OHIeNnbCCKU TEXHOIOTHUECKU HHCTUTYT ((puiinan) ¢eaepaabHOro rocy1apcTBEHHOTO
O10/I>KETHOTO 00Pa30BaTENILHOTO YUPEKIACHHUS
BBICIIIETO 00pa30BaHUs
«CapaToBCKUI TOCYAapCTBEHHBI TEXHUYECKUI yHUBEpcUTET UMeHH [ arapuna F0.A.»

Ka(bezlpa «ECcTeCTBEHHBIX M1 MAaTEMAaTUUECKUX HAYK»

POU3UKA

Mertoauueckue yka3aHus K
BBITIOJIHEHUIO JIA0OPAaTOPHON PabOTHI

“ITPOBEPKA 3AKOHOB ABCOJIIOTHO YEPHOI'O TEJIA”

JJI1 CTYJACHTOB HAIlPaBJICHUSA

21.03.01 «HedTrerazooe aeno»

OYHOM ¥ OYHO-3204HOM (HOpMBI 00YUECHUS

ureanc 2024



IIpoBepka 3aK0OHOB a0COTIOTHO YEPHOT0 TeJIa

HEJDb PABOTbBI

HccnenoBanue 3aBUCUMOCTEMN:

1. CnexkTpaiabHON IUIOTHOCTH 3HEPreTHYECKOM CBETHMOCTH a0COJIOTHO YEpHOro Teja OT
TEMIIepaTypbl BHYTpHU ME€YH.

2. HampspkeHus Ha TepMOCTOIOMKE OT TEMIIEPAaTypbl BHYTPH M€Y C IIOMOIIBI0 TEPMOTIAPHI.

IMPUBOPLBI U TIPUHAJIVIEZKHOCTHU
= HsmepurenbHoe ycTpoiictBo OIIK11

= OOBEKT uccneaoBanus (1Meyb)

= TepmocTonbux

« [IIratus.

Puc. 1. DxcriepuMeHTanbHas yCTaHOBKA

KPATKASA TEOPUSA

3aKoHBI TENJIOBOI0 M3JIy4YCHHUSA

Temy1oBbIM M3JIy4eHHEM HA3bIBACTCS IEPEHOC TEIUIOTHI C IOMOILBI 3JIEKTPOMArHUTHBIX
BOJIH. TernnooOMeH Mexly TelaMy MPOUCXOAUT IMyTEM HUCITyCKAaHUS U MOIJIOIIEHHUS TETJIOBOTO

HU3JIYYCHHA. Bce HArpeThIC TCJIa U3JIYy4arOT DJICKTPOMAIrHUTHBIC BOJIHBI.

DJIEKTPOMarHUTHOE M3JIyYEHUE, HaxoAsueecs B TEPMOJUHAMHUYECKOM pPABHOBECHH C
BEILIECTBOM, HA3bIBACTCSA PAGHOBECHbIM MENA06bIM U3TYYeHUeM, KOTOPOE XapaKTEPU3yeTCs
CJIEAYIOIIMMHU CBOMCTBAMH:

- OOHOpOOHOCmb, T.C. HUMCCT OJIMHAKOBYIO IINIOTHOCTHb BO BCCX TOYKAX BHYTPH ITOJIOCTH,



= H3omponnocms, T.€. BCE BO3MOXHBIE HAIPABICHUS H3JIYYEHUS BHYTPU IOJIOCTH

PaBHOBCPOATHRI,

- Henwmpus’oeaﬂocmb, T.C. HaIIpPaBJICHUSA BCKTOPOB HAIIPAKCHHOCTH SJICKTPUYCCKOI'O E n
MarHuTHOTO MoJii H XaoTWuecku MEHSIOTCS BO BpPCMCHH BO BCCX TOYKaX IIPOCTPAHCTBA

ITOJIOCTH.

PaccMOTpUM 3aMKHYTYIO MTOJIOCTh, CTEHKH KOTOPOIl UMEIOT OJIMHAKOBYIO Temnepatypy 1 . Ilpu
PaBHOBECHOM H3JTYUYEHHH, CTEHKU MOJOCTU OYIyT MU3Iy4yaTh W MOTJIOMIATH 3JIEKTPOMArHUTHEIC

BOJIHBI TaK, YTO B / ¢ KOJIMUECTBO U3TyYCHHOU HEPTUU OyAEeT paBHO MOTJIOIICHHOW SHEPTHUH.

Tak kak u3MyuyeHUE PACIPOCTPAHIETCS C KOHEUHOW CKOPOCTHIO, TO BHYTPH IOJOCTH OYyIEeT

QJICKTPOMAIrHUTHOC IIO0JIC C IIOCTOSIHHOM 00b€MHOM NMJIOTHOCThIO JHEPIrum.
1 2 2
U :E(ggoE + pyptoH ")

II10THOCTH 3HEPrUM MOXHO NPEACTaBUTH B BHUJEC PA3JIOKECHUS MO YACTOTE O WU JJIMHE
BOJIHBI A

U :_Tdeco:TUﬂd/i , The
0 0

raeU, dou U,d1 — 00beMHBIE IIFIOTHOCTH YHEPTUH U3IIYUYEHHUS, IPUXOIALINECS Ha HHTEPBAI

qacToT (®, od®) win 1 BosH (A, AdA);

Y, 1Y) — criekTpasibHbIE IIIOTHOCTH JTyYUCTOM SHEPTHM.
w 27C
u,=%u, 2=

A w

B cnydae paBHOBECHOTO M3Iy4YEHHS! CHEKTPaJbHAs MJIOTHOCTb U, 3aBUCUT OT 4acTOTHI M,
TeMrepaTypbl M3MEpeHHH | M CBOWCTB Cpebl, 3aHUMAaroeld MoyocTb. OcHosHas 3adaua
u3y4eHus TeTIOBOTO U3TyYCHHUS COCTOUT B HAXOXKICHUH (yHKITUH

U,=U_(oT)

JUist  XapakTepUCTUKH TMpoIecca TEIUIOBOIO H3JIy4YeHUs Tela BBOAST MOHATHS 00
U3J1y4aTeJIbHONH ¥ TOIJIOLIATEJBHOH CIIOCOOHOCTH MOBEpXHOCTH Tena. [loTok myuucToi
sHepruu dw (¢ 4yacroramMu Mexay o W o+do), uznydaemoit 3a Bpems dt ruromamkoi dS
TenecHoro yria d() mo onpeaeneHnIo paBeH:

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

rie Ro Ha3bIiBaeTCs U3Jay4aTreJbHOM CIIOCOOHOCTHIO TEJla B HaNpaBjieHUHU yriia {2 .



I/I3J'ly‘laTe.]IbHaﬂ CIIOCOOHOCTh TEja — 9HEPrusd, nu3jirydacmasd ¢ CAMHHUIIBI ITIOBCPXHOCTHU TCJIA 3a

CAMHHULY BPpCMCHH B HMHTCPBAJIC 4aCTOT C,Z[PIHI/I‘{HOfI MU PUHBI.

Enununa namepennst Rg — A5k0yJib Ha KBaAPaTHBIH MeTp —I[)K/Mz.
IHorsomareJbHO CHOCOOHOCTHI0 A, TMOBEPXHOCTU Tejla HA3bIBACTCS JOJIS MaJaroIIero

notoka m3nydenus dWy B maHHOM MHTEpBaie 4acToT (®, ®+dm) KOTOpas MOTIOIMAeTCs TEIOM

" IpeBpamacTCsa B TCILUIOTY:

dw
A — noznawy
o dw,
rael<A <0, A,— BenmmunHa Oe3pa3MepHast.

3axkon Kupxroda

I/I3quaTCJII)Ha}I n 1norjomarciibHasa CITOCOOHOCTH TeJjia MJIsI paBHOBCCHOI'O HM3JIYUYCHHUA C

YaCTOTOU (O CBSI3aHBI C yI€TBbHOW MHTEHCUBHOCTHIO I, COOTHOIIIEHHEM, HAa3bIBAEMBIM 3aKOHOM
Kupxroga (1859 r).

