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ONPEJAEJIEHUE KOOOPUIIUEHTA
TEILJIOITPOBOJHOCTU MATEPUAJIOB

Heas paGoThl: MONYyYUTbh NpEACTaBICHHE O (PUIMUSCKOU
CYIIHOCTH IIpoLiecCa TEIUIONPOBOAHOCTH M €ro MaTeMaTH4eCKOM
ONHMCAHMHU; O3HAKOMHUTBCS C METOAOM  JKCIIEPHMEHTAJIHHOTO
omnpeneneHus Ko3QHUIreHTa TerIonpOBOTHOCTH.

OcHoBBI TEOPHH

Tennonpogoonocms - 3TO SIBIEHHE TEpEeHOCA TEIUIOTHI,
00yCIIOBIIEHHOE B3aUMOJICHCTBHEM MHUKPOYACTHIL,
COTIPUKACAIOMIMXCS Ten (WM dYacTell OJHOTO Tela), WMEIOIINX
pasHyto sHepruto (temieparypy). [lpm »TomM B raszax mepeHoc
SHEPTUHU OCYIIECTBIsIETCA MyTeM Aud(y3ur MOJEKYI U aTOMOB, a B
KUAKOCTAX W TBEPHABIX TeNax-IUAIEKTPUKAX — IIyTeM YIPYTUX
BOJIH. B Meramrax mepeHoc SHEpruu B OCHOBHOM OCYIIIECTBISIETCS
nyreM nuddy3un CBOOOIHBIX BIIEKTPOHOB, a pOJb YIPYTHX
KoJIeOaHUI KPUCTAILTMYECKON PEIIeTKU 371eCh BTOPOCTEIIEHHA.

TenmonpoBOgHOCTh, KaK © BCE BHABI TEIUIOOOMEHa,
OCYIIECTBIISIETCS. IPU HAJIMYWHU PAa3HOCTH TEMIIEPaTyp B Pa3IHYHBIX
TOYKaxX MPOCTPAHCTBA WIIM Tella, KOTOpasi B CBOIO OYepellb MEHSETCs
BO BpeMmeHU. COBOKYITHOCTh 3HAYCHHI TEMIIEPATyPhl BCEX TOUEK HITH
npoctpaictBa M (X, y, Z) B JaHHBII MOMEHT BpemeHu T
MpeaCTaBisieT coboit memnepamypnoe none (1):

T=T(xy,27) . (1)

Paznuuarot CTaIlMOHApHOE u HEeCTallMOHAPHOE
TeMIeparypHble noyis. YpaBHeHue (1) siBisercs 3amucbio Haubolee
obiero BHIOAa MPEXMEPHO20  TEMIIEPATypHOTO IOJs, KOrJa
TeMIlepaTypa U3MEHSIETCS C TEYEHHEM BPEMEHH U OT OJHOM TOYKHU K
npyroil. Takoe moyie OTBEYaeT HEYCTAaHOBMBIIEMYCSA TEIUIOBOMY
pEeXHMMY TEMJIONPOBOAHOCTH M HOCUT Ha3BaHWUE HECMAUUOHAPHO20
memnepamypHo20 nois.

Ecin TtemnoBoit pexuM SBISETCS YCTAaHOBHBIIMMCS, TO
TEMIIEpAaTypa B KaKJIOM TOYKE IOJSA C TEYEHUEM BPEMEHU OCTAETCA
HEM3MEHHOW M Takoe TeMIepaTypHOe TIoJie  Ha3bIBAeTCs
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cmayuonapusim. B 5TOM cinydae temrieparypa siBiserca (pyHKuei
TOJIBKO KOOPAWHAT U TIOJE€ MOXET OBITb OOHOMEPHBIM, O8YMEPHBIM
WA MPEXMEPHBIM.

