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Bsenenne

M3 noBceTHEBHOIO OMbITa U3BECTHO, YTO BCE TEJa HE3aBHCHMO OT HX ar-
pPEraTHOro COCTOSIHMSI TPY HarpeBaHUM JI0 OMPE/IeTICHHON TeMIiepaTypbl Mpruoo-
pETaT CIIOCOOHOCTh CBETUTHCS, T.€. M3Iy4aTh IEKTPOMArHuTHoIe (Hanee DM)
BOJIHBI B BUAMMOM Jauana3zoHe. CleqyeT 3aMeTUThb, YTO CBEUYEHUE TEN MOXKET
IPOUCXOJUTh HE TOJIBKO B PE3yJIbTATE UX HarpeBa. BelAeneHne TEIOM SHEPIUH,
KoTopas peodpasyercst B DM H3IydeHHEe, MOKET IPOUCXOIUTD Takxke [1]:

1) 3a cyeT XUMHUYECKUX peakiuil (Harmpumep, okucieHue dpocdopa Ha BO3-
IYX€)— XeMUTIOMUHECYEHYUS,

2) npu BO3JAEHCTBUM HA Ta3bl M TBEPAbIE TEJNA JJIEKTPUYECKOrO MOJ -
NeKMPOTIOMUHECYEHYUS,

3) 3a cueT moriomIeHus dHeprur DM BOJIH, MAIAIONMX HA TEJO, C Moclie-
AYIOLUM UX MEPEU3IYYECHUEM - POMONIOMUHECYEHYUSL,

4) 3a cdyer OOMOApIUPOBKH TOBEPXHOCTH TBEPJABIX TEN JJICKTPOHAMH -
Kamooo0OMUHeCYEeHYUsL.

Tennosbim _uzny4eHuem Ha3BIBACTCS OM HU3JIYYCHHUC, BO3HHUKAIOIICC 3a

CYET BHYTPEHHEN SHEPTUM W3JIYYAIOILIErO TeJa U 3aBUCAIICE TOJIBKO OT TEMIIE-
paTyphl ¥ ONITUYECKUX CBOMCTB ATOTO TEJIa.

OmauM U3 CBOMCTB DM BONH SBISETCS HX CIIOCOOHOCTH TMEPEHOCHTH
SHEPrUI0 OT OJHOM TOYKH MPOCTPAHCTBA K Jpyroi. [loaTtomy ecnu Harpertoe Te-
JI0O HE BOCIIOJHSET KAaKUM-TMOO 00pa3oM 3amac CBOEW BHYTPEHHEW JHEpruu 3a
CYET BHEIIHUX MCTOYHUKOB, TO C TEUCHHEM BPEMEHHU €r0 TePMOJIUHAMHYECKAs
TeMreparypa OyJeT yMEHbIIAThCS, T.€. TeJI0 OyAEeT OCThIBaTh. BakKHO OTMETUTH
TaK)X€, YTO MHTEHCUBHOCTh TEIUIOBOTO HW3JIYYEHHUSI 3aBUCHUT OT TEMIIEpaTyphl,
BO3pAacTasi C €€ YBEJIIMYCHUEM U YMEHBIIASACHh TPU €€ MOHUKECHHH.

3aMeTUM, 4YTO TEPMHUH «HArpeToe TEeJ0» HaJlo MOHHWMAaTh B TOM CMBICIIE,
YTO TeJI0 00JagaeT TeMIEPaTypPOid, OTIMYHON OT a0COMIOTHOTO HYyJs. Takum 00-
pazoM, TEIIOBOE U3TyUYE€HHE UMEET MECTO TpH 000l Temreparype T >0.

TennoBoe u3nmydeHWe — €MUHCTBEHHBIA BUJl M3TyYEHUs, CIIOCOOHBIN Ha-

XOOUTBCA B COCTOSAHHU TCPMOJHMHAMHUYCCKOIO paBHOBCCHA C BCIICCTBOM, T.C. B
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TaKOM COCTOSIHUH, KOTJa KOJMYECTBO SHEPTHUH, MOTJIOIMIEHHOE BEUIECTBOM, PaB-
HO KOJIMYECTBY SHEPrUHU, HU3ITyYCHHOMY HTHUM BEIIECTBOM. JleMCTBUTENBHO,
PEANO0JIONKUM, HAITPUMED, YTO M0 KAKUM-TO MIPUUNHAM PABHOBECHOE COCTOSIHUE
CUCTEMBI «TEJIO - U3TYyUYCHHE» HAPYIIECHO U TEJIO0 U3Ty4daeT SHEPTUuu OObIIe, YeM
noryomniaet. Torga 3amac BHYTPEHHEH SHEpruu Teja OyJaeT yMEHbIIAThCS, YTO
NpUBEJIET K CHIDKCHHUIO ero TemmepaTyphl. [locienHee OyaeT o3HayaTh MOCTe-
MIEHHOE YMEHBIIIEHHE NHTEHCUBHOCTU TEIJIOBOTO M3IyYEHUS C MOBEPXHOCTHU Te-
Ja. DTOT mpoliecc OyIeT MPOUCXOAUTH JI0 TeX IOp, ITOKa He OYyIeT BOCCTAHOBJIE-
HO PaBHOBECHOE COCTOSIHUE MEXIY TeJIOM U u3iaydeHueM. OUeBUIHO, YTO pac-
CYXKJICHUSI aHAJIOTUYHOTO MOPSAKa MOYXHO MPOBECTH U B TOM CiIy4ae, Korja Ko-
JIMYECTBO SHEPTUH, U3IIYyYA€MOE TEJIOM, CTAHOBUTCS MEHBIIE YHEPTHUH, IOIJIO-
[Ia€MOM TEJIOM.

IToCKOMBKY TEIJIOBOE M3JIYYEHHE MOXKET HaXOAUTHCS B paBHOBECHOM CO-
CTOSTHUH, TO K HEMY COTJIaCHO IMPEJCTABICHUAM KJIACCHUYECKON (PU3UKH JOJIKHBI
OBITh TPUMEHUMBI 3aKOHBI TEPMOJIUHAMUKH, OOIITUM 3aKOHOMEPHOCTSAM KOTOPOI

9TO HU3JIYYCHHC NOJIKHO ITOJYNHATHCA.

1. IlapaMeTpbI TEMJIOBOT0 U3JTy4eHUS

1.1. JHepreTuyeckasi CBeTUMOCTb TeJla
OnHMM W3 OCHOBHBIX MapaMETPOB, XapaKTEPU3YIOIIUX TEIIOBOE HU3IIyde-
Hue Tena [1], sBnsercs ero swepeemuueckas céemumocms R - KOJTMUECTBO SHEP-
THH, W3Ty4aeMOW eIUHUIICH MOBEPXHOCTU TeNa B €IUHHILY BPEMEHH IO BCEM
HarpaBJIeHUSM (T.€. B Mpejenax TEJIECHOro yria 2m). DHepreTuueckas CBETHU-
MOCTb SBJII€TCS (DYHKIIUEH TeMIepaTyphl Tena, T.€.
R=1f(T).
Kak BumHO u3 omnpeneneHusi, SHEpreTHYecKas CBETUMOCTb HU3MEpSETCS B

[BT/ M2:| U 10 (U3UYECKOMY CMBICITY MPEACTaBIsAET cO00M IIOTHOCTh MOTOKA

OHCPIuu U3J1yUCHH.
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1.2. UcnyckaTeibHasi CIOCOOHOCTH TeJia

CrHekTp TEmIoBOr0 M3JyYEHHs BKIKOYAET MHOXKECTBO CIEKTPaJIbHBIX CO-
ctapisitomiux. OO0 3TOM MOXKHO J0orafaThCsi, HaOto/as, HampUMeEp, CBEUCHUE
METaJUIOB, HArpeThIX IO BBICOKON TEMIIEpaTypbl, B YACTHOCTH CIIMPAJIECH JIaMIl
HakanuBaHus. Takue Tena UCIyCKaloT SIPKUi CBET, OJIM3KUM 10 LBETY K OesoMy,
KOTOPBIHN, KaK U3BECTHO, HE SIBJISIETCS MOHOXPOMATUYECKUM U MPECTABISET CO-
Ooii cymepno3uriuto DM KosiebaHUN ¢ pa3sTUYHBIMH JJIMHAMHA BOJIH. OTBITHBIM
nyTeM OBbUIO YCTaHOBJIEHO, YTO MHTEHCUBHOCTb M3JyYEHUs, UCIyCKaeMOro Ha-
IPETBIM TEJIOM, pa3JInyHa I Pa3jIu4HbIX YYaCTKOB CHEKTPAIbHOTO JUAIa30Ha.

