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1. TEIIVTIOOBMEH U3J1YYEHUEM. OCHOBHBIE ITOHATUSA

Bce tena mpu moObIX TemmepaTypax M3JIy4daroT W MOTJIOLIAIOT SHEPIUI0 U3IY4EHHs, HO
TEIUIOTa, TEPEHOCHMasl MyTeM H3JIyYCHHsS, CTAHOBHUTCS CYNIECTBEHHOW TOJBKO TPH BBICOKHX
TemriepaTypax (Hampumep, B KOTEIbHBIX YCTAHOBKAX) HJIM B YCIIOBUSX, KOTJa MEPEHOC TETIOTHI
JIPYTUMH CITIOCOOaMU 3aTPyIHECH (Hampumep, B BaKyyMe).

[Ipouecc npeBpallieHusi BHYTPEHHEN SHEPIrUU B SHEPTHUIO U3ITyYEHUS IPOUCXOIUT BO BCEM
o0beMe TBEpIOro Tejaa, HO OHHEPIrUs H3JIYyYCHMs] YaCTHIL, pPACIOJIOKEHHBIX JaleKo OT
MOBEPXHOCTH, MOTJIOLIAETCS CAMHUM TEJIOM, a B OKPY’KaIOIYI0 CPEely NOMAaeT TOJbKO dHEPIu,

UCIycKaeMash TOHKUM ITOBEPXHOCTHBIM cjoeM. s MeTaiiioB ~103mMm, s TMDJICKTPUKOB
~1 MM.

N3ayyeHne HHEPrdM TEJIOM OIICHHBAETCS IMOBEPXHOCTHOM IUIOTHOCTBIO IOTOKA
cobcTBeHHOTO M3nydeHus E, [BT/M?], KoTopas HpeicTaBiseT co00i SHEPTHIO W3ITydeHHs,

UCIyCKaeMYI0 €IMHMIIEH IUIOIIaIu TOBEPXHOCTH B €AMWHUILY BpeMeHH. [lnoTHocTh moToka
COOCTBEHHOTO M3JIYYCHHUS YYUTHIBACT M3JIyYCHHE BO BCEX HANPABICHUSX U MPH BCEX JITMHAX

BOJIH (A =0..00).

[Monarasi, YTO CHEKTP OJJIEKTPOMATHUTHBIX BOJH [0 4YacTOTE W3JIYUYCHUS SIBIACTCS
HETPEPBIBHBIM, JUIS AMana3oHa JJIMH BOJIH OT A 10 A +dA MOXHO 3amucaTh:

J=1= (1)

Bennunna J, [Br/M°] HocHT Ha3BaHME MJIOTHOCTH MOTOKA MOHOXPOMATHYECKOro (¢ OTHOI
AJIMHON BOJIHBI) H3JTy4eHHUS.

IToraomenue IHEPIruM U3JTYUYCHHSA ITPOUCXOAUT TAKKE B TOHKOM ITOBEPXHOCTHOM CJIOC
TBEPAOro Teia. I[InoTHOCTE TOTOKA N3JIYUYCHUA, MaAarolIero Ha IOBEPXHOCTH TEJIa 6y/:[eM

o6o3Hauate Q, [Br/Mm?*]. IToTok W3Iy4YEeHUS, TTaIalONIMi Ha TTOBEPXHOCTh TeJa, MOTJIOMAETCS
HE MOJIHOCTBIO: YaCTh SHEPTUH OTPAXKAETCS, YACTh - TPOXOAUT CKBO3b TEJIO.
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e A=Q,/Q - moromareiabHasi crnocoOHocth Tena, R=Q,/Q - orpakareiabHas

crioco6HocTh Tena, D =Q,/Q - mpomyckaTebHas ClIOCOGHOCTD Tela.

Teno, morjomaroIee BCIO nagarouryro Ha HCro SHEPruro BO BCEM JMaIla30HE JIJIMH BOJIH,
Ha3bIBAcTCS a0COJIOTHO YCPHBIM.