Ecnn coeguHuTh TOYKM Teda, HUMEIOIIME OJUHAKOBYIO
TEMIIEpaTypy, IMOJYyYHM I[OBEPXHOCTb PaBHBIX TEMIEpPATYD,
Ha3bIBaEMYIO uzomepmuyeckou. Takum o00pa3oM, T€OMETPUIECKOE
MECTO TOYEK, HMEIOUIMX OAMHAKOBYIO TeMIIEpaTypy, oOpasyeT
uzomepmuieckyio nogepxnocms. DPopMa U TOJOKEHUE TaKOU
[IOBEPXHOCTU B IMPOCTPAHCTBE MEHSIETCS BO BPEMEHHU, €CIM IIOJIE
HecTauuoHapHoe. 1IoCKOnbKy B OJHOW M TOM K€ TOUKE HE MOMXKET
OBITD OJTHOBPEMEHHO JIBYyX 3HA4YCHUU TEMIIEpaTypHhl,
HM30TEPMUYECKUE IOBEPXHOCTH HHUKOIZIA HE IEPECEKAlOTCs - OHU
00 3aKaHYMBAIOTCS] HA IOBEPXHOCTH Tella, THOO 3aMBIKAIOTCS CaMU
Ha cebs. [lepeceuenne N30TEPMUUECKUX TIOBEPXHOCTEH TIOCKOCTHIO
JaeT Ha 3TOW IUIOCKOCTH CEeMEWUCTBO uzomepm. OHU 00IATarOT TEMHU
K€ CBOICTBaMH, YTO M H30TEPMUYECKHE IMOBEPXHOCTH, T. €. HE
MEPECceKaroTCsl, HEe OOpBIBAIOTCS BHYTPHU Teja, OKAHYMBAIOTCS Ha
MTOBEPXHOCTH, JINOO IETUKOM PAaCIONIaraloTCs BHYTPHU CaMOTO Tela.
Ha puc. 1 nmnpuBeneHsl H30TEPMBI, TEMIEPATYpbl KOTOPBIX
omiinyarorcs Ha A T.

n,

T+ AT
T
T —AT

Puc. 1 U3otepmbl

TemnepaTypa B Tene M3MEHSETCS TOJBKO B HANPABICHUSX,
MEPECEKAOIINX  HM30TEPMUYECKHE  MOBepxHocTU. [lpm  3TOM
HanOONBIIMI  mepenaz  TeMIepaTypbl Ha  €IUHHLY  JJIMHBI
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NPOMCXOMUT B HANPABICHUM HOPMAIH K M30TEPMHUYECKON MOBEPX-
HOCTH.

Bospacranue TeMmIepaTypbl B HalpaBICHHH HOPMAald K
H30TEPMHUYECKON MOBEPXHOCTH XapPAaKTCPHU3YETCS  2PAOUEHMOM
memnepamypuol (2):

gradT = lim ﬂ=gﬁ 1 )
n,—0 An on 0

Kotopriii ompenensiercss Kak BEKTOp, HaIpaBJIEHHBIH IO
HOpPMaJil K M30TEPMHUYECKON MOBEPXHOCTH B CTOPOHY YBEJIWYEHUS

TeMIepaTypbl MO 3TOMY HalpaBJIEHUIO, T ﬁo - ©IMHUYHBINA

BEKTOp, HAIPaBJICHHbI HOPMAIILHO K U30TEPMHYECKOI MOBEPXHOCTH
W B CTOpPOHY Bo3pacTanus Temmeparypsl (puc.l). ['paament mo
TI000My HAIpPABICHHUIO MOXKHO pAa3lIOKUTh Ha COCTAaBISIOLINE
BeKTOpa. B wacTHOCTH, B IPAMOYTOJIBHO# cHcTeMe KoopauHaT (3):

gradT =i (gradT), + j(gradT)y + k(gradT), =

=8—TT+8—TT+8—TIZ @)
x oyl a

HeobxomumbIM ~ ycliOBHEM — paclpOCTPaHEHUS — TETUIOTHI
SIBIIIETCS. HEPaBHOMEPHOCTh  paclpesielieHusl TeMmIepaTypsl B
paccMmarpuBaeMoi cpezie. Takum 00pa3oM, JUIs Mepeladu TEIUIOThI
TEIUIONIPOBOTHOCTHIO HE00X0 MO HEPaBEHCTBO HYJIIO
TEMIEPaTypHOIO TPAJANEHTA B PA3TMYHBIX TOYKAX Tela.

