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TonanHHO M3IBbYBaHE. AOCOJTIOTHO YepHO T5J10. 3akoH Ha Kupxod

Bcunuku Tena, HarpeTu 10 BUCOKa TeMIepaTypa, U3IbuBaT BUAMMA CBEeTIMHA. Hanpumep npu HarpsiBane Ha
napye xkensizo 1o temmeparypa 700°C To 3amouBa sna uW3ib4Ba YepBeHa cBerTinHA. C IMOBHIIABAaHE Ha
TeMmrieparypara IBeThT Ha u3ibuBaHeTo ce mpomens. IIpu 1000°C mBersT craBa xwiart, a npu 1500°C —
BHOJIETOBO-0s1. O4eBHUHO C HApacTBaHE HA TeMIleparypaTa MaKCUMyMbT Ha M3TbYBAHETO CE M3MECTBA KbM
MO-MAJIKUTE JBDKUHE HA BBIHHUTE. [IpU MO-HUCKHM TeMIlepaTypu Tejara ChII0 W3TbYBAT €ICKTPOMArHUTHH
BBJIHU, HO T€ HE C€ BB3MPHEMAT OT YOBEIIKOTO OKO, Thil KaTO ca W3BbH BUaUMHUs auana3oH (400<A<750 nm).
N3npuBaHeTo Ha ENEKTPOMArHWTHU BBIHU OT Tejara, HAarpeTd 10 HIKakBa TeMmIepaTypa, MO-BHCOKA OT
a0coJroTHAaTa HyJa, ce Hapu4da TOIUTMHHO (TeMIlepaTrypHo) u3inbuBaHe. OMUTHT MOKa3Ba, Y€ €THOBPEMEHHO C
U3TbYBAHETO TeJlaTa ChINO W TOTIBINAT IMOMAJHATUTE BBPXY TAX EJICKTPOMAarHUTHU BBIHH. AKO
TeMIIepaTypara Ha €THO TsUIO € TI0-BUCOKa OT Ta3HM Ha OKOJIHATa Cpejia, TO IVIABHO M3TbYBa, U OOpaTHO — aKo
Temreparypara My € mo-Hucka — moribiua. (ToBa e Taka, 3alIOTO OCHOBHOTO CHCTOSIHME Ha TellaTa €
TOIUIMHHOTO paBHOBecHE.) TOMIMHHOTO U3TbUBAHE € Hal-pa3NpOCTPAHEHOTO B IpupoaaTa. To € yHuBepcaaHo
SIBJICHHE U C€ JIBJDKU Ha TOILTMHHOTO JBMI)KEHHE HA aTOMUTE U MOJICKYJIMTE BbB BelllecTBarta. Tenara nu3pbuBaT
€JIEKTPOMAarHUTHH BBJIHU BCIEACTBUE TNPEOOpa3yBaHE €HEpruira Ha XaOTHMYHOTO TOIUIMHHO IBM)KCHHE HA
YAaCTHUIMNTE UM B CHEPIHsl HA H3JIbYBAHE (JIBUYUCTA CHEPIHUS).

Karo konmuecTBeHa XapaKTepUCTHKAa Ha TOIUIMHHOTO H3JIbYBAaHE CE€ BBBEXAa (U3WYHATA BEIWYHHA
UHTErpajiHa U3JIbuBaTeIHa (eMUCHOHHA) crtocoOHOCT. T ce ompeesis YUCICHO OT EHEPrusiTa Ha TOIUTMHHOTO
M3ITbYBaHE, KOSTO CE M3JIbUBA OT €IMHUIIA MOBBPXHOCT Ha JIJICHO TSJI0, HATPSATO JI0 HAKAKBA TEPMOJAMHAMHYHA
temneparypa T, 3a enununa Bpeme. O3navana ce ¢ E1 unu We:
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MepHara eIMHHIA 33 W3Tb4BaTENHA criocobHocT ¢ W/m?. B mporeca Ha M3TbYBAHE TAIOTO HEMPEKHCHATO
ryOM 4acT OT €HeprusTa cH, Mopaau KOeTo TeMIeparypara My ce MOHMXaBa. 3a Ja ce MOoAIbpXkKa NpoLechT Ha
M3TbYBAHE TIPU MMOCTOSHHA TEMIIEpaTypa, TSIOTO TPSAOBa U J1a MOTIIBINA eHeprus. TakbB MpoIec Ha TOTUTMHHO
U3IbYBAHE, MpPH KOWTO M3TOYHUKHT HAa ENEeKTPOMAarHUTHO JbYEHHE C€ HaMupa B CBHCTOSIHHE Ha
TEPMOJMHAMHYHO paBHOBecue (7=CONSt), ce Hapu4a PaBHOBECHO TOIUIMHHO H3IbUBaHe. BesAko Tsaimo mpum
TEPMOJUHAMHUYHO PaBHOBECHE M3IbYBA TOJIKOBA €IEKTPOMAarHUTHA €HEPrHsi, KOJIKOTO U MOTTbIIA.

