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B MeTOoAMuyecKMX yKaszaHMAX paccMmaTpuBaeTCca METOAMKaA pacyeTta
TEMNM0BOro pexxuma POA, MeToAnKa MPOBefeHNs 3KCMepUMeHTa A/
MOCTPOEHMA TensjoBOW XapaKTepUCTMKM 06bekTa MWCCNefoBaHus.
MeTogunueckue ykasaHWs npefHa3HayeHbl A9 CTY[EHTOB
pagnoTeEXHMYECKOTO (PakybTeTa, cneymnanbHocTn 0705,

CocTtasutens I'.®. KpacHouiekoBa
PelLleH3eHTbl: KaHA. TexH. Hayk, gou. .10, Mpaues, T.M. CamoiinoBa



Llenb  paboTbl - BbIABUTb BAWSHWE KOHCTPYKLWMW annapaTa, e€ro
rabapmToB, YCNOBUI OXNaXAEHUA Ha npouecc TennoobMeHa;
YACHUTb METOAUKY 3KCMEPUMEHTanbHOr0 OMpefeNneHns XapakTepucTuk
annapara;
03HaKOMUTbCA c MeTOAUKO pacyeTa  TeMJoBOro pexuma
paguoanekTpoHHoro annapata (P9A).

KPATKWE TEOPETUYECKWE CBEAEHWA
ViccnegoBaHue — TemmepaTypHbIX — pexumoB P3A  cBogutcs K

onpeAeneHNIo 3aBUCMMOCTW TemnepaTypbl neperpeBa Vj 6noka (uan ero
MOBEPXHOCTU) OT BEIMYMHbLI CYMMapHOl MOLWHOCTW, paccenBaeMoil B

annaparte, OTHOCMTe/NIbHO TemMnepaTypbl OKPYXXatoLl el cpefbl tc :
€))

3aBucumMocTb V; = Vj (P) HasbiBaeTCs TeNA0OBOA XapaKTepUCTUKON.
Mpouecc nmepeHoca TeNna0BOW 3Heprum B annapate OT UCTOYHMKOB

Tenaa K KOXYXY M 0T NOC/efHEro B OKPYXAal LWy cpefy OYeHb CMOXeH

M 3aBUCUT OT MHOruMx (HaKTopoB, B YACTHOCTU OT KOHCTPYKLUK

annapata, ero rabapmToB, pacnpefeneHns UCTOYHWKOB Tenna, CUCTEMBI

OXNaXAEeHNA N T.4., NO3TOMY TOYHbIN pacyeT Tenn0BOW XapaKTEPUCTUKM

BO3MOXEH TOMbKO ANA Tefl, MWMEKLUWMNUX NpocTble reoMeTpuyeckune

(hopMbl.

Hanbonee pacnpocTpaHeHHbIMM MeTOoAaMu pacuyeta TEMNI0BOr0 pexuma
KOHCTPYKLMW ABASKOTCA METOAbl MOLEeNMPOBAHUS C HArpetonl 30HOW [1,2].
PaguoannapaTypa MOXeT MMeTb OfHY WM HECKONbKO HarpeTbiX 30H. 3a
HarpeTyw 30HY MNpUHMMAKOT Mapannenenuneq, naowagb OCHOBaHUA
KOTOpPOro coBnafjaeT C MOLWAaAbi0 LIACCK, a BbiCOTA paBHAa CpefHei BbiCOTe

CMOHTMPOBAHHbIX
Ha nnaTte pgetanei
(puc.1).
Ha OCHOBaHMUMN
KoappuuymeHTHOT
0 MeTofa pacuyeTa
[3] 3aBucumoOCTb
Mexay
neperpesom
HarpeTol 30HblI K

BNNAK W NMU Ha
P n c. 1. CxemaTnyECKOE Tennosasa Hajenb
3N1eKTPOHHOro 610Ka HEro napameTpam

MMeeT BUJ



- CK/ = (2)
Fone Vs - neperpes HarpeToil 30HbI OTHOCUTENILHO TeMmMepaTypsbl
oKpyXatollen cpegbl, °C;
Kj - KOs prUMeHT, 3aBUCAW NI OT N -ro NnapameTpa,;

n - obuwee 4ncno NapameTpoB, BAUAKOLWNX Ha V3.