KonmdecTBO TEIUIOTHI, TIEPEHOCUMOE 3a €IUHUILY BpPEMEHHU
yepe3 H30TePMUUYCSCKYI0 MOBEPXHOCTh IUIONMANbl0 F HaszpiBaeTcs
menyoevim nomoxom Q, BT. TeruioBoil MOTOK, MPUXOMAIIHICS Ha
€JIMHUILY TUIONIaAM U30TEPMUUYECKON MOBEPXHOCTH, HOCUT Ha3BaHUE
naommuocmu mennogozo nomoxa ¢, Br-m? (4).

ngg; Q=[qdF. 4)
F



@dypbe BBIIBUHYI TUIOTE3Y, COMIACHO KOTOPOIl IJIOTHOCTh
TEIUIOBOTO ~ IOTOKA  MPSMO  HPONOPLMOHATIbHA  TPAJUCHTY
temmnepatypsi (5):

_ oT _
=-AgradT =-A—n_, 5
q g oo 5)

e A - KoIhpuyuenm mennonposooOHocmu, 3aBUCUT OT
TEMIIEPATyphl B JAHHOUN TOYKE U (PU3NYECKUX CBOMCTB MPOCTPAHCTBA
WIN Tela W XapaKTepH3yeT CIIOCOOHOCTh BEIIECTBA MPOBOIUTH
TEIUIOTY.

l'umoresa MHOTOKPATHO MOATBEPXKIAIaCh
AKCIIEPUMEHTAIBHO M TEIEPh UMEET 3HaYCHHE (DU3MYECKOTO 3aKOHa.

Bekrop mioTHocTH TemoBoro mnoroka (] HampasieH 110

HOPMAJIA K H30TEPMHUYECKOW NOBEpXHOCTU. Ero momnoxurenbHoOe
HalpaBJICHUE COBMNANAeT C HAIPABICHUEM YOBIBaHMS TEMIIEPATYpHI,
TaKk KaK TeIUioTa Bcerga mepenarcss oT Oosee TOpSYMX Teln K
xonoaHbIM. CrienoBatenbHO, BeKTOpsl ( U gradT jexar Ha oJHOM
OpSMOM, HO HAampaBiCHbl B IPOTHBOIOJIOXHBIE CTOPOHBL. JTO
OOBSICHSIET HANTMYHUE 3HaKa “‘MHUHYC” B TIPaBOM YacTH ypaBHEHU (5).

N3 dpopmyn cnemyer, 4ro K03QPHUIMEHT TEIIIONPOBOIHOCTH
YHCJICHHO paBeH KOJMYECTBY TEIUIOTHI, KOTOpPO€ NPOXOJUT B
€IMHUIYy BPEMEHH Yepe3 €IWHHIy H30TEPMUYECKOH MOBEPXHOCTH
MIPU TEMIIEPAaTYPHOM T'PaIUEHTE, PABHOM EMHHUIIE.

[MonHoe xonmuuecTBo TemwnoThl Q,, [k, mpomeamee 3a BpeMs
7 Yepe3 M30TepPMUIECKYI0 oBepXHOCTh F ¢ yu€tom (4) u (5) paBHO

(6):

PG
oF On
Koaddunment TemnonpoBoaHoCcTH ﬂ, ra3oB MEHAETCS B
npenenax 0,006 + 0,17 Br-m™ K. C nosslennem temmeparypsl oH
Bo3pactaer. OT naBieHHWS NPAKTHYECKH HE 3aBUCHUT. s cmecu
ra3oB ONPEAETSICTCS ONMBITHBIM IyTEM, TaK KaK 3aKOH aJJUTHBHOCTH
JUISL OTIpEeNIEHUS] HETPUMEHUM.




