TEIIJIO®U3UKA
Jlexkuusa Neld

Ilnan Jeknuu.

1. TenmooOomen uznmydueHneM. OCHOBHBIC TTOHSATHUS

2. TernooOMeH U3TydeHUEM MEXAY TBEPABIMH TEIaMU

3. TeruiooOMeH U3IydeHHEM MEXAY TBEPIBIMU Te€JIaMH NPU HAIMYUH dKpaHa

1. TEIIVIOOBMEH U3JIYYEHUEM. OCHOBHBIE IOHATHUA

Bce tena mpu moObIX TemmepaTypax M3JIy4aroT W MOTJIOUIAIOT SHEPIUI0 M3JIY4EHUs, HO
KOJIMYECTBO TEIIOTHI, IEPEHOCUMOE IIyTE€M U3JIy4EHUs], CTAHOBUTCS CYILECTBEHHBIM TOJIBKO IIPU
BBICOKHX TeMmIeparypax (Hanpumep, B KOTEIbHBIX YCTAHOBKAX) MJIM B YCIOBHUSX, KOTA MEPEHOC
TEIUIOTHI APYTUMH CIIOCO0aMu 3aTpyAHeH (HarmpuMmep, B BAKyyMe).

[Ipouecc npeBpallieHus: BHYTPEHHEN SHEPIrUU B SHEPTHUIO U3ITyUEHUS IPOUCXOIUT BO BCEM
o0beMe TBEpIOro Teja, HO OHHEPIrUs M3IYyYCHMs] YaCTHIL, pPACIOJIOKEHHBIX JaleKo OT
IIOBEPXHOCTH, MOTJIOLIAETCS CAMUM TEJIOM, a B OKPY’KaIOIYI0 CPey MOMafaeT TOJbKO dHEPIu,

UCIycKaeMash TOHKUM ITOBEPXHOCTHBIM cjoeM. s MeTaiiioB ~1073mMm, s JMDJICKTPUKOB
~1 MM.

HN3nydyenne »JHepPrum TEJIOM OIICHUBAETCA MOBEPXHOCTHOM IJIOTHOCTHIO TMOTOKA
cobcTBeHHOr0 M3Mydenus E,[Br/m®], xotopas mpencTaBiseT coGoil KOIMYECTBO SHEPTHH

U3JTydeHHs], UCITYyCKaeMOe CMHUIICH IJIOIIAAN MOBEPXHOCTH B €AMHHILY BpeMeHHU. [11oTHOCT
MOTOKa COOCTBEHHOT'O HM3JIYyYCHHUS YUYUTHIBACT M3JIYyUCHHE BO BCEX HAMPABJICHUSAX W MPU BCEX
muinHax BoJsiH (A =0...0).

[Monarasi, YTO CHEKTP OJJIGKTPOMATHUTHBIX BOJIH [0 4YacTOTE€ W3JIYUYCHUS SIBISCTCS
HETPEPHIBHBIM IS TUAra30Ha JUIMH BOJH OT A 70 A + 0N MOXKHO 3amucaTh:

J="=, Q)

Bennunna J,[Br/M°] HOCHT Ha3BaHMe IJIOTHOCTH MOTOKA MOHOXPOMATHYECKOro (¢ OXHOI
AJIMHON BOJIHBI) H3JTy4eHHUS.

IToraomenue JHEPIruM U3JTYUYCHHSA ITPOUCXOANUT TAKKE B TOHKOM ITOBEPXHOCTHOM CJIOC
TBEPAOro Teia. IInoTHOCTE TOTOKA H3JIYUYCHUA, MaAarolIiero Ha IOBEPXHOCTH TEJIa 6y,I[CM

o603Hauate Q,[Br/Mm?]. IToTok U3ITy4eHUS, TAIAl0IINK Ha OBEPXHOCThH TeJla, OTJIONIAETCS He
MOJTHOCTBIO: YaCTh SHEPTUU OTPAKACTCS, YACTh - MPOXOTUT CKBO3b TEIIO.
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e A=Q,/Q - noromareiabHasi croco0Hocth Tena, R=Q./Q - orpakareiabHas

criocoGHocTh Tena, D =Q,/Q - mpomyckaTebHas ClIOCOGHOCTD Tela.