A=1 4)

Hecmotrpst Ha Ha3BaHWe, aOCOMIOTHO YEPHOE TEJIO CaMO MOXKET HCITYCKATh JJIEKTPOMArHUTHOE
U3IydeHue 1000 YacTOThl U BU3YAIBHO UMETH 1BeT. CIeKTp M3IydeHHs] aOCOMOTHO YEPHOTO
Tela ompenersieTcss TOJNBKO ero Ttemieparypoil. HawmOonee u€pHble peanbHBIC BEIICCTBA,
HampuMep, caxa, normomarT 10 99 % namaromiero U3mydeHUss B BUAMMOM JHANAa30HE JUTUH
BOJIH, OJTHAKO MH(PPAKPACHOE U3ITyUCHHUE TIOTIOIIACTCA UMHU 3HAYUTEIHLHO XYKE.

Crnenyer 3aMeTuTh, YTO NIpPU YMEPEHHOH TeMIepaType HCTOYHUKA H3ITy4eHHS IIBET
HIOBEPXHOCTH HE ONpEAENIeT €€ MOIIOMATEIbHYI0 CIOCOOHOCTh. bemple Tena Tak e XOpoIIo
HOTJIOIIAIOT PHEPTUI0 M3Ny4YeHHs, KaKk M TeMHble. Tak, HampuMmep, y CHera IorjomarenbHas
CIOCOOHOCTH B ynbTpaduosneToBoil 1 nHppakpacHoit obnactax crektpa A = 0,98E.

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

B sToMm cnyyae Bce akTophl, yBETHUMBAIOIINE MOTJIOMIATENbHYIO CIOCOOHOCTh, OTHOBPEMEHHO
YMEHBIIAIOT OTPAKaTEIbHYI0 CIHOCOOHOCTh TOBEPXHOCTH. ODTO CBOWCTBO B 3HAYUTEIHHOU
CTCIICHU 3aBUCUT OT JIMHBI BOJIHBI MaAarOIICro U3JTYyUCHUA. HaHpI/IMCp, IJIs1 CTEKJIa
cootHoieHue (5) BBHIMONHAETCS TOABKO B HMH(PaAKpacHOW | yiIbTpadHOIETOBONH 00IacTh
CIICKTpPA, B BUAUMOM JJUAIIA30HC OJIMH BOJIH CTCKJIO MPAKTUYCCKHU MMOJIHOCTHIO IIPO3pPavHO.

Tena, mpomyckaromue BCIO MaJalollyl0 Ha HHUX DSHEPTUI0 H3JIyueHUs, Ha3bIBAIOTCS
AUATEPMHUYHBIMH.

D=1 (6)

Haubounpmieid mpomyckateabHORH crnocoOHOCThI0 00namaroT rasel. Ciioil Bo3ayxa TOJIIMHON
HECKOJIbKO METPOB MOJYKHO CUUTaTh JAuaTepMUYHbIM. OJHAKO CleAyeT 3aMeTHTh, YTO
IpOIyCcKaTeNbHasi CHOCOOHOCTh Ia30B CHIIBHO 3aBUCUT OT JWHBI BOJIHBI MAAIOIIET0 U3ITyYSHHUS.
Tak yriekucinblii Ta3 MpakTHYECKU He MPOo3padeH sl TeIUIoBoro (MHQpakpacHOro) U3IydeHus,
YTO MPUBOJUT K TaK Ha3bIBAEMOMY "TTapHUKOBOMY 3¢ deKTy" Ha Halell rniaHere.

BepuéMmcst Teneps K CIIOCOOHOCTH Te M3JIydaTh dHEPruio. BakHeiiel paauanuoHHOR
XapaKTEePUCTHKOM TeN ABJISIETCS CTeneHb YePHOTHI € (Miau Kod(ppuuueHT H3aydenus). OTa
BEJIMYMHA OlpesiesieHa, Kak:

== (7)

rac EO — IOBCPXHOCTHAs IINIOTHOCTH ITIOTOKa COOCTBEHHOI'O N3Ty4YCHUA a0COJIFOTHO LIépHOl"O

tena. Teopernuecku I[lnankom ObUIO MOKa3aHO, YTO CHEKTP H3Iy4YEHHsS] aOCOIIOTHO UYEPHOTO
Tena, W, COOTBETCTBEHHO, IOBEPXHOCTHAs IUIOTHOCTh TIOTOKAa COOCTBEHHOTO H3IIy4eHUs
OTpeieNiieTCsl TOJIbKO ero TeMIIepaTypou.
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rae C, =5,67 - ko3ddunueHT nsnyueHus abCOIOTHO YEPHOTO TeNa, |:BT / (M2 Erpa/:["')] :



Takum 06pa30M, 3HasA CTCICHbL YCPHOTHI TCJId, MOXHO OIPCACINUTH IINIOTHOCTH ITOTOKA

I/ISJIyI‘IeHI/IH ATOI'0 TEJa.
4 4
E=¢C, (lj =c(lj . )
100 100

Bennuuny C B ypaBHeHuu (9) Ha3pIBalOT K03()OUIIMESHTOM H3ITydSHHSI TEIA.

