammHbl (°C), uroObl MakcmMmanbHOe 3HaueHue KIIJ]
pasnsutock 50%? Temneparypa HarpeBatens 327°C:

a) 260

b) 27

c) 327

d) 300

4. TemnoBo#t neurarens ¢ KI1J] 50% 3a oguH UK OTAAET XOMOMWIEHUKY 56 K/ TerunoTel. Kakast pabora mm (k)
COBEpIIAETCS 32 OUH LIUKII:

a) 40

b) 27

c) 56

d) 17

5. Ecmu € = 16, k = 1,5 To Tepmuueckuii KI1/1 kapOropaToproro JIBC (¢ moaBo0M TEIIOTHI IPH V = const) paBeH ...

a) 0,75

b)

0,5




c)
d)

a)

b)

d)

b)

c)
d)

a)
b)
c)
d)

a)
b)

d)

10.

b)
c)
d)

0,25

t

Ecmu = 1 kBt/M?, A = 50 B1/(M-K), & = 100 mm, t; = 500°C, To 115 cTeHKH,

ty
MOKa3aHHOW Ha rpaduke, Temneparypa t> paBHa °C. \

t
498 2

- (=COnst

500 0 2o

502

102

Ecmu Aq = 50 Br/(m-K), A2 = 30 Br/(M-K), To II0THOCTB TEMIOBOTO TIOTOKA ( B KBT/M? paBHa ...
377

37700
37,7

3770

Ecmu onpenensronmas Temnepatypa 20°C, o = 60 Br/(m?-K), d = 0,1 M To kputepuii nogobus (uucno) Hyccenbra,
COTJIaCHO TaOJMIIe, PaBeH ...

t°C | A, BTiMK)

10
0 055
0,1 20 06
' 40 0,63
100 60 0,66
0,01

Ecnu usnyuaTenbHas ciocobHocTs ceporo Tena E = 5000 B1/mM? To koadduiment ninyuenus tena B Br/(m?K*) pasen ...

4
5 O T =1000 K

5,67

0,5

Ecmu G1 = 10 kr/c, ¢'p1 = ¢"pi =4,2 xJIx/(xr-K), t"1 70°C, t'1 = 80°C, To0 , To TemnoBoii NOTOK, OTJaBaeMblii FOpSYUM
TeIIOHOCUTENEM, B KBT paBeH ...
42

4,2
420

0,42

2.1.4 TIpumepbl BONIPOCOB




RBPBOWoONoTORARWOWNMNRPROONGO~WNE

0.
1.
12.
13.
14.

Cmecu naeanbHbIX ra3oB. CHOCOOBI 3aaHUsI CMECH.

IlepBoe, BTopoe Hauana TEPMOJUHAMUKYU U €r0 IPUMEHEHHE.

YpaBHeHHEe PHEPTUU ra30BOro MpoLecca U ero NpUMeHEeHHE.

MeTtoauku pacyera LIUKIOB JBUraTeNeii BHyTPEHHETO CTOpaHHUs.

MeTtoauku pacyera LUKJIOB JBUraTeNeii BHEIIHErO NOABOAA TEIIOTHL.

MeToauku pacueTa IHUKIOB ra30TypOHMHHBIX yCTAHOBOK.

BopasHoii nap, MeTobl pacuera.

BunaxHblil BO3yX, METO/BI pacyeTa.

MeToauKH pacueTa IHUKIOB ITAPOCHIOBBIX YCTAHOBOK.

VYcnoBusi 0HO3HAYHOCTH B NPOIIECCAX TETTIONPOBOIHOCTH.

CranuoHapHast TeIIONPOBOAHOCTh IIIOCKOM OAHOCIOWHON CTEHKH IPU IPAHUYHBIX YCIOBUsX I pora.
CranuoHnapHast TEIUIONPOBOAHOCTh INIOCKON MHOTOCTIONHON CTEHKU IPU IPAaHUYHBIX YCIOBHX I poaa.
CranuoHapHast TeINIONPOBOAHOCTh IIUIUMHAPUYIECKOI OMHOCIONHON CTEHKU NPHU IPaHUYHBIX YCJIOBHIX I poxa.
CranuoHnapHast TeIIONPOBOAHOCTh IIUIMHAPUIECKON MHOTOCTIONHON CTEHKHU NP IPaHUYHBIX ycioBusX I pona.
Teopus nogobust. Kpurepuu nogodusi.

Tennonepenaua uepes MIOCKYIO OJTHOCIONHYIO CTEHKY.

Tennonepenaya yepes MIOCKYI0 MHOTOCIIONHYIO CTEHKY.

Tennonepenaya yepe3 UUIMHAPUIECKYIO OJHOCIONHYIO CTEHKY.

Tennonepenaya 4epe3 NUIMHAPHIECKYIO MHOTOCIOWHYIO CTEHKY.

Mertop! pacyeTa TEIIIOOOMEHHBIX alapaToB.

XonoauibHas ycTaHOBKa. IIpuHIHI paboTHI.

Tenmosoit Hacoc. [IpuaIIMT pabOTHI

Tepmotpanchopmatop. [Ipunimn paboTs

2.2 TunoBble 3a]aHUA I OLIEHKH YMEeHHI B KauecTBe 00pa30BaTe/IbHOIO pe3yibTara

[TpoBepsiemblii 00pa30BaTENbHBIN PE3yIbTAT:

Kox n HaumeHnoBaHue
WHIUKATOPa JOCTHKESHUS
KOMIIETEHIINHU

OOpazoBaresbHbII pe3ysbTaT

OIIK-1.2. ITlpuMeHsieT OCHOBHBIE
TIOHSTHS U 3aKOHBI
€CTECTBEHHBIX HAYK JJIs
pelIeHus IpeIMeTHO-
IpoIIBHBIX 33124

OO6yuaronuiics ymeeT:
UCIIONIb30BaTh OCHOBHBIC TOHATUS W 3aKOHBI TEIUIOTEXHUKH IS PEIeHHs MPEAMETHO-
MpoGUIBHBIX 3a1a4