Teno, morjoiaroIee BCIO Nnagarouryro Ha HCro SHEPruro BO BCEM JMaIla30HE JJIMH BOJIH,
Ha3bIBacTCS a0COJIIOTHO YCPHBIM.

A=1 (4)

Hecmotpst Ha Ha3BaHWe, aOCOIOTHO YEPHOE TEJIO CaMO MOXKET HCITYCKATh JJIEKTPOMArHUTHOE
U3ITydeHue 000 YacTOThl U BU3YAIbHO UMETH 1BeT. CIeKTp U3TydeHHs aOCOMOTHO YEPHOTO
Tela OmpenersieTcs TOJNBKO ero Ttemieparypoii. HawmbOonee u€pHble peanbHBIC BEIICCTBA,
HampuMep, caxa, mnorjomarT 10 99 % mnamaromiero U3mydeHUss B BUAMMOM JHAa30HE JUTUH
BOJTH, OJTHAKO MH(PPAKPACHOE U3ITyUCHHUE TIOTIIONIACTCS UMHU 3HAYUTEIHLHO XYKE.

Crnenyer 3amMeTuTh, YTO NIpPU YMEPEHHOH TeMIepaType HCTOYHUKA HW3ITyYeHHS IIBET
HIOBEPXHOCTH HE ONpEAEIIET €€ MOIIOMATEIbHYI0 CIOCOOHOCTh. berple Tena Tak e XOpoIIo
MOTJIOIIAIOT PHEPTUI0 M3Ny4YeHHs, KaK M TeMHble. Tak, HampuMmep, y CHera IorjomarenbHas
CIOCOOHOCTH B ynbTpaduosneToBoil 1 nHppakpacHoit obnactax crnektpa A = 0,985.

BonpmMHCTBO TBEPABIX TeJ HE IPOITYCKAET YHEPTHUIO U3IIYUYEHHUS U JUUIS HUX !
A+R=1 (5)

B aTom ciydae Bce (pakTOpBhI, YBEIHMUMBAOIINE MOTIOMATEIEHYIO CIIOCOOHOCTD, OJHOBPEMEHHO
YMEHBIIAIOT OTPAXKATEIBHYIO CIIOCOOHOCTh TOBEPXHOCTH. IJTO CBOWCTBO B 3HAYHTEIHHOM
CTETNICHH 3aBHCHT OT JJIMHBI BOJIHBI MAJarolIero u3NnydeHus. Hampumep, nans crekia
cootHoieHue (5) BBIMONHAETCS TOABKO B HMH(PaAKpacHOW | yiabTpadHOIETOBOH 00IacTh
CIEKTpa, B BUJUMOM JUATIA30HE JTMH BOJTH CTEKJIO MPAKTUYESCKU IMMOTHOCTBIO MTPO3PAYHO.

Tena, mpomyckaromue BCIO MaJalollyl0 Ha HHUX SHEPrUI0 H3JIyuyeHUs, Ha3bIBAIOTCS
AUATEPMHUYHBIMH.

D=1 (6)

Haubounpmieir mpomyckateabHORH crnocoOHOCThIO 00namaroT rasel. Cioil Bo3ayxa TOJIIMHOM
HECKOJIbKO METPOB MOJKHO CUUTaTh JAMaTepMUYHbIM. OJHAKO ClleAyeT 3aMeTHTh, YTO
IpOIyCKaTelbHasi CHOCOOHOCTh Ia30B CHIIBHO 3aBUCUT OT JWHBI BOJHBI MaAIOIIET0 U3ITyYCHHS.
Tak yriekucnblii Ta3 MPakTHYECKU HE MPO3paveH sl TeIUIOBOro (MH(PaKkpacHOro) U3IydeHus,
YTO MPUBOJUT K TaK Ha3bIBaEMOMY "TIapHUKOBOMY 3¢ deKTy" Ha Halell rmiaHere.