Ra)_
A = o

Omnowenue Cl’leKmpClJleOZZ naomwrocmu 3H€p2€mull€CK012 ceemumocmu K cnekmpaﬂbHoﬁ
I’ZOZJZOM/;CZmeJZbHOIZ CNocoOHOCMU He 3a6UCUM Om npupodbl meja, OHO Ae6/14emci onsl 6cex mel

VHUBEPCALHOU (QYHKYUel Yacmombl (ONUHbL BOJIHbL) U MEeMNepanypbi.

Tak xak BenmuuuHa I, HE 3aBUCHUT OT BEIIECTBA, M3 KOTOPOTO HM3TOTOBJICHO TEJO, a SBIACTCS
(YHKIMEH TOBKO YaCTOTBI U TEMITepaTyphl | , TO Iy, IS BCEX TET 0OUHAKOBO.

3akon Kupxroda naer konuuectBeHHOE onrcanve npasujia [lpeso:

Ecnu nozcnowamenvuvie cnocobHocmu 08yx men pasiuunsi, mo O0yOym pasiuynbl U Ux

usnydaniejlbHvle cnocobnocmi.

HanbGonwiie 3HaueHue RQ HMCET TCJIO, Y KOTOPOIO JId BCCX YACTOT (O IOIjIomiaTrcibHas

CIOCOOHOCTh paBHA EUHUIIE:

Acoz 11 RQmax:rco,T

A0c010THO YepHBbIM TesioM (AYT) Ha3bIBaeTCs TEJIO, KOTOPOE MOTJIONIAETCS BCE MaJaroliee
Ha HEro TEIMJIOBOE U3Ty4YCHUE.

U3 3akona Kupxroda ciemyer:

» usnyyarenbHas cnocooHocth AUT 1,1 siBIsieTcs QyHKIMEH 4acTOThI ® U TeMIlepaTypsl T



rm,T:r((DaT)

» u3iydaresbHas cnocoOHocTe AYT npu maHHOM YacToTe ® U TeMiiepaType T MakcuMaiabHa

RA'JT

Qmax

* M3Jy4yaTesibHas CIOCOOHOCTh .J:00020 mena PaBHA MPOU3ZBEICHUIO MOIJIONMIATEIbHON
CIIOCOOHOCTH U U3yudaresibHou ciocoonoctu AYT r, 1

RQ=Am ro),T

3Has RQ, MOJKHO BBIMHUCIIHUTDL PACIIPCACICHUC S9HCPIUH RQ 10 YacToTaM 0Jis 1106020 mena, CCJIN

HU3BCCTHA €TI0 II0orjaomarcjabHast CITOCOOHOCTb.

Bcesikoe Teno mpu JaHHOM TeMnepaType M3JydaeT JJIEKTPOMAarHWTHBIE BOJIHBI TOW YaCTOTHI,
KOTOPBIE OHO ITOTJIONIAET IIPU ATOM K€ TeMIEpaType.

AbcomoTtHo yepHoe Teno (AUT) — woeanusayus. Hamnyumee npubmmkenne k AUT naer
3aMKHYyTasi MOJIOCTh, OKPY>KEHHAsi PaBHOMEPHO HArpeThIMU HEMPO3payHbIMU CTEeHKamu. J[iis

BXO0Ja U3JIYYCHHUA ITOJIOCTh JOJIDKHA UMCTb MAaJIOC OTBCPCTHUC.

3akon Credana-boabumana
3aK0H yCTaHaBJIMBAaeT 3aBUCUMOCTb IUIOTHOCTH JHeprun R,  xapakrepusyroiein

H3JIYy4aTCIbHYIO CITOCOOHOCTH HArpCThIX TCJI OT TCMIICPATYPhI T.

Hna  AYT  uznyyamenvHas  cHOCOOHOCMb  NPONOPYUOHANbHA — 4emeepmoll  CmeneHu

memnepamypol

R(T)=0T*
I7ie 6 — YHUBEpCcaJlbHas MOCTOsIHHASI, Ha3bIBaemasi moctosinHoi CtedanabonbiMana.