B paboTe NpUBOAUTCA MHXEHEPHasa MeTOAMKa pacyeTa TeN0BbIX XMMOB
6nokoB POA npu BO3aywHON oxnaxpaeHuu [3], BbiBegeHHas Ha 6ase
akcnepumeHTa gnd P3A B repmMeTM4YHOM M nepdopupoBaHHOM Kopnyce. B
pesynbTate pacyeTa MOJY4YEHO 3HayeHMe TemnepaTypbl HarpeToli 30Hbl B
YCTaHOBUBLUEMCS PEXUME.

Mpn OTCYTCTBMM HaApY>XHOro 064yBa Kopnyca M nepemellvBaHWUA BO3-
AyXa BHYTpM YCTpOICTBA 3a CUeT BEHTWUNATOPa BblpaKeHue ANS neperpesa
HarpeToli 30HbI MMEET BUJ,

=3 - ) ®

roe Kgs - KoapduumeHT, 3aBUCAWMIA OT YAeNbHON
MOLWHOCTM 3 HarpeTon 30HbI,°C;

% — = 4)

ne Ps - MoOWHOCTL, paccemBaemas HarpeToi 30Hoi, BT;

J. ®
o 2.
S —YCNOBHAsA NOBEPXHOCTb HArpeTON 30HbI, M*;
raoe 1112 —CTOPOHblI OCHOBAHWS HArpeToN 30HbI, M;
T2 - BbICOTA HarpeToii 30HbI»

K - koah(puuueHT 3anonHeHus 610Ka, T.e. OTHOLIEHWE peasnbHOro
006bemMa HarpeTtol 30Hbl K nonHomy obwvemy. B paboTte
KO3 MPULUMEHT 3aN0NIHEHUA NPUHAT paBHbIM 0,4.

B BbipaxeHue (1) BxoguT KoahduumeHT Kn, 3aBUCALMIA OT KO-
thuymeHTa nepdopaunm, KOTopblid, B CBOK o4vepedb, MOXeET 6bITb onpegeneH



34ecb Sn - nnowagb OTBEPCTUIA B 6/10Ke,

rae Si, Sz, Ss - nowaamn oTBEPCTUIA B HUXKHER YacTu Kopnyca (nog waccu),
B BEPXHEl 4acTu KoXyxa (Haj wwaccu) u B waccu. B paboTe oTBepcTua B
laccy OTCYTCTBYIOT, TaK KaKk OHO Haxo4uTCa NpakTuyecku 6e3 3a3opa OT gHa
Kopnyca.

Tak Kak MeTofAuKa, MO KOTOPOWA nNpoBOAAT pacyeT, 6Gasmpyetcs Ha

3KCMNEPUMEHTaNIbHbIX MCCNEAOBaHMAX, TO 3HauyeHuUs Kgs n Kn onpegensioT
M3 MaTemMaTUUYeCKNX BblpaxXeHui

(8)

©)

Onsa ypo6cerBa HaxoxpgeHnss Kgs M Kn nonb3yoTcs 3aBUCUMOCTAMM,
nokasaHHbIMKU Ha puc.2 n 3.

Kg3 °C

50

30

200 400 600 kg3 Br/u’

Puc.2 3aBucumocTb Ko3hpuy ueHta Kg3—(q3)



0 ar W dS at n

P u c* 3. 3aBUCMMOCTb KO3a(hdmupmeHTa HI'I—{(’\)
(10)

Q)

(12)

Ecnun Kopnyc ycTpoiicTBa repMeTUYHbIN, To Kn= 0 un
neperpes Kopmnyca 3aBUCWUT TO/MbKO OT YAenbHOW MouUiHOCTM @, pac-

cevBaeMoil Kopnycom npuéopa,

roe L] v L2 - COOTBETCTBEHHO A/IMHA M WMPUHA KOPNYCa;
h - BbicOTa Kopnyca.