BepuéMmcst Teneps K CIOCOOHOCTH TeJ M3JIydaTh dHEPruio. BakHeiiieln paauanuoHHOR
XapaKTEePUCTHKOM TE SBJISIETCS CTeneHb YePHOThI € (Miau Kod(ppuumeHT U3aydenus). Ota
BEJIMUYMHA OIpesiesieHa, Kak:

== (7)

rac EO - HOBEPXHOCTHAA IINIOTHOCTH ITOTOKaA COOCTBEHHOTO HU3TYy4YCHUA a0COJIFOTHO IIépHOl"O

tena. Teopernuecku I[lnankom ObUIO MOKa3aHO, YTO CHEKTP H3Iy4YEHHS] aOCOIIOTHO UYEPHOTO
Tena, W, COOTBETCTBEHHO, IIOBEPXHOCTHAsl IUIOTHOCTh TIOTOKAa COOCTBEHHOTO H3IIy4eHUs
oTpezieNisieTcsl TOJIbKO ero TeMIIepaTypou.
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rae C, =5,67 - ko3 dunueHT nsnyueHus abCOIOTHO YEPHOTO TeNa, |:BT / (M2 Erpa/:["')] :



Takum 06pa30M 3Hagd CTCIICHb YCPHOTHI TCJIa MOXKHO OINPCACIUTH IIJIOTHOCTH ITOTOKa

I/I?)queHI/Iﬂ 3TOI'0 TEJa.
4 4
E=¢C, (lj - c(lj . )
100 100

Bemnuuny C B ypaBHenun (9) Ha3pIBalOT KOXPPHUIIUEHTOM H3ITy4SHUS TEa.

BennunHa cTenmeHM 4YepHOTHI 3aBUCUT OT MPHUPOMABI Tella, TeMIepaTyphl, CTENEHU
IEPOXOBATOCTU MOBEPXHOCTH, OT CTETIEHU OKUCIICHHS TTOBEPXHOCTH.

Crenenp 4epHOTHI AudIekTpuKkoB € > 0,8.

Cremnensn YCPHOTHI MCTAJUIOB 3HAUYUTCIIbHO HUKEC, UCM Y NTUIJICKTPHUKOB, U YBCIIMINBACTCA C
pocToM TeMIepaTypbl. Tak, YHCThIe CTaJlbHBIE W YYT'YHHBIE IMOBEPXHOCTH HMEKOT CTEIEeHb
yepHoThl € =0,05...0,45. TlosiBieHHME OKHUCIIOB Ha TOJHWPOBAHHOW IMOBEPXHOCTH MPHUBOAHUT K

YBCIUYCHUIO €€ CTCIICHU YEPHOTEI MHOI'Jd Ha IIOPSAI0K.

2. TEINIOOBMEH M3JIYYEHUEM MEXJIY TBEPIBIMU TEJIAMHU

HMHTEeHCUBHOCTD TEIUIOOOMEHa M3Iy4eHHEeM MEXIy TBEPAbIMH TellaMH B OOIIeM ciy4yae
3aBUCUT OT (PU3WYECKUX CBOMCTB 3TUX TeJ, UX TEMIIEpaTyp, PacCTOSHUS MEXKIYy HUMH M UX
B3aUMHOT'O PACIIOJI0KEHHUS.

PaccMoTpuM TEmIOOOMEH W3IMy4yeHHEM IIpH CTAallMOHAPHOM PEXHME MEXIy JBYMs
napajuleIbHBIMU CTEHKaMH, UMEIOIMMHU OOJBIIYIO TIOBEPXHOCTh U OTCTOSIIIMMU APYT OT Apyra
Ha HEOOJBIIOM PACCTOSHUU TaK, YTO HM3JIy4YE€HHE KaKIOW CTEHKHM MOJHOCTBHIO TOMaJaeT Ha
POTUBONOJI0KHYIO. [IponmyckaTenbHy0 CHOCOOHOCTh CTEHOK CYMTAEM PaBHOM HYIIIO.