B cBsI3u ¢ 3TUM €CTECTBEHHO BBECTH B PaCcCMOTPCHHUC (byHKI_[I/I}O I"(D, OITKUCBhIBAIO-

IIYI0 pacnpeieIeHue HHTEHCUBHOCTH TEIUIOBOTO M3IYUYEHUs M0 4acTOTaM U3ILY-

yaeMbIX BOJH. TakuM 00pa3oM, QyHKIUS I, XapaKTepHU3yeT CIEKTpalbHbII CO-

CTaB TCIINIOBOT'O U3JIYUYCHHUA. Bennuuna rw Ha3bIBACTCA MCI’ZVCKClmefleOﬁ Ccnocoo-

Hocmbio Tena. B O6IH€M CclIydac CJIICAYCT TAKIKC I10JIaraTtb, 4TO q)YHKHI/I}I rm 3a-

BUCHUT OT TEMIIEPATYPHI (Ha 3TO YKa3bIBACT XOTS ObI TOT (aKT, YTO NIPH YBEITHYE-
HUU TeMIIepaTyphbl HAarpeBaeMOro Telia I[BET €ro CBEUCHHS MEHSETCS OT TEMHO-
KpacHOTo 110 spko-6emnoro). C yueTom 3Toro Oyaem nucatbh o0o3HaueHue QyHK-

LMY MCIYCKAaTEIbHON crIOCOOHOCTH B Buae I . O4eBuaHO, uTo R M I cBA3a-

HbI COOTHOIICHNCM
R= I r.do. 1)
0

Anammsupys (1), MOXKHO 3aMETUTb, YTO BEJIMYMHA [, HMEET CMBICI

(I)YHKHI/II/I IIOTHOCTHU PaCIIpCaACICHNA BECJINYNHBI R mo H3JIydacMbIM TCJIOM 4Yac-

ToraM ®. IToaromMy 1 I ; CyllecTByeT W Ipyroe Ha3BaHME. I . €CTb CHek-

mpajlbHAA NJA1ONHOCNb 3H€D2€mu1l€CK0ﬁ ceemumocmu meja.

OTMGTI/IM, 4YTO YaCTOTa M M JJIMHA BOJIHBI CBCTA B BAKYYMC CBA3adHBI CO-

OTHOILICHUEM
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C nmomomipro (4) MOKHO IIEPEUTH OT I K I, U HA00OPOT.

1.3. IoromarejabHas CIOCOOHOCThH
[TycTh Ha 3meMeHTapHyo miomaaky dS Tena magaeT MmoTok 3Hepruu DM

u3ny4deHus B auamnasoHe dactoT dw [1]. O6o3naunm 3ToT motok uepe3 dd .

YacTe 3TOro moTtoka OyaeT oTpakeHa TeloM, JApyras dacTb morsoturcs. O60-

3HaUUM MOTOK SHEPrHH, MOIJIOLICHHBII 3JIEMEHTOM IMOBEPXHOCTHU Tela, uepe3
d®’ . Bennunna

!

a. - dd!,

ol — d@

(O]

(3)

Ha3bIBACTCS NO2N0WAMENbHOU CNOCOOHOCMbIO Tena. DTa BEIMYMHA, Kak U [,

ABIsieTC (DyHKIMEH 4acTOThl U TeMreparypsl. 13 (3) BuaHo, uto a ; <1. Ecin
TeJo 00NafaeT TAKUMU CBOWCTBAMH, YTO BO BCEM JMANa30HE 4acToT a ; =a=1,

TO TaKO€ TEJO Ha3bIBaeTCsa abcontomuo yepnuvim. Eciin a <1, Tesro Ha3pIBaIoOT ce-

puiv. MOKHO TIOKa3aTh, YTO HHEPreTUYECKass CBETUMOCTL R ceporo Hempospad-

HOTO TCJIa CBA3aHa C BHGPFCTquCKOﬁ CBETUMOCTBIO R a0COJIFOTHO YCPHOT'O TC-

Ja COOTHOIIeHUEM [2]



AHAJIOTUYHO

rae I - CIeKTpalbHas IUIOTHOCTh SHEPreTUYECKOH CBETMMOCTH a0COJIIOTHO

YCPHOI'O TCJIa.

1.4. PaBHOBeCHasl IVIOTHOCTh JHEPTUHU U3JTyYEHUSA

PaccMOTprUM 3aMKHYTYIO TEIUIOM30JUPOBAHHYIO IOJIOCTh, CTEHKH KOTO-
poii MOIeP)KUBAIOTCS TIPpH MOCTOsIHHON Temmieparype T [1]. BeienctBue Ten-
JIOBOTO U3JTyYEHUs C BHYTPEHHEH MOBEPXHOCTH MOJIOCTH €€ 00beM OKaKeTcCs 3a-
MOJIHEHHBIM DM BOJHaMU, NEPECeKaAOMUMHU 00BEM MOJIOCTH BO BCEBO3MOKHBIX
HANpPaBJICHUSX. JTHU BOJHBI HEMPEPHIBHO IMOTJIOMIAIOTCA U BHOBb HM3IIy4YarOTCA
CT€HKaMu noJiocTu. Cynepno3uius 3TUX BOJH MPUBOJIUT K 3alIOJIHEHUIO BCETO

o0beMa monocti OM moJieM, dHEprHsi KOTOPOTo pacipesieieHa Mo MOJOCTH C

HEKOTOPOW MOCTOSIHHOM, 3aBUCAILEN OT TEMIIEPATYPHI, INIOTHOCTHIO u(T). IIpu

ATOM MEX]y CTEHKaMH MOJOCTH U DM u3iydeHueM, JJOKaJIU30BaHHBIM B 00beMe
IIOJIOCTH, YCTAHABJIMBAECTCA COCTOSHUE TEPMOAMHAMUYECKOIO PABHOBECHS, IIPU
KOTOPOM KOJIMYECTBO DM sHEpruu, uU3jiydaeMoOW B €IUWHUILY BPEMEHU JIFOOBIM
Y4aCTKOM IMOBEPXHOCTH, PABHO KOJIMUYECTBY SHEPTUM, MOTIIOIIAEMOMY 34 TO K€

BpPEMS 3TUM K€ Y4aCTKOM.

Benuuuna U(T) 3asucum moJibKo om memnepamypsl CMeHOK nojocmu u

He 3deucunt om mamepuaid, U3 Konopozco OHU U320MO6JIEHbI. I[CﬁCTBPITCHBHO,

npencTaBuM cebe JBE IMOJOCTH, U3TOTOBJICHHBIE M3 Pa3HBIX MAaTepHalIoOB, HO
MMEIOIME OJMHAKOBYIO Temmeparypy. [Ipenmonoxum, dro u(T) 3aBUCHUT OT
Martepuala cTeHOK. Torga oObeMHasl JIOTHOCTh SHEPruu DM H3IydeHUs B Iep-
BOM MoJ0CTH Oyzer U, (T), a BO BTOpOH - U, (T), npuueM U, >U,. CoequHum

9TH TIOJIOCTH U 00€CIIeYrMM MM BO3MOKHOCTH OOMEHHUBATHCS HU3JTy4YCHHUCM. Oue-

BHUJHO, 4TO BCJIICACTBUEC TOI'O 4YTO LI1 >U2, IMOTOK SHEPIUN U3 IMOJOCTU 1 B mo-

J0cTh 2 OyneT Oofblie, YeM U3 MoJIoCTH 2 B mosiocTh 1. Toraa paBHOBECHOE CO-
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CTOSIHUE B MOJOCTAX 1 M 2 OyAeT HapyIIeHO: MoJOCTh 1 OyAeT B eAMHUILY Bpe-
MEHU TEPATh HEPTUU OOJIbIIIE, UeM MOTJIOIATh, U, CIIE0BATEIbHO, OYJET OCThI-
BaTh, a MOJIOCTh 2 MO0 AaHAJIOTMYHBIM COOOPaKEHUSIM JIOJIKHA OYJIeT HarpeBaThCsl.
OpHako Takoil Mporecc MPOTUBOPEYUT BTOPOMY Hauyady TEPMOJIWHAMHKH, T.€.