Bm

2K4

6=5,672*10®

M
Teopema Buna
Paenosecnoe  usnyuenue 6 0007104Ke C  UOCALHO — OMPANCAIOWUMU — GHYMPEHHUMU

Nno6EPXHOCMAMU oOocmaemcs pAad6HOBECHbIM Npu OeCKOHEeUHO MeONeHHOM aouabamuyeckom

yeeaudeHuu uiu ymeHbuleHuem ee obvema.

CHGI{CTBI/IH TCOPCMBI BI/IHa, KOTOPLBIC ABJIAAIOTCA aouabamuyeckumu UHBAPUAHMAMU.

®* = const, @ _ const, @ _ const
U T



rie V — o6beM moJjocTy, B KOTOPOH 3aKJIIOYEHO H3JydyeHHe ¢ 4acToTod ®; U — MIOTHOCTH

HHEPTUU U3IIyYECHHUsI C TeMIlepaTypou T .

3akoH cMmernenus Buna

,ZZJZMHCZ 60JIHbl 7\,, coomeemcmeyrouai MAKCUMATbHOU IHepcUuU 6 cnekmpe UusJjy4eHusl, 06pamH0

nponopyuoHaivha adbconomuoi memnepamype T

du,
R —— = O’ /1 =
4 i

max

(

—H| o

3akoH cMmelenuss Buna
At =cCOnst, A -T =D,

rae b=2,898*103mK (3KcrepMMEHTANIBHOE 3HAUCHUE).

[Ipu mnoBbiIeHUH TeMmIiepaTypbl MakcuMyM GyHknuu U, cmemiaercs B CTOpPOHY Oolee

KOPOTKHUX BOJIH (pHC. 2).

U107,
ﬂaf(‘/M: ‘i ________________ ZOOOK
N_I750 K
o /
| 00K
, : 4 /{.MKLM

Puc. 2

[Tpu nepemennsix A u T dopmyna Buna umeer Bua:

Ul(ﬂ,T)-dﬂ:%-qD(l,T)-di



p(4.T)
U, =T @
MakcumanbHas u3nydarenpHas crnocoOHocTe AYT Bo3pacraer MPONOPHUOHAIBHO MSATON
CTEIICHU:

¢(/17T) ‘5 ' -5 Bm
U max ZT’ U,wx =01 ,0 =13-10 =K
U A
3KCnepumMeHTanbHas
__-Kpueasa
dopmyna BuHa
0 }‘ma.\' 'i

Puc. 3

®opmy.ia Paaes-/l:xxunca

B knaccuueckoil (u3mMKe paBHOBECHOE M3JIYyUCHHE B IMOJOCTH MPEACTABISET COOOM cucteMy
CTOSIYMX BOJIH C Pa3HBIMH YaCTOTAMM(®, HAIPABJICHUSAMHU M nojspusauusmu. [Ipu paBHOBecun
MEX/1y CTEHKaMH MOJOCTH U 3JIEKTPOMAarHUTHBIMU TI0JIEM Ha KaXKIyl0 KOJIEOATEeNIbHYIO CTEIEHb
CBOOOJIBI (T.€. Ha KAXKIYIO 3JIEMEHTAPHYIO BOJIHY) NPUXOAUTCs cpennsis sneprust e=KT .

KonuuecTBo sHeprum mojist I JaHHOTO MHTEpBajia 4actoT (m,0+dm)B mojgoctu oobemom V
paBHo VU,dw

Wnu cnekTpanbHas WIOTHOCTh U, JIy4ncTON dHEpPTuu, paBHa Yuciy cTterneHeil cBoooabl AN B

nosioctuV (YHCIy CTOSYMX BOJH C YAaCTOTaMH B YKa3aHHOM HWHTEpBaj€), YMHOXEHHOMY Ha
e=KT

N oObeMHas TIOTHOCTH HSHEpPruM u3iydeHus U, dew omnpenensiercs gpopmynon Pines —

Jicunca:

Udw= KT ‘0’ -dw

2] 72_203

w="53 @ (2) -¢p-na Pesnesni-I:xunca onpene/isiiomas HCMyCKATeIbHYIO CIIOCOGHOCTH AGCOTIOTHO YEPHOTO TeJ1a
T