I/I3J1yquHe Ka)KI[Oﬁ CTCHKHU YaCTUYHO IMOIJIomacTCsa, YaCTUIHO OTpaXacCTCd, IpU4IeM 3TOT
IPOIIECC MHOTOKPATHO, TOBTOPSIETCSI U UMEET 3aTyXaroIIUi XapakTep.

O06o03HaunM depe3 Q, IIOTHOCTH MOTOKA 3()P(HEKTUBHOTO U3ITyUEHUs OT IEPBOM CTEHKU KO

BTOPOI1, BKITFOUAOIIYIO KaK COOCTBEHHOE M3JIy4YCHHUE MEPBOM CTEHKH, TaK U BCE €€ OTPAKEHUSI.
AHaJIOrM4HO 0003HAYMM IJIOTHOCTH MOTOKA 3(()EKTHUBHOIO HM3IY4YEHHUs] OT BTOPOM CTEHKH K

nepBoii - Q,.

W3 noroka m3nydenus Q,, majaroliero Ha HEpBYIO CTEHKY, Oyaer mornomeHo A,Q, u

OTPa’KEHO (1—A1)Q2 . CnenoBsarenbHoO,

Q=E+@1-A)Q,. (10)
AHaJI0ru4Ho:
Qz = Ez + (1_A2)Q1 (11)

[Tocne HecmOXHBIX MpeoOpa3oBaHUN PE3YIbTHUPYIOMIYIO IJIOTHOCTh IMOTOKA SHEPTUU
W3JIyYEHHS] MEXy MEPBOM U BTOPOM CTEHKON MOHO 3alKcaTh B BUJE!



A2E1_A1E2
Al +A2 _A1A2 .

q:Ql_Qz = (12)

[TockonbKy B pe3yabTaTe MHOTOKPATHBIX OTPAXXCHUN SHEPTUs U3Iy4eHus: OyeT MOTJIomeHa TO
WIM MHOM IOBEPXHOCTBIO U MEPEUIET B TEIJIO MOKHO CKa3aTh, YTO MOJyYEHHOE COOTHOIICHHE
(12) BeIparkaeT MIOTHOCTB TEIJIOBOTO TIOTOKA MEXK/y TIOBEPXHOCTSIMH.

[InotHOCTH mNOTOKAa wu3NIydeHus nepBoil E, wm Bropoil mosepxHocTel E, MoxHO
onpenenuts 1o Gpopmyite (9). B pesyabrare momydaum:

_ 1 T Y T,
q= AgC)l —=| —“AgC | —= (13)
A +A,-AA, 100 100

MOXXHO TIOKa3aTh, YTO B COCTOSHHUHM TEPMOAMHAMUYECKOro paBHOBecus €=A (3akoH
Kupxroda). Ecnm Tenma oTHaroT WIM TONYYarOT TEIUIOTY MOCPEACTBOM paJUaliOHHOTO
Terioo0MeHa, TO CTeNeHb YEPHOTHI OYAET 3aBUCETh OT TEMIEpaTypbl HArpeTod U XOJIOJHOU
MOBEPXHOCTEH. DKKEpTOM OBLIO TMOKAa3aHO, YTO €CJIM CTENEHb YEPHOTHI TEJ OMPEAesATh IO

cpenHereomerpuueckoil temmneparype /T, [T, , To 3akoH Kupxroda Oyner BbINONHATCA U B

HEepaBHOBECHBIX ycioBHAX. C y4érom 3toro ypaBHeHue (13) MOXKHO Mepernucarh CIEAYOIIM

obpazoM:
T 4 T 4
=A C 1| - 2
4= Ao (100} (100)

rmue AHp =II/ (ZI/ A, +]/ Al—l) - IpuBenEHHAs MOTJIONIATeIbHAsI CIOCOOHOCTh CHCTEMBI. B cuity

(14)

sakoHa Kupxrodpa A =€ , rme €, - NPUBEAEHHAS CTENECHb YEPHOTHI CUCTEMbI. Komiuieke