Koaddurmmenr  TenmaonpoBOTHOCTH IS KamedbHBIX
HEMETAIUIMYCCKUX skuakocTer Meusercs ot 0,09 go 0,7 BrmtK™ C
MOBBIIIICHHEM TeMIIepaTypsl OH YyObIBaeT, HWCKIIOYas BOAY, LIS
KoTopoil moBblmeHue Temneparypel or 0 mo 80 °C BbI3BIBaeT
usmenenue 4 ot 0,11 10 0,67 Br-m K™

Koaddurmment TEIIOMPOBOTHOCTH CTPOUTEIBHBIX
matepuaioB Mmensercs ot 0,02 mo 3 Br-m1K?! Kak MPaBUIIO,
MaTepuaibl ¢ OOJBIION O00BEMHOI Maccoll MMEIOT 0oJiee BBICOKHE
3HaueHust 4. KoapUIMEHT TeronpoBOIHOCTHA 3aBUCHT TAKXKE OT
cocTaBa MaTepuala, TeMIEpaTyphl, €ro MOPUCTOCTH U BIAKHOCTH.
Jis BaXXHOTO MaTepraia OH 3HAYUTEIHHO BEIIIE, YeM IS CYXOTO U
BOABI B OTHEIBHOCTH. Hampumep, i cyXoro KpacHOTO KUpIAYa
2=0,35, nns Boasl 0,6, a 1 BnaxkHoro kupnuya A= 1,05 Br-m-K?

KoshhuimeHT TemonpoBOAHOCTH METAJIOB MEHSETCS OT
2,5 mo 420 Br-m K. Campivu TEIJIONPOBOJAHBIMU MaTepUaIaMu
SIBIIAIOTCS  cepedpo, Menb, 30JI0TO W amoMuHUA. C TOBBIIICHUEM
TeMIepaTypsl I OONBIIMHCTBA MeTasioB A yOwBaeT. Tak Kak
TEIUIONPOBOTHOCTh METaJIa, TaK XK€ KaK M JJIEKTPOIPOBOJHOCTH
onpeaensieTcss cBoOOAHO IupHepeHIUPYEMbIMH JJICKTPOHAMH, TO
TEIUIO- H  DJIEKTPOIPOBOJHOCTH YHUCTHIX METAJIOB  CBS3aHBI
MIPOTTOPITUOHATHHON 3aBUCHMOCTBIO.

[Ipumecu CyIIECTBEHHO YMEHBIIAIOT TEIIOMPOBOIHOCTh
YUCTBIX METAJUIOB. Tak, TEMJIOMpPOBOMHOCTEL JKeje3a C MPUMECHIO
yriaepoga 0,1% (mo macce) cocraisier, mpumepHo 50 Brm K™
[Ipu moBeIeHNN copepkanus yrieponaa 10 1% TermonpoBoJHOCTh
3TOTrO cIuiaBa moHmwkaeTcs Ha 20%.

TenmnonpoBOTHOCTh CTATHM 3aBHCHT HE TOJBKO OT HATUYHS
NpUMECH, HO ¥ OT TEPMHUYECKOH OOpabOTKH, MHKpPO- U
MaKpOCTPYKTYpbI, Y MPOKATHOW CTaJlW OHA BHIINIE, YeM Yy JUTOM.
TennonpoBogHOCTh 3aKai€HHON yrieponuctoil cramu Ha 10 - 25%
HWKe, YeM He 3akan€éHHod. OUYeHb CHIBHO YMEHBIIAETCS
KOA(DPUITMEHT TETUIONPOBOAHOCTH MaTepHaia MPU HATUYHHA B HEM
ra30BbIX I10P.

[IpumeHeHre 3aKOHOB coxpaHeHusl dHepruum U Dypre K
aHaliM3y MpOIECCa TEIJIONPOBOJHOCTA B HEMOJIBUKHOW M30TPOITHOM
cpelie NPy HAIMYMKM BHYTPEHHUX MCTOYHUKOB TEIIOTHI MIPUBOIUT K
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muddepeHIMaTbHOMY YPaBHEHHIO TETUIONPOBOJHOCTH, KOTOPOE
CBSI3bIBACT WU3MCHEHHUE TEeMIepaTypbl BO BPEMEHH W IMPOCTPAHCTBE

).
T

rne p - IUIOTHOCTh, € - YAENbHAas TEINIOEMKOCTh, (, -
MOIIIHOCTh ~ BHYTPEHHMX HCTOYHHKOB  TEIUIOTHI,  BBIJAEISIEMOE
(mornomaemMoe) B eauHMLE OObeMa Tena 3a E€IWHHIYY BPEMEHH
(MOkeT OBITH BBI3BAHO TIPOIYCKaHUEM O3JEKTPUYECKOTO TOKa,
XUMHYECKUMH WIH SIEPHBIMH TPEBPAIICHUSMH T. 1I.)

3anuch auddepeHInanbHOr0 YpaBHEHHUS TEIIIONPOBOAHOCTH
B Bujie (7) sBisieTcst Hauboee oOIIel, YUUTHIBAIOIEH 3aBUCUMOCTD
(pM3UYECKUX CBOWCTB A, 0, ¢ OT TEMIIEpaTyphbl, HEPABHOMEPHOCTh
pacnpeneneHus ¢, Mo 00BEMY M €ro M3MEHEHHs BO BpeMeHu. B
YaCTHOCTH, Koraa A=CONSt MOXHO MOJTy4uTh (8):

oT
or co
2l
rae - - Ko3ghipuuuenm
A co ppuy
memnepamyponposoonocmu - (GU3NIECKOE CBOICTBO BEIECTBA,

XapaKTEepU3yIoLIee CKOPOCTh BBIPABHUBAHUs TEMIIEPATYPHl B
HEPaBHOMEPHO HAarpeToM Teje,
2 .
V* - oneparop Jlamiaca B IeKapTOBBIX KoopauHaTax (9):

Vie—t+—+ ©)
ox’ oy' or
B IIWIMHIpUYECKHX KoopauHarax (10):
, 0 10 10 0o
V= +——+— +
o’ roz rop° o

B cnyuae crarnponapHo# tertonpoBogHocTH (11):

(10)
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2 q
VT+-—+=0

B oTcyTcTBHE BHYTPEHHHUX HCTOYHHUKOB TEIUIOTA YpaBHEHHE
(7) 6omee ympomaercs (12):

VT=0 (12)

Ypasuenus (7), (8), (11), (12) MoryT OBITH HCIOJB30BAHBI
IUISL pelIeHuss KOHKPETHBIX 3aJad TEeIUIONPOBOTHOCTH, €CIH X
JOTIOJTHUTE KPAaeBBIMHU YCIIOBHUSIMH (YCIIOBHUSMH OJJTHO3HAYHOCTH).



MeToa eIMHUYHON MJIACTHHDI

KonuuecTBO TEMIOTE, KOTOPOE 3a BpeMst AT IPOXOIUT yepes
obpaser; MaTepuaia, MPOMOPIMOHATIBHO pa3sHOCTH Temmeparyp AT
MEKAy TepeiaHeil W 3aaHeil CTOPOHAMH IUIACTHHBI, IUIOIIAIN
MTOBEPXHOCTH IUIACTHHBI S M 0OPaTHO MPOIOPIIHOHAILHO TOJIIMHE
IIacTuHsl d.