2.2.1 TlpumepsI 3aga4
ManomeTp, yCTaHOBIICHHBIH Ha TApOBOM KOTJIe, TOKa3bIBaeT naieHue 1,8 MIla. KakoBo aGcomoTHOE AaBieHHE apa B
KOTIIe, eciii aTMocdepHoe naBieHue pasHo 0,099 MIla.
BakyymMmeTtp mokaseiBaet paspexenne 80 k[la. KakoBo abcomoTHOe naBiieHUe B cocyae, eciu atMoc(hepHOe TaBICHHE
o 6apometpy cocrtasister 0,1 MIla?
B OamwioHe comepxuTcst 2 Kujorpamma kuciaopoxa npu nmasienuu 8,3 Mlla u temmeparype 15° C. Bwrumciauts
BMECTHMOCTD (€MKOCTb) OansioHa. BennuuHy yaensHO ra30Boi MOCTOSHHOI U1 KUCIIOpO/ia MPUHATE paBHOH R = 259,8
JUx/(krxK).
PesepByap BMecTHMOCTBIO 4 M3 3amoNHEH YIieKHCIBIM ra3oM. HaifTu Maccy 3Toro rasa m ero Bec, eciii H30BITOUHOE
JIABJICHHUE, TIOKA3bIBAEMOEC MAHOMETPOM, IPUCOCAUHEHHBIM K pe3epByapy, paBuo 40 kIla, Temneparypa rasza - 80° C, a
aTMocdepHoe (bapomerpuueckoe) mapineHue paBHo 102,4 klla. YimenbHas ra30Bas MOCTOSHHAS IS YTTIEKHCIIOTO ra3a
paBHa R = 188,9 JIx/(xrxK).
Komrmpeccop kauaeT Bo3ayx B Bo3ayxocOopHuk oobsemoM V = 100 1. [lepen noakauynBanueM B BO31yX0COOpHHUKE OBLIO
armochepHoe aapierue 750 MM pr. cr. u Temmeparypa t1 = -10°C. ITociie nonKaunBaHus JaBICHUE B BO31yX0COOpPHHUKE
craio p2 = 8 Gap 1o MaHoMeTpy, a Temreparypa t, = 25°C. OnpeeauTs Maccy MOAKAYaHHOTO BO3IyXa.
3anan oOBEMHBIA COCTaB CcMecH TasoB (7¢o, = 10%, 7¢o = 2%, 1y, = 60%, 15, = 28%). OnpenenuTs 10 KaKoro

JIaBJIEHHs 10 MAHOMETPY HYKHO CHKAaTh 3Ty CMeCh, uTo0bI Iipu Temneparype t = 100°C macca m = 20 kr umena oobem V
= 1,2 M%. Bapomerpuueckoe jaBneHne 750 MM pT. CT.

2 KI KHCJIOpOJa C HAadalbHBEIM abCONMOTHBEIM AaBieHueM 6 MIla u HavansHOM Temmeparypoit 17 °C pacumpsrorcs
n30TepMIYecKH 10 KoHeuHoro pasieHus 0,1 Mlla. Onpenenuts 00beM KHCIOPOJa B Hadajle ¥ B KOHIIE PACIIMPECHUS H
paboTy pacmmpeHwus.

4 Kr BO31yXa ¢ HA4aJabHBIM a0COMIOTHEIM aBjieHneM 1,2 MITa u HauansHOM Temnepatypoi -10°C cxxumaroTcst anuabaTHO
1o koHeuHoro nasieHust 0,2 MIla. Onpeaenuts 00beM M TEMIIEPATYpy BO3/IyXa B KOHIIE CXKATHs, pabdOTy CXKATHA U
M3MEHEeHHEe BHYTPEHHEH YHEPTUH, €ClIM TI0Ka3aTenb aanadatsr 1,4.

2 K BO3IyXa ¢ HaYalbHBIM aOComoTHbIM aasienueM 0,12 MIla u magansHoM Temmeparypoit 20 °C cKUMArOTCS npu
HOCTOSIHHOM JIaBJIEHMH JI0 yenbHOro oobema 0,05 m%/kr. Onpeenuts paboTy cxkaTus, H3MEHEHHE BHYTPEHHEH SHEprun
1 KOJIMYECTBO OTBEACHHON TEIUIOTHI OT BO3AyXa.




10.

11.

12.

Z[O KaKOIr0 HAaBJICHHUS HA0 CXKaTh BO3AYX B IOJUTPOIMHOM IIPOLECCE CO CPECAHMM IIOKa3zarejaem N = 1,3 B NWINHAPE

JBUratelss BHYTPEHHEro cropanus (Au3ens) npu HauanbHOM abcomroraoMm nasnennu 100 x[la u temmeparype 125°C,
4TOOBI JIOCTMTHYTH TEMIEpaTyphl BociuiaMeHenus tormea 650°C? Onpesnenuts Takke paboTy, 3aTpauMBaEMylo Ha
CXKaTue, ¥ KONUYECTBO OTBOAMMOM TETIOTHI, OTHECEHHBIX K /K2 BO3AyXa. TemI0éMKOCTb BO3/1yXa CUMTATh HE 3aBUCALIEH
OT TEeMIIEPATYPHI.

Bosayx, umes HayanbHyto Temieparypy t1 = 27 °C u abecomorroe nanenue P = 1 MIla, H30TepMUYECKH PACIIHPAETCS
Jo pasnenus Pz = 0,1 Mlla, a 3aTeM HarpeBaeTcsl B U30XOPHOM IpoIiecce 10 TeX MOop, MOKa JaBIeHHe He CTaHEeT PaBHBIM
p1. TpeOyercst ompenenuTh yAeIbHBIH 00BEM BO3yXa B KOHIE M30XOPHOTO ITI0/IBOJIA TEIIOTHI, a TaKKe M3MEHEHHs
yIeNbHBIX 3HaYeHUN BHYTPEHHEH SHEpruM, SHTAJIbIUM U DHTPONHUM B M30XOPHOM Ipouecce. TemmoeMKocTs BO3ayxa
CUMTATh HE 3aBUCSILEH OT Temrepatypbl. M300pa3uts nporeccsl B P-V T-S quarpaMmax.