MoacTtaBnasa 3HayeHunsa (10), NpMBOAUM BblipaXxkeHue (s) K BUAY

L1=0, 197279,2962-10"1(, (13)

JTa aHanUTU4Yeckas 3aBMCMMOCTb MOXET 6biTb MpefcTaBfeHa rpanyeckm

(puc.4). Takum obpasom, pacuyet Begetcs B cnegyroLen
nocnefoBaTe/ibHOCTN. Mo N3BECTHbLIM rabaputam  ycTpoictea U
KO3 puuUMeHTy 3anoNHeHMa onpegensieM Ss - YCNOBHYH MOBEPXHOCTb

HarpeToi 30HbI U1 - MOBEPXHOCTb Kopnyca.



Vtac

2 d Pwu c.4
3aBuUC MMO CT b
neperpesa orT

10 yoenbHOMN
MOLWHOCTMU

1(0 200 300 ijt BT/ ME2

Mo 3aaHHOMY WAW PacYeTHOMY 3HAYEeHUH MOLLHOCTU, paccenMBaeMol
HarpeToi 30HOW, ONpefenalTCA YAeNnbHble MOWHOCTM CJ3 U cw, PaccuuTas
nnowaamn nepgopaumym Sn 1 3Has pasMepbl NAOWAAN KOpnyca, OnpesenstoT
KoathhmumeHT nepdopaynm u no rpadukam, ykKasaHHbIM Bbllle, HaXoAsaT
KoapuumeHTol Kgs n Kn , nocne 4yero - 3HayeHuWe neperpeBa HarpeTtoi
30Hbl V3; NO COOTBETCTBYKIMM rpaukaMm YCTaHaBIUBAT BefUUYUHY

neperpeBa repMeTMYHOro Kopnyca B 3aBMCUMOCTW OT MOULHOCTM MpHK
HOpPMalNbHbIX YCIOBUSAX IKCMNyaTaLuu.
B KoHue onpefenseTcs Temnepatypa 30Hbl C y4yeTOM TemnepaTypbl

OKpY>XatLein cpeabl:

(14)
Ha 3Tom pacueT 3akaH4YMBaeTCd, TennoBas XapakTepucTuka onpejeseHa,
T.€.aBMCUMOCTb Meperpesa wUauM TemnepaTtypbl OT pacceMBaeMOli MOLLHOCTU
MOXET 6blITb MOCTPOEHA.

MPAKTNYECKAA HACTDb
B nabopaTtopHoi paboTe mccnegyeTcs TENOBON PeXUM Pagn03/EKTPOHHOTO

6/10Ka B YCNOBUSAX eCTeCTBEHHON KOHBeKUMKW. PaccenBaemas MOWHOCTL P =
20 BT. MNwuTaHue annapaTa OCyLULeCTBNAETCA OT ceTu. Ha nmepegHei maHenm

M3MEPUTENLHOTO0 610Ka CMOHTUPOBAHDI



Kpome TOro, Ha mepejHeil MaHenu pacrnofioXXeH Mepek/tyaTenb KaHanoB
paboTbl M3MEPUTENLHOTO 610Ka.

OcHOBOW mMeTofa W3MepeHWs TemnepaTypbl C MNOMOLbLI TepMmonap
ABNAETCA 3aBUCMMOCTb MeXAy 31eKTPOABMXKYLLEA cunoin (Tepmoaac), obpa-
3yloLwenca B Lennm U3 ABYX KOHTAKTUPYHOLWWUX pasHOPOAHbIX NPOBOAHUKOB
(anekTpogoB), M TemnepaTypoill MecT WX PpacnonoXxeHuss - cnaes. Cnai
TepMonap, YCTaHOB/IEHHbIV B 06beKTe M3MepeHNa TeMnepaTypbl, Ha3biBaeTCA
paboynm (ropsymm) crnaem, a BTOpPOK cnali - cBOGOAHLIM (XONOAHBLIM).
Moka3aHWa npubopa-nHAMKaTopa Npu U3MEpPEHNN TemMnepaTypbl C NOMOLbIO
TepMonap 3aBUCAT OT pa3HOCTM TemnepaTyp paboyero n cBo604HOr0 CMNaes u
OT MaTepuanoB TEPMOINEKTPOAHbIX MNPOBOAHUKOB. [na  M3MepeHus
TemnepaTypbl B P3A LenecoobpasHo NPUMEHATb TepmMmonapsl,
M3roToBNEHHbIE M3 MELHO-KOHCTAHTaHOBbLIX NpoBogoB guametrpom 0,1-0,5
MM, KOTOpble 06/1ajal0T AOCTAaTOYHON MexaHM4YeCKOM MPOYHOCTbIO W npu
NpaBUNLHOM KpPEMJeHUN He UCKaXalT TeMnepaTypHoe nojie uccnegyeMmoro
o6bekTa. [OnnHa NpoBOALOB, M3 KOTOPbLIX COCTOMT Tepmonapa, Bblbupaetcs
COOTBETCTBEHHO rabapuTtaMm 06beKTa UCMbITAHWIA.