BennurHa cTenmeHM 4YepHOTHI 3aBUCUT OT MPHUPOJABI Tella, TeMIepaTyphl, CTENEHU
[IEPOXOBATOCTU MOBEPXHOCTH, OT CTETIEHU OKUCIICHHS TTIOBEPXHOCTH.

Crenenp 4epHOTHI AudiekTpukos € >0, 8.

Cremnenn YCPHOTHI MCTAJUIOB 3HAUYUTCIIbHO HUKEC, UCM Y NTUIJICKTPHUKOB, U YBCIMYNBACTCA C
pocToM TeMIepaTypsl. Tak, YHCThIe CTaJlbHBIE W YYT'YHHBIE IMOBEPXHOCTH HMEKOT CTEIEHb
yepHoThl € =0,05...0,4% TlosiBIeHHME OKHUCIIOB Ha TOJHWPOBAHHOW IMOBEPXHOCTH MPHUBOAHUT K

YBCIUYCHUIO €€ CTCIICHNU YEPHOTEI MHOI'Jd Ha ITOPSAA0K.

2. TEINIOOBMEH W3JYYEHUEM MEXJIY TBEPIBIMU TEJIAMHU

HHTEeHCUBHOCTD TEIIOOOMEHa M3Ty4eHHEeM MEXIy TBEpAbIMH TellaMH B OOIIeM ciy4yae
3aBUCUT OT (PU3WYECKUX CBOMCTB 3TUX TeJ, UX TEMIIepaTyp, PacCTOSHUS MEXKIYy HUMH U UX
B3aUMHOTI'O PACTIOJI0KEHHS.

PaccMoTpuM TErIOOOMEH W3IMy4yeHHEM IIpH CTAllMOHAPHOM PpPEXHME MEXIy JBYMs
napauleJIbHBIMU CTEHKaMH, UMEIOIMMHU OOJBIIYIO TIOBEPXHOCTh U OTCTOSIIIMMU APYT OT Apyra
Ha HEOOJBIIOM PACCTOSHUU TaK, YTO HM3JIy4EeHHE KaKIOW CTEHKHM MOJHOCTHIO TOMaJaeT Ha
MPOTUBONOJIO0KHYIO. [IponmyckaTenbHyI0 CHOCOOHOCTh CTEHOK CYMTAEM PaBHOM HYIIIO.

I/I3J1yquHe Ka)KI[Oﬁ CTCHKHU YaCTUYHO IMMOIJIomacTCsa, YaCTUIHO OTpaXaCTCd, IpUICM 3TOT
IPOIIECC MHOTOKPATHO, TOBTOPSIETCSI U UMEET 3aTyXaroIIUi XapakTep.

O06o03HaunM gepe3 Q, IIOTHOCTH MOTOKA 3()P(HEKTUBHOTO U3ITydEHUs OT IEPBOM CTEHKU KO

BTOPOH, BKJIIOUAIONIYI0 KaK COOCTBEHHOE M3IyYeHHE MEPBOM CTEHKH, TaK U BCE €€ OTPAXKEHHS.
AHanornyHo 0003HAYUM IUIOTHOCTH MOTOKAa 3()(EKTHBHOTO M3IYYEHHs] OT BTOPOH CTEHKH K
nepBoit — Q,.

W3 noroka m3nydenus Q,, majaroliero Ha HEpBYIO CTeHKY, Oyaer mornomeHo AQ, u

OTPA’KEHO (1— A1) Q, . CnenoBarenbHoO,

Q

E + (1 A)Q,. (10)

AHaJIOTUYHO:

Q

[Tocne HecnoXHBIX MpeoOpa3oBaHUN PE3YIbTUPYIOMIYIO IJIOTHOCTh IMOTOKA SHEPTUU
W3JIyYEHHS MEXY MEPBOM U BTOPOM CTEHKON MOXHO 3alKcaTh B BUJE!

