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KBaHTOBas NPUPOAQ U3AYYCHMUS

OCHOBHbIC YpaBHeHU:I U OPMYADI

+ 3akon Credpana—BoabMana R=oT*
rne R — aHepreTuyeckas CBETHMOCTh YEpPHOTO TeJjia,
T — TepMOAMHAMHYECKAdA TeMIlepaTypa Teja,
o — noctoaHHaA Crepana—BoabnmaHa.

¢ 3akoH cMelleHHA Buna A= b

rae A, ,, — AJHHA BOJHEI, HA KOTOPYIO IIPUXOAUTCA MAKCHMYM 3HEPIUHU
U3JIYYEeHH A YEePHOro TeJia,
b — nocrosHHasa BuHa.

¢ JDHepruda dorToHa E=hv=—
rae h — nocroaHHasA I1inaHKa,
vV — 4acToTa CBeTa.

¢ JlaBjieHUe cBeTa IIPY HOPMAJIBHOM p = E 1+p)=w(l +p)
IHageéHH Ha IIOBEPXHOCTD ¢
rae E — sHepreruuyeckas OCBellleHHOCTbh (MHTE@HCHBHOCTD CBETA),
p — KO3(PHULHUEHT OTPaAXKeHUd,
w — 06beMHAaA IJIOTHOCTDb dHEPryH U3JIYYeHUA,

¢ YpaBHeHue ONHINITEHA E=A+E
IJis1 BHelIHero poroadderra

rae A — paboTa BeIXOJa 3JIEKTPOHOB U3 MeTaJla,
E, ..x — MAKCHMaJbHAA KMHETHYECKAasd 3Heprud GOTO3JTeKTPOHOB.

K max

¢ KOMIITOHOBCKAaA MJIHMHA BOJIHBI Ao = b Z‘E_"
YaCTHUIbI mc 0
rgpe m — Macca 94aCTHUIlbI,
E, — 3Heprus 1oKos 4aCTHUIbI.
* MsMeHeHMe JIMHBI BOJIHEI AL=AN =A=A(1-cos0)=
U3JIy4eHua Ipu sdderre = 2).sin? (6/2)

Komnrona
rae A U A — QJIHHA BOJHEI afalolero ¥ pacCessHHOI0O H3JIyYeHHUd,
0 — yroJ pacceaHu-.
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1. TenAoBoe u3AyyeHue

AOcoJII0THO UepHoe TeJyo 6wlo10 Harpetro or Temneparypsl 100 go
300 °C. HaiiTH, BO CKOJBKO pa3 N3MEeHNJIACh MOI{HOCTL CYMMAapHOT'O 13-
JIVUEHNSA IIPH 3TOM.

Aato: T, =100 °C = 373 K; T, = 300 °C = 573 K.

N
™MN

1
Pewenue. MomiHOoCcTe N M3IyUYeHUSA TeJia ONpeEHessaeTCss BuIpa-
xkeuueM N = RS, rne R — s3HepreTuuecKasa CBeTUMOCTh Teja, S —
IIJIOIAAb €ro MoBepxHocTH. B coorBercTBNH ¢ 3aKkoHOM Credhana—

BoapnnMana R = 6T4. Y3 aTux BRIpaXeHUI moaydaem

N = 0T3S, Ny _ (T5)" = (313)" = 5.6.

N, oT4S’ N, T,
MoniHocTh N3JIy4eHUS Bo3pacTeT B 5,6 pasa.

(Z, MaxcuMyM 9Hepruu U3JydeHus abCoJI0OTHO YepPHOro TeJa OpPuxo-
IUTCA Ha AJMUHY BoJXHBEI 450 HM. OnpezennTh TeMOepaTypy ¥ SHepreTu-
YeCKYyI0 CBeTUMOCTD TeJia.

Aauo: A, = 450HM = 4,5-1077 ™m; b = 2,89:103Mm - K;
c=5,67-10"8 Br/(M2+K%).

Hantu: T, R.

PeweHue. IInuHa BOJNHBI A, , HA KOTODYIO IPUXOAUTCA MaK-

CHMYM 3HEpPTUH U3JIYUYEeHU YepPHOTOo Teja, o 3aK0oHy BrHa paBHa
A=Y,

max—T

Orcrona

b 2,89-1073
T = s T = =2 = 6422 (K).
M max 4,5-1077 (F)

B cooTBeTcTBUM ¢ 3aKoHOM Credana—BonbiiMaHa aHepreTuue-
CKasA CBETUMOCTH R a6COJIOTHO YepHOTo Tejla paBHA
R = oT4,
R=5,67-108.6,4224.1012=9,6 - 107 (Bt/M?).

TemnepaTrypa abCcoJIIOTHO UepHOr'o Tela MOHM3MJIack ¢ 1000 no
850 K. OopenennTth, KaK U Ha CKOJIbBKO IPH 3TOM U3MEHUJIACH IJIAHA
BOJIHEI, OTBEYAOUIad MaKCUMYyMYy pacnpeaejieHUus dHEPIriu.

Aavo: T, =1000K; T,=850K; b=2,89-103m- K.
Hanrtu: AL .
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[image: image3.png]PeweHune. B cooTBeTCcTBMM C 3aKOHOM cMelleHuss BuHa anuHa
BOJIHBI A, , Ha KOTOPYIO IPUXOAUTCA MaKCUMYM paclpeieleHus

3HEepPruu, BhIpaxaercsa (OpMyJoun

Mnax = 2
I/ICXOAH N3 3TOroO 3alimiiaiemM
Al max = Til;}\?max: '7%;
AN = 2,89 10-3(11%%%f 550) - 0,51-10°¢ (w).
Ay = 2’8190'0(1)0‘3 — 2,89-1076 (m);
My o = 2'825 010’3 ~3,4+1075 (m).

CnenpoBaTenbHO, AJIMHA BOJIHBI Bo3pocya Ha 0,51 MKM.