Pacnipenenenne sHepruu 1Mo AJIMHaM BOJTH A Ja€TCS BhIpaKEHUEM

87 KT 87 kT
Uidﬂ’:T'd/l’ Ul: 14

DTH COOTHOMICHHMS coriacyroTcs ¢ hopmysioi Buna (1), eciu moinoxuTh f
f(A,T)=87-KT -4

dopmyna Panes-/xuHca (2) omuchIBaeT SKCIIEPUMEHT TOJIBKO B 00J1aCTH MAJIBIX 9acTOT ( HJIH
OOJIBINKX IJIHH BOJH A (pHc. 4).

U4
2 /q)opmyna Panea-[xuHca
& 3KCnepuMeHTanabHas
__-Kpueas
0 j'Nlll.\' Vi
Puc. 4

Tak kak corynacHo ¢gopmysie Panes-J[)kuHca B CIEKTpe TEIJIOBOTO M3JIy4YeHUs OOJiblllasi 4acTh
SHEPTUU JIOJDKHA MPUXOJUTCS KOPOTKOBOJIHOBYIO YaCTh CIEKTpa, TO hdexT obpamenus U B

OECKOHEYHOCTD MOIYYMIN Ha3BaHUE VIbMpaduoiemosol Kamacmpogoi.



Kiaccuueckast Teopusi mokasajia, 4TO paBHOBECHE MEXKAY BEIIECTBOM, MMEIOIIUM KOHEYHOE
YHCJIO CTETICHEH CBOOOIBI, M U3IyYCHHUEM, UMCIOIINM OSCKOHEYHOE YHCIIO CTEIIeHEH CBOOO/IBI,

HCBO3MOKHO.

®opmy.a [lnanka

dopmysia i CHEKTPAIbHOM TIUIOTHOCTH DSHEPrUM PABHOBECHOTO M3IYyYEHUS, KOTOpas
NPaBUJIBHO OIUCHIBAET BCIO COBOKYITHOCTH SKCIEPUMEHTAJIbHBIX JAHHBIX, ObLIa MPUIOKEHA
[Mnankom (1890r.). OH yuen, YTO U3IYyYEHHE W TIOTJIOLIEHUE HJIEKTPOMArHUTHBIX BOJIH
BEIIIECTBOM HE HEMPEPHIBHO, & KOHEYHBIMU MOPLMSAMU SHEPTUU, HA3BIBAEMBIMU K8AHMAMU

9Hepeuu, paBHbIMU

e=ho=hv
rae :
w=2nv
h=6,626-10"" oc-c
7 =1,054-10" Toc - c
®opwmyia [lmanka umeer BUA:
B [IEPEMEHHBIX M, T :
3
U,~——
(e 1)
B [IEPEMEHHBIX V, T :
_8zhv® 1

Uv 3 hv (4)
© (@ -

B MIEPEMEHHBIX A, T :

8rzhc 1
U, = I () (5)
e/ —1
CnenctBust hopmyssl [Inanka:
. IIPY HU3KUX YaCTOTax i—_la_) <<1 ¢popmymna (3) nepexoaut B hopmyiy Pames—

JlxuHca (M3mydeHus: B uH(pakpacHo 00JacTh);
ho
. IIPYA BBICOKUX TEMIIEpATypax T >>1 nosydaeM popmyay Buna (uznyue-

HUE B yJIbTpaduoIeTOBON 00JIaCTH CIIEKTPA)



h 3 ho

2] 72_2(:3

HOPAJOK PABOTHI

1. YcraHoBute TepMOCTOJ'I6I/IK TaK, 9TOOBI €T0 OTBCPCTHUC HAXOAMUJIIOCH HAIIPOTHUB OTBCPCTHUA
Ha HGpGI[HGﬁ MaHCJIn IICYH, a4 PACCTOAHHUC MCKAY INNIOCKOCTAMU nepenHeﬁ MaHeaIn OoO0beKTa

WCCJICJIOBAHMS M TEPMOCTOJIONKA OBLIIO MUHUMAIILHO (< [ cm).