AQ S
— =A-—-AT (13)
AT d
r7ie A Ha3bIBaeTca KO UIMEHTOM TEIUIONPOBOIHOCTH.
B wMerome eAMHMYHOM MJIACTUHBI  TEIIONPOBOJHOCTH

ONPEAEIISIETC HENMOCPEACTBEHHBIM M3MEPEHUEM TEIUIOBOIO IMOTOKA
AQ
AT
A d
A= _Q —— (14)
At S-AT

ITpu npoBeneHUH N3MEPEHU HEOOXOAUMO OBITH YBEPEHHBIM
W TOM, 4YTO TEIUIOBOM MOTOK NPOXOAMT TOJBKO dYepe3 oOpaser
(Ipyrux MpUYWH JJIsl YTEYKH KOJIMYECTBA TEIUIOTHI HET), M 4TO OH
SIBIISIETCSL  OJHOPOIHBIM. J[JIs1 3TOro TO TMOKa3aHWsIM LU(PPOBOTO
TEMIIEPATypHOI0 JIaTYMKa U KOHTpPOJUIEpa HEOOXOOMMO CIEOUThH 3a
TeM, 4YTOOBI TeMIepaTypa BHYTPH KaMephl COXpaHsiia CBOE 3HAUYCHHE.
Crnenyer OTMETHTB, YTO B pabOTe UCIONIB3yeTCs KAJIOPHUMETPHUIECKast
KaMepa C TEIION30JIIIUOHHBIMUA CTEHKAMHU.

Takum o0pazoMm, 3HauUeHHE dIEeKTpUYeckoil sHeprum AW,
M3TyyaeMON HarpeBaTelieM B TeueHHe MPOMEXyTKa BpeMeHH AT,
PaBHO KOJIMYECTBY TEIUIOTHI, KOTOPOE 33 STOT MPOMEXYTOK BPEMEHU
MPOXOIUT Yepe3 00paszel] CTPOUTENIFHOTO MaTepuraa;

AW _AQ
AT AT
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TemnonpoBoIHOCTS A MOXKET OBITH BBIYMCIICHA C ITOMOIIBIO
COOTHOIIIECHUS:

AW d
= (15)

AT S-AT
DKCNEePUMEHTANbLHAS YCTAHOBKA M aNNapaTypa

B sKcnepuMeHTe HCTONB3YeTcs KalopUMeTpUyecKas Kamepa
(Puc. 2):

AN

\
(o)(2)

AN

(@)

=)
)
S

AN

sy
(2%

N

8000
[SRSY S

Y

=
=/

N

gy

3 @ @ @ © ®

Puc. 2. Kanopumerpuueckas kamepa

P

1- KaJ’IOpI/IMeTpI/I‘IeCKaH KaMepa € TCIIOU30JIAINOHHBIMUA CTCHKAMU.

2 - Kaman gans TepMoMeTpa WM JIaTYUKA TEMIIEPaTypBHI,
M3MEPSIONIETO TEMIIEPATYPy BO3AYyXa B KaMmepe.
3 - BHyrpeHHOCTP KaMmepsl C OTHEJIIEHHEM M3 IOPOJIOHOBOTO

MTOKPBITHS JIJIsl BCTABKU CTEHOBBIX MaTepuaios (9 -13) uiu o0pasion
CTPOUTENHHBIX MaTEPHUAIIOB.
4 - Tpu xaHanma ais U3MEPEHUsS] TeMIIepaTypbl B SKCIIEPHUMEHTaX C
Ha0OPOM CTPOMTEIIBHBIX MAaTEPUAIOB.

6 - Poserku mist BcraBku Harpesatens (7)
6 - ITapa 4-MM pa3beMOB AJIs HAIIPSDKEHMsT TUTaHus HarpeBartens (7),
AJIEKTPUYECKH CBSI3aHHOTO C (5).
7 - HarpeBarens, TpyOuatas namma, 24 B, 10 Bt, Ha miactune c 4-
MM 3arTyIIKOHN JiIs MOAKITIoUeHUS B (5).
8 - Hakomurens s Tera (adroMuH#A Bec 0koio. S00T).
9-13 - CrenoBsle MaTepuaibl sl pazMmenienus B (3), pasmepsl: 15
cm 15x 15 em.
9 - Kepamunueckas TiIUTKa, TOJMMMHON 11 MM.
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10 - AnroMHHUEBAs TUTACTHHA TOJNIIHHOW 3 MM.