E,+(1-A)Q (11)



AZEl_AlEZ
A1+A2_AA 2.

q:Ql_Q2: (12)

[TockonbKy B pe3yibTaTe MHOTOKPATHBIX OTPAXXEHUN SHEPIUs U3Iy4eHus Oy/eT MOrJIomeHa TO
WIM MHOM IOBEPXHOCTBIO U MEPEUIET B TEIJIO MOKHO CKa3aTh, YTO MOJyYEHHOE COOTHOILICHHE
(12) BeIpakaeT MIOTHOCTD TEIJIOBOTO TIOTOKA MEXK/y TIOBEPXHOCTSIMH.

[InotHOCTH mNOTOKAa wu3NIydeHus nepBoil E, wm Bropoil mosepxHocTelr E, MoxHO
omnpenenuts 1o Gpopmyite (9). B pesyabrare momydanm:

1 T\ T \*
q= Azslco(_lj - Als 2C 0(_2j (13)
A+AL-AA, 100 100

MOXXHO TIOKa3aTh, YTO B COCTOSHHUHM TEPMOJAMHAMUYECKOro paBHOBecus € =A (3akoH
Kupxroda). Ecnm Tenma oTHaroT WiIM TONYYarOT TEIUIOTY MOCPEACTBOM paIUaliOHHOTO
TeriooO0MeHa, TO CTeNeHb YEPHOTHI OyAET 3aBUCETh OT TEMIEpaTypbl HarpeTod M XOJIOJHOU
MOBEPXHOCTEH. DKKEpTOM OBLIO TMOKA3aHO, YTO €CJIM CTENeHb YEPHOTHI TEJ ONPEAeysATh IO

cpenHereomerpuueckoil temmneparype /T, [0, , To 3akoH Kupxroda Oyner BHINOIHATCA U B

HepaBHOBECHBIX ycioBusix. C yu€rom storo, ypaBHenue (13) MOKHO mepenucaTh CIeAyIOIUM

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

e A, =1/ (ZI/ A,+1 Al—l) - IIpUBeAEHHAs MOTIJIOIATeIbHas CIOCOOHOCTh CUCTEMBL. B cuiy

(14)

sakona Kupxrodpa A =€ , rae € — npuBeA€HHAs CTENEHb YEPHOTHI CUCTEMBI. Komiuieke

C,, =¢,,C, Ha3bIBAIOT KOA(DDHUUMEHTOM U3JTy4EeHHUs CHCTEMBL. JIerko mokasars, yro:

_ 1 . _ 1
& 11 o ST T 1T 1 (15)
i — R
8l 82 Cl C2 CO

3. TEINIOOEMEH U3JIYUYEHUEM MEXJY TBEPJBIMU TEJAMHU
IIPU HAJIMYUH DKPAHA

PaccMOTpyM TemIoOOMEH H3JIydeHMEM HpH HAJUYMKM DKPAHOB, KOTOPbIE YMEHBINAIOT
MHTEHCUBHOCTh TEILIOOOMEHA MCXKAY TCIaMHU. 3KpaHBI OOBIYHO M3rOTaBIMBAIOT U3 TOHKHX
MeTalIn4eckuX JUcToB. CONOCTaBUM TEIIOOOMEH H3IIy4e€HHUEM IIPH CTAIlMOHAPHOM PEXHMME
MEeXIy MapajjielbHBIMU CTEHKaMH 0e3 9KpaHa U ¢ SKPaHOM, BOCIIOIb30BaBIIHCH hopmyioit (14)
u nonaras, utro C, =C,=C,= C.

3KpaH




Ecnu skpana Het, TO

4 4
T, T
— 1 — 2
a=Gy,|| =& | -| =& |- (16)
100 100
Ecnu skpaH ecTh, TO TEMJIOBON MOTOK OT rOpsSYel CTEHKH K AKpaHy M OT dKpaHa K XOJOIHOM
CTEHKE MOYKHO pacCUUTaTh TaK:

T\ T\ T\ T\
=C _1 | - = ; = _3 | - 2 17
Ois = Caa (100j ( 100) %, = G, [ 103 ( 103 17)
W3 onpeaenenus mpuBeAEHHOTO KOY(PHUIIMEHTA U3TYICHHUS CUCTEMBI CIISYET:
1
C,=Cp=Cy,= Cnp :ﬁ . (18)
cG

ITockoJbKy B CTalIHOHAPHOM citydae 0,5 = (s, = 0, , 13 ypaBHeHuit (17)u (18) MOKHO HMOIYdHUTS:

1 T 4 T 4
==C ||| -| =2 |, 19
& 2" (100) (100) (19)

NI

1
== 20
q, 2q (20)

Takum oOpa3oMm, HaJIW4YMe S5KpaHa Jake C TeM XK€ KOI(P(UIMEHTOM H3Iy4eHHus, 4To u
KO3 (OUIIMEHT H3ITydeHUs] HArpeTodl W XOJIOMHOH MOBEPXHOCTEH CHMXKAET HHTEHCHBHOCTD
pagualMoHHOTO TeriooOMeHa B J1Ba pa3a. AHAJOTMYHO MOXKHO II0Ka3aTh, YTO JBa SKpaHa
NPUBOIAT K TPEXKPATHOMY CHIDKCHHWIO WHTEHCHBHOCTH TEIUIOOOMEHa, a B oOmeMm Buue N
HKPaHOB CHUKAIOT TeIsI000MeH B N+ 1 pas.

Ecin koaddummenTsl M3mydeHus] CTEHOK M 9KpaHa HEOJMHAKOBBI, TO MPUBEIEHHBIC
K03()(ULIMEHTHI U3IyYCHHs CUCTEMBI Takxke He paBHbI Mexay coboit C, # C,,# C,,. B aTom

ciydae:

— CisCs 1

, q (21)
ClZ C13 + CSZ

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

U3JIYYEeHUSI MOBEPXHOCTEH OJNIM3KH K KOA(PQPHUIMEHTY H3Ty4yeHHsS aOCOIIOTHO YEPHOTO Tela U
paBubl C, = C, =5, 2%, To Tako# dKpaH CHMKAeT MHTEHCUBHOCTb PaJMallMOHHOIO TEII000MEHa

B 32pasa.



4. BOITPOCHI AJIAA JMCTAHIIMOHHOI'O OCBOEHUA JIEKIIUA

1. 3anumure cBA3b MEXIY MOTJIOLATENBHOM, OTPAXKATEIBHON U IPOITYCKATENbHON
CIOCOOHOCTBIO TeJIa.

OrtBerT:

2. 3anumute GopMyny i IVIOTHOCTH MOTOKA COOCTBEHHOTO M3JIyUeHHs I aOCOJIFOTHO
yépHoro Tena (3akon [lmanka).

OrtBerT:

3. 3anumute GopMyny Ul ONpeeeHHs] YASTbHON MITOTHOCTH TEIJIOBOTO TTOTOKA 33 CUET
U3ITyYEHUS] MEX]y MOJIyOECKOHEUYHBIMHU MJIACTUHAMU C pa3HON TeMIepaTypoi.

OrtBerT:

4. B0 CKOJIBKO pa3 CHI)KAeTCs yeIbHask IVIOTHOCTh TEIUIOBOTO TIOTOKA 3a CUET M3ITyUeHUS
MEX/1y MOJyOeCKOHEYHBIMH TIACTUHAMH ITPH Pa3MEICHUH MEXTy HUIMH TIOCKOTO KpaHa ¢
K02 PHUIIMEHTOM H3IIydeHUs paBHBIM K09 (DUITMEHTaM H3ITy4eHHs IJIaCTHH.

OrtBerT:

5. Bo CKOITbKO pa3 CHIKAeTCs y/IeNIbHAS TUNIOTHOCTh TEIIOBOTO IMTOTOKA 33 CUET U3ITyUCHHS
MCKOY HOHy6eCKOHe‘-IHBIMI/I IJ1aCTUHAMU MpU pasMCIICHUU MCKAY HUMHU IBYX INIOCKUX
AKPaHOB ¢ KO PUITMEHTAMU U3ITYICHHS paBHBIMHA KOY(PDUIIMESHTAM U3TYyICHUS TUIACTHH.

OrtBerT:

damvumug Uma OTuecTBO:

I'pynna:

IToamuce:

Mara:




