DHIreabCCKUM TEXHOJIOTHUECKUI MHCTUTYT ((dunuan) denepanbHOro rocy1apcTBEHHOTO
OIOPKETHOrO0 00pa30BATENILHOIO YUPEHKACHUS
BBICIIIETO0 0Opa3oBaHus
«CapaToBCKUi rOCYAapCTBEHHBI TEXHUYECKUW YHUBEepcUTET uMeHU ['arapuna FO.A.»

Kadenpa «EcTecTBEeHHBIX U MAaTEMATUYECKUX HAYK)

PU3UKA

Mertoauyeckue yka3aHus K
BBITIOJTHEHHIO JIAOOpaTOPHOU pabOThI

“ITPOBEPKA 3AKOHOB ABCOJIIOTHO YEPHOI'O TEJIA”

JUTA CTYZACHTOB HAIlPABJICHUHN

09.03.01 «MudopmaThka 1 BEIYUCITUTEIIbHAS TEXHUKA)»

09.03.04 «IIporpamMMHasi HHXEHEPHUS»

15.03.02 «TexHOMOTHYECKHE MAIIUHBI U 000PYIOBAHUE)

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTHUECKOEO0ECTICUeHNE MAIIMHOCTPOUTENBHBIX TIPOU3BOCTBY
18.03.01 «XnmMuueckast TEXHOJIOTHS

23.03.01 «HedrerazoBoe nemno»

29.03.05 «KoHCcTpyHpoBaHuE U3AETUHN JETKON MTPOMBIIILIEHHOCTH»

OYHOU U 3a04HOU (POPMBI 00yUEHUS
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IIpoBepka 3aKOHOB A0COTIOTHO YEPHOIO TeJIa

HEJIb PABOTbBI
Hccaenosanue 3aBUCUMOCTEM:

1. CnexTpaibHOM IUIOTHOCTH SHEPreTHYECKOW CBETUMOCTH aOCOJIOTHO YEpHOro Teiaa OT
TEeMIIepaTypbl BHYTPHU MEYH.

2. HampspkeHus Ha TepMOCTOIOMKE OT TEMIIEPATypbl BHYTPH M€Y C IIOMOIIBIO TEPMOIIAPHI.

IMPUBOPBI U ITPUHAJIVIEZAKHOCTHU
= HNsmepurensHoe ycrpouictso PIIKI11
= OOBeKT uccnenoBanwsl (1MeYb)

= TepmocTonbux

« [IIratus.

Puc. 1. DkcniepuMeHTanpHas yCTaHOBKA

KPATKASA TEOPUA

3aKOHBbI TENJIOBOI0 M3JIy4eHHs

Temy1oBbIM M3J1y4YeHHEM HA3bIBACTCS NEPEHOC TEIUIOTHI C IOMOIIBIO DJIEKTPOMATHUTHBIX
BOJIH. TernnooOMeH MexX1y TelaMHu MPOUCXOAUT IMyTEeM MCITYyCKaHUs M MOTJIOUICHHS TEIIOBOTO

H3JIyYCHUA. Bce HarpeTbIC TCJIa U3JIYHAIOT 3JICKTPOMATrHUTHBIC BOJIHLI.

DJIEKTPOMArHUTHOE M3JIyYEHHE, HAXOJAIIeecs B TEPMOJUHAMUYECKOM PABHOBECHM C
BEIIECCTBOM, HA3bIBACTCA PABHOBECHLIM MENIO0BbIM U3NYUeHUuemM, KOTOPOE XapaKTEepU3yeTCs
CJIECIYIOIIUMHU CBOVCTBAMM:

- OdHOpOdHOCWlb, T.C. UMCCT OJIMHAKOBYIO IINIOTHOCTb BO BCCX TOYKAX BHYTPH ITIOJIOCTH,



. HSOMpOl’lHOCI’I’lb, T.C. BCC BO3MOXHBIC HAIIPABJICHUA HUIJIYUYCHHUA BHYTPHU II0JOCTHU

PaBHOBCPOATHEI;

» Henonsapuzosanocme, T.e. HampaBlieHUs BEKTOPOB HAMPSKEHHOCTH 3yeKTpuueckoro E u
MarHuTHOTO Mojsi H XaoTHYecKH MEHSIOTCSI BO BPEMEHU BO BCEX TOYKaX MPOCTPAHCTBA

IIOJIOCTH.