NabopatopHaa  paboTa AO/MKHa  BbIMOAHATLCA B CAeAyloLLei
nocnesoBaTe/ibHOCTH.

1. WN3yunTb MHCTPYKUMIO K nabopaTopHOil paboTe U TeopeTuuyeckue
CBeJleHNs MO MeToAuKe, W310XeHHOW B paboTax [1,2] (BO BHeypouHoe
Bpems).

2. B nabopatopun 03HAKOMWUTbLCA C NabopaTOpPHOI yCTaHOBKOM, a Takxe
C MeTOAMKOW wn3MepeHMa Ha Helhl. O3HaKOMUTHCA C KOHCTpyKLUWeW
nccnegyemoro 610ka.

3. BK/IIOUYNTb YCTaHOBKY.

4. Mo wucteyeHun 10 MWH C MOMEHTa BK/OYEHUA 60Ka U3MEpPUTb
Temnepatypy B pa3fMyHbIX TOUKax 6noka (n3mepunTb a4cC
antdepeHumanbHblX Tepmonap W no rpaguky (puc.5) onpegennTb
NnoBbIWeHWe TemnepaTyp B pas/IMYHbIX TOYKaX MO CPaBHEHUID C
TEMMNepaTypoi B TOUKe PacnosioXeHUs X0N04HOT0 cnas).



25 30 35 40 45 50 55 60 t°C
Puc. 5. 'pagynpoBOYHbI/ rpafmk Tepmonapsl

M3mepeHne Temnepatypbl NPOuM3BOAUTL C MHTepBanoM B 5-10 MUH g0
YCTaHOBMieHWA B O/IOKE CTauMOHApPHOro TEMJIOBOrO pexuma. PesynbraThbl
N3MepeHunid 3aHecTu B Tabnuyy.

NHTepBansl TemnepaTypa B 6/10ke (3KCMNEPUMEHT)
3amepoB
Homepa Tepmonap

12 4 5 6 7 8 9
10
20
30
40
45

5. [na ycTaHOBMBLIErocs TeNA0BOr0 PeXnumMa BblYUCANUTD:

CTpenoyHble Npubopbl, cneunanbHble NEpeKaoYaTenn Ha 9 NofoXeHuin, npu
NOMOLLM KOTOPbIX MNepekatyatTca paboume (ropsaume) cnav Tepmonap u
«XONOAHbIA» cnaii K M3MepuTenbHOMY npubopy and usmepenus mx 3/MC.



CpefHiol0 TeMnepaTypy HarpeToii 30HbI

t 3cp — ? £n

CpefiHIOl0 TeMMepaTypy KpPbIWKKM KOXyXa

oA tm (16)
'icpep - m *

6. Paccuntatb TeopeTMyecku TensjoBOW pexum 610Ka MO MEeTOoAMKe,
NPeLNOXEHHON B [aHHbIX METOAMYECKMX YyKazaHuAax (BO BHeypoyHoe
Bpems).

7. CpaBHUTb TeOpETUYECKNE M 3KCMEPUMEHTaNbHble faHHble, 418 Yero

BbIUMCNUTL pPasHULY MeXAY CpeAHMMK TemnepaTypamu, MONAYYEHHbIMU

9KCNEPUMEHTa/IbHO U TEOPETUYECKI:

A= TPt Ligp an
8. CHATb KpPbIWKK, 3aKpblBalOlWMe BEHTUNALMOHHbLIE OTBEPCTUA, U
NpPOM3BECTU M3MepPeHMa TemnepaTypbl B 6/10Kke no uctedeHunm 30-40
MWH. B COOTBETCTBMM C Tabnuueh. BblumcnuTb cpefHue TemMnepaTypsbl
HarpeToin 30HbI M Kopnyca. CpaBHWTb pe3ynbTaTbl, MOJIyYEHHbIE MpU
M3MEPEHUN TemnepaTyp repmeTnyHoro 610Ka, C pesynbTatamyu Mo
LaHHOMY NYHKTY.