2. BrirounTe u3MepuTeNbHOE YCTPOMCTBO BhIKtouaresneM « CEThy Ha ero 3aJHell maHemu
(ma wunaukatopax «°C» u «mBy» nOWKHBI ycTaHaBiauBaThes 3Hadenus 000 u 0,00

COOTBETCTBEHHO).

3. Bxitounte neus (mpu 3ToM BbIKItO4aTenb « BEHT» HoJKeH ObITh BBIKIIIOUYEH) U JIaiiTe

IporpeThes B Teuenue 5 mun 10 50 °C.

4. [To Mepe HarpeBa Ie4W CHUMHTE 3aBUCHMOCTHh HampspkeHus Ha TepmocTonoukeU(T) ot

Temmeparypsl (uepe3 kaxapie 50° 1o 500° C). [laHHbIe 3aHECUTE B TAOIHILY.

s. Ilocne nocTmkeHuss MakCUMaJbHO 3aJaHHOW TEMIIEPATYpPhl €YU BBIKIIOUUTE BBIKJIFOYATEIIb
«CETb» u Brimouurte BbIKIIOUATENb «BEHT)» Ha TepelHEN NaHenu Ne4Yd, NPU 3TOM

BKIIOYHUTCA PCKUM OXJIAXKICHUA IICUH.

6. CunMTas, 4YTO DHEPrusi M3IAYyYEHHUs MPSAMO MPONOPUUMOHAIbHA  HANPSOHKEHUIO  Ha
TEPMOCTOJIONKE, TOoCTpoiTe rpaduk 3aBucumoctd dHeprum wu3nyuenus U(T) or

TeMrepaTtypsl T .

7. Paccuuraiite sHepretuueckyto cBetumMocTb AUT mno 3akony Credana-bonabimana nms
R=oT"u noctpoute rpaduk R(T)

8. OmnpenennTe Amax U3 3akoHa BuHa v mocTpoiite rpaduk Amax(T) .
9. Cnenaiite BEIBOJ.

Ta0aunna

t,°C | 50100/ 150| 200| 250| 300| 350| 400| 450| 500

T,K

U, uB

R,BT1/m?
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Amax, M

IIpumeuanue: Ecnu B mponecce pabOThl MPOUCXOAUT MEPENOJHEHHE HHAMKATopa «MB»
(mocne 3HadyeHus 9,99 unaunupyercs 3HadeHwe 0,00) HEOOXOIUMO YBEIMYHUTH PACCTOSIHUE
MEXK]ly TIJIOCKOCTSAMHU MEPEAHEHN MaHeIu 00beKTa U TEPMOCTOIONKA Ha 1-2 ¢M, OXJIaIUTh 1€Yb U

OBTOPUTH U3MEPEHHUSI.

KOHTPOJIBHBIE BOITPOCHI

1. YTo Takoe TeIoBoe u3iy4deHue?

2. UTO Ha3bIBAETCS SHEPTETHUECKOW CBETUMOCTBIO Tejia?

3. Kakas cBsI3b CyIIECTBYET MEXIY MU3IydaTeIbHOW M MOTJIOATEIbHON CITIOCOOHOCTSIMU OHOTO
U TOTO K€ Tea?

4. Kakoe ycTpolCTBO MOKET CITy>KUTh MoAesnbto AUT?
5. Chopmynupyiite 3akon Ctedana-boiabiiMana U MOsICHUTE €ro.

6. Kak, 3Has temneparypy AYT, ompenenutb 3HEPTUI0, U3IYyYAEMYK 3TUM TEJIOM MO BCEM
HaIlpaBJIEHUSM B TE€YEHUE ONPEIAEICHHOIO BPEMEHU?

7. ChopmMmynupyiTe 3aKoH cMmelleHus BuHa u mosicHUTE ero.
8. Kakoit ¢huzmdeckuit cMbicii nMeeT yHUBepcasibHas GpyHkima Kupxroda?

9. 3anummte popmyny [Inanka u Panes-JxuHca, 00bSICHUTE UX CMBICI.

11
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