PaccMOTpuM 3aMKHYTYIO TIOJIOCTh, CTEHKH KOTOPOM MMEIOT OJIMHAKOBYIO Temnepatypy T . [Ipu
PAaBHOBECHOM U3JTyY€HHH, CTEHKH MOJOCTH OyAyT U3MydaTh W IMOTJIOMIATh 3JEKTPOMArHUTHbBIE

BOJIHBI TaK, 4YTO B 1 ¢ KOIU4YeCTBO HSHy‘ICHHOﬁ OHCPIruu 6y,H€T PaBHO HOFJIOHICHHOﬁ 9HCPIruu.

Tak kak u3MyyeHUE PacCIpPOCTPaHIETCS C KOHEUHOM CKOPOCTBIO, TO BHYTPH MOJOCTH OyaeT

QJICKTPOMArHuTHOC I10JIC C ITOCTOSTHHON 00b€MHOM NMJIOTHOCTHIO SHCPIrum:

U = 2 (6,E? + taptgH ?)

I110THOCTH 3HEPrMH MOXHO TPEACTABUTh B BUJIEC PA3JIOKCHHUS IO YaCTOTEC WU JIJTUHE
BOJIHBI A

u =Tdea)=TUldﬁ , TTIC
0 0

raeVU dou U,dA — 00bEMHBIE INIOTHOCTU SHEPTUH U3ITYUECHUS, MPUXOASIIUECS Ha UHTEPBaJ

yacToT (®, ®d®) wiu aaud BosH (A, AdA);

U U o
o 1 ) — CIICKTPAJBbHLIC IIJIOTHOCTH JIYUHUCTOU DHCPIUU.

27C
w! ﬂ’ =
A w
B cnyqae paBHOBCCHOFO I/IBJ'IyLIeHI/I}I CHeKTpaJIbHaH IIJIOTHOCTHb U(,) 3aBUCHUT OT 4aCTOTbI 1,
TEMIIepaTypbl U3MEpPeHUl T W CBOWCTB cpebl, 3aHUMAIOLIEH MOJIOCTh. (OcHOGHas 3a0aya

U3y4eHus TeIIOBOTO U3TyUYCHHUS! COCTOUT B HAXOXKICHUHN (QYHKIIUU
U, =U_(oT)

JInst  XapaKTepUCTUKU Tpollecca TEIUIOBOTO U3JIYYCHHs Tejda BBOAAT TOHATHUS 00
U3JIyYaTeJbHOH W MOTJIOIATENbHOM CITOCOOHOCTH MOBEepxHOCTH Teia. [loTok myumcron
sHepruu dw (¢ yacTtoraMu Mexay o U o+dwm), usiaydaemoin 3a Bpems dt ruromagkoit dS
TesiecHoro yrina dQ o onpeseneHUIo paBeH:

dW =R, -dS-cosQ-dQ-dw-dt

rae Ro HasbiBaeTcs M3JIy4aTebHOM CIOCOOHOCTHIO TEjla B HAIIPaBJIeHUH yriia () .



I/I3J1yane.111>Haﬂ CIOCOOHOCTD TEJIa — 9HEPrusd, nu3jrydacmas ¢ CAMHHUIBI IOBEPXHOCTH TECJIa 3a

CAMHNIY BPCMCHH B HHTCPBAJIC HaCTOT CHHHHqHOﬁ IIAPUHBI.

. 2
Enunuia nzmepenns Rq — a15koyJib Ha KBaApaTHbIA MeTp —/[x/M".
IHorsiomareJbHO CHOCOOHOCTHIO A, TMOBEPXHOCTU Teja HA3bIBACTCS JOJISI I1aJIar0IIEro

noroka usnydenus AWy B JaHHOM HMHTepBase 4actoT (®, o+dm) KoTopas MorjomaeTcs TejIoM

Y IIPEBPAILAETCS B TEIIOTY:

dw

A _ noanauy

"7 AW,
rnel<A <0, A,— BenuumHa Oe3pa3zMepHas.

3axkon Kupxroga

I/IBHy‘-IaTeHBHaH Hn 1orjomarcijabHasd CIIOCOOHOCThL Tena IJI1 PAaBHOBCCHOTO HM3JIIYUYCHUS C

JaCTOTOU (0 CBSI3aHBI C yI€TbHOW MHTEHCUBHOCTHIO I, COOTHOIIICHHEM, Ha3bIBAEMBIM 3aKOHOM
Kupxroda (1859 r).

Ommnowenue CI’l@Kﬂ’lpCl]ZbHOlj njiomwrocmu aHepeemuquKoﬁ ceemumocmu K CneKmpaﬂbHOﬁ
l’lOZJZOWClme]ZbHOZZ cnocoonocmu He 3a8ucum om npupodbl meJja, OHO Ae6/iAemcH 0151 6cex men

VHUBEPCANbHOU (YYHKYUel Yacmomuyl (ONUHbL 80JIHbL) U MEMNEPamypbl.

Tak kak BeJMUYMHA I, HE 3aBUCUT OT BEILIECTBA, U3 KOTOPOTO M3rOTOBJIEHO TEJO, a SIBJISIETCS
(GyHKUKEH TOJIBKO YaCTOThI M TEMIEPATYpPHI T , TO I, IS BCEX TEN 0OUHAKOBO.

3akon Kupxroda gaer konmyecTBeHHOE onucanue npasuiia [peso:

Ecnu noenowamenvuvlie cnocoonocmu 08yx men pasiuyHvl, mo 0yO0ym paziuunsbl U UX

uszjaydamesbHble cnocobrnocmu.

HauOompme 3HaucHne RQ HMECT TCJIO, Y KOTOPOIro A BCCX YAaCTOT (O IMMOrjomarcibHas

CIIOCOOHOCTh paBHA CAUMHUIIC:

A(o:l y RQmaX= rlu),T

A0c010THO YepHBbIM TesioM (AYT) Ha3zbIBaeTCs TEJIO, KOTOPOE MOTJIONIAETCS BCE Maarolee
Ha HEro TEIUIOBOE U3ITyUYEHHE.

N3 3axkona Kupxroda crnenyer:

» u3nyyatenbHas cnocooHocts AUT I, v siBisieTcs pyHKIMENH 4acTOThl @ U TeMIepaTypsl |



rm,T:r(O)7T)

» usny4darenbHas cnocooHocth AUT npu gaHHOM yacToTe ® U TeMreparype T MakcuMasabHa

RA’{T

Qmax

w,T

* U3JIydaTelibHas CIIOCOOHOCTh Jf00020 mena pPaBHA TPOU3BEACHUIO IOTJIOMIATEIILHOMN
CIIOCOOHOCTH | M3my4aTenbHou criocoonoctu AYT rg, 1

RQ=A(D rm,T

3Has R, MOXKHO BBIUMCIIUTh pacipeesieHne 3Heprun Rq 1o yactoram 024 1106020 mena, eciau

HN3BCCTHA €TI0 IIorjiomarcibHas CITOCOOHOCTB.

Besikoe Teno mpu JaHHOW TeMIlepaTtype HM3JIydaeT SJICKTPOMArHWTHBIE BOJIHBI TOW YacCTOTHI,
KOTOPBIE OHO TOTJIONIAET MPHU ITOU KE TEeMIIEpaType.

AGcomotHo uepHoe Teno (AUT) — uoeanuzayus. Haunmyumee npubmmkenne k AUT naer
3aMKHYTasl MOJIOCTh, OKPY>KEHHAasi PaBHOMEPHO HArpeThIMH HETMPO3pauHbIMH CTEHKaMH. [y

BXO/J1a U3JIYUYCHHA IMOJIOCTh JOJI’KHA UMCTb MaJIOC OTBCPCTHUC.

3akon Credana-boabumana
3aK0H yCTaHABJIMBAaeT 3aBUCHMOCTh IUIOTHOCTH OJHeprun R, xapakrepusyromiei

U3JTy4aTeJIbHYIO0 CHOCOOHOCTh HArpeThIX TE OT TeMIIepaTyphl | .