[To-yecTo, KOraTO CE€ TOBOPM 3a M3IIBUBATENIHA CIIOCOOHOCT Ha JAJEHO TSUIO, C€ MMa TIpPEABHA T.HAp.
CIEKTpaJlHa M3IbUBaTeNHAa cHocoOHOCT Ej 1 — eHeprusirta, KoATO ce U3Ib4YBa OT €IMHHIA MOBBPXHOCT Ha
JaJieHo TSIO 3a eIUHMIIA BpeMe mpu Temrieparypa 7T, 3a ornpereneHa JbDKMHA Ha BhITHATa A (Ha MpaKkTHKa 3a
MHOT'O MaJIbK HHTEPBAJI OT IBJDKUHH Ha BBIHUTE 0A):
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Kakto ka3zaxme, BCHUKM Tesa, OCBEH Ja W3IBbUBAT, NMPHUTEXKaBaT CHOCOOHOCT M Ja MOTTBLIAT MOMAIHAIOTO
BBPXY TAX €EKTPOMArHUTHO JTbYeHHE. ToBa TIXHO CBOWCTBO C€ XapaKTepu3upa OT Apyra GU3NIHA BEITHMUNHA,
HapeueHa CIeKTpalHa moribinarenHa (abcopOiuoHHa) cnocoOHocT. Ts ce ompenens OT OTHOIICHHETO Ha
noreiaHatara AW, xbMm mnamnamata dW; elekTpoMarHWTHA €HEpPrus 3a €IAWHHUIIA BpPEeME BBPXY CIWHHIA
MOBBPXHOCT OT TSUIOTO MPH JafieHa Temmneparypa T u onpenesieHa IbDKMHA Ha BhiaHaTa A. O3HayaBa ce ¢ Ay, 7t
A = dw,
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OueBuAHO €, ue MoTrIblIaTeIHaTa CIOCOOHOCT € Oe3pa3MepHa BeIMYMHA U MOKa3Ba KakBa 4acT OT MaJHAIOTO
€JIEKTPOMArHUTHO JThYCHUE C OTpeIeieHa Jb/DKUHA Ha BBJIHATA BBPXY €IMHUYHA MTOBBPXHOCT OT JAJICHO TSJIO
ce MOTJbIla OT Hero 3a eAuHuIa Bpeme. OCBEH OT TeMIieparypara U JbJDKHHATA HA BBIIHATA BETE BEITUYHHH
Ear 1 Ay r 3aBHCAT OllIe OT MaTepuaia ¥ BHJa Ha MOBBPXHOCTTA HA TsU0TO. [l0-HATATHK, KOTaTO TOBOPHUM 3a
MOTITBIIATEIIHA U W3TbYBATEIHA CIIOCOOHOCT Ha TS0, 1€ MMaMe TPEABH] CHEKTPATHUTE W3ThYBATEIHA U
MOTJTBIIATENIHA CTIOCOOHOCT.