Bo cxoJIBKO pa3 YBeJIHUHUTCA MOIIHOCTDh H3JAYUEHUS YePHOI'O TeJIa,
ecJIM MaKCHMYM SHeprnyu M3JIyYeHHSA CMECTHTCHA OT KPacHOH I'paHUIbI
BUIMMOTO COEKTpa K ero (proJeToBoii rpaHuie?

AaHo: A =0,76 MKM; ).q) = (0,38 MKM.

K
N

Hantu: —2.
N,

PeweHue. [[IMHA BOJHBI A, , Ha KOTOPYIO IPUXOJUTCA MakK-

CHMYM 3HEPruH H3JIYUYEHUS YEePHOro TeJja, COTJIaCHO 3aKOHY cMe-
nmieHusA BuHa paBHA

)
Mnax = 5 (1)

3 dopmynsl (1) onpenensaeM TeMiiepaTypy, Ipu KOTOPOY MakK-
CHMMYM 3HEPruy M3Jy4YeHHUA IIPUXOAUTCA Ha KPACHYIO A U duoe-
TOBYIO A4, FPAHMIIEI BUAUMOTO CIIEKTPA

b b
T =—,T.=—. 2
SV (2)
MoiHOCTs U3JIYyUEeHUSA paBHA
N = RS. (3)
B cooTBercTBHU C 3aK0HOM Credpana—bBonbiimana
R =0cT4, (4)
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N,=oT;S uNy=0cTgS. (5)
U3 popmy (5) HaxogUM
N T.\*
= [_2
7= (7 (6)
NUnu c yuerom (2) nmeem
N A4
—2 =X 7
7 (M) (7)

IloacraBnsasa B (7) uncyoBbEle 3HAYEHUA, IOJIYYUM

N 0,76)*
-2 =(222] =16.
N, (0,3

2. ®otoHbl. AaBAeHue ceeta. PoroadpdexrT.
dddpeKkT KomntoHa

@ Ha 3auepHeHHYIO0 IOBEPXHOCTh HOPMAJIBHO ITafaeT MOHOXPOMATH-
YyecKUil cBeT ¢ AanHOM BoJHEI 0,65 MKM, npomusBoass gaBJIeHHE D X

x 1076 ITa. OnpenennTs KOHIEHTPAINIO POTOHOB B6JIM3N DOBEPXHOCTU U
yncao GoTOHOB, DafaomMuX Ha momanb 1 M28 1 c.

AaHo: A=0,65MkM=6,5:10"M; p=5+106TIa; p=0; S =1 m?;
t=1c.

Hantu: ny, n.

PeweHue. laBieHue cBeTa IIpuM HOPMAaJbHOM IIaJileHHM HA IO-
BEPXHOCTBH C KO3D(PUIITUEeHTOM OTPaMKEHUA P BEIUUCISAETCA M0 Qop-
MyJie

p=w(l+p) (1)
HIIN

p=}—i—e(1+p), (2)

rAe w — o0'beMHas NJIOTHOCTEL 3Hepruu, £, — 3HepreTudecKas oc-
BEILIEHHOCTh, C — CKOPOCTH CBeTa B BaKyyMe, p — KO3 (PHUIIUEHT
OTpa*XKeHUsA NOBEPXHOCTH, B JaHHOM ciayuae p = 0.
O6beMHaA IJIOTHOCTH 3HEPTHY pPaBHA IIPOU3BEAECHUIO KOHIIEHT-
panuu GpoToHOB (4ducja POTOHOB B eAHHUILY 00'beMa) Ha 3HEPIruio
hc

oxHoro dorona K = hv = 5 T. €.
w= n'()%"£ ’ (3)
_ wA
OTKYZa ng = o (4)
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[image: image5.png]Onpepensasa o6beMHYIO IIJIOTHOCTH 3Hepruu us (1) u nmoacras-
nqada B (4), nmeeM
A
0= 5 (0)
_ 5-10%-6,5-1077 _ 13 (+.-3
= 2 =1,6-10" (m °).
O 6,63-10-3¢.3-108 ()

Yucao GOTOHOB, NafalIIUX Ha miaomansb 1 Mm% 3a 1 ¢, uucieH-
HO PaBHO OTHOILIEHHIO SHEPreTUYECKO OCBEIIEHHOCTH K 3HEepruu
ONHOrO (pOTOHA:

E E_A
=_£= e. 6
e T (6)
A

JHEpPreTHUYECKYI0 OCBEIIEHHOCTH OIpelesisieM 13 BhIpa’KeHUud
(2) u, noxpcrasiasasa B (6), moryyaeMm

C yueroM (5) Bripaxkenue (7) npuMer BuA n = nyc. Illoacrasnss
YMCJIOBBIE 3HAUEHU S, ITOJIYyIaeM

n=1,6-1013.3.108=4,8.102! (c"1-m2).

OnpenennTs AaBjeHNe COJHEUHBIX Jydell, HOpMa.IbHO IafaioInX
Ha 3epKaJbHYI0 DOBEPXHOCTb. VMIHTEHCHBHOCTH COJHEUHOTO H3JIYyUEeHHUSA
OpUHATL paBHOII 1,37 kBt/M2.
Aavo: E=1,37-103 Br/™m2; p=1.
Hautu: p.
PeweHnune. JlaBieHne cBeTa Ha IOBEPXHOCTH ONpeHeSeTcs IO
dbopmye
_FE
c
rie E — sHepreTuyecKas OCBEILleHHOCTb IIOBEPXHOCTH, C — CKO-

POCTh CBeTa B BaKyyMe, p — KoaddunueHT orpakeHusa. [liasa sep-
KaJbHOM IOBEePXHOCTH p = 1.