11 - [ImacTuHA M3 IEHOTIOIUCTUPOJIA, TOMIUHON 10 MM.

12 - IInacTuHa U3 OPreTeKIIa, TOMIUHON 1,5 MM.

13 - IInactuHa M3 OprcTeKyia ¢ MPOKIagKaMH, TOMIWHOH 1,5 mm
(uconp3yercsi B coBokymHOCTH ¢ (12) g wvuTanumn
M30JIPYIONIETO OCTEKICHH).

14 - Kprouok a8 yHajdeHHs CTCHOBBIX MAaTEpHalioB U3
KayiopuMeTpudeckoit kamepsl (3), (XpaHeHWe: ITOBECHUTh €ro 3a
KOJIBIIO OT OJTHOTO M3 BBICTYMAIOMIUX TUTIOB (3)).

15 - PesunoBble mpoOku st KaHama (2). 0e3 CKBaXHHBI, C
OTBEpCTHEM JuaMeTpoM 1,5 MM (JuIs TeMIlepaTypHOTO JaTduka 666
193) c orBepcTHeM muamMeTpoM 6 MM (TSI CTEKIITHHOTO TEPMOMETpa
38234).

JIOTIOJTHUTENBHO [Tl NU3MEPEHHS TEMIIEPATYPhI UCIIOIb3YETCH:
e Cencop temneparypbl NiCr-Ni 2 mit, 3Ha4eHHs BBIBOIATCS
Ha PC.
st perynupoBKY BHYTPEHHEHW TEMIIEpPAaTyphl B KAJTOPUMETPUUECKON
Kamepe:
e IludpoBoii TemrepaTypHBI JATINK U KOHTPOILIEP.
st HanpsbKeHus: nuTaHus Harpesatens (7):
e Tpancdopmarop 2 - 12 B, 120 Br.
1 u3MepeHus TeIuIoBOW SHEPTUU:
e (CekyHmomep.
st cHATUS TOKa3aHUM:

e Hoyrt0yk ¢ nporpammoiit CASS Y Lab 2.

HpOBe[leHI(le IKCIIEPUMEHTA

1 BcTaBpTe aNOMHHHEBYIO IUTACTHHY B KaJIOPUMETPUYECKYIO
KaMepy U HarpeBaTeb.
2 IloBepx amIOMHMHHEBON TJIACTMHBI BCTaBbTE OOpaser]

CTpoUTEeNBHOro Martepuana (o BbIOOpY mpemnonaBarens). [anee
MOBEPX IUIACTUHBI CTABUTCA BTOpas aJIIOMUHHMEBAs IJIAaCTUHA U
MIPIKUMAETCS BCE CBEPXY KePaMHUECKOH MIacTUHOM.

3 Jdns  w3MepeHHWs  TemIlepaTypel — mepel  o0pasioM
CTPOMTENILHOTO MaTepuaia BcTaBbTe ceHcop temmeparypbl NiCr-Ni B
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kanan (4(2)), Mexay BTOpPOH aIOMUHHUEBOW IUIACTUHOW U
CTPOUTENbHBIM MaTepuanoM. [l u3MepeHus TeMIepaTypbl 3a
00pa3LoM CTPOUTEIFHOIO MaTepraia BCTaBbTE CEHCOP TEMIIEPATYPhI
NiCr-Ni B kanan (4(1)), Mex1y 1epBoii aJFOMUHUEBOH TIACTUHOW H
CTPOUTENBHBIM MaTepuanoM. [ 3anucu TemiepaTyp UCHOIb3yeTCs
KoMIiboTep ¢ porpammoii CASSY.

4 [Mogxmrounte K HarpeBaTell0 HaNpsDKEHHE MHUTaHUS C
TpanchopmaTtopa depe3 pazbeMbl (6). B kadecTBe HarpeBaTels
HCIIONb3yeTCs TpyOuaras Jamma co CIICAYIOIIUMHU
xapakrepuctukamu: U=12 B, P=10 Br.