Jna AYT  uznyuamenvHas  cnocobHOCMb  NPONOPYUOHANLHA — 4emeepmol  CmeneHu

memnepamypbol

R(T)=¢T"

rac o — yHUBEpPCaJlbHAsd IOCTOAHHAA, Ha3bIBaCMast MMOCTOSIHHOM CTC(I)&H&BOHBHM&H&.

6=5,672*10° ’f_l”;
M

Teopema Buna
Pasnosecnoe  usnyuenue 6 0060104YKe ¢ UOEANLHO  OMPANCAIOUWUMU — BHYMPEHHUMU
NOBEPXHOCMAMU ocmaemcsi pAaeHOBECHbIM npu OeCKOHEeYHO MeONIeHHOM aouabamuyeckom

yeeaudeHuu uiu YMeHbUEHUeEM ee obvema.

CHGI[CTBI/IH TCOPCMBI BI/IHa, KOTOPBIC ABJISIOTCA aouabamuyeckumu UHBAPUAHMAMU.

= const

@V = const, CLOJ— = const,



rac V — o0beM ITOJIOCTHU, B KOTOpOﬁ 3aKIIOYCHO HM3JIYYCHHUC C 4acTOTOMU (ON U — mroTHOCTH

DHEPIUU U3IIyYECHHS C TEMIIEpATypou T .

3akoH cMenienuss Buna

,ZZ/ZI/IHG 60JIHbI }\,, coomeemcmeyrouiasl MAKCUMATIbHOLL IJHEpcUU 6 CneKmpe U3J1YYEeHUA, 06pamH0

nponopyuoHanivbha abcontomuoi memnepamype T

du

(d_j)ziionst, = 0’ A =

max

—| o

3akoH cMenieHus Buna

AT =CONSE, 4

max

T =b,

rae b=2,898*10°mK (3KcreprMeHTAIBHOE 3HAUCHHE).

[Ipu noBbiIeHUH TeMmIiiepaTypbl MakcumyM GyHkiuun U, cMemiaercs B CTOpPOHY Ooliee

KOPOTKHX BOJIH (pHcC. 2).

LZ‘IO .11’
T’ 1 2000 K
121 :
: N 750K
41 / 1500K
1250 K
ik 1000 K
0 2 4 ﬁ: MIM
Puc. 2

[Tpu nepemennsix A u T dhopmyna Buna umeet BU/I:

Ul(ﬂ,T)-dﬂ:%-(p(l,T)-d}L



u, - 220 0

MakcumanbHas usnyuyarenbHass crocoOHocTh AYT Bo3pacraer NpomopuuOHAIBHO MATON
CTEIEHU:

p(4,T) s s Bm
Uin == 51 Ui =0T°,0 =13:10° — ¢
U4
: 3KCneprMeHTasbHasn
: __Kpweas
dopmyna BuHa
0 A '/1

max

Puc. 3

Dopmyaa Panes-/kunca

B kiaccudeckoii (pu3nKe paBHOBECHOE HM3IIYYCHHE B TMOJIOCTH TMPEACTABISET COOOW CHUCTEMY
CTOSIYMX BOJIH C PA3HBIMU YaCTOTAMH(, HAMPABJICHUSIMHU U Tosipu3anusmu. [Ipu paBHOBecun
MEX/y CTeHKaMH TIOJIOCTH U DJICKTPOMArHUTHBIMH TIOJIEM Ha KKIYIO KOJEOATEIbHYIO CTCTICHD
cBO0O/IBI (T.€. HA KOK/IYIO SJIEMEHTAPHYIO BOJIHY) MPUXOAUTCS cpefausis sHeprus e=KT .