1,37+108.2 _
= 2 = 9.106 (I1a).
p 37108 07° (ITa)

[:i] Cger ¢ gnuHOM BoaHEI 0,5 MKM HOpMaJILHO IaZaeT Ha 3ePKAJILHYIO
IIOBEPXHOCTb M IPONU3BOAUT HA Hee gasjieHue 4 mxkIla. Onpenenurs yuc-
J10 GOTOHOB, €3KEeCEeKYHIHO Naaanmux Ha 1 cm2 3Toii IoOBEepXHOCTH.
Aavo: A = 0,5 Mmkm = 5:10"m; p = 1; p = 4:1061a;
S=1cm2=10"1m2.
Hantu: n.
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[image: image6.png]PeweHue. [laBieHue cBeta
E

rone E = ’-’fN — 3HepreTUYecKas OCBEIIeHHOCTb IIOBEePXHOCTH,

paBHasA 3Hepruu (porToHa he , YMHO>XeHHOU Ha uyucio N HoToHOB,
A

naparomux Ha 1 M2 3a 1 c.

Yucao n GoToHOB, nagammux Ha S = 1 cMm2 nmosepxHOCTH, 6Y-
ner n=NS.

p=lQ+pN;N= B, p-_P* g
A h(1 +p) h(1 + p)
n___4‘10—6°5'10—7'10—4 :1’5.1017.

6,63 10734.2

Ilyuyox mapaJjenbHBIX Jy4Yeil ¢cBeTa IIafaeT HOPMAaJbLHO Ha ILJIO-
CKYIO 3epKaJIbHYIO HOBepXHOCTb. OnpenesnTs CUAY JaBJI€HUA, UCIBITHI-
BaeMyIO 3TOI IIOBEPXHOCTBIO, €CJIU ee IIoInanb 2 M2, a 3HepreTuyeckas
OCBEILleHHOCThb nosepxHocTH 0,6 BT/M2.

AaHo: p=1; S=2wm?; E =0,6 Br/m2.

Hantu: F.

PeweHnune. [laBiieHue cBeTa omnpegensercsa mo dopmyne p =

= % (1 + p). Cuna gaBnenusa F 6yaer paBHa

E 0,622 _
— — : =Y, =8 9 .
F=pS c(1+p)S F 3108 8:-107° (H)

OnpenenuTs gaBjeHHNe, OKa3bIBAEMOe CBETOM C IJINHON BOJHEI
0,4 MKM Ha YepHYIO IOBEPXHOCTD, €CJIH eKeceKyHIHo Ha 1 cm2 moBepx-
HOCTH HOpMaJbHO nagaer 6 » 1016 goronos.

AaHo: A = 0,4 Mmkm = 4°10"M; S = 1em2 = 104 mMm2; n =
=6+101%;, p =0.

Hautu: p.

PeweHue. [laBiieHUe cBeTa p HA MOBEPXHOCTH OIIPEEJIAETCS IO

dopmyie p = g(l + p), roe E = ’-’f N — sHepreTnyecKas OCBellleH-

HOCTEL noBepxHocTu. Ha 1 M2 moBepxHOCTH HajaeT

Torpa p= }'—:(1 + p)N;

6,63 - 10734+ 6 - 102°
p= 0

.70 = 1075 (I1a).
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[image: image7.png]CBeTOBOe IaBJieHHEe, UCIBLITHIBAEMOE 3epPKAJbHON IOBEPXHOCTHIO
mwromagesio 1 cm2, pasao 107° ITa. HafiTu nauHy BOJIHBI CBeTa, €CJIM Ha
IOBEPXHOCTh exXeCeKyHaHO nagaeT 5+ 1016 poronos.

AaHo: S=1cm2=10"*M2; p=10%TIa; n=5-1016; p=1.

Hantu: A.

PeweHue. Ecau Ha S = 1 cMm?2 magaer n doronos, To Ha 1 M2

N="

3 = 5+ 1020, CeToBoe naBieHUe oIpeeasaeTca 1o Gopmy.ie

p=€,‘:(1+p),

roe E = %‘N — DJHepreTHuYecKas OCBEIIEeHHOCTb IIOBEPXHOCTH,

T. €. DHepru Bcex (GOTOHOB, nonajaomux Ha 1 M2 moBepxHOCTH 34
1c.

he | N

= +
p=-=-—0+p),
OTKYZAa
A= hN£;+p); 3 = 6,63 10’;-_65 *10%-2 _ 6 63.10-7 (m).

[E] IlaBJeHNe cBeTa Ha 3epKabHYIO0 HOBEPXHOCTH, PACIOJIOMKEHHYIO
Ha PacCTOSHHUU 2 M OT JIaMIOOYKM, HOPMAJbHO NaZalollM JIYYOM, PABHO
1078 ITa. OnpenesuTh MOIIHOCTD, PACXOAYEMYIO Ha U3JIyUeHHe.

Aavo: r=2mM;p=1; p=10"81la.

HanTtu: N.

PeweHune. IlaBieHne cBera p Ha IIOBEPXHOCTb OIpehelifeTcs

o popmyJse p = %(1 + p). Uckomasa momuOocTe N OyzeT paBHa

N =ES, rone S = 4nr’ — nnomaznpr BooGpaxkaeMoii cdepsl c pa-
OIUYCOM r, Ha KOTOPYIO MBICJIEHHO IIaJaeT Bce M3JIYUYEeHHe OT JIaM-
IIOYKH.

E=_L¢ . N=_P5 .4gnr?;

1+p 1+p
E= 10—8°3'1082'4°3,14'4 :75,4(BT).

@ HaBiaeHue cBeTa ¢ 4JINHOM BoJHBI 0,55 MKM, HOpMaJbHO Iagalo-
IIIero Ha 3epKaJIbHYI0 IIOBEepXHOCTh, paBHO 9 mklla. OnpexennTts KoH-
HeHTpanuio GoToHOB BOIN3N NOBEPXHOCTH.