BEIUKCIUTE TIOTHOCTH TEMIOBOTO MIOTOKA (| 4EPE3 IIOCKYIO CTEHKY TOMIUHOM O = 110 MM, BBHINOIHEHHYIO U3 YKa3aHHBIX
HUOKE M30JISIUOHHBIX MATEPHAIOB (IPUMEHSAEMBIX B BATOHOCTPOECHUH), KO(D(PUIIMEHTHI TEMIONPOBOAHOCTU KOTOPHIX A,
Bm/(m-K), CBS3aHHBIX ¢ TEMIIEPATYPOU CIEAYIOIMMH 3aBUCHMOCTAME: IesenuH A = 0,060+0,002-t; munopa A =
0,035+0,002-t; monmuctunon [ICH-C A = 0,038+0,0036-t; nomuyperan IIITY-3C A = 0,004+0,0035 1. Temneparypbi
HOBEPXHOCTEN CTEHKU COOTBETCTBEHHO paBHbl t{” = 21°C u t5" = -1°C.

Onpenenuts KO3((GUIMEHT TEIUIONPOBOIHOCTH KHPIHYHON CTeHKH TommuHOW 390 MM, ecim Temreparypa Ha

BHyTpeHHeil nosepxHocTu 300°C u Ha HapysxkHeit 60°C. [ToTepu Temna yepes cTeHKy q = 178 B1/m2,
Croii b2 Ha TOBEPXHOCTH BOABI nMeeT TommuHy 400 MM, a TeMIiepaTypa Ha BEpXHEH U HIDKHEH TIOBEPXHOCTSIX PABHBI

0°C u -15°C cootBercTBeHHO. OmpeaenuTh TEMIoBod MOTOK 4epe3 1 M2 MOBEPXHOCTH JbJa, €cld KO3(Q(MUIUEHT
TEILIONPOBOJHOCTH JIbJa paBeH A, = 2,25 Bm/(m-2pad). Kak M3MEHHUTHCS TEILIOBOM MOTOK, €CIIH JIE HOKPOETCS CIIOEM
cHera TommuHOM 250 MM ¢ KOO()(HIHMEHTOM TEILIONPOBOAHOCTH A1 = 0,465 Bm/(m-2pad), a Temmeparypa Ha
noBepxHocTH cHera - 20°C.

OIIK-1.3. IIpumensier | OOyuaromuiics ymeer:
€CTCCTBCHHOHAYYHBIC METOAbI MNPUMEHATb METOABI TCOPETHUCCKOTO M ISKCICPUMCEHTAJIBHOI'O HMCCICIOBAHUA O6’I)CKTOB,

TCOPETUIYECKOTO H | IpoUecCoOB U HBJ’IGHHﬁ, MMPOBOAUTH TCINIOTCXHUYCCKHUE SKCIICPUMCEHTEI 11O 3allaHHOfI MECTOOUKEC

9KCIIEPUMEHTAITLHOTO
HCCIICTOBAHHUS 00BEKTOB,
MPOIIECCOB, SBICHHUN, MPOBOIUT
SKCIEPUMEHTHl TI0  3aJaHHOM
METOIHKE u aHAIN3UPYET
pPE3yIBTATHI

1 00pabaThIBaTh UX PE3yJIbTAThI

2.2.2 TIpumepsI 3a1a4

AHanu3 MpoayKTOB CropaHus Mokaszaj CleAyrouui 00béMHbII cocta, %: CO; - 12,2; Oz - 7,1; CO - 0,4; N2 - 80,3.
OnpenenuTs MacCOBBII COCTAB BXOJSIINX B CMECh I'a30B, Fa30BYIO IIOCTOSIHHYIO, YJI€IbHbINH 00BbEM INIOTHOCTH CMECH TPH
abcorroTHOM faBiieHun p = | MIla u temneparype t = 250 °C. Onpeaenuts Takxke HapIHaibHbIC JaBICHIS KOMIIOHEHTOB

Bo3znyx, uMest HauanbHy0 Temmneparypy t1 = 27 °C u abcomtotHoe AasneHue P1 = 0,5 MIla, n30TepMUYECKU PACITUPACTCS
1o gasnenus P2 = 0,1 Mlla, a 3aTeM HarpeBaeTcsl B N30XOPHOM IPOIIECCce JI0 TeX MOp, I0Ka AaBJIeHHE HE CTAHET PAaBHBIM
p:. TpebyeTca omnpenenuTh yAETbHBI 00BEM BO3AyXa B KOHIIE M30XOPHOTO MOJBOJA TEIUIOTHI, a TAKXKE M3MEHEHHS
YAETBbHBIX 3HAYCHUH BHYTPEHHEW SHEPrHM, SHTAJIBIHM M HTPONHUHM B M30XOPHOM IIporecce. TermnoeMKocTs BO3ayxa
CUNTATh HE 3aBUCSIIEH OT TemrepaTypsl. M300pa3uth mpoueccs B P-V T-S quarpammax.