MPEAIOJIOKECHUE O 3aBUCUMOCTH U (T) OT MaTcpurajia CTCHOK OBLI0 HCBCPHBIM.

[Ipn naHHOI TemIiepaType paBHOBECHAasi O00ObEMHAs IUIOTHOCTb SHEPIHH
OM wu3znyyeHus UMeeT ONpeieJIeHHOE CIeKTpaibHOe pactpeaenenue. O0beMHast

CIICKTpaJibHasd INIOTHOCTb DHCPIHUHN U((O,T) CBsI3aHa C O0OBEMHOM IIOTHOCTBIO

u (T ) COOTHOILICHUEM

u(T)=[u(oT)do. @

0
PaBHOBECHas MJIOTHOCTH OHCPIruu TCINIOBOT'O HM3JIYUCHUA «YCPHOI'O TCIIaA»
U " DHEPreTUdYeCKass CBCTUMOCThb a0COJIIOTHO YCPHOT'O TCJIa R cBs3aHbI MCKOY

c000H COOTHOIIIEHUEM
R =—u, 5)
4

rae C - CKOpoCTh CBETA.

2. 3aKOHOMEPHOCTH TEMJI0BOI0 U3.JTyYeHUs

2.1. 3akon Kupxroga

Mexay ucnyckaTeabHOM M MOTJIOATENBHOM CIOCOOHOCTHIO TEla UMEeT-
cs cBA3b. PaccMOTpuM cucteMy Tell, U30JIMpOBaH-
HYIO OT BHEIIHEW Cpeibl 3aMKHYTOW 00OJOYKOMH,
MOJIJIEPKUBAEMOMN IPU MOCTOSIHHOW TEMIIEPAType
T (cwm. puc. 1) [1]. U3 BHyTpeHHEe# mojocTH 000-
JIOYKHU OTKa4aH BO3/yX, Tak uto Tena 1, 2 u 3 mo-

ryT oOMEHHBATbCA MEXKAY CO00M U 000JI0YKOi

SHEPrUen TOJNbKO MocpeACTBOM DM U3NTydeHHs.

Puc. 1
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OnpIT MOKa3bIBAET, YTO B TAKOW CHUCTEME MEXAY TE€IaMH U U3IyYEHUEM
gyepe3 HEKOTOPOE BPEMsI YCTaHABIMBACTCS COCTOSIHME TEPMOIMHAMUYECKOTO
pPaBHOBECHSI, XapaKTEPU3YIOLIEECs] OJIMHAKOBOM TeMIepaTypoil BCeX Tel CUCTe-
MBI, paBHOM TeMmmeparype T oOosnouku. MTtak, TemmepaTypa Bcex Ten cCTaja

OHHH&KOBOﬁ )41 paBHOﬁ T. OI[H&KO HNCITYCKATCIbHBIC er H II0TJIOIIAaTCIIBHBIC aw-l-

CITOCOOHOCTH TEJI MOT'YT OBITH Pa3JINIHbIMU. Hpe,ZIHOJIO}KI/IM, 4TO 3JICMCHTAapHasiA
IIomaakKa dS Tena ls JUaIla3oHC 9aCTOT do XApaKTCPHU3YCTCA HCITYCKATCIIb-

HOM crlocOOHOCTBIO [ 1 >T ., >T ... Torna teno 1 B paccMaTpuBacMoM Jauana-

30HE 4acTOT d® HWCIycKaeT 3HEepruM Oosbine, 4eM Teyo 2 wik 3. [TocKoNbKy,
OJIHAKO, TEMIEPATYPbl U BHYTPEHHUE SHEPTUU TEJ OCTAIOTCSI HEU3MEHHBIMH, TE-
70 1 AOMKHO B JaHHOM JIMANa30He 4acTOT OOJbIIE€ YHEPTrUU U MOTJIOLIATh, TO

€CTh JIOJDKHO OBITH CIPABENIMBO COOTHOIIECHUE @ 7, >a 1, > a ;5. Kupxrody B

1859 r. ynasnoch yCTaHOBUTB, 4TO
OMHOWeHUe UCNYCKAMENbHOU CHOCOOHOCU meld K e20 No2lo-
WamenbHOU CNOCOOHOCMU He 3A8UCUM OM NPUPOObl mead U 56-
J1siemcsi 015l 6cex mes OOHOU U MOLL Jce YHUBEPCANbHOU (yHKYuell
yacmomawl (UU ONIUHBL BOJIHLL) U MEeMNepamypbl.
ro)T
L _ t(0T). (6)
amT

W3 cootHomeHus (4), B 4aCTHOCTH, CIICAYET, 4TO

er — rwT — rooT
* acoT 1 amT 2 amT 3

Y
3ameTuM, 4TO sl aOCOMIOTHO YEPHO-

ro tena a, =1. CrnegoarenbHo, (yHKIUA

Kupxroda f(oo,T) €CTh HE YTO WHOE, KakK

GyHKIHMA I, ucnyckamenvHou cnocobHocmu

abconromuo YepHOcOo meJid.

"

ml1’¥m2

>Y

Bocnoab30BaBIINCh CBSI3BI0 ® U A,

Puc. 2 nepeiigem ot f (OJ,T) K (P(k’T):



(@)= 2 o(0T)

3aBUCUMOCTh (p(k T) I, U JBYX Pa3MYHBIX TEMIEPATyp MPEICTaB-

nena Ha puc. 2. Kak BUIHO u3 puc. 2, MaKCUMyM QyHKIHMH I, C yBEIMYECHUEM
TEMIIEPATYPbI CMELIAETCS] B CTOPOHY 00Jiee KOPOTKUX BOJIH.
['paduk QyHKIMU CTIEKTPATBHOMN TUIOTHOCTH YHEPTETUYECKON CBETUMOCTH

a0COJIOTHO YEepHOro Tena I,;, NPeACTaBIEHHON Ha puc. 2, ObLI MOCTPOEH IO

OKCIICPUMCHTAJIbHBIM JaHHBIM. IToneITKM YCTaAaHOBUTL BHUI q)yHKI_[I/II/I rm-, npea-

IIPUHATEBIC (1)I/ISI/IK3MI/I, A0JIr0C BpEM:A HC JdaBaJId pPC3yJibTaTa. Bwmecte ¢ TeMm B xo-
AC TCOPCTHUUCCKHUX M 3KCIICPHUMCHTAJIBbHBIX I/ICCJ'Ie,Z[OBaHI/Iﬁ 0COOCHHOCTEH TeIlIO-

BOT'O U3JIYUCHHUS TCII OBLIH YCTAaHOBJICHBI CJICAYIOIIKUC BAKHBIC 3aKOHOMCPHOCTH.

2.2. 3akon Credana — boabumana
B 1879 r. Credan, skcriepuMeHTUPYS C CEpbIMU TEJIaMU, YCTAaHOBUJI, UTO
SHEpPreTHUecKas CBETUMOCTD JIF00OOT0 Teja MpONOopILHMOHaIbHa YETBEPTOM CcTere-
HU €ro adCOJIFOTHOM TEMIIEpPaTyphl:
ROT®.
Heckonbko no3xke, B 1884 r. bonblimaH, UCNonb3yss METOIbI TEPMOANHA-
MUKH, YTOUHWI nojdydyeHHoe CTedaHOM COOTHONIEHHE, MOKa3aB TEOPETUUYECKH,

YTO JJIsl aOCOIIOMHO YepHO20 Tena

R jf (o,T)do=0T*, (7)
0

= 2 104
rie 6=5,67-10"° Br/(M°-K") — mocTosHHas, TONyYMBIIAs HA3BAHHUE HOCHOSH-

noti Cmeghana — bBonvymana. Cootnomrenue (7) HOCUT Ha3BaHue 3axkona Cme-

dana — Borvumana.