KosmyecTBOo sHEprum moJis JJisi JAHHOTO MHTEpBasia 4acToT (m,m+dm)B mosoctu oobeMom V
paBuo VU, ,dw

Wnu cnexTpanbHas WoTHOCTh U, JIyduCTOW dHEPTuu, paBHa 4ucly cTerneHed cBoooanl AN B

nmosioctiV (YHCITy CTOSYMX BOJH C YacTOTaMH B YKa3aHHOM HHTEpBaJie), YMHOXEHHOMY Ha
e=KT

N oOvemMHas IUIOTHOCTh SHEpruu u3iaydeHus U, deo ompexaensercs ghopmynou Prnea —

Jicunca:
KT
Udo=—= 0" do
7C
KT
Uw =—3 0 (2) -¢-1a Penes-/zkuHca onpenesiiomas HCMYCKATEIbHYI0 CIOCOOHOCTH a0COTIOTHO YEPHOT0 Tesa

7°C



PaCHpC,Z[CJICHI/IC OHCPIruu 1o AJrMHaM BOJIH A AAaC€TCs BBIPAKCHUCM

87 -kT 87 -kT
U da=""gdA, U, ="

DTH COOTHOIICHHMS corjiacyrorces ¢ hopmysnoi Buna (1), ecu monoxuTh f
f(A,T)=87-KT-2

dopmyia Panes-/xuHca (2) onuchIBaeT SKCIIEPUMEHT TOJIBKO B 00JIACTH MaJIbIX YaCTOT ® WJIH
OOJIBIIMX JITUH BOJIH A (puc. 4).

U4
i /cpoplvlyna Panesa-/>xuHca
i 3KCMeprMeHTaNbHas
__-kpwsas
0 AIIH!II ri
Puc. 4

Tak kak cormacHo popmyne Panes-J[kuHCa B CIIEKTpE TEIUIOBOTO M3JIYYCHHS OOJIBINAS YaCTh
SHEPruu JIOJKHA MPUXOJIUTCS KOPOTKOBOJHOBYIO YaCTh CIEKTpa, TO 3ddext odpamienuss U B

OECKOHEUHOCTD MOJYUYUIIA Ha3BaHUE YAbmpaghuoiemoso Kamacmpogwi.



Kiaccuueckast Teopusi mokasajia, 4TO paBHOBECHE MEXKY BEIIECTBOM, MUMEIOIIUM KOHEUHOE
YHCJIO CTETICHEW CBOOOIbI, M M3TyYCHUEM, UMEIOIINM OSCKOHEYHOE YUCIIO CTETICHEH CBOOO/IHI,

HEBO3MOXKHO.

®opmyaa Ilnanka

@opMyna g CHEKTPaIbHOM IUJIOTHOCTH SHEPIHMM PABHOBECHOTO H3IIY4YE€HHUs, KOTOpas
PaBUJIBLHO ONMMCHIBAET BCIO COBOKYIMHOCTh JKCHEPUMEHTANbHBIX JAHHBIX, ObUIa MPUIIOKEHA
[Tnankom (1890r.). OH yuen, 4YTO U3JIy4YeHHWE W TIOTJIONIEHHWE DJIEKTPOMArHUTHBIX BOJIH
BEIIIECTBOM HE HEMPEPHIBHO, & KOHEYHBIMU MOPLUSIMH SHEPTUU, HA3BIBAEMBIMHU K8AHMAMU

9Hepeuu, paBHbIMU

e=ho=hyv
rjae :
w=2rv
h=6,626-10" Joc-c
h=1,054-10" o - c
®opwmyna [lnanka nmeer BUA:
B IIEPEMEHHBIX O, T :
ho' 1
(e -1)
B [IEPEMEHHBIX V, T :
8zhv® 1
U, = C3 v (4)

B IIEPEMEHHBIX A, T :

8zhc, 1
U, = T(T) (5)
e 1
CnenctBus popmyinsl [lnanka:
. IIPU HU3KHX 4aCTOTax i—_T_) <<1 dopmyna (3) nepexoaut B popmymny Panes—

JlxuHca (M3ydeHus B MHQpakpacHoOi 00jacTn);
ho
. TpU BEICOKHX TEMIIEPaTypax - —>> 1 nosiydaem ¢opmyay Buna (u3nyye-

HUE B YIbTPa(UOIETOBOM 00JIACTH CIIEKTPA)



3 ho

HHOPAJOK PABOTHI
L YcTaHOBHUTE TEPMOCTOJIOMK TaK, YTOOBI €0 OTBEPCTUE HAXOAWIOCH HAIIPOTUB OTBEPCTHS
Ha TepeIHEel MaHeNu TMe4YH, a PAcCTOSHUE MEXAY IJIOCKOCTSAMHU IepelHed MaHenn O0beKTa

WCCJICIOBAHMS M TEPMOCTOJIONKA OBLIIO MUHUMAITEHO (< cm).