C,, =¢,,C, Ha3pBAIOT KOODDUUMEHTOM U3JTy4EHHUs CHCTEMBL. JIerko mokasars, yro:

_ 1 . _ 1
& 1T 1 o ST T 1 1 (15)
i — R
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3. TEINIOOEMEH U3JIYYEHUEM MEXJY TBEPJBIMU TEJAMHU
IIPU HAJIMYUU DKPAHA

PaccmoTpuMm TemaooOMeH H3IydeHHEM IpU HAJIWYUHM SKPAHOB, KOTOpbIE YMEHBIIAIOT
MHTCHCUBHOCTh TEIJIOOOMEHA MEXIy TeJaMU. ODKpaHbl OOBIYHO H3TOTOBISIOT W3 TOHKHUX
MeTaJIM4YecKuX JMcToB. COMOCTaBUM TEMJIO00OMEH HM3JIy4eHHEM IMpU CTAllMOHAPHOM pPEXHUME
MEX/1y MapajuieIbHBIME CTCHKaMU 0e3 DKpaHa U ¢ SKpaHOM, BOCIIOJIb30BaBIINCH GopMyIioii (14)

u nonaras, utro C, =C, =C,=C.

aKpaH




Ecnu skpana Her, TO

4 4
T, T.
— 1 — 2
4=Cy|| 2| -2 ] |. (16)
100 100
Ecnu skpaH ecTh, TO TEMJIOBOM MOTOK OT rOpsSYE CTEHKH K AKpaHy M OT dKpaHa K XOJOIHOM
CTEHKE MOYKHO pacCUUTaTh TaK:

T 4 T 4 T 4 T 4
=Cul =2 -|==| || 0=Cy|| = | -| =% 17
Ois = Cis ( 100) ( 100) Oz =Ly (1()0) ( 100) (17)
N3 onpenenenust npuBeAEHHOTO Koa(l)(bI/IuI/IeHTa M3JIY4YCHHUS CUCTEMBI CICOYCT.
1
C12 = Cl3 = C32 = Crlp = i (18)
C C,

ITockoJbKy B CTalIHOHAPHOM citydae 0,; =0, =0, , 13 ypaBHeHuii (17) u (18) MOKHO HOIydHUTS:

1 T 4 T 4
==C ||| | =21 [, 19
* 2 " (100) (100) 19
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Takum oOpa3oMm, HaJIW4YMe S3KpaHa Jake C TeM XK€ KOI(P(UIMEHTOM H3Iy4eHHUs, 4To Hu
KO3 (OUIMEHT H3IIydeHUS] HArpeTodl W XOJIOMHOM MOBEPXHOCTEH CHMKAET HHTEHCHBHOCTD
paZManoHHOrO TEIIo0OMEHa B JiBa pa3a. AHAJIOTMYHO MOXHO IIOKa3aTh, YTO JBa JKpaHa
HNPUBOJAT K TPEXKPATHOMY CHIDKCHHWIO WHTEHCHBHOCTH TEIUIOOOMEHa, a B oOmeM Buue N
HKPAaHOB CHMKAIOT TerioooMeH B N+1 pas.

Ecin koaddummenTsl M3mydeHus] CTEHOK M 9KpaHa HEOJMHAKOBBI, TO MPUBEIEHHBIC
K03()(PULIMEHTHI U3TyUYCHHUs CUCTEMBI Takxke He paBHbI Mexay coboit C, #C,, #C,. B aTom

ciydae:

— CCs 1

, q (21)
C12 ClS + C32

Hanpumep, ecnu xoddduuueHt wusnydeHuss skpaHa paseH C;=0,3, a koadduiments

U3JIY4YCHUSI MOBEPXHOCTEH OJIM3KH K KOA(PQPHUIMEHTY H3ITy4eHHsS aOCOIIOTHO YEPHOTO Tela U
paBubl C, =C, =5,25, To TakoHi 3KpaH CHUKAET MHTEHCUBHOCTb PaJNAIllMOHHOIO TEIIO0OMEHA

B 32 pasa.