2.3. 3akou Buna

BPIH, IMPOBOAA TCOPECTUUCCKUE HCCICAOBAHHA C LCJIbIO YCTAHOBUTDL BHI

dyskuun f (o, T ) , TOKa3aJi, 4To dTa (PYHKIMS JT0JDKHA UMETh BHJT [1]
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f(oa,T)zofF(?j.

Ipu sToM st Gyskumu (A, T) coruacHo (4) mosydaeM COOTHOIICHHE
3
(}L T) 27520 (@) F (@j’
A A AT

%w(KT).

NJIn
r(aT)=

[Mponuddepenmmponan r*(k,T) o A, OJIy4UM
d 1

H[r*(x’T)J:_Sx_ +——[\y )T =

= %[xw’(ﬂ )—5y(AT)].
TIPHPABHSB MOCIEHEE COOTHOMIEHHE K HYITIO TIPH A = A, , OTy<HM
ATV (AT ) =50 (X, T).

U3 (8) cmenyer, uto
AT =C, =const.

(8)

(9)

CooTtHonleHue (9) HOCHUT Ha3BaHUEC 3aKOHA cMeueHus Buna N nepso2o 3aKona

-3 o
Buna. Koncranta C, =2,9-10" m-K naseBaerca nocmosaunou Buna. Ilonyden-

HOoe BuHOM CcOOTHOIIEHHE OOBICHSET CMEIICHHE MaKCUMyMa CIEeKTpalbHON

IINIOTHOCTHU 3H€p1’€TH‘ICCKOfI CBCTUMOCTH IIPpH HU3MCHCHHMN TCMIICPATYPLI TCJIA,

MOKa3aHHOE Ha pHUC. 2.

3aMeTI/IM, 4YTO U3 COOTHOIIICHUA

1

(L T) =55 v (0T)

u popmysl (9) cnenyer, uro [2]
o (LT)=(T/b) w(A,T)=C,T®,
rae C,=1,29-10° Br/(m*K°).

Cootnomenue (10) HOCUT Ha3BaHUE 8mMOPO20 3aKoHa Bumna.

(10)
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3. [IpobJiemMbl KJIaccu4eckoil puznku nNpu 00bICHEHNH 3AKOHOMEPHO-
creil TemJIoBoro udiaydenus. @opmyaa Paes — Lxkunca. «YabrpaduoJiero-
Basi karactpoda»

B 1900 r. monpITKy MOJIY4YUTh aHAMUTUYECKUi BHUI GyHKIH Kupxroda
npeanpuHsan Paneil. B ornuuune OT NMpeAlecTBEHHUKOB OH IOJOUIEN K 3TOMY
BOIIPOCY C TO3UIMNA CTaTHCTHUECKON (pusuku [2], paccMOTpeB paBHOBECHOE M3-
Jy4YEHHUE B 3aMKHYTOH MOJIOCTH C 3€PKAIBHBIMU CTEHKAMH KaK COBOKYITHOCTb
cTosruux DM BOJIH pa3IMUHBIX 9acTOT. Paneit mokasan, uro uncino dn DM kode-
0aHuii ¢ COOCTBEHHBIMH YaCTOTaMH B JMAama3oHE OT ® A0 M+ dw, 3aKiroueH-
HBIX B 00beMe V T0J0CTH, T0KHO YIOBIETBOPSATH COOTHOIICHUIO

dn ] Vo’do.

Konebanus ¢ pasHbIMA COOCTBEHHBIMU YaCTOTaMHU (0 COBEPILAIOTCS HE3a-
BHUCUMO JpYT OT Apyra. [Ipu 3Tom Kaxxaoit coOCTBEHHOH 4acTOTE COOTBETCTBYET
CBOsI KojieOaTenbHasl cTeneHb cB000AbI. [IpMMeHHB K Takoil cuctemMe B BUJE CO-
BOKYITHOCTH DM BOJIH TEOPEMY KJIACCHYECKON CTATUCTUKHU O PaBHOpACHpeIeiie-
HUU DHEPTUU MO CTENEHSM CBOOOJBI, COrJIaCHO KOTOPOM Ha KaXAyl0 CTENEHb

CBOOOJIbI CUCTEMBI JIOJDKHA MPUXOIUTHCS DHEPTHs, paBHAs (]/ 2) KT , Paneit mo-

JIY4HII COOTHOILICHHE
dW [1dn-kT =Vo’dokT
OTKyJ1a
u(oT)0 WV _ T
Vdw

J5M05!1
r(0T)=f(0,T)0 %kT .

B nmanpneunmem Ponelt m JIKMHC yTOYHWIM 3TO COOTHOLIEHHME, ITOJYYHUB

st ynkiuu Kupxroda hopmyny

2
(0

4r°c?

f(o0T)= KT . (11)

JlanHas popMyna nojy4yuiia HazBaHue gopmynvt Pones — icunca.
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HeTpynHo BuIeTh, uTo cooTHomeHue (11) ymoBaeTBOpseT 3aKOHY CMeIIIe-

Hus Buna. JlefictButensHO, (11) MOXHO IPUBECTH K BUTY
2nc
r(A,T)= ZRC(Zan a2 - Lo,
AU At A

aHAJIOTUYHOMY TOMYy, 4TOo moiyuun Bun. [Ipoens muddepennmpoBanue, mpu-
1eM B utore kK popmyse Buna.
OnHaKoO cpaBHCHUE 3aBUCHUMOCTH f (X,T), OCTPOEHHOM Ha ocHoBe (11),

¢ TpauKOM, MOCTPOCHHBIM IO IKCIIEPUMEHTAIBHBIM JIAHHBIM (CM. puc. 3), TMO-

Ka3biBaeT, uto (opmyna Panes -

f(AT)
A g JIkuHCa yJOBJIETBOPUTEIBHO OIUCHI-
Dopmya BAa€T 3aKOHOMEPHOCTH H3Iy4yeHHUs al-
Ponest - Jlkunca oo mp01HO YepHOro TeNa JHIIb B UIHH-
HOBOJIHOBOM 4acTH criekTpa (T.e. B 00-
OKCHEPUMEHT
j JACTH HM3KUX 4YacToT). B obmactu ko-
Dopmyna 7 POTKUX BOJH HaOII0IaI0Ch CYIIECT-
Ilmanka N
0 ’}L BEHHOE pPACXOXKJICHHE B JIaHHBIX, Ja-
Puc. 3

BacMbIX TGOpI/Ieﬁ N OKCIICPUMCHTOM.

Kpome TOro, coriacHo paccMOTpeHHOMY paHee, mHTerpan ot (ynkiuu (11)

JIOJDKEH J1aBaTh 3HAYEHUE DHEPreTUYECKOM CBETUMOCTH Tena R mpu jJaHHOU
TeMIieparype, KoTopas, O4eBHIHO, TODKHA OBITh BETUYMHON KOHeuHOH. Ho mH-

Terpan

KT
An’c

_[ o’do =00,
YTO MPOTUBOPEUUT 3/1paBOMY cMbIcy. [lomydeHHbIN pe3yabTaT U3BECTEH B HC-
Topun (PU3MKH Kak «yJabTpaduosneToBas KatacTpoday.

Paneit u Jlxxunc npu BbiBoJe cooTHoeHus (11) mcnonb3oBanu MeTOAbI
CTaTUCTUYECKOM (DU3MKH, B YACTHOCTH TEOPEMY KIACCHUYECKOW CTATUCTHKU O
paBHOpACHpPEICICHUN YHEPTUU IO CTeNeHsIM cBOOOJbl. [lomyueHHble UMU pe-

3yJbTaTbl HAXOAWJIIMCh B CTPOIrOM COOTBCTCTBHH C IPCACTABICHUAMU (I)I/ISI/IKI/I

TOr0 BpEMCHH, IIO3TOMY CTOJIb OUCBHUAHBIC PACXOKACHHA TCOPHUHU C OKCIICPUMCH-
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TOM CBHACTCILCTBOBAJIM O HCBCPHOM IIOHMMAHUU MCXAdHU3MOB H 3dKOHOB TCII-

JIOBOT'O U3JTy4EHUSI.