2. Bxitounte n3MepuTenbHOE yCTPOHCTBO BhiKItouaTeneMm « CEThy Ha ero 3aaHeil maHenm
(ma wHaukatopax «°Cy» u «umB» n0omkHB ycraHaBinuBathcs 3HaueHus 000 u 0,00

COOTBCTCTBCHHO).

3. Bxmrounte neus (mpu 3ToM BIKIOUaTenb « BEHT» nomkeH ObITh BBIKIIOUEH) U JalTe

nporpetsest B Teuenue 5 mun 10 50 °C.

4. [To Mepe HarpeBa IMe4Yd CHUMHTE 3aBUCHUMOCTh HampsbkeHUs Ha TepmocrtonoukeU(T) ot

temnepaTyphl (depe3 kaxabie 50° o 500° C). JlanHble 3aHeCUuTe B TaOJUITY.

s. Ilocne nocTMkKeHuss MaKCUMAaJIbHO 3aJaHHOW TEMITEPATYPhl €YU BBIKIIOUHUTE BBIKJIFOYATEIIb
«CETb» u BxiItouute BbIKIIOUATENb «BEHT)» Ha TepelHEl NaHenu Ne4Yd, NpU 3TOM

BKIIFOUUTCS PCIKUM OXJTAXKIACHUA TICHU.

6. CunTas, dYTO OHEPrus WITYYCHHs] TPSIMO MPOMOPIMOHATbHA HAMNPSKEHUIO HA
TEPMOCTOJIONKE, IOCTPOHTe TrpaduK 3aBUCHUMOCTH dHepruun wu3aydenus U(T) or

TeMIiepatypsl T .

7. Paccumraiite sHepretudeckyto cBetuMocTb AUT mo 3akony Credana-bonpiimana mis
R = oT*u noctpoute rpadux R(T)

8. OnpenenuTe Ayax U3 3akoHa BuHa 1 mocTpoiiTe rpaduk Amay(T) .
9. CumenaiiTe BBIBOI,.

Tabdauma

t,°C |50 |100| 150/ 200| 250| 300| 350| 400| 450| 500

T,K

U, uB

R,Br/m°

10



Amax, M

IIpumeuanue: Ecnu B mporecce padOThl MPOMCXOAUT NEPENONHEHHWE HHAUKATopa «MB»
(mocne 3HadyeHus 9,99 wnaunupyercs 3HadeHue 0,00) HEOOXOAUMO YBEIUYUTH PACCTOSHUE
MEX/1y TUIOCKOCTSIMH NepeAHEN MaHeIu 00beKTa U TePMOCTOI0MKa Ha 1-2 cM, OXJIaAUTh NeYb U

MOBTOPUTH U3MEPEHMUSI.

KOHTPOJIBHBIE BOITPOCHI
1. Yto Takoe TerioBoe unydeHue?
2. UTo Ha3bIBAETCS SHEPIeTHUECKOM CBETUMOCTBIO Tea?

3. Kakas cBsi3b CyIIECTBYEeT MEX Iy U3ITy4aTeIbHON U MOTJIONATeILHON CTOCOOHOCTSIMU OJTHOTO
U TOTO XK€ Tea’?

4. Kakoe ycTpOMCTBO MOXKET CIIY>KUTh Mojiesibto AUT?
5. Chopmynupyiite 3akoH Credana-boabiiMana U MOSICHUTE €ro.

6. Kak, 3Haa temneparypy AUT, ompeaenuTs 3HEPruI0, M3Iy4aeMYyK 3THM TEJIOM IO BCEM
HaIlpaBJIEHUSM B TE€YEHUE OINPEAEICHHOIO BPEMEHU?

7. Chopmynupyiite 3aK0H cMellleHs: BuHa 1 mosicHUTE €ro.
8. Kakoii ¢huzmueckuit cmpicii uMeeT yHUBepcanbHas ¢pyHkuus Kupxroda?

9. 3anummute popmyny [lnanka u Panes-/xunca, OOBSICHUTE UX CMBICIL.
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