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!l-4/ . 
B p>~ne paooT oocyJKnancH nonpoc o ammnnH nonepxuocTnoll n oo"heMnoll pe-

KOMonnaunn na <jlo·ro9neKTpn'!ecKne cnoilcTBa <jloTonpononHHKon. Bbma nalluena
1 11 

aanHcH

MOCTh <jJOTOTOKa OT K08<jJ<jJHUH9HT8 nornomeHI!H CB9T8 II CKOpOCTl! nonepXI!OCTHOif p9KOM011-

naunu UnH cny'!aH, Korua npnnoJKeunoe none nepneHUHKynHpno nanpanneHuto cneTa H UBH

l!WHne HOCI!Teneti onpeuenHeTcH npoueccaMH UHcp<pyauH. B
121 

paccMoTpeH cny<rail, Korua 

IIpHKJ18.rlbi889M09 I!OJ19 I!8p8JlJ19JlhHO H8Ilp3BJ19HHIO CB9T8 1 IIpll 8TOM JlBIDK9HH9 IIOCUT9J19:fi 

onpeuemmoch upeit<jloM n none. B uanuoll paooTe obrna npHHHTa no nnnMaHne TOnhKo oo"h

eMHaH perwM6HnauuH. Ooe aTn aauaqn pemannch n ounoMepHoM npHonHJKeHHH, 

HaMH paccMoTpen npaKTI!'!eCKII BBJKHbril cny•tall ocne!lrenuH <jloTonponoUHI!Ka (c Ma

noll KOHUeHTpllUI!ei! p8BHOB9C!lL!X CBOOOUHb!X HOCHTene!r) nepneHUHKynHpHO nanpanneHH!O 

Cllnhi!Oro aneKTpH'!ecKoro nomr c y'!eToM nonepxHOCTHOil n oo"heMnoil peKoM6nnaunn 11 

UBHJKeHIIH nocnTenei! B unyMepHoil reoMeTpHH ( pnc. 1). TaKne ycnoBHH peannaytoTCH, na

npuMep, B nonynpoBOUHHKOBbtX ueTeKTopax Huepn&rx 'laCTHU c TOJJCTLIM cnoeM o6"heMIIoro 

38pHU8 (rue OObl'IHO \V ?; 1 MM npH OCBeill9Hllll CB9TOBb!Mll HMnyJJhC8MII C TOpua), 8 TBK-

JKe B pHU9 KOUCTpyKUHi! <jJOTOCOnpOTllBJ19Hllil 093 p- n - nepexoua ( CdS ' PbS II J:Ip.), 

EyneM cttnTaTh, ttTo HHTeHCHBHOCTb caeTa aeaenHKa, TaK qTo aneKTpOHbi H JlbipKn 

cno6ouuo. paauenHtoTCH noneM E, • Ecnn npene6pe'!h o6"heMUbiM aapHUOM cno6oaiihiX 

HOCHT9J19ti 1 8 T8KfK9 HOCIIT9J1ef't 1 H8XO.UHIIUIXCSI B J10BylllK8X1 TO MO>KHO C'l!HT8Tb none E y 

IIOCTOSlHHbiM. npe.r:tiiOJ102KHM 1 t{TO SIBJI9HIHI, npOHCXO.!lSlllUI9