4. KBanroBas runore3a. ®opmy.aa Iliianka

B 1899 — 1900 rr. nemenkomy ¢u3uky Makcy [lnaHky ynamock ycTaHo-
BUTh Buj (GyHkuuu Kupxroda, TouHo cornacyromuiica ¢ 3akoHamu Credana -
Bonbumana, Buna u onbITHRIMEU JaHHBIMU. [[ITaHK paccMOTpesn TepMOAMHAMUYe-
CKYIO CHCTEMY, COCTOSAIIYIO U3 CTEHOK MOJIOCTH, HAXOIAIIUXCS MPU TEMIIEPATY-
pe T, ¥ 3aKJIFOYEHHOTO B 00beMe mojioctd DM uznydenus [1]. M3nydenne cre-
HOK nonoctu [limank npeacTaBui B BUJE COBOKYITHOCTH DM BOJIH, UCITYCKAaE€MbIX
OTAEJIbHBIMM aTOMaMH, MPUYEM ISl OMKUCAHUS MEXaHU3Ma HM3JIyYEHHS aTOMOM
OM Bouin [lnnank BeIOpas1 Hanboee MPOCTYI0 MOJIENIb aTOMa, MPEJICTABUB €ro B
BUJIC KOJICOTIOMIETOCs JUIOJS, T.€. JUHEHHOTO TapMOHUYECKOTO OCHUIUISTOPA.
COBOKYITHOCTh TaKUX OCIHUJUISITOPOB UCIycKaeT OM BOJIHBI HA BCEBO3MOKHBIX
4acTOTaX (», COOTBETCTBYIOIIUX COOCTBEHHBIM 4YacTOTaM KoJieOaHUM aTOMOB.
PaccmoTpeB Takyro cUCTEMY B COCTOSIHUM TEPMOJMHAMUYECKOTO PABHOBECHS U
y4uTs, YTO 0ObEMHAasl IIOTHOCTh PHEPTUU U3TYUYCHHUS HE 3aBUCUT OT Marepualia
CTEHOK IMOJIOCTH, a ONPEAEIISIETCS. TOJNbKO UX TeMiieparypoil, [lnank nmoxyunn B
1899 r. cooTHOMIEHUE AJISI CIEKTPATBHOM INIOTHOCTU SHEPreTUYECKO CBETUMO-

cTH abcooTHO YepHoro Tena (pynkuun Kupxroda) B Bume

2

foT)= (e, (12

rae <8®> - CpeAHSS PHEPrUsl OCIHHIUIATOPA ¢ COOCTBEHHOM YacTOTOH . 3ame-

TUM, 9TO cooTHoIeHue (12) mo Buxy 01mu3ko k popmye Panes — J[>xunca (11).

[TonOupas BHI BBIpAKCHHUS IS <8m>, [nank cnenan peBOTIOIUOHHOE

MMPCAIOJOXKCHHUC, 3aKIIIOYA0ICCCa B TOM, YTO
IHEPCUA KO]Z€6JUOLI/;I/DCC}1 amomoe-ounouel MoaHcem usme-
HAMbCA HE HENPEPDLIBHO, d OMCermHO, m.e. nopyuimu, npo-
NOPYUOHATbHbIMU H8K0m0p011 3]Z€M€HmapH01:l eeluvduHe —

K8AHMYy 3Hep2uu Ko1ebanuu €, .
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I[aHHoe MMPCAIOJIOKCHNEC N3BCCTHO B UCTOPUHU (1)I/I3I/IKI/I KaK Kearmoedas 2u-

nomesa.

Hrak, OM wu3znydenne ucnyckaercs nopuusmu. M3 caenannoro [lmankom
MPENOJIOKEHHST BBITEKAJIO, YTO IHEPTUsl OCHWLIATOpA JOJKHA OBITh KpaTHa
3JIEMEHTapHOM MOPIMU YHEPTHUH ¢,, T.€. £, =€, =Ngy, tae n=0, 1,2, .... B co-
CTOSIHUHA TEPMOJUHAMHYECKOIO PABHOBECHUS 3HAUECHUSI SHEPTUIl TAPMOHUYECKUX

OCHHUJIIIITOPOB AOJIKHBI ITIOAYNHATHECA CTATUCTUKC BOJ’IBHMaHa:
n
P,=C exp(——] , (13)

rae P, - BeposATHOCTB TOTO, YTO JaHHBIM OCLMIUIATOP, IPOU3BOJIBHO BEIOPAHHBIN

U3 BCEH COBOKYITHOCTH N rapMOHHYCCKNX OCHUIIIIAATOPOB, 6YI[CT NMCTHh 3HAUYC-
HHUC S5HCPIHUHU, PABHOC Sn; C - KOB(I)(bI/II_[I/IGHT, OHpGI[GJBIGMBIﬁ H3 YCJIOBHA HOP-
MI/IPOBKI/I:

o0

>R-L

n=0

Otkyna

C= . (14)

(15)

CpenHsst 2HEpTrusi TapMOHUYECKOTO OCIMILIATOpPAa ¢ COOCTBEHHOW YacTO-

Toii (g, ) paBHa
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B . inao exp(—rllgoj
(e,) =Y 6,P =D e, P =2 1B
n=0 n=0 _ n80
5 exp( -

(16)

n=0

Beenem o6o3naueHne X =g,/KT , Toraa

M

nexp(—nx)

(g,) =842 —:soiln[f(x)].

~ (%)= :Zoexp(_nx)

M (&

exp(—nx)

Il
o
>

Il
o

n

Cymma » exp(—nx) ectb GeckoHedHas yOBIBAOLas ICOMETPHYECKas
n=0

IPOTPECCHst C MHOXKHTEIEM (=€ * W MEPBBIM WieHOM, paBHbIM 1. Cymma mep-

BbIXx N 4JI€HOB 3TOI mporpeccuu paBHa (CM., HAIpUMep, BbIBOJ (HOPMYIIBI JJIst

MHTEHCUBHOCTH |, TH(PaKIMOHHON PEILIECTKH)

S — q" -1 e™-1
“og-1 e*-1'
otkyaa npu N =oo momydaem
S, = 1
1-e™*

d 1 g* € €
— _ I — 1_ —X — = 0 = 0 y 17
(2] =2 ( " j 80( ° ) (1—e*x)2 e*—1 e'% 1 7

B wutore, noacrasinsst (17) B (12), my1s ucnyckatesIbHOM CIOCOOHOCTH a0-

COJIFOTHO YCPHOI'0 TCJIa IIOJIy4acM CICAYIOIICC BhIPAXKCHUC!

2 2
f(oT)=r(0T)=— (¢ V)= __% 18
(0T)=r(oT) 4n2C2<8w> e (18)
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Kak Obu1o oTmMedeHo Bbitie, Bun, neitasch HaiiTh Bua ¢yHKiuu Kupxro-

(ba, mMOTYUHIT IS Hee COOTHONIEHUE
f((D,T)ZO)SF($j. (19)

N3 conocrasnenus (19) u (18) BuaHO, 4TO KBAHT 3HEpruu DM KosedaHui

JOJHKEH OBITh IPOMOPIIMOHATICH YAaCTOTE M, T.€.

g, =ho=hv. (20)

-34 o
[ocrostrHas h=6,63-10"" JIx-c HaseBaercs nocmosmnou Ilnanxa. C

yueroM (20) nns pyuakuuu Kupxroda okoHUaTEIHO MOTYyYaeM COOTHOIICHHUE

ho’ 1

2.2 ho
4TCC eﬁ—l

r*((o,T): (21)

CootHomienue (21) Hocut Ha3BaHue opmyast Ilnanka.