Aano: A = 0,55 MKkM = 5,5°10"Mm; p = 9 mxIla = 9+-1076 IIa;
p=1.

Hantu: n.
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[image: image8.png]PeweHne. JlaBieHMe cBeTa IPHM HOPMAaJIbHOM HaJeHHUH Ha IIO-
BEPXHOCTH C KO3(h(PUIITMEHTOM OTPaAKeHUA P OIIpelessaeTcs o (op-
MyJie

p=2(L+p)=w(l+p), (1)

E
rope w — o0beMHAas MJOTHOCTD 9HEPIruH N3JIYIeHHUA, W = —.
c

O6beMHasa IJIOTHOCTh dHEpPruM W paBHA IIPOMIBEAEHUIO KOH-
nmeHTpanuu GoronoB n (umciaa GOTOHOB B emuHHUIle 06beMa) Ha

3HEPruIo ogHoro PoroHa € = ’% , T. €.

_ nhe
w - (2)
IToxcrasnssa (2) B (1), monyuum
p="2(1+p) (3)
— __Mp
OTKYyJa n= . 4
TKY N el 7o) (4)

IIpoBOoas BEIUMCIIEHNA, HAIEM

«10-7+9.10°6
n=_—205:107:9:100 . 4.71013 (m3).
6,63 - 10734 3 108(1 + 1)

@ KpacHasa rpanuna ¢oroaddexra n1i1sa Hukeasa pasHa 0,257 MxM.
Halitu niuHY BOJIHEI CBETa, Iafarollero Ha HUKeJeBhIN 3JIEKTPOJZ, eCJan
(GOTOTOK mpeKpallaeTcs Opu 3afepPKUBaloIel pa3HOCTH NOTEHIIXAJIOB,
paBHOI1 1,5 B.

Aano: A =0,257 Mmkm = 2,57-10""m; U = 1,5 B.
Hanmtu: A.

PeweHne. CorsiacHO ypaBHEHUIO OWHINTENHA IJIs1 BHEOIHETO
dotroapdexTa:

B = A+ By (1)

KpacHas rparuna ¢oroaddexra onpenesnsiercs U3 yCJIOBUSA pa-
BEHCTBA 3Hepruu (poToHA € = ’-’f paboTe BBIXOZa 3JIeKTPOHOB A,

T. e.

he _ 4. (2)
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[image: image9.png]MakcuMajlbHasA KUHeTHYeCKas sHeprus (POTO3JEKTPOHOB MO-
JKeT OBITh ONpeAesieHAa depe3 3aJepKHUBAIOLIYI0O PA3HOCTH ITIOTEH-

nuajos U:
E = eU,

K max
rie e — 3JeMeHTApHBIN 3apAk (3apsan 3JIEKTPOHA).
IToncraBsaasa BeipakeHud (2) u (3) B (1), monyuum

hc hc
— == +el.
A A

K

3 ypaBHeHu4A (4) HalifeM AJINHY BOJIHBI CBETa

1 , eUN!
== + &) .
A ()»K hc)

IloxcraBnsasa B (5) yHuCcJIO0BLIE 3HAYEHUA, ITOJYYUM

«10°19. -1
= (ol 4 L6101 )=

2,57+-1077 6,63-1034.3.108
~1,96+10"7 (M) = 0,196 (MKM).

(3)

(4)

(9)

Ins doroxarona, BEIIIOJIHEHHOIO U3 BoJIb)pama, paboTa BeIX0aa
paBHa 4,5 3B. OnpenenuTs, Opu KaKo¥ MaKCHUMaJbHOI JJHHE BOJIHBI

OpoucxoxuT poToapPekT.
AaHo: A = 4,53B.
Haitu: A_.

Pewenue. PabGoTa BeIXOAa 3JIEKTPOHOB ¥ [JJIHMHA BOJHBI A

KpacHOH rpaHHuIlEI @oToadhdeKTa CBA3aHbl COOTHOLIIEHUEM

_hc
A"—k_'

K

Orcioza

A, =he,p =6.68:-107:3-10% . 5 7g.70-7 (u).

A, 4,5-1,6-10719

@ @oToH ¢ pIHHOH BOJHE! 0,2 MKM BEIPDBIBAeT C IIOBEPXHOCTHU (POTO-
KaToja 3JIeKTPOH, KUHeTH4YeCKasd sHeprusa xoroporo 2 3B. Onpenennts

paboTy BBIXOZa ¥ KPacHyI1o rpaHuny doroaddexra.

Aavo: L=0,2MeM=2:10"M; E, =23B=3,2:-10719 IIx.

Haintu: A, A,.

Pewexue. YpaBHeHMEe JUHIITENHA 011 PoTOodddeKTa

h h
—)"E =A,tE; A = _;\E —E;

A - 6,63:10734.3.108
s 21077
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[image: image10.png]HUHY BOJIHBI A, KPacHOH rpaHHIbI PoTOo3(ddeKTa onpesearum

u3 popMyssl A = %‘3 , OTKya

K

_ ke,
K A ’
k — 6,63 * 10_—34 « 3 108 — 2’97 . 10—7 (M).

3 6,7-1071°

Kakyro yacTp 3Hepruu (hoToHa cOCTaBJAET dHeprusa, Koropas I1o-
IIIJIa HA cOBepIlleHMe pabOThI BLIXOAA 3JIEKTPOHOB M3 (POTOKATOLA, €CJH
KpacHas IpaHHIla AJA MaTepuaa ¢orokaronga passa 0,54 MKM, KUHETHU-
YyecKada 3Heprusa ¢goroaseKTpoHoB 0,5 3B?

Aano: A = 0,54 mxm = 5,4-10"" m; E, = 0,5 3B.