5 [Monyunte ¢ momompto nporpammbel CASSY  rpaduku
3aBUCUMOCTH TEMIIEpaTypbl OT BpPEMEHHM IMEepeiAHed u 3agHel
MOBEPXHOCTH 00pa3lia CTPOHMTEILHOIO MaTepHuaia, a TaKkkKe HX
pasHoctu. [Ipu sToM BeIOepuTEe cienyromme mapamerpsl 7=1000c,
CKOpPOCTH 3amucu | MM/MUH.

6 [Momkmounte 1M(pPOBON  TeMIIEpaTypHBIA  [MaTINK H
KOHTpoJiep B KaHan (2) W yOegutech, 4TO TeMIleparypa BHYTPH
KaMepbl COXpaHseT CBOE 3HAYCHHE.

7 Bocmosb3oBasmics Gopmyioii (15), onpenenure 3HaYeHHE
TEIUIONPOBOIHOCTH CTPOUTEIBHOTO Matepuana. [Ipu atom cumraiite,
YTO 3HAYCHUE MOIIHOCTH AJIEKTPHUYECKOIN SHEPTUU HAarpeBaTes

AW
——=P=10Bm
AT
8 [loBTOpHTE  BKCIIEPUMEHT C  JAPYTUMH  OOpasmaMu

CTPOUTENBHBIX MaTepuajoB. IIpy 3TOM ydTuTe, 4YTO TMOKa
Harpesarelsb (7) U HAKOIMUTENb TEIlIa HAXOAATCS B KaMEpe, Heab3s
yoauimey ~ CMpOUMENbHble  MAMeEPuansvl,  HAKIOHAS — Kamepy.
Ucnonesyiite mnss  3TOro MOHTaXHBIM Kprok (14). BcraBbre
MOHT@XHBIH KpPIOK B OJHY U3 IUIOCKMX KaHaBOK MEXIYy
CTPOUTENBHBIM MAaTepUaJIOM M BHYTPEHHEH CTEHKOH KaMepsl,
AaKKypaTHO HaXXMHTE€ Ha HE€ HIXKE CTPOMTENBHOrO0 MaTepuana M
JEHCTBHEM pblyara BBITAIIUTE COOTBETCTBYIOIIYI IUIACTHHY.
CrapaiiTecs HE TOBPEIUTH TOPOIIOHOBOE ITOKPHITHE.

9 MosxHo CPaBHHTH pe3yNbTaTh U3MEpEHNS c
HCIIOJIb30BaHUEM HAKOIUTENS TeIjia U HETO.
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KoHTposibHbIE BONPOCHI

1. UYro Takoe TtermnonpoBonHocTs? Kakum obOpazom
OCYILECTBISIETCS TIEPEHOC TEIUIOTH TEIUIONPOBOAHOCTHIO B Tasax,
KHUIKOCTSX, METAIJIaX, JUNEKTPUKAX ?

2. Kakoe cBoiicTBO Tema xapakTepusyer Kod(p(HUIHEeHT
TEIUIONPOBOIHOCTH MarepuaioB? B kakux mpeaenax koneOieTcs oH
IUIS Ta30B, KaleJIbHbIX XKUIKOCTEH, CTPOUTENbHBIX U U30JIILUOHHBIX
MaTepuanoB?

3. [lonsATHE O CTAaIMOHAPHOM M HECTALIMOHAPHOM TETIOBBIX
MOTOKAX.

4. Uro xapaxrtepusyioT auddepeHIaIbHble ypaBHEHUS
TEIJIONPOBOIHOCTH U ypaBHeHHE Dyphe?

5. Kakwme wmerompl ompeneneHuss A Ber 3Haere? B uém
COCTOUT UEs METO/A €IUHUYHOM IUTaCTHHBI IS onpeaeeHus A?

6. IlepeunciuTe OCHOBHBIE DIEMEHTHI HKCIEPUMEHTAIHLHON
ycraHoBKU. KakoBo nx 3HaueHue?
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