@opmyna [InaHka NOJHOCTBIO COTNIACYETCS € IKCIIEPUMEHTAIBHBIMU JdaH-
HbIMU (cM. puc. 3). IlyreM COOTBETCTBYIOLIMX MaTeMaTHYECKUX MpeoOpazoBa-
Hu u3 (21) moryTt ObITh TONydeHbl 3akoHbI Ctedana - bonpimana u BuHa.
JleficTBUTEIBLHO, UHTErPUPOBaHUE COOTHOIIEHUS (21) Mo yacToTam B mpeaesiax

ot 0 1o oo maert

kT4 w3 4 2
:‘x=h—®, oa—de ‘: (zz)gj X dx= kf3 4 .
KT h 4nch’ Y e -1 60ch

0

[Touck skctpemyma ¢dynkiuu Ilnanka r*(k,T) [mpu sTOM creayeT MOMHHUTS,

ato 1 (L.T) =22 ¢ (0,T)]

7\‘2
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MOCJIE COOTBETCTBYIONTUX MPEeOOpa30oBaHUI MPUBOANUT K 3aKOHY CMemieHusl Bu-

Ha.
3aMeTHM TakXke, YTO MPHU MalbIX 4acTtoTax, korga hAwll KT, u3 (19) cie-
IyeT
3 0] 3 2
I'*((D,T)z h(:z)z hcol =le z1+h_0): h(’;z hl = (Dz 7 KT,
4nceﬁ_1 KT| 4nc”q, 7o _, 4n°c

T.e. moirydaeM popmyiy Panest — [Ixxunca.
OtMmetum, uto u3 conocrtasienus (1), (4), (5) u (21) cnenyer, 4to
ho® 1

2.3 ho '
TC e 1

u*((o,T): (22)

5. llpumepsl peurenus 3aaa4

3agaua Ne 1
Huametrp Bonb(hpamMoBOi crmpanu B dnekTpudeckor sammouke d =0,3
MM, JurHa cripand | =5 cm [3]. Tlpu BKIFOYEHHHU JTaMIIOYKH B CETh HaIpshKe-
Huem U =127 B uyepe3 namnouky TedeT Tok | =0,31 A. Haiitu temnepatypy
cnupayid. CUUTaTh, 4YTO BCE BBIACISIONIEECS B HUTH TEIUIO TepsAETCA B pe3yibTa-
Te u3nydeHus. OTHOIIEHHE YHEPreTUYECKUX CBETUMOCTEH Bosib(ppama u abco-
JIOTHO YEPHOTO Tena it JaHHou Temnepatypsl a=0,31.
Pewenue
BonbdpamoBas crimpaib U3JIydaeT Kak cepoe TeI0, MOLUTHOCTh U3TyUCHUS
P'=R’S,
rie 1o 3akoHy Credana - Bosnbimana R/ =acT* - sHepreTuueckas CBETMMOCTB

ceporo Tena, S =27d -| - miomans MOBEpXHOCTH BOIB(HPAMOBOM CITUPAIIH.
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C YUC€TOM IHOCICOAHUX COOTHOIICHUM IJIs1 MOIIHOCTHU M3JIYUYCHUA CIIMpAJIn

MOXEM 3allmucaTb

P'=2racTd-I.

C npyroii ctopoHsl, MomHocTh Toka P’ =Ul , torma Ul =2zacT *d -1, o1-
py p

1/4
NI
2racd -1

1/4
j =2208 K.

KyJa TeMreparypa Cupaiu:

Ul
2raocd -1

Otset: T :(

3amaua Ne 2

Haiitn conHeynyto nocTosiHHYy0 K, TO €CTh KOJIMYECTBO JIYYUCTON DHEP-
ruu, ocbutaeMoil CoJHIIEM B €MHHILY BPEMEHHU Yepe3 €ANHUYHYIO TUIOIAIKY,
NEPHEHAUKYIIPHYIO K COJHEUHBIM JIydaM M HaXOJSIIYIOCS Ha TaKOM e pac-
CTOSHMM OT HEro, kak u 3emis. Temmneparypa mnoBepxHocTh ColHIla
T =5800 K . Coxniie cuutaTh aOCOTIOTHO YEPHBIM TEIIOM.

Pewenue

OHepretuueckas cBeTuMocTh CouHila o 3akony Credana - bonmbiimana
ectb R, =oT". Moumocts usnyuenns Comnma: P=RS,, rme S, =4zR’
WIomaas ero moBepxHocTH. C  y4eTOM TIEPBOTO BBIPAKCHHUS MOTydaeM
P =470T*R?. DTa MOWIHOCTh MajaeT Ha BHYTPEHHIO MOBEPXHOCTH CQEpBI,
paauyc KOTOpoM paBeH cpenHeMy pacctosHuto oT ConHia 1o 3emud
(R, =1,496-10" ). [lnomans noBepxHocTH 310l cdepsl S, =47R’.

[To onpenenenno coaHEeYHAs TOCTOSIHHAS - 3TO IJIOTHOCTh MTOTOKA M3JTY-

YeHUsI CKBO3b IOBEPXHOCTH 3T0M chepsl: K = P/S, . OxoHuaTensHO moydaem

oT'R?
TR

3

K
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4p2
OtBeT: K = ﬂ =138 KBT/M2 .

RZ

3agaua Ne 3
TemmepaTypa aOCOJIIOTHO YEPHOTO TeJIa M3MEHUJIACh MPU HAarpEBaHUH OT

T,=1000 K mo T, =3000 K [4]. Bo ckonbko pa3 yBeIU4IMIIach YHEpPreTUUecKas
cBeTUMOCTh R ? Ha ckoJIbkO M3MEHMIAach JJIMHA BOJHBI, HA KOTOPYIO IIPHUXO-
IUTCA MAKCUMYM CHEKTPAJbHOM IJIOTHOCTH JHEPrEeTUYECKOW cBeTuMmoctu? Bo
CKOJIBKO a3 yBEJIMYWIACh MAaKCHMajbHas CIIEKTpaJibHAs IJIOTHOCTb 3HEPIETH-

YEeCKOM CBETUMOCTH I Tena?

2 MdAKcC
Pewenue

W3 neporo 3akona Buna A T =C umeem

Makc

AT =C u 4,T,=C,.

[IpupaBHMBas JIEBbIE YACTH YPABHEHUM, OJIy4aeEM

AT, =AT, nnn _-Il:—lzi

2

ITo 3akony Credana - bonbiMana fu1st aDCONIOTHO YEPHOTO TeJa IHEPTre-

TUYECKasi CBETUMOCTb paBHa R = oT*. Orcrona noJiyyaem
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3 mepBoro 3akona Buwa — 4, =C /T, =2,9 mxm u A, =C /T, =0,97

MKM. M3MeHenue qmHbl BOaHbL: AA=A —A, =193 mxm. CornacHo BTopoMy

3dKOHY Buna makcumanbHas CIICKTpaJIbHas IMJIOTHOCTb BHCpFCTH‘ICCKOﬁ CBCTHU-

moctu I, =C,T°, rne C,=1,29-10"° Br/(m°-K®).

9 Makc

Torma
r=C,T>ur,=C,T,;
u
5
L LFR T
rl Tl
T 5
OrtgerT: L P 243.
T

3agaua Ne 4

[ToBepxHOCTH Tesa Harpera g0 Temnepatypsl T =1000 K [5]. Oxna moso-
BUHA 3TOM moBepxHocTu HarpeBaetcs Ha AT =100 K, apyras oxmaxmaercs Ha

AT =100 K. Bo ckonbko pa3 U3MEHSAETCS SHEPreTHYecKas CBETUMOCTh R 1o-

BEPXHOCTH ATOTO Tena?

Pewenue
ITo 3akony Credana - boipumana yist ceporo tena R = aoT*. Iocie Ha-

I'p€BaHHUA N OXJIAKACHUA SOHCPIrETUUCCKAA CBETUMOCTD HepBOﬁ )51 BTOpOfI I10JI0-

BUH OyJIeT COOTBETCTBEHHO paBHA
4 4 ! 4
R,=aoc(T +AT) uR,= aG(T —AT) :
Cpennsasa sHepreTdyecKas CBETUMOCTb CTAHET PaBHOM

R, +R
R’ —_ol 92 )
< 3> 2



21

[ToxcraBisast npeapIAYIINE BEIPAXKECHUS, TOTy4aeM

(R ac| (T +AT)“2+(T -AT)'| |

OTcroa HalijleM U3MEHEHHE YHEPTreTUUECKO CBETUMOCTH TeJa:

, 4 4
(R)) _(T+AT) +(T-AT) _106.
R! 2T

2

<]

OrtBeT: = =1,06.
R’ 2T

(R) (T+AT) +(T-AT)

2

3agaua Ne 5
Ha ckonbko ymenbiuTes macca CoJiHIIa 3a TOJT BCJICICTBUE U3ITyUCHUS?