Omnpenenuts CTENEHb CXKaTHs, JABICHWE M TEeMIlepaTypy B HEPEXOAHBIX TOYKaX HMICAJbHOTO IHKJIA ITOPIIHEBOTO
JIBUTaTeJIs BHYTPEHHETO CTOpaHHs C IOJBOAOM TEIUIOTHI MU IOCTOSHHOM 00BEMe, a Takxke Tepmuueckuit KII/I,
yZlesbHbIe 3HaYeHus (Ha 1 Kr pabodero Teia) Mose3HOH paboThl, MOABEAEHHOH M OTBEAEHHO TEIIOTHI, €CIIM U3BECTHO,
4TO a0CONIOTHOE NaBJIeHUe pabodero Tena B Havaje ckatus p1 = 95 klla, a B koHIe cxarus — p2 = 0,65 MIla. OTHOImIEHHE
JlaBJIeHNit pabodero Tela B Iporecce MmogBeieHns TerioTsl 3,3. Temmeparypa B Havasne nporecca cxkarus 50°C. Pabounm

J1J1s TeOpeTHYECKOTro 0THOCTYIIEHYATOTO BO3AYITHOTO KOMIIPEccopa OIPEASINTh CEKyHIHYIO paboTy, 3aTpaunBaeMylo Ha
€ro MpMBOJI, ECIIM M0/1a4a KOMIIPECCOpa MPHU HavyalbHbIX NapameTpax Bosayxa (p1 = 0,1 MIla n t; = 17°C) cocrasnser
V =0,15 #®/c. CxaTue ra3a 10 KOHEUHOTo abCcOMOTHOrO AaByieHus p2 = 0,5 MIIa IpoTekaer o HOIUTPOIIE C IOKa3aTeIeM

TMaccaxupckuii BArOH UMeET ILIOMAb OrpaXaeHus Ky3osa F=225 m?. IpuBenéHublii koopUUUEHT TemIonepeiadn
yepe3 OrpakicHHe BaroHa ¢ y4éToM MHQWIbTpauuu Bosayxa K = 2,5 Bm/(m?K). KakoBa GyjeT cpeiHss TeMIepaTypa
BO3/yXa B BaroHe NpH TeMIeparype HapyKHOro Bosayxa ty = 5°C, ecid OTONHTeNbHAs CHCTEMa BaroHa HMeeT
CYMMapHyIO TUIOIIa b TETNI00OMEHHON MoBepXHOCTH F=25 M2, eé Temneparypa te, = 40°C? Cpennuii kospduuueHT

TEMIOOTIA4H OT TEMIO0OMEHHOM MOBEPXHOCTH CUCTEMBI OTOIUIEHHS K BO3YXY O = 12 Bm/(M?-K). CyMMapHast MOIIHOCTE
JIOTIOJTHUTENBHBIX NICTOYHUKOB BHYTPEHHET'O TETUIOBBIJETICHUS B BaroHe Qgus = 2,8 kBm.

1.
CMECH.
2.
3.
TEJIOM CUUTATh cyx0171 BO3YyX.
4,
n=1,.2.
5.
6.

CranbHasi CTEHKa TEMIOOOMEHHOM MOBEPXHOCTH MAPOBOrO KOTJIA TOMIUHOM 0= 20 MM OMBIBAETCS C OJHOM CTOPOHBI
KUIISIed BOJOH IpH abcoutoTHOM JaBiieHnu p = 0,6 Mlla, a ¢ npyroii cTOpOHBI — JBIMOBBIMH ra3aMHy € TEMIEpaTypoi

t1 = 900°C. VY enbHas MaponpoM3BOUTENLHOCTE MOBEPXHOCTH HarpeBa § = 21 k2 (M2-u), CyXxOro HACBHINIEHHOTO Mapa.
Omnpenenuts ko3 duuueHT Ttemionepenaun K u mepemax Temmeparyp B creHKe Ayp, ecnu  Ko3(DGHIHEHT
TeronposoaHocTy ctamu A = 40 Bm/(m? K).




Omnpenenuts TpeOyeMmble IUIOMAAN TOBEPXHOCTEH MOPAMOTOYHOIO K MPOTUBOTOYHOTO TEIMJIOOOMEHHHUKOB JUIs
’ ”n v
oxJlakaeHua macia B koauyectse G,=0,93 ke/c or tw = 65°C 1o tw =55°C. Pacxon oxnaxnaaromei Bogsl Gy=0,55
. 4 . o .
ke/c, a e€ TeMiieparypa Ha BXOJI€ TEIUIOOOMEHHHUKA - tW . Pacuéruerii ko3 punmenr reronepenaun — K. TermnoéMkocts

macna C,,=2,5 x/Joc/(ke-K). Ternoémkocts Boapl Cw=4,19 x/{oic/(ke-K). 1300pa3uts rpaguku H3MEHEHHS TEMIIEPATYP
BOJIBI M Macia B TEINIO0OMEHHHUKE.

2.3 TunoBble 3aJaHUA /151 OLIeHKH HABBIKOB B KauecTBe 00pPa30BaTe/IbHOI0 pe3ybTaTa

OIIK-1.2. Ilpumenser ocHOBHEIE | OOyJalOLIMIACS BIaCeT:
TIOHSATHS U 3aKOHBI €CTCCTBEHHBIX | HABBIKAMHU IPOBEIICHHS TEIUIOBBIX PACYCTOB YIS PEUICHUS MPEIMETHO-IPOPIITHHBIX 33124

HayK A7 peLleHUs NpeIMEeTHO-
npodHIBbHBIX 33134

10.

2.3.1 Ilpumepsnl 3aganmii

Kak 3aBuCHT [aBiieHHE HACBHIIIEHHOTO IIapa OT Temieparypbl? ONMIIMTE METOAMKY OIPEAETICHUs JaBJICHHS
HACBIIIEHHOT0 Tapa B JabopaTopHoi padote 1. Onpenenure AaBieHUe HACKIIEHHOTO BOJSIHOTO apa IIpH TeMIepaType
45°C, moka3zanus mee3omerpa 4,2 cM, eciii HadanbHas TeMieparypa 20°C, ho = 3,3 cm.

Kak ompenenutes k03((GHUINEHT NOBEPXHOCTHOTO HATSDKCHWS, ONMIINTE METOAMKY ompexaeneHus kodddummenrta
MTOBEPXHOCTHOTO HATSKCHMS BOJIBI B TabopaTopHOi padote Ne2. Onpenenuts Ko3(h(HUIMEHT MOBEPXHOCTHOTO HATSHKEHHS
npu TeMmeparype 38°C, eciiv nokazaHus Ibe30MeTpa 42 MM.

Kak 3aBHCHT BA3KOCTB JKHUIKOCTH OT TEMIIEPATYPHI, ONUIINTE METOANKY ONPEEICHNUS BA3KOCTH B TabopaTopHOH paboTre
Ne3. Onpenenuts Bs3KOCTh xuaKOCTH TpHU Temiiepatype 50 °C, ecnu ho = 103 MM, h1 = 20 mm, hy = 70 mm, At = 15,7 c.
B mapomeperpeBatene KOTETBHOTO arperara 3a cué€T noaBeaéHHOH TernoThl =240 k/X/Kr kK / ke BOISHOTO Mapa MpH
HOCTOSIHHOM IaBnennn P =2 MIla temieparypa mapa noBbiciiack 1o 3Hauenus t = 300 C. Onpenenuts MOCTOSHHBIE
rapa M ero napaMmeTpsl O IaporneperpeBaTems (TeMIeparypy, yaeabHbIH 00BbEM, SHTABINIO, BHYTPEHHIOI SHEPTHIO
SHTPOIHIO). PenieHne 3a1aun WILTIOCTPUPOBATH i-S THArpaMMON.

Kakoe xonn4ecTBo Bo3ayxa HEOOXOANMO MPOIYCTUTH Yepe3 CYIIMIBHYIO KaMepy, 9TOObI OT MaTepHaa, IOMEICHHOTO B
Hee, oTBecTH / m BoAbI? HapyXHBIN BO3IyX MpH OapOMETPUIECKOM NaBIeHUH B = 745 mm pm.cm., uMest TeMIieparypy ti
=10 °C u oTHOCHUTEIBHYIO BIaXHOCTh P = 50%, B Kanopudepe M0J0rpeBacTCs 10 TeMIepaTypbl t, = 60°C, a

3aTeM BO3JyX MOCTYIAeT B CYIIMIbHYIO KaMepy M BEIXOAMT M3 HEe NMPH OTHOCHTENIBHOH BiakHOCTH (0 = 90%. Pemenue
3aJ1a4¥ WLTIOCTPUPOBATE B i-d THarpamme.

[NapoTypOuHHas ycTaHOBKa paboTaeT 1Mo NUKIY PeHKWHa ¢ HadalnbHBIMH Hapamerpamu p1 = 15 Gap u t1 = 450°C.
HaBnenue B konaeHcarope p2 = 4 klla. Onpenenuts Tepmudeckuit KITJ] nukna PeHkuHa 1 cpaBHUTH €0 ¢ TEPMUYECKUM
KITJ nukna KapHo B TOM e UHTEpBaJie TEMIEPATYp.

Bosnyx, uMest naBienue o masomeTpy p1 = 0,4 MIla u Temneparypy t1 = 130°C, BriTekaeT B aTMochepy uepes Cormio
JlaBams. MaccoBbrit pacxon Bosnyxa — G = 0,4 ke/C. OnpeenuTb TEOPETHIECKYI0 CKOPOCTh MCTEUEHHUS M OCHOBHEIC
pa3Mepsl comia (M300pasuTh CXeMy CoIula B Maciitate). YToia KOHyca paclIMpsIIOLISHCs 4acTH COTlIa IPHHATH PaBHBIM
10°. bapomerpuueckoe mapneHue B = 750 mm pm. cm. OUpenenuTh TaKKe pacloiaraéMylr0 MOIIHOCTh CTPYH IpH
ucrevyeHnu. VicTeueHue cunuTaTh aanadbaTHbIM, CKOPOCTh BO3/1yXa Mepell COIIOM U TIOTEPH Ha TPEHUE HE YUUTHIBATh.
Bpruncianth U nokasath rpaduueckd 3aBucuMocTb Tepmuueckoro KITJ[ nmkina PeHknHa nmapocHioBOW YCTaHOBKH OT
HaYaIIbHOMU TeMIIEpaTyphl apa, NpUHsB ee paBHoit 400, 450, 500, 550 u 600 °C nipu 0JMHAKOBBIX 3HAYEHUSX HAYAIBHOTO
abcorTHOTO fAaBiieHus P1 = 20 6ap 1 KOHEUHOTO JaBieHus P2 = 5 klla. [loka3aTh TaKXKe BIMSHHIE MMOBBIIICHUS HAYAIbHOM
TeMIepaTyphl Mapa B IUKJIE HA U3MEHEHHE CTENCHH BIAXXHOCTH Iapa, BBIXOJAIIET0 M3 MapoBOro ABMrareis. Pemenue
3a/1a4d WILTIOCTPUPOBATS B i-S muarpamme.

Ilo paHHBIM TEIUIOBBIX M3MEPEHMH TEIUIOMEPOM CpEIHEH yIEeNbHBIA TEIUIOBOM IOTOK Yepe3 OrpakJIeHUs
U30TEPMUYECKOTO BaroHa IPH TEMIEPAType HApPY:KHOro Bo3ayxa ty = 1°C u Temmneparype Bosiayxa B Barode t, = 1°C
coctaBwi ¢ = 8,5 Bm/m?. Ha CKOJILKO NPOLEHTOB M3MEHMTCS KOJHMYECTBO TEIa, MOCTYNAIOLWIEr0 B BArOH 3a CUET
TEIUIOTIEpPEelaud  4Yepe3 OTPaKACHUSA, €CIH NPHU MPOYMX paBHBIX YCIOBHSX HA €ro IIOBEPXHOCTh HAJIOXKUTh
JIOTIOTHHUTENBHBIN CIIOM M30JISALUU U3 THATEPMa TOMIUHON O = 30 mm ¢ kodddumenToM Temtonposognoctu A = 0,036
Bm/(mK)?

Onpenenuts TpeOyeMyl0 MHUHHMAILHYIO TOJIIMHY OOMYPOBKHM Tra30oxojaa KOTNa, 4TOOBI TemrepaTypa e€ HapyKHOM
nosepxnoctu He npesbimana 50 °C npu Temneparype ra3os B rasoxoae t1 = 300 C. DxpuBaneHTHBIN K03(PUIUEHT
TEMIONPOBOJHOCTH 0OMYPOBKU A = 0,6 Bm/(m -K). CymMapHsblii Ko9QGUINEHT TEMIO0TIa4M CO CTOPOHBI Ta30B - Ol1 = 65
Bm/(M?-K), co cTopoHbl Bo3tyxa Oz = 16 Bm/(m?-K), a Temnepatypa Bozayxa t; = 20 C.

OIIK-1.3. [Mpumensier | OOyuvaromuiics BiageeT:

€CTECTBEHHOHAYYHblE  METOJbI | HABBIKAMH NPHUMEHEHHs] METOAOB TEOPETUYECKOTO U SKCIEPUMEHTAIbHOTO HUCCIIENAOBaHUSA
TEOPETUIECKOTO U | 00BEKTOB, ITPOLIECCOB U SIBJIICHUI, HABBIKAMH IPOBE/ICHHS TEINIOTEXHUYECKUX IKCIIEPHUMEHTOB
AKCHEPUMEHTAIEHOTO 110 33JaHHOM METOVKE U HaBBIKAMH 00pabOTKH UX Pe3yIbTaToB

HCCJIeTOBAHUS 00BEKTOB,
IIPOLIECCOB, SIBJICHUH, NPOBOJUT




OKCIICPUMCHTbBI 10 3aHaHHOﬁ
MCTOOUKEC u aHaJIU3UpyeT

Pe3yJIbTaThI
2.3.2 Ilpumepsnl 3aganmii

1. Kak (4 Bo CKOJIBKO pa3) U3MEHHUTCS KO GHULIUEHT TEIUIO0TIau PU TYPOYJIEHTHOM TEUSHUH Ta3a B TpyOe (J1aboparopHas
pabora No7), ecnu mpH MPOYMX PABHBIX YCIOBHAX 3a CYET IIEPOXOBATOCTH IOBEPXHOCTH TPYOBI K03 HUIHEHT
THIPABINYECKOTO COTPOTUBICHUS & ymeHpmuTes 1,5 paza?

2. Tlpm TypOyJeHTHOM TEYEHHH >XUAKOCTH B TpyOe (JabopaTtopnas pabora Ne7) TerumooOMeH Ha CTaOMIH3UPOBAHHOM
yuacTke onuchiaercs Gopmynoit NU = cRe%8, Kak (1 BO CKOJBKO pa3) M3MEHUTCS CPEIHMI TeMIepaTypHbIH Harop
MeXAy CTeHKOU U XHUAKOCTbI0 AT=T\ —Tf, ecau Npu NOCTOSIHHBIX IJIOTHOCTAX TEIUIOBOTO MOTOKA Cjw U TEMIEpaType
JKUJIKOCTH Ha BX0Je Tt YBEIMYHUTH €€ CKOPOCTh B 2 pasa, a JuaMerp TpyObl YBEJIUYHUTh B 2 pasa?

3. UYro HyXHO chenarth B JabopaTopHol pabore Ne9, 4TOOBI YBEIHMUYUTH PacXoi Ta3a MpH HCTEUEHUH Yepe3 CyXKarolieecs
COIUIO HEM3MEHHOW TeOMETPHHU B CBEPXKPUTUUECKON 001aCTH HCTECUSHUSA?

4. CpaBHHUTE IUIOTHOCTH [TOTOKA M3JTy4eHHs JaTyHHOH miacTuHbl € = 0,06 (C IpOKaTaHHOH MOBEPXHOCTHIO) M IJIACTHHBI &
= 0,2 (oOpaboTaHHO I'pyObIM HaXkIakoM) Ipu Temrepatype 22°C.

5. Omnpenenure MIOTHOCTH IOTOKA M3Jy4YEHUsI aOCOJIIOTHO YEPHOTO Tejla MPH TeMIlepaType, JIs KOTOPOH JJMHA BOJHBI
COOTBETCTBYET MAKCHMAJILHOM CIIEKTPAILHON IIOTHOCTHU M3JTYdeHUs Amax = 0,48:10° m.

6. Onpenenute TemmepaTypy T2 MOBEPXHOCTM HAMMEHBINErO JMaMeTpa CTeHKH Kajopumerpa (F2 =18,84*103m?),

BBINOJTHEHHOTO U3 OOBIKHOBEHHOTO CTEKNIA TONIMHOMN & = 0,3 MM (ko3 punuenT Teronposoauoct A = 0,74 B1/(m-K)),
€CII CpEeHssl TeMIepaTypa oxJaxjaaroleil Bomsl t W morok wuamydeHus Qi.p, mepenaBaeMoro B BOAY, DPaBHBI
SKCIIEPUMEHTANbLHBIM JaHHEIM. Koo dUIUeHT TermooTaaun ot cTeHku K Boge ¢ = 1000 Br/(m?K). Crenky ay1s1 pacueTa
MIPUHATH 32 INIOCKY10. OIIEHNUTE pacXoXkIeHHEe MEX Ty yKa3aHHBIMH TeMIIepaTypaMH, €ClIi JOMyCTUTh 3aMeHy 12 Ha to.

2.4 TlepeyeHb BONPOCOB /15 MOATOTOBKH 00y4alOIMXCS K MPOMEKYTOYHOI aTTecTallnU
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HporLeccaM.
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OcHoBHble OHATHA TepMoarHaMuku. Y paBHeHue MKT, ypaBHeHue cocTosHusl.
[TapameTpsl cocTOSTHUS.

3aKOHBI U/I€aIbHBIX Ia30B.

CwMmecu naeanbHbIX razoB. CriocoObl 3a1aHUS] CMECH.

DHepreTuka TepMOAMHAMUYECKON CUCTEMBI.

TemnoeMKoCTh. 3aBUCUMOCTD TEINIOEMKOCTH OT TEMIIEPATYPHI.
TepmoInHaMHYECKUE TIPOLIECCHI.

ITonuTponHeIii mponecc. Y paBHEHUE MOJUTPOIHOIO MPOoLiECca.

ITepBoe 1 BTOpOE Havasia TEPMOJIUHAMUKH.

YpaBHEHHE dDHEPTUH I'a30BOr0 MPOLECCa.

OHranbnus. I3MeHeHne SHTaIbIIMU B TEPMOIMHAMUYECKUX MTpoLieccax.
OHtponus. I3MeHeHne 3HTpONUY B TEPMOAMHAMHUYECKUX MPOLIECCaX.
Tepmonnuamuueckue nukiel. Tepmudecknid KIT/ nukia.

[Tuxn Kapno. Tepmuueckuii KI1/I nukna Kapro. HeoOpatumsrii iiukn Kapso.
OO6partnsii nukn Kapxo.

Teopema Kapho.

Teuenue razos 3akoH oOpaieHnus Bo3aeicTBus. Coria, 1uddy30psl.
Omnpenenenne CKOPOCTH UCTEUEHUS ra3a U3 coruia. Kputuueckne napaMeTpsl.
Omnpenenenue paboOTh UAECATHLHOTO OAHOCTYIIEHYATOI0 KOMIIpECcopa.
MHoroctyneH4yaTblii KOMIIPECCOP.

PeasibHbI KOMITpECCOP.

[{ukiel qBUTaTeneii BHyTPEHHETO CrOpaHUsl.

kel IBUTATENICH BHEITHETO MOIBOIA TEIIOTHI.

PerenepatuBHbIE IUKIIBI.

Peanbnbie rasel YpaBuenue Ban-Jlep-Baanbca.

Bopsnoit nap. I-S auarpamma BoAsiHOTO mapa.

Brnaxusiit Bo3ayx. [-d auarpamma Bia)kxHOTo BO3yXa.

XuMuueckas TepMoAMHaMuKa. [lepBoe Hauano TeEpMOAMHAMUKY PUMEHUTENBHO K XMMUUECKUM

[{uK1bI ra30TYpOMHHBIX YCTAHOBOK.
[{uKJIBI TapOCUIIOBBIX YCTAHOBOK.
N3oTepMuuecKkue NOBEpXHOCTH. TeMIepaTypHblil rpaiueHT.




Nk~ WLN

pona.

pona.

10.

TennonpoBOIHOCTh B Ta3ax, KHUIKOCTIX, METAILIAX.

OCHOBHOM 3aKOH TETUIOMPOBOIHOCTH.

HuddepennmanbHoe ypaBHEHHE TETUIOMPOBOIHOCTH.

YacTable caydan Ju(epeHInaIbHOr0 YpaBHEHHUS TEIUIONPOBOJHOCTH.
VYcnoBust 0IHO3HAYHOCTH B MPOIECCAX TEIUIOMPOBOIHOCTH.
®dusnyecKue CBONCTBA KUAKOCTH (Tasa).

CTaI_[I/IOHapHaH TEILIOMIPOBOJHOCTD IUIOCKOM OﬂHOCHOﬁHOﬁ CTCHKH IIPH I'PAHUYHBIX YCJIOBUAX I
CTaI_[I/IOHapHaH TEIIJIOIIPOBOJHOCTD IUIOCKOH MHOT'OCJIOMHOM CTEHKH IIpHU I'PaHUYHBIX YCJIOBUAX |

CTaHI/IOHapHaH TEILIOIIPOBOJHOCTD HHJ’IPIH,Z[pH‘ICCKOﬁ OHHOCHOﬁHOﬁ CTCHKHU IIpU TI'paHUYHBIX

ycnoBusx [ pona.

11.

CTaI_[I/IOHapHaH TEIJIOIIPOBOJHOCTH HHHHHHqueCKOﬁ MHOT'OCJIONHOM CTESHKH IIpHU I'PaHUYIHBIX

ycnoBusx [ 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.

CBo0OozHas ¥ BBIHYX/IEHHAs] KOHBEKLUS.

OcHoBHOE ypaBHeHHUE TeriooTaaun. Koadduiment rerooraauun
Teopus nmogobus. Kpurepuun nomoousi.

Termonepenaya yepes MIOCKYI OJHOCIONHYIO CTEHKY.

Temonepenayda yepes MIOCKYI0 MHOTOCIIONHYIO CTEHKY.
Termmonepenaya yepe3 HHWIMHAPUYECKYIO OJHOCIONHYIO CTEHKY.
Temonepenaya yepe3 HUIMHAPUYECKYI0O MHOTOCIOMHYIO CTEHKY.
OcCHOBHOE ypaBHEHUE TEILIONEPEAAYH.

WuTeHcudukanys Temionepeiauyd NyTeM yBeJIndeHus Ko3pPUurueHTa TerIo0T1auH.
WHaTeHcupuKanys Teronepe1adn 3a cueT opeOpeHus: CTEHOK.
JuddepenumanbHoe ypaBHEHUE TEIUIOOTAAYH.

TernmooOMeH u3irydeHreM. 3aKOHBI TEIJIOBOTO U3ITyYCHHUS.
TenmomaccooOMeHHbIE YCTPOHCTBA.

YpaBHEeHME TEII0BOr0O OajaHca TEIJI000MEHHOTI0 anmnapara.

Yro HazpiBaroT TOIUIMBOM. Ero cocras. Kakue Buapl TOIIMBa Bbl 3HaeTe?
Kakue ncronb3yrorcs MOTOpHBIE TOILIMBA /1715 HopiuHeBbIX [IBC.
Cokuranue TOILINBA.

I'openue TorumBa. @U3NYECKUI ITPOLIECC TOPEHUS TOILIIUBA.

Bonpocsl 5konoruu Npu UCIoIb30BaHUH TEIIOTH.

TokcuuHble ra3bl NPOJYKTOB CTOPAHUSL.

[TocnencTBust mapHUKOBOTO Y eKTa.

XonoaunpHas ycraHoBKa. [IpuHnun paGoTsl. Buabl X0I0AUIBHBIX YCTaHOBOK.
Oxextop. [Tpunnun padboTsl

TemoBoit Hacoc. [IpuHIMNI padboThI

Tepmotpancpopmarop. Ipunimn paGoTsl.

Kprorennas TexHuKa.



3. MeToauyeckne MaTepHaJibl, ONpeAesIoIie NPouelypy U KPUTEPHUH OLleHUBAHUS
c¢opMHPOBAHHOCTH KOMIIETEHIMI NIPH NIPOBEACHUHU NPOMEKYTOYHOM aTTeCTAllUH

Kpurepun ¢popMupoBaHusi OlleHOK 110 0TBETaM HA BONPOCHI, BBINOJHEHHIO TECTOBBIX 3aJaHUil

- OIICHKA «OTJIMYHO» BBICTABIIACTCA OOYYaIOMIEMYCs, €CIIM KOJHMYECTBO MPABHIIBHBIX OTBETOB Ha
Bonpocsl coctasisieT 100 — 90% ot obuiero o0bEMa 3aJaHHBIX BOIPOCOB;

- OLICHKA «XOPOIII0» BHICTABIICTCS 00yUYAIOMIEMYCsl, €CITH KOJTHYECTBO IPABHIIBHBIX OTBETOB Ha BOIIPOCHI
— 89 — 76% ot o6miero o0bEMa 3aIaHHBIX BOTIPOCOB,

- OLICHKAa «Y/IOBJIETBOPHUTEJIBLHO» BBICTABISACTCS OOYJAIOMIEMYCs, €CJIM KOJMYECTBO IPABUIHHBIX
OTBETOB Ha TECTOBBIE BOMPOCH —/5—60 % oT 061Iero oobEMa 3a1aHHBIX BOTIPOCOB,;

- OIICHKA «HEY/OBJIETBOPHUTEIBHO» BBICTABISACTCS OOYYAIOIIEMYCS, €CIM KOJHMYECTBO IMPaBUIIBHBIX
oTBeTOB — MeHee 60% oT 001Iero 00bEMa 3aJaHHBIX BOIPOCOB.

Kpurepun ¢popMupoBanusi oueHOK M0 pe3yJbTaTaM BbINIOJTHEHUS 3aIaHU

«OTIANYHO/32a4TEHO» — CTABHUTCS 32 paOOTY, BHIIIOJHEHHYIO MTOJIHOCTHIO 0€3 OIMOOK U HEJIOYECTOB.

«X0po110/3a4TeH0» — CTaBUTCA 3a padOTY, BHIINOJIHEHHYIO IIOJIHOCTHIO, HO IIPU HAJIMYUU B HEW He OoJiee
OJTHOW HEerpyOoii OIMOKY U OJTHOTO HeloueTa, He 0oJiee TPeX HEJJ0UYECTOB.

«Y10BJIETBOPHUTEIBHO/32a4TEHO» — CTABUTCS 32 PabOTy, €Clu O0yUYaIONIUICS MPAaBUIHLHO BBIMIOIHIII HE
MeHee 2/3 Bceil paboThl WK JAOMYCTUT HE OoJiee OAHON Tpy0oil OmMOKH U IBYX HEJOYETOB, HE Ooyiee OHOM
rpy0oii U omHO# HerpyOoii ommOku, He Oojee Tpex HerpyobIX OIMOOK, OAHON HErpyOoW OMIMOKH U JIBYX
HEJIOYETOB.

«HeynoBjieTBOpUTEJILHO/HE 3a4TE€HO» — CTABUTCA 3a PA0OOTY, €CIM YHUCIO OMIMOOK W HEIO0YETOB
MIPEBBICHIIO HOPMY JIJISl OLICHKH «YyJJOBJICTBOPHTEIBHOY WM MPABUIIBHO BBITIOJIHEHO MeHee 2/3 Bcel paboThI.

Buowl owubox:

- 2pybOble OwubKU: He3HAHUe OCHOBHBIX NOHAMUL, NPABUL, HOPM, HE3HAHUE NPUEMO8 PEeueHUs 3a0ad;
OWUOKU, NOKA3bLEAIOWUE HENPABUIbLHOE NOHUMAHUE YCI08UsL NPEOTIOHCEHHO20 3A0AHUSL.

- Hezpybble OwUOKU: HeMOYHOCIU YOPMYTUPOBOK, onpedesieHUll; HepayUOHAIbHbIL 8b100p X00a peuleHUs.

- He0ouembl.: HepayYUOHAIbHbIE NPUEMbl BLINOIHEHUS 3A0AHUSL, OMOETbHbLE NOZPEUHOCMU 8 YOPMYIUPOBKe
861860008, HEOPEIHCHOE BbINONHEHUE 3A0AHUSL.

Kpurepun popMupoBanusi OLIEHOK 10 324eTy
«3aYTeHo» — CTYAEHT NpuoOpes HEOOXOIMMBbIE YMEHHUS W HaBBIKH, MPOJEMOHCTPUPOBAJI HAaBBIK
MPAKTUYECKOTO MPUMEHEHMs MOJTYYEHHBIX 3HAHHWM, HE JOMyCTHJ JIOTMYECKMX U (PaKTHYECKHX OIIMOOK;
CTYIEHT NproOpes He0OX0AUMbIE YMEHHUS U HaBBIKH, IPOJIEMOHCTPUPOBAJ HABBIK IPAKTUUECKOTO IPUMEHEHHUS
MOJTyYEHHBIX 3HAHWH, HO IOMYCTHJ HE3HAYUTEIbHbBIE OIINOKU U HETOYHOCTH.

«He 3a4TeH0» — CTYAECHT JEMOHCTPUpPYET (pparMeHTapHblE 3HAHUS M3y4aeMoro Kypca; OTCYTCTBYIOT
HE00XO0/IMMbIE YMEHMSI U HAaBBIKH, IOMYIIEHBI TPyOble OMIMOKH.