MPNMEYAHWE. Tlpu ycTaHOBKE KpblWEK Ha BEHTUNALWOHHbLIE

OTBEPCTUA UAN UX CHATUM 610K LOMKEH O6bITh BbIKIOYEH!

NCXOOHbLIE JAHHBIE A4NA PACYHETOB

Pasmepbl 6noka L\, L2, H © TonuwmWHa CTEHOK, AnameTp
BEHTUNALMNOHHbLIX OTBEPCTUMA, UX KOJIMYECTBO M3MEPAIOT B XOA4€e BbIMOSHEHUS
pa6oTbl. OcTanbHble fAaHHble (KO3(PUUMEHT 3anonHeHUs, paccTosHue OoT
HarpeToi 30HbI 40 AHA W KPbIWKK KOXYXa) 3afaeT npenogaBartesb.

COOEPXAHWE OTHETA

1 LUenb n KpaTKoe cojep)aHue nabopaTopHOi paboThl.



2. Kpartkoe onucaHue nabopaTOpHOW YCTaHOBKM C MEpeyYHeM
npuéopos,
3. Pacuet TemnepaTypbl HarpeToi 30HbI N KOXYXa.
4. Tabnuubl 1 rpagukym  3IKCNepuMeHTa, rpauk TennoBoW
XapaKTepPUCTUKN.
5. BblBogbl. B HUX yKa3blBaeTCA CTENeHb CXOAMMOCTU PACUYETHbLIX U
3KCNepUMeHTaNbHbIX LaHHbIX, 00BbACHATCA MPUYKHbI
pacxoAMMOCTK, faeTcad 3aK/lloyeHWe O TOYHOCTU TeopeTUUeCcKux

pacyeToB W T.[4.

KOHTPOJIbHbLIE BOMPOCHI

1. YTo Takoe HarpeTas 30Ha?
2. Yem oTnmnyaeTcsa MOAENb OT peanbHOM KOHCTPYKLUN?
3. OT Kakumx (haKTOpPOB 3aBUCWUT TEM/OBOW pPeXuWM 0ObeKTa

nccnegoBaHna?

4. UTo TaKOoe NeperpeB HarpeToi 30HbI, KOXYyXa?
. UTo npeacTtaBnseT cob60oil TensoBas XxapakTepucTmka?
. OT Yero 3aBUCUT Meperpes repMETUYHOTO KOXYXKN?
. OT 4ero 3aBUCKT neperpes NepPopnpoBaHHOIro KOXyxa?
. UTo TaKoe ycnoBHas NOBEPXHOCTb HarpeToin 30HbI?
Kak onpegennTb KO3(h(UUMEHT 3anofiHeHMA 670Ka W KakK ero

o -~ ° Ul

©

BE/IMYMHA BAUSET Ha TEMNOBOW PeXUM 6n0Ka MPU eCTECTBEHHOI

KOHBeKLuun?

10. UTto sBnAeTCA OCHOBOW MeToJa W3MepeHMs TemmepaTyp C
noMoLblo Tepmonap?

11. Kakum o6pa3om gnameTp TepMonap BAMAET Ha TOYHOCTb
n3mepeHns TemMmnepaTypbl B 06beKTe uccnef0BaHMA?
12. UTto Takoe cTaLWOHapHbIN U HecTaLMOHapHbIA TenjoBOW pexum
6noka?
13. OT yero 3aBUCUT TOYHOCTb pacyeTa TeMnepaTypHOro nonga?
14. Yem 3KCMepuMMEHT OT/IMYAETCA OT pacyeTa?
15. Kak nnouiagb 0TBEPCTUI nepdopaunm BANSET Ha TENNOBO PEXUM?