Hanmtu: 2.

o | >

Pewenue. Popmysna JiHIITEtHA A3 (poTroadpdeKrTa ¢ = A +
+ E .. [ITMHA BOJIHBI A, KPACHOM I'paHUILbI

A_ -—-.’E.;ﬁ::ﬁ’.‘:l—gﬁ_

A € £ >
Torna
e=0tC 4 g ;
Ay X
g=0:63:107:83-10° , 5 5.76.1010=
541077
=~ 4,48 - 10719 (Ix) = 2,8 (3B).
4s _ 1 - Ee _ 1 - 0,9 0,82, T. e. cocraBasier 82%.

€ € 2,8

KnHeTnueckas sHeprusa 3JeKTPOHOB, BRIOHUTHIX M3 Le3MeBOT0 Ka-
TOoAa, paBHa 3 3B. OnpezenuTs, Ipu KaKoi MaKCHMAaJBLHOMN AJINHE BOJHE]
cBeTa BEIOMBalTCA 3JIeKTPOHBI. Pabora Brixoza ana ue3nda 1,8 aB.

Aavo: E, =33B=4,8-101Ixx; A =1,83B=2,88-10"1 IIx.

Hantu: A.
PeweHue. YpaBHeHMEe JUHIITEHHA 0ada doToadpdeKra
b = A, +E,.
Torpa
A= _hc _6,63- 1034.3.108 _ 2,6 +10-7 (m).

A, +E, (4,8+2,88)-1071°
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[image: image11.png]O6ayueHre JUTNEBOTr0 (DOTOKATOAA IPON3BOAUTCA (PHOJETOBBIMU
JIlyuyaMH, IJIMHA BOJIHBI KOTOpPBIX paBHA 0,4 MmKkM. OnpeAesnuThL CKOPOCTH
(dOTO3JIEKTPOHOB, €CJH AJMHA BOJIHBEI KpacHOM rpasuusl ¢ortoadderra
ana autua pasHa 0,52 MKM.

AaHo: A=4-10""m; A =5,2-10"" m.

Hantu: v.

Pewenne. CorsacHo ypaBHEHUIO JIHIITeNMHA NJIA doToddpdek-

Ta 3Heprua (POoTOoHA £ = %‘5 pacxonyercsa Ha paGoTy BBIpLIBAaHHUS

3JIEKTPOHA A, = -’{-‘5 U cooblIeHHe 3JIEKTPOHY KHHETUUYECKOM 3Hep-
ruv E_. \
hc hc muv hc _ hc
— = +E 3 E =—] == - =
A n KoK 2 A A
Torna

o= 192 - B

_ ,2-6,63-10"3-3-108(5 2-4)-1077 _ 5
v — 2 - 5. 10 c [
9,1-103%.5,2-4-10°14 (/c)

OnpenenuTs MaKCMMAJILHYIO CKOPOCTH 3JIEKTPOHA, BEIPBAHHOTO
C IOBEPXHOCTH MeTaJljla Y-KBAHTOM ¢ 3Heprueit 1,53 MaB.

Aavo: £ =1,53 MaB; E, =0,511 MaB.

Hantu: v, .

Pewenune. Ilo ¢popmyne OuiHmTeNHA AnA ¢oroadpdexra E =
=A_ ., + E, . OHeprus KBaHTa U3JyYeHUA pacxoayercs Ha pabory
BBIDHIBAHUSA 3JIEKTPOHA A_ = M CcoofllleHrne eMy KHHETHYeCKOH
sHeprum E . Tak Kak A, , < E, TO 371eKTpoH OyAeT pelATHBHUCT-
cKkuM 1 E = E_, a KNHeTH4YeCcKasa 9Heprus GyneTr BelpakaTbeda Gop-
MYJIOH

E,=E, —L— -1 |= 2

) p 02 L0
c? c?

rae E, — sHeprus noxkosd 3JIeKTPOHA.

2 2 2
B +Ep= —2—;1-2 = (S0 )" o (0511 )" . gg3;
o2 & \T+E/ ~ \1,53+0,511

c?

Y =0,937; v=c-0,937 = 2,8 108 (m/c).
C

- EO’
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[image: image12.png]Ha nmHKOBYIO IIACTUHKY IafaeT NYYOK YVJILTPa(dHOJIeTOBLIX JY-
yeM ¢ gauHON BOJMHEI 0,2 MKM. OnpeaesnTh MAKCUMAJbLHYIO KHHETHYe-
CKVIO dHEPT'UIO 1 MAKCHUMAJILHYIO CKOPOCTH (hOTO3/IEKTPOHOB. PaboTa BbI-
xojza asAa nuHKa 4 3B.

Aano: A=2-10""mM; A =6,4-10719 IT>x.

Hantu: E, v.

PeweHne. Ilo ypaBHeHHIO JiiHIIITeiHA 014 poToaddeKkTa

’% =A +E ,rorna E = ’% —A;

E =08:63:-107:3-10% 4 4.10-19 = 3,545. 10719 (:x) = 2,2 (3B).

K 2107

KuHernueckas sHeprus

2
E=T",
2

2E 2-.3,545-1071°
Orcro = ——;v———-J 2 =8,8+10° (Mm/c).
TCIOgA U /m 91,105 (Mm/c)

@ Ha nyiacTHHKY nagaeT MOHOXPOMATHUYECKHUH CBET ¢ AJHHOM BOJIHBI
0,42 MmxkM. POTOTOK IIpeKpalllaeTCA IIPH 3ajlepKUBaIOIleil pa3HOCTH II0-
reHuagoB 0,95 B. OnpeaesnuTs paboTy BEIX0a 3JIEKTPOHOB C IOBEPXHO-
CTH IIJIACTUHBI.
Aano: A =4,2 - 107" mxm; U, = 0,95 B.
Hantu: A_.
Y
PeweHne. YpaBHeHHe JilHIITeMHa AJaaA ¢oroadpdeKkTa mMmeer
BUL %‘5 =A_+ E . Ecsn u3sBecTHa 3ajiep;KuBaloniad pasHOCTh II0-
teHnuanoB U, To E_=e+ U, roe e — 3apaj anekTpoHa. Toraa
_ hc _ hc )
AB— —5\,- —ER— T —eUa,
A _6,63-1034.3-108
0,42 -10°°

-1,6-10719:0,95=3,2+-1071° (IIx) = 2 (aB).

@ I'amma-(oTOH ¢ AIMHON BOJHEI 1,2 IM B pe3dyjabTaTe KOMIITOHOB-
CKOI'0 paccessHUA Ha CBOOOAHOM 3JIEKTPOHE OTKJIOHHUJICA OT IIepBOHAYANb-
HOTO HanpasjeHUA Ha yroj 60°. OnpeaeuTsL KMHETHYECKYIO 3HEePruio U
AMIIYJIBC 3JIeKTPOHA oTaaui. J1o CTOIKHOBEHNA 3JIEKTPOH IOKOUJICH.
Aawo: A, = 1,2:10712 m; 6 = 60° A, = 2,43:10712 m; E, =
= 0,511 MsB = 0,818+ 10713 Tx.
Hawntu: E_, p.
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[image: image13.png]PeweHnue. IsMeHeHMe NIMHEI BOJHBEI ()OTOHA TP KOMIITOHOB-
CKOM paccedHHHU Ha HEMOJABHUIKXHOM CBOOOJHOM 3JIEKTPOHE PaBHO

Al =Xy = A; = Ao(1 — cos 0), (1)
roe A, M A, — AJIMHBI BOJH NAajalolllero ¥ paccedHHoro ¢oToHa,
0 — yroxa pacceaHus doToHa, A, = b= he KOMIITOHOBCKAaA

mc E,
IJINHA BOJIHBI 3JIEKTPOHA.
M3 BripaxeHus (1) HaiigeMm

BrIpa3uM sHepruio majgaloilero 1 pacceaHHoOro oToHa depes
ero JJHNHY BOJHEI

hc hc hc
==, &)= — . 3
M2 Ay A+ Ae(1 - cosh) (3)

KuHeTnueckasa 3Heprusa SJIeKTPOHA OTHAYM COIJIACHO 3aKOHY
COXpaHEHHUA SHEePrur paBHa

IloncraBnasa BeipaxkeHud (3) B (4), Halinem

E (hc) Ac(1 - cosB) _F (KC) Ac(1 — cosB)
* A\AZ Ay + Ap(1 - cosB) A/ Ay + Ao(1 = cosO)
C C

(9)

IIpoBoas BEIUKCIIEHNA, IIONYYNM

=0 511(2 ,43 - 101 2,43 -+ 1071%(1 - c0s60°) ~
1,2:10712/ 1,2-10712 + 2,43 - 10712(1 - c0s60°)
= 0,521 (MsB) = 0,833 10713 (IIx).

3Hasg KHUHETHYECKYI0O BHEeprHio 3JIEKTPpOHAa, HAMJeM ero uM-
nyabc. IIoCKOJMbKY KHHeTHUEeCKAas: 9Heprud 3J1eKTPOHA CPABHHMA C
ero s3Heprueil NOKoOA, TO UMNYJbC U KNHEeTHYECKAaA dHEepTrud cBA3a-
HBI COOTHOIIIEHHEM

p==1 JE (E, + 2E,). (6)

IlogcraBnsasa B (6) uncoBEIe JaHHEIE, IIOJYUYUM

J0,833-10-13(0,833 - 10" + 2+ 0,818 - 10718) =
= 4,8+10722 (kr-m/c).

p—31m
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[image: image14.png]@ Yrou paccearnsa ¢poroHa ¢ aHeprueii 1,2 MaB ma cBOGOAHOM 3JIEKT-
pore 60°. HaliTy a1MHYy BOJIHEI paccessHHOT'o (OTOHA, 3HEPTHUI0 M UM-
OyJILC 3JIEKTPOHA OTAaYM (KMHETUUYEeCKOM sHepruei sJIeKTpoHa A0 coyaa-
peHus npeHedpeus).

Aano: €=1,2MsB=1,92-10713 ITx; 6 = 60°.

Hatu: Ay, Ee,pe.

Pewenne. VsMeHeHMe AIMHEI BOJIHBI (h)OTOHA NP KOMITOHOB-
CKOM paccesHHU

AL =L, — A, = -’;lh—c(l — cos 0) = A,(1 — cos 6). 1)
U3 ¢popmyasl (1) HaxoauMm A, = A; + AL = A; + A (1 — cos 0).

__hc
Bripakasa A, uepe3 3Heprumo QoToHa g, = T nmoJjiydyaem
1

Ay = léﬁ + Ao(1 — cos 0). (2)
1
OJHEPrusa 3JIeKTPOHA OTHa4H M0 3aKOHY COXPAHEHUA S3HEPTHUH
E,=¢g;, —¢,.

BblpaBHM H3MEeHEeHNne NJINHBI BOJIHBI 4Yepe3 N3MEHeHHne 4YacTo-

C(Vy—V
i A= S — & =17 Ve) yueToM (1) MOYKHO HAIIHCATD:

V2 V) ViVa
v, = vy = 21%2(1 — cos 6). (3)
mc
YmHoxaa ¢dopmyny (3) Ha h u yuuTeIBas, 4To hv, = g,

hv, = g,, mc? = E,, ¢, — &, = E,, nonyuum
_ &f(1—cosH)
© Eg+¢,(1-cosb)’
rae E,= 0,511 MsB = 0,82+ 10713 J[>k — sHeprus moKosd 3JE€KTpPO-
Ha. 3HadA 3Hepruio 3JIeKTPOHAa, HaillaeM
pe= 1 JEAE, +2E,). (5)
IloxcraBnsasa yucioBble 3HaUeHNA B popmyJrsl (2), (4) u (5), mo-
JIydaeM:
, - 6,63:10-3¢-3.10°
2 .
1,92.10°13
P - _ (1,2)?2:0,5
¢ (0,511+1,2)-0,5
p,= ——— J1,04-10713(1,04- 1075+ 20,82 - 10-13) =

3-108
= 5,56+10722 (kr+ m/c).

(4)

+2,43+1071%(1 - 0,5) = 2,25 - 10712 (m);

~ 0,648 (MaB) = 1,04 - 1013 (IIx);
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[image: image15.png]doroH ¢ uMnyanscoM 5,44 » 10722 kr+ m/c 6ul1 pacceAH Ha CBOGOX-
HOM 3JIeKTpOHe Ha yroa 30° B peayabrare adpdexra Komnrona. Onpene-
JUTH UMIIYJbC pacCesAHHOro (poToHA.

Aauo: p; =5,44+-10"22kr-m/c; 6 = 30°.

Hawutu: p,.
_h _ h _ h
Pewenne. Umnynsc ¢porona p, =53 Py = ;= OTKyZa A==,
1 2 1
Ay = % Hamenenue OJUHBI BOJHBI AA npu adpdekTe KomnroHa
P2
paBHO
A=Ay —A; = (1 -cosB), mmm 2 - 2 = 2 (1 _cos0).
mc P pp mc
Orcrona
— 1 _ pmc _
P2= 7 1 p,(1-cos®)+mgc
2 (1-cos®)+— P1(l—cosb)+mgc
mc D1

_ 0,544:10721.9,1-10-31.3.108
5,44 - 10-22. 0,134 + 9,1+ 10731 . 3 + 108

= 4,3+10722 (kr* M/c).

@ @PotoH ¢ suepruein 0,51 MsB B pesysbTaTe KOMITOHOBCKOTO pac-
ceAHMA OTKJIOHWJICA Ha yroJa 180°. OnpesenTs 10110 9HEPTUHU B IPOLEH-
Tax, OCTABIIYIOCA V paccesHHOro ¢oToHa.

Aavo: g, = 0,51 M3B; 6 = 180°.

Hantu: £2 .
€1
PeweHne. Ilo 3aKOHY cCOXpaHeHHA 3HEepruu
g,=¢t, + E,,
rAe £, — SHeprusa HaJeralomniero ¢GoToHa, £, — 3HEPruA paccesH-
Horo ¢oToHa, E, — sHeprus snexTpoHa.

rae A, — JNJXHA BOJIHBI HaJeramomiero ¢oroHa, i — NOCTOAHHAA
IInanka, ¢ — CKOpOCTB CBeTa.
_ he

Ay
rae A, — IJIMHA BOJIHBI paccessHHOro ¢oroHa. MsmeHenne AJIHHEI
BOJHBI AA = A, — A; (GOTOHA IPH KOMIITOHOBCKOM paccesiHMU PAaBHO

AN = As(1 — cos 0),

€9
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[image: image16.png]rae A, = 2,43 10712 M — KOMIOTOHOBCKAA AJINHA BOJHEL 3JIEKTDO-
Ha, 0 — yroJ pacceaHus.

AN = Ay 2.
Torna A=Ay + AL = A, + 24,
he
U 3Heprus Eo = ———
P 20 a + 23
a OTHOIIEHHE -2 = he = he
€1 81(2—": + 2}»0) he + g, 2
€1
E?. _ 6,63 - 1034.3.108 -
&, 6,63-1034.3:108+0,51+1,6-10"13.2.2,43.1012
=0,33 =33%.

B pesysanbTaTe KOMIOTOHOBCKOro 3dbdeKTa 3JeKTpoH npuobpen
suepruio 0,5 MaB. OnpenennTts saHepruio nagarmomero GoToHa, ecjau AJIu-
Ha BOJIHBI paccesHHOro oTora 2,5+ 10712 M,

Aavo: E=0,5MsB; A =2,5-10"12 nm,
Hantu: g,.
Pewenune. Ilo 3akoHy coxpaHeHHA dHepruu g, = &, + E, rue

g, — 9Hepruda 6omMbapaupylomero poToHa, £, = Z’):‘—: — 3Heprus pac-
2
ceaHHoOro oroHa. Torpa .
c
g, =— + E;
1 K2

. -34.9. 8
£ = 6’632’150. 10_?2 10% 4 0,5.1,6-1013=1,6- 10713 (Il:x) = 1 (MaB).

@ B pesyibTaTe KOMITOHOBCKOI'O pacceiHNsaA Ha CBOOGOAHOM IIOKOS-
IeMcd dJIeKTPOHe AJIMHA BOJHE Y-(DOTOHA A, yBesauuuaach BaBoe. Haiitu

KMHETUUYECKYI0 9HEePruio ¥ UMNYJbC 3JIeKTPOHA OTAa4YM, €CJIM YIroJ pac-
cestHUA paBeH 60°.

AaHo: A, = 2A; 6 =60°.

Hantu: E, p.

Pewenue. I3aMeHeHUEe AJIMHBI BOJHBI AA IIPH KOMIITOH-3®@eEK-
Te oIIpefesiieTcd 1o (popMmyJie

AN = Ay — A; = A(1 — cos 0),
TAe Ay U A, — JJNMHA BOJHEI (JOTOHA O M IIOCJIEe pacCcesHUA,

Ao =2,43+10712 — KOMOTOHOBCKAA AJIMHA BOJHEI, O — yroJ pac-
cessinus. Ilo ycnosuro 3agaun A, — Ay = A; 1 TOrAA

Ay = Ao(1 = cos B), A, = 2A,(1 — cos 0).
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[image: image17.png]OHeprusa 3JeKTPOHA

he _ he _ he (1_1);

E=¢g —eggy=—=—= = . =
L™ A A Ao(1 - cosh)

2

E=863:10"7:0,5:3-10° . g 8.10-13 (f:x) = 0,5 (MoB).
2,43 - 10712(1 - 0,5)

AMmnysasc 3J1eKTpOHA

p= % JE(E +2E,),

rae E, = 0,511 MaB — 3Heprus nokosi aJieKTPOHa, ¢ — CKOPOCTb
cBerTa.

p==—=08-10713(0,8-10713+2- 0,82+ 1071?) =

=4,7-10722 (kr+M/c).

IlepBoHauabHO NMOKOMUBINMICA 3JIEKTPOH IIpHOOpes KHHeTHUe-
ckyio sHepruto 0,06 MaB B pe3yjnTaTe KOMITOHOBCKOTO pacCesHHUA Ha
HeM Y-(poToHa ¢ sHeprueit 0,51 MaB. Yemy paBeH yroi pacceaansa Goro-
Ha?

Aano: ¢,= 0,06 MsB; ¢, = 0,51 MaB.

Haitu: 0.

Pewexue. JHepruda paccesHHOro oToHa

€, =€; —¢,=0,45 MaB.

HNIMHY BOJMHBI A, M A, (POTOHOB BHIPA3MM M3 (OPMYJBHI IJA
3Hepruu OTOHOB:

HNsmeHeHne OqauHBI poToHA AL = A, — A; BeIpa)xkaercsa GopMmy-

noit AL = - (1 = cos 6);
mc

}‘2‘}‘1=£E(1‘0089);%€ —%9 =;z’—l;(1—cos6);
2 1
1

-1 -1 (1-cos9).
€9 €1

mc?

gy = mc? = 0,511 MaB — 3Heprus NoKos 3JIEKTPOHA,

1 — _1. = _1. — . _____1 — = 1 —_— 1 = *
— - (1 — cos 0); 051 (1 — cos 0) 0.45 051 0,261;

1-cos®=0,261-0,511=0,133; cos6=0,867; 6 = 30°.
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[image: image18.png]33AQ4YU AASl CAMOCTOAITEABHOrO pellueHUs

1. Kakyio sHepruio Tepsier 3a 1 ¢ packajleHHas NOBEPXHOCTE IIJIO-

magsio 0,2 cm2 npu Temneparype 2000 K? IlorsnomaTensHasa croco6-
HOCThb nnoBepxHoctu 0,5. OrBert: 9,1 k.

Q. OnpeAennTs AJIUHY BOJHBI, OTBEUAIOI[YI0 MAaKCUMYMY MCIIYC-
KaTeJbHOM CIOCOGHOCTH YepHOro Tesa npu remneparype 37 °C, u aHep-
reTHYeCKYIO CBeTMMOCTh Teja. Orser: 71075 M; 1602 Br/M2.

3. MakcumMyM ucnyckaTenabHoi crnocobHoctu COJNHIIA TPUXOAUT-
cA Ha IuHY BoaHE 0,5 MKM. Cuurasn, uro CosHIlle M3/IyUaeT KaK YepHoe
T€JI0, OIPeAeINThL TEMIIEPATYPY €ro NOBEPXHOCTH ¥ MOIIHOCTL M3JIyUe-
nus. Oreer: 5780 K; 3,84 - 1026 Br.

4, Cunuras, uro CosHLe M3IydaeT KaK YepHOE TeJO, ONpeleJUTh
MHTEHCHUBHOCTL COJIHEYHOrO H3JydeHHsA BOAu3n 3emuau. Temneparypy
noBepxHocTy CosHua npuHaTh paBHoil 5780 K. Orser: 1360 Br/m2.

5. Kpacuas rpanuna aia Hekoroporo Merannaa 0,6 Mmxm. Merasn
OCBeIllaeTCA CBETOM, AJIMHA BOJHEI KoToporo 0,4 MmxMm. OnpenesiuTs, Mak-
CHUMAJbHVIO CKOPOCTH 3JIEKTPOHOB, BLIOMBaeMLIX CBETOM M3 MeTaJlja.
Ortser: 6,04+10° Mm/c.

6. Haiitu uacToTy cBeTa, mafaioniero Ha IJACTMHKY HUKeJd, ec-
JIX CKOPOCTh (hoToa1eKTpoHOB 2,8 » 10% Mm/c. Pa6oTa BEIXOZa 3/I€KTPOHOB
u3 HukKend 4,8 aB. Orser: 6,5-1015 71,

7. IIpu ocBemleHUM HNOBEPXHOCTH HEKOTODPOTO MeTAaJsjla CBETOM C
nanHoM BoaHEl 0,22 MKM 3ajiepKuBamwoiuii nmoreHuuan pasedn 1,14 B.
HaiiTu paboTy BeIX0Za 3JIEKTPOHOB M3 3TOro Metasyina. Orser: 4,5 aB.

8. [laB/eHe MOHOXPOMATHYECKOTO CBETA AJMHOM BOJIHE 0,5 MKM
Ha NOBEPXHOCTh ¢ Koaddumumenrom orpakeuma 0,8 pasuo 1,43 Ila.
OnpenenuTs  KOHIEHTpauuioo  (POTOHOB  BOJM3KM  INTOBEPXHOCTH.
Orsert: 2°-1018 M3,

9. ®oroxH c sreprueit 0,500 MaB paccesasnca Ha cBOGOLHOM 3JIEKT-
poHe nox yruom 60°. HaiiTn sHepruio pacceaHHoro (poToHa, KMHeTHUe-
CKYIO 3HEpPrHuio ¥ UMNYyJbc oTAadn. CuuTarhb, YTO KHHETHUYECKOM SHEepru-
el 3JIeKTPOHA A0 COyAapeHHUsaA MOXKHO IIpeHebpeub. OtBeT: 0,335 MaB;
0,165 M»sB; 0,236 - 10721 xr-m/c.

10. Onpegmenure uMMnyabc (OTOHA, HEPTMA KOTOPOTO pAaBHA
10 x3B. OTBer: 5,33:107 24 xr-Mm/c.