3a kakoe Bpems Az, macca ConHua ymenbmnrces Basoe? Temmneparypa nosepx-

noctu Conuna T =5800 K [3].
Pewenue

MouHocTs, nznydaemas CosHIEM, paBHA

P=RS,

2

rne R, - sHepretndeckas ceetumocTh ConHIA; S = 47zRC2 - IJIOIAb €ro Mo-
BepxHocTH; R =6,96-10° M — paquyc Cosnia.

ITo 3akony Credana - bonsimana
R =oT",
TOT]1a MOIITHOCTD U3JTyYCHUS
P=47zR’cT".

N3meHeHue OHCPIruu COJIHI_Ia 3a CUCT U3JIYUCHHA
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AW =PAT.

C apyroit CTOpPOHBI,
AW =c’Am,

roe ¢ =3-10° m/c - CKOPOCTh CcBeTa; AM - u3MeHeHue macchl CosHIa.

HpI/IpaBHI/IBaH IIPaBbIC YaCTHU ITOCICIHUX ABYX BLIpa}KCHHﬁ, I[MoJIy4acMm

PA7 =c?Am,

OTKyada UBMCHCHHEC MACChI COHHHa
Am=PAz/c?.

HOI[CT&BHHH MOITHOCTD U3JIYYCHHUA COJ'IHIIa, IIoJiydacMm

Am

2 4
_4rRol Az GZT AT _137.107 kr-

C

Ecmn Am=(1/2)M_, rae M, =1,989-10% kr — macca ConHua, T0

2
At = % =7,06-10" rer.
87RoT

2 4 2
Orser: Am=2ROT AT 9 07 107 oy Ar,=— € _7,06.10"

C 87RoT

JICT.

3agaua Ne 6

Mennbiit mapuk auamerpoM d =1,2 ¢cM MOMECTHIIM B OTKAYaHHBIH COCY/I,

TEeMIlepaTypa CTEHOK KOTOPOTO MOAJEPKUBAETCA OMU3KOM K a0CONIOTHOMY HY-

mto. Hayanenas temneparypa mapuka T, =300 K. Cunuras noBepXHOCTb II1apuKa
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aOCOJIIOTHO YEPHOM, HAWTH, Yepe3 KaKOe BPEMS €ro TeMIepaTypa YMEHBIIIUTCS B
n =2 pasa [4].
Pewenue
ITo 3akony Credana - boiapiiMaHa 3HEpreTUUecKas CBETUMOCTD IIapuKa

Kak a0COJIFOTHO YEPHOTO TeJia paBHA
4
R,=oTl".

Bo3bmeM Masblii uHTEpBai BpeMeHu dt, B TeUeHHE KOTOPOTO TeMIIEpaTy-
pa u3MeHsieTcss Ha Manyto BenmyuHy AT, TaKk 94TO MOXKHO CUHUTATh TEMIIEPATypy
IapuKa B 3TOM MHTEPBAJIE IOCTOSHHOW U PaBHOU [ . DHeprus, Tepsemas mapu-

KOM 3a 3TO BpCM:, OIIPCACIIACTCA COOTHOIICHHUCM

dW =S R dt,
rae S, = 47r(d / 2)2 - UTOTIIA Th TTOBEPXHOCTH IIapuka. Torma

dW = zd°cT “dt. (23)

C nmpyroit CTOpOHBI, TeMIIepaTypa Iapuka yMeHbiraercs Ha dT u u3 Tep-
MOJAMHAMUYECKUX COOOpaXXEHUU MOTEpsl SHEPIUU IIapuKa 33 CUET YMEHbLICHUS
TEeMIIEpaTypbl OYJET BhIpAXXKaTbCs Uepe3 TEIUIOEMKOCTh BEIIECTBA, U3 KOTOPOIrO

W3TOTOBJICH IIAPUK, CIETYIONIUM 00pa3oM:

dW =—-mcdT (24)

3
4
rac C - TEIIJIOEMKOCTH MaTepHuajia 1ia HKa, m= — | — - Macca 1iapmukKa -
3712 > P

IJIOTHOCTh MaTepHalia napuka.

[ToncraBiisst BepakeHust Iyist C 1 M B (24), nonyyaem

3

4 d T
dW = ——7— pcdT =—=d3pcdT . 25
37 g " s4° (25)
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[TpupaBHUBas npassie Yactu (23) u (25) BeIpakeHuid U Beipaxkas dt, mo-
JTy4yaem

gt=-P4 9T
60 T

HuTerpupys nocaennee cootHomenue ciaesa mo t or 0 o t,, cupasamo T

ot T, mo T,/n, noay4aem

To/n
J‘dt__C,Od d-E: de3(773_1).
60 ; T° 180T,

0

[Moacrasisis uncnoBsle qanHbie [C., =0,39 x/(r-K), p., =8,9 r/ em’ ],

IMoJ1y4acMm

cod
t, = 3
180T,

(7°-1)=2,94 uaca.

Ortser: t, = 1;’;%(773 _1) =2,94 yaca.
0

3agaua Ne 8
[Tonocte 00beMoM V =1 11 3an0JIHEHA TEMJIOBBIM U3JTyY€HHEM Npu | =

=1000 K. Haiitu: a) Terutoemkocts C,, ; 6) sHTponuio S storo usmydenus [4].

Pewenue

CyMMapHasi BHYTPEHHSSI SJHEPTUsl U3TyUYCHUS
U= 4 RV,
c

4
rie R =oT" - cnekTpanbHas INIOTHOCTH TOTOKA U3JIy4eHUs! a0COIOTHO YE€PHO-

ro tena. C y4eTom NociaeaHero

U IEO'TAV .
C



25

MosnsipHast TETJI0OEMKOCTh IPU MTOCTOSIHHOM 00beMe

oU 160
CV‘(@TJV‘ c

HOI[CTE[BJIHSI YHUCJIOBBIC 3HAYCHUA, IIOJTYyUaCM
-9
C, =3,02-10° Jx/K.
HepBoe Ha4daJio TepMOIII/IHaMI/IKI/I:

0Q=dU +5A.

C yueToMm cBs3U

MNCSPpCIIMICM 3TO COOTHOIICHUC B BUJIC

TdS = dU + pdV .
4 4

Tak kak p=u/3u u=—cT", T0
c

TdS :EGVT%’T +i0T4dV :
C 3c
DHTponus OyJeT paBHa:
[ds :Eavasz +iaT3jdv Y L LY ¢,
C 3c 3c 3c 12

C ydyeToMm AaHHBIX 3a7a4M nojayuum S =1,26 107° Jix /K.

Orser: C, =07 T =3,02-10° [x/K; S :%cv =1,26-10"° JIx/K.
C
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3agauya Ne 9
Haiitu ¢ momonisio popmyibl [Inanka MOIIHOCTD U3ITyUYEHUS €AMHUIIBI
IOBEPXHOCTH aOCOJIFOTHO YEPHOTO TeNa, MPUXOIAIIYIOCS Ha Y3KUI HHTEpBaJl
UiH BOJIH AA =1 HM BOMU3M MaKCHMyMa CIIEKTPaTbHON TUIOTHOCTH U3TYUCHHS
npu Temneparype tena T =3000 K [5].
Pewenue
[To popmyse [Inanka oObeMHast CIEKTpalibHAas TUIOTHOCTH PABHOBECHOTO

H3JIYUYCHHUA Uw , TO €CThb OHCPIUA U3JIYUYCHHA, OTHCCCHHAA K CAUHHUIIC o0beMa U K

CANHUYHOMY HMHTCPBATIY YaCTOThI, OIIPCACIIAACTCA BhIPAKCHHUCM

2
0] ho
Uudw= do
w 2C3 hfa)
4 ekt -1

ITepeiinem k 06branoil wactote: U, dw=0,dv (w=27zv). Tora

2zn(2zv) 1 167t 1

2.3 27hv 3 2zhv
7 C C

e kT _1 e kT _1

v

CH@KTpaJ'IBHaH IINIOTHOCTD B 3aBUCHUMOCTH OT AJIMHBI BOJIHBI U3JIYUCHHA
—u(4,T)dA=u,do,

27C 27C
rne A=——. Torma do= _7(” Y MOKHO 3aIlucaTh
w

u(ﬂ,T):%u(%,T):%uw.