[TppBaTa KONMYECTBEHA 3aBUCUMOCT MEXKIy TOTIIbIIATEIHATA M W3TbUBaTEeIHATAa CIIOCOOHOCT HA JaJCHO
HEMPO3payHO TUIO € ycTaHoBeHa oT HeMckust Gpu3uk I'. Kupxod. 3akonst Ha Kupxod riacu, ue OTHOIIEHHETO
MEXIy HW3TbYBaTeIHATa M IMOTITBIIATENHATA CIOCOOHOCT Ha JaleHO TsUI0 € PaBHO Ha eHa YHHBEpcallHa
GyHKIUS Ha IBIDKMHATA HA BRIHATA U TEMIIepaTypaTa Ha TSI0TO, KOATO € €HAKBA 32 BCHUKH TeJla U HE 3aBUCH
OT TSIXHOTO €CTECTBO:
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OT ropHOTO PaBEHCTBO CJE/BA, Y€ KOJKOTO MO-CHJIHO MOTJIBIIA €IHO TSAJIO JAJEH BHUJ JIBYEHHUE C OIIpe/eIcHa
IBDKMHA Ha BBJIHATa A, TOJKOBA IO-CHJIHO INE H3TbYBA TO CHUIMS BHUJA JbYeHHE (TIPH €1HA U ChINa
Temneparypa). 3akoHbT Ha Kupxod e B chriacue ¢ ycllOBHETO 3a TEMIIEpaTypHO paBHOBECHE Ha TenaTa. 3a Ja
ce MoAIbpKa TeMIepaTypara Ha €IHO TsJIO MOCTOSIHHA, TO TpsAOBa /Ja M3IbuYBa TOJKOBA €HEPIHsl, KOJIKOTO U
norplia. B mpoTuBeH ciydail HeropaTa TemIeparypa LI€ C€ MOBUIIM WIM IOHUXHU U PAaBHOBECHETO MY 1€
Obae HapyuieHo. Haii-moaxoasdim 3a M3TOYHULM HA TOIJIMHHO M3JIbYBAHE Ca TesaTa, KOUTO M3IUIO MOIIbILAT
MaIHAATE BHPXY TAX €JICKTPOMAarHUTHHU BBJIHU He3aBHCUMO OT A U T. Te ce XapakTepu3upar ¢ moriabliaTeaHa
crocobHoCcT A; /=1 u ce Hapuyar abcomroTHO uepHm Tena. Crnemomarenuno (1) TaxHATa W3THUBATEITHA
criocoOHocT ¢ ToyHo Tasu yHuBepcanHa ¢ynkius f(A,T). TakoBa Tsuio b0 € (GHU3MYCH MOJEIN, KaKTO
MaTepHajiHa TOYKa WJIM MJeaJleH ra3, Thil KaTo TakuBa Tejla B MPHUPOJATa HE ChIIECTBYBAT, HO MMa MHOI'O
00EKTH (Hamp. 3BE3AUTE), KOUTO ce NOoOIMKaBaT 10 TO3U Mojed. Bcuuku Tena, KOMTO MOTaT Jia ce mpueMar 3a
a0COJIIOTHO YEepHH, MOMIBINAT €IHAKBB CHEKThP OT JABIDKMHHM Ha BBJIHUTE, 3aBUCEI CaMO OT TeMIleparypaTa,
HO HE U OT ChCTaBa M MOBBPXHOCTTA UM. AOCOIIOTHO YEPHUTE TeJjla MOMTbLIAT €IEKTPOMAarHUTHUTE BBJIHU C
BCUYKH Bb3MOXKHU JBJKUHH, KOUTO MONAIaT BEPXY TAX (M, B CbOTBETCTBHE ChC 3akoHa Ha Kupxod, cbiio Taka
U3JIBYBAT B LEIHSI €IEKTPOMAarHUTEH CIEKTHD).

Ot 3akoHa Ha Kupxo@ ciensa ole, ye ako €HO TSAJIO HE MOIJIbIIA eIeKTPOMArHUTHU BBJIHU C OIpeesieHa
IbJDKAHA A Tipu nazaeHa temmeparypa (Aj r=0), To Hama u na ru m3ibuBa (E) 7=0). 3akonsT Ha Kupxod
[03BOJISIBA TIPUM M3BECTHA 3a JAJCHO TsUIO MOIJIbLIATENHAa CHOCOOHOCT A)r Ja ce Uu3pa3u Heropara
U3JIbYUBATENIHA CIIOCOOHOCT Ype3 Ta3u Ha adcomoTHO yepHOoTO Ts10 f(A,T). ETo 3amo ce okazano MHOTO Ba)KHO
Jla c€ HaMepH Ta3u YHUBepcaHa QyHKIHUS.

3akonn Ha Credan — bosman u Bun. @opmyiia na [linank

PemraBaneTo Ha Ta3W 3ajaya ce OKa3ajO HE TOJKOBA JIECHO W OMJIO TPOBENEHO HAa HSIKOJKO eTara.
[IbpBOHAYATHO HA OCHOBATA HA EKCIIEPHMEHTH, HANPABEHH OT aBCTpuiickus ¢usuk M. Credan, e omnpeneneHa
WHTErpaJlHaTa U3TbuBaTeIHaTa CriocoOHOCT ET Ha aOCOMOTHO YepHO TsUIO KaTo (PYHKIMS OT TeMIlepaTypara
Mmy. ITo-kbcHO OT aBcTpuiickus ¢usuk JI. Bonaman e n3BeeH TeOpeTUUHO U3pa3, U3BECTEH BbB (PU3MKaTa KaTo
3akoH Ha Credan—bonman:
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T.€. MHTETpajHaTa U3JIbUBaTelIHa CIIOCOOHOCT Ha aOCOMIOTHO YEPHO TSIO € MPONOPLMOHATHA HAa YeTBbpTara
CTENECH Ha TepMOAMHAMHUYHATa (aOCONIOTHATA) TeMIlepaTypa Ha TsUIOTO, KBICTO BEIMYMHATA 6=5.67x10
W/(m?K? ce mapuua xoncranta Ha Crepan — Bomman. 3akoHBT Ha
Crepan — bBommMaH TmoOKa3Ba H3BBHPENHO OBP30 HapacTBaHe Ha BT
U3JI'bUBaTEIHATA CIOCOOHOCT Ha TejaTa ¢ TeMIeparypara.

CrenBamusT eTan B ONPEENSHETO Ha YHUBEpcalHaTa (pYHKUIUS O
U3BbpIIEH OT HeMckusl ¢pu3uk B. BuH, KolTO ycTaHOBMI, Y€ JAbIKUHATA
Ha BBJIHATa, ChOTBETCTBAILlA HA MAaKCUMaJIHATa U3bUBaTeNIHA CIIOCOOHOCT
Ha a0OCONIIOTHO YepHO TAIO0 € OOpaTHO MpOMOPIHOHAIHA Ha
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TepMOJMHAMHUYHaTa (a0COII0THATA) My TeMIepaTypa: y= T
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KbJETO D € MOCTOSsIHHA BEJIMYMHA, HAPEUCHAa KOHCTaHTa Ha BuH; b=2.9x10"° m.K. 3akonsT Ha Bun 06sicHsBa
3al0 MpH TOHIIKAaBaHE TeMIlepaTypara Ha HarpeTUTe Tela B CHEKThpa Ha HM3TbUYBAHETO UM C€ TOSBSIBAT
IBITHTE BBJIHA. Hammpumep npu TorneHe NBETHT HA METAIHMTE € MOYTH OsJI, a MPU M3CTHBAHETO MM IPEMHHABa
MTOCTETIEHHO B YEPBEH.

Ha ¢wur. 1 ca mokasanu KpUBHTE Ha CIEKTpallHATa M3TbYBATEIIHA CIIOCOOHOCT HAa a0COJIOTHO YEPHO TSIIO
MIPH HSAKOJIKO pa3iMYHU TemriepaTypu. Te ca miroctparus Ha 3akonute Ha Credan — bonmman (2) u Bun (3).
3akonsT Ha Credan—bonmman HM JgaBa WHTErpajgHaTa M3IBYBATEIHA CIIOCOOHOCT, T.€. TOBA € IUIOIITA TOJ
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KpuBarta Ha Ej 7 = — BUK]L 4e ¢ NOBMIIABAHE HAa TEMIIepaTypaTa Ta3u mioml pacte 66p3o0. OT
arana Ey7 (E; = | E ;dA a ce, 4e C MOBHIIABAHE HA TEMIIEPATypaTa Ta3u 1ol pacte 66p30. O
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TAX CBUIO C€ BWXKJA, Y€ IPU MOBUIIABAHE HA TeMIlepaTypaTa MaKCUMyMbT HAa M3JIbYBAHETO CE€ OTMECTBA KbM
MO-MAJIKUTE JBJDKUHU Ha BBhJIHUTE. OT IJIe[JHAa TOYKA HA KJIacudeckaTa (U3MKa BUIBT HA T€3U KPUBU HE MOXE
na 6b1e 00siCHeH (HaJIsBO OT MaKCHMyMa, KaKTO M CaMOTO CBIIECTBYBaHE Ha MaKCHMYM Ha HU3I'bUBAHETO IMPH



olpeJiesieHa ThJDKUHA Ha BbJIHATA). AOCOJIOTHO YEPHOTO TSJIO MPEACTABIISIBA HICATHHUAT WU3TBbUBATE M CE
ChCTOM OT OTPOMEH OpOil aTOMH, BCEKM OT KOMUTO M3JIbYBA CJICKTPOMATHUTHU BBJIHH. Thii KaTO aTOMHTE
W3TbYBAT BBJIHM C pa3jinyHa JbJDKMHA, CYMapHOTO EJIEKTPOMArHUTHO H3JIbYBaHE OT IBUIOTO TSJIO € C
BCCBB3MOKHHM [IB/DKMHM Ha BbaHMTe. C TOBa MOXe Ja ce OOSCHH HEMPEeKbCHATHIT CIEKThD Ha
CJIEKTPOMArHUTHOTO W3JIbYBaHE, HO HE M HErOBOTO OTMECTBAHE C HAapacTBaHE Ha TEMIleparypaTa, KaKToO W
dopMaTa Ha KpUBUTE NPH MAIKH ABDKHHA Ha BBIHHUTE. 3a TAXHOTO oOsicHeHne M. IlmaHK Mpeaioxnui
dbopmyna, u3BecTHa karo popmyna Ha [1nank, onpenensma GyHKIMOHATHATA 3aBUCUMOCT Ha U3IThUBATEITHATA
criocoOHocT oT A 1 T
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KBJETO C € CKOPOCTTA Ha cBeT/IMHATa, h — koHcTaHTaTta Ha [lmaHk, A — Ib/DKMHATA HA BhJIHATA HA U3IIBYBAHETO,
k — xoHcranrara Ha Bomman, a T — TepMOoIMHAMHUYHATA TEMIIEpATypa Ha M3JIHYBAIIOTO a0COIIOTHO YEPHO
Ts70. BB3HUKHATUTE TPYAHOCTH B TEOPHATA HA TOTUIMHHOTO M3TbYBAaHE Ha aOCOJIOTHO YEPHOTO TSIIO OWITH
CBBP3aHM C €IHO OT OCHOBHHUTE IMOJIOKCHHS B KJacHueckara (Gpu3nKa, Crope]l KOeTO CHePrusiTa Ha BCSIKO TSIIO
(WM cucTeMa) MOXKe J1a Ce M3MEHS HEMPEKhCHATO U Ja 3aeMa BCSIKAKBU CTOMHOCTH. 3a j1a 00sichu opmya (4),
[Tnank mpe3 1900 r. m3ka3Ba XWIOTE3aTa, Y€ HM3TbYBAHETO Ha EJICKTPOMArHHTHO JIYCHHE OT ATOMHUTE H
MOJICKYJIUTE Ha a0COJIOTHO YEPHOTO TSUIO CTaBa HE HEMPEKHhCHATO, & Ha OMPECIICHU TMOPIMH, HapCUCHH
KBaHTU. Bceku M3mbuBall aToM WIM MOJIEKYJa MOXE Jia ChIIECTBYBa B CHEPIeTUYHH CHCTOSHUS, UYHUSITO
SHeprus ¢ KpaTHa Ha CHEePrusATa Ha €IUH KBaHT:
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KbJETO N e 1su10 umncio (N=1, 2, 3,...), a f — yecroTara Ha BbIHATa HA JIbYCHUETO. EHEprusiTa Ha BCEKH OT/IC/ICH
KBaHT € IIPABOIPOIIOPIIMOHAIIHA Ha YECTOTaTa M 0OPATHOMPOIIOPIIMOHAIHA Ha IBJDKWHATA HA BhIHATA:
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Ot ¢popmynara Ha [TnaHk (4) KaTo YaCTHU ciIydau ce mosaydasar 3akonute Ha Credan — bonman (2) u Bun

(3). TTo-HaTaTHIIHOTO pa3BUTHE Ha XUMOTe3aTa Ha [lMaHK JTOBEXIa 0 Ch3/1aBAaHETO HA KBAHTOBATa TCOPHUS 3a
CBETJIMHATA.