IToncraBuM 00OBEMHYIO CIIEKTPAJIBHYIO INIOTHOCTh PABHOBECHOTO U3Iyde-

HUA B ITOCJICIHCC BBIPAKCHHUC!

3 2
u(/LT):Zﬂ'C(Zﬂ'Cj h 1 :167r ch 1
T

12 ﬂ 2C3 27he 15 27he

eﬂkT _1 e/lkT _1
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MOHIHOCTB H3JIYYCHHUA CAMHUIBI INIOMAAN ITOBCPXHOCTHU a0COJIFOTHO qacp-

HOT'O T€JIa
P=2u,
4
TOoraa
2.2
aP=Su(2T)ar=22En A4
4 PREN
"M 1
ITo nepBomMy 3akoHy Buna
2, =b,

TOraa MOIMHOCTL PABHOBCCHOI'O U3JTYUCHUA

Ar*c’h AL
AP = Tz
moek -1

C YUYE€TOM JAaHHBIX 3a1a4U IMMOJIYYUM

AP =0,312 Br/cM®.

2.2
Otset: AP = 4r 5C L Zﬁhﬂ, =0,312 Br/cv? .
& e -1

3agaua Ne 10

Temneparypa nosepxnoctu Connna T, =5500 K. Cumras, uro noraomia-

TeNbHas crnocoOHoCcTh CoJiHIIa U 3eMJId paBHA €IUHUIIE U YTO 3eMJISI HAaXOIUTCS

B COCTOSIHUM TEIUIOBOTO PAaBHOBECHS, HAaliTH ee TeMmieparypy [3].



28
Pewenue
bynem paccmatpuBath 3emuto U ConHIE Kak aOCOJIOTHO YEPHBIE TEJa.

Tornma MomtHOCTh, u3nydaeMast ConHileM, OyIeT paBHa:
P= 47Z'R02R30 = 47ZO'R§TO4 ,

rae R, - ceerumocth ComHita; R, - ero paguyc.
20 0

IToTok OHCPI'uU U3JTyUCHUA COJIHI_[a, HpHXOﬂHMHﬁCH Ha CIMHUITY TCJICC-

HOTO YyTlJIa,

P P o4
| =— = —RIT".
dQ) 4r R To

YacTh MOTOKA OHCPIuy, mnmoragaromas Ha 3eMJII0 ¥ morjonjaeMas €10, OII-

peaAcCIACTCA CIICAYIOIIUM TCIICCHBIM YIJIOM:

B 7R?

r2 '

AQ)

rae R - pagnyc 3emnu; I - paccrosinue ot ConHua 10 3emun. Toraa MOITHOCTh

m3nydyenust ConHIla, morJomniaemMas 3emiieid, OyaeT paBHa:

2p2T 4
P':|AQ:%_

r

MoIHOCTh, W3NTydaeMasi 3eMIIeH, P”:47zR2R33:47z0R2T4, rnre R, -

CBETUMOCTh 3eMiIH; T - TeMrepaTypa MOBEPXHOCTH 3EMIIH.
[IpupaBHMBas MOIIHOCTH MOTJIOMICHHYIO U MOIIHOCTh, MU3Iy4aeMyr0 3eM-

JIed IpU YCJIIOBUM TEIUIOBOTO PABHOBECHS, TIOJy4aeM

R

T=T,=\[72 =266 K
r

Otser: T =T, = % =266 K.
r
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3agaua Ne 11
Haiitu ypaBHeHHe anabaTniaeckoro mnpoiecca (B nepeMeHHbx V u T ),
IPOBOJIMMOTO C TEIJIOBBIM U3Iy4EHHEM, UMES B BUY, UTO MEKIY JaBICHUEM U

IUIOTHOCTBEO SHEPTHHU TEIUIOBOTO U3IIYYEHUSI CYIIECTBYET CBsizb: P =U/3 [5].

Pewenue
YuuTbIBas CBA3b 00BEMHOM TIOTHOCTHU U3TYUYCHHS C IHEPTreTUUECKOM CBe-

THMOCTBIO a0COJIFOTHO 4epHOro Tena - R =cu/4 u 3akon Credana - bosipimana

4
- R, =0T", HaxouM 2HEPruI0 U3IIy4eHHs MOJIOCTH:

U=uV =40VT*/c, (26)
rae U - IJIOTHOCTh AHEPTUM u3nydeHus; V - o0beM nojoctu; T - Temmeparypa
CTEHOK IIOJIOCTH.

[lepBoe Havano TEPMOAMHAMUKH JUIsl a1Ma0aTHOTO MPOLIECCa UMEET BH/T
dU + pdV =0, (27)

rae p - naBneHue manydeHus; dV - npupamieHue oobeMa MoJIOCTH.

I/ICXOI[H H3 yCJIOBHA 3ada4u, IIOJIy4acM

u 4oT?
3 3 (28)

C yuerom (28) cootHomieHne (27) MOKHO TIepenucaTh B BUJIC
4 l 4
d(VT*)+=T*dv =0.
3
Paszienum Ha (VT4 ) , TIOJTYYHM ClIeLyIomiee:

{2 (2o

Orcroa cienyer, 4To
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d [In(VTg)] =0, to ectb VT® =const .

Otser: VT3 =const .

3agaua Ne 12

[Mpunumas, uro ConHile U3Ty4aeT Kak aOCONIOTHO YEPHOE TENO, BBHIYMC-
JIUTH €T0 SHEPreTHUYECKYI0 CBETUMOCTH R, M TEMIIEpATypy €ro INOBEPXHOCTH.
ComHeunslid tuck BujeH ¢ 3emin nof yriiom 0=32". ConHe4YHass MOCTOSHHAS
(BesinuMHa, paBHAs MOBEPXHOCTHOM IUIOTHOCTH IMOTOKA SHEPTUU HU3IYUYCHUS
Connua BHe 3eMHOU aTMocdephl Ha cpelHeM paccTosiHuu oT 3emuin A0 ComHia)
C =14 xJx/(m*c) [3].

Pewenue

CHauvaJia BBINIOJIHUM PHUCYHOK.

\

\

|
| Rc3 - CpeaHec PACCTOAHUC

+3 ot 3emnu go CoHia
eMJISI
| R, - pamuyc Commiia

[
|
|
/

Puc. 4

W3 pucyHka BUIHO, 4TO

2R =R_0,
nIn

(29)
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[ToTok 3Heprun OM u3iydeHusi, HCIyCKaeMoi moBepxHocThio CoHIIA,

2 *
® =47R?R. (30)
Tak kak Ha IIYTH ABUKCHUS IIOTOKA SHCPTUU SM H3JIYYCHUA OT COHHHa K 3emiie
IMOTCPH SHEPTHUH OTCYTCTBYIOT, TO UCPC3 Boo6pa>KaeMon C(i)epI/I‘IeCKYIO IMOBCPX-

HOCTBb paInyCoM RC3 TAKXKC OOJDKCH ITPOXOAUTH IIOTOK SHCPIUU, OHpe,HeJI}IGMLIﬁ

cootHomenreM (30). B To ke Bpemsi, ¢ y4eTOM MOHSTHUSL «COJTHEYHASI TTOCTOSIH-

Has», 3TOT IOTOK MOXET OBITh TIPEJICTABIICH B BHJIC
_ 2
O =47R’C. (31)
[TpupaBuuBas npassie Yactu (30) u (31), mocite mpeoOpa3oBaHui MOTydaeM

~__ C 4

| (RC/RCS)Z ) 62 |

Tenepsb, Bocnonb30BaBIIKCh 3aKk0HOM CTedana — bonbliMaHa, NOTy4YuM

T3¢
c6?

IToncTaBisst YMCIOBBIE JJAHHBIC, MTOJTy4aeM: R: = 64,7 MB1/M?, T =5800K.

Otser: R, =64,7 MB1/™°, T =5800K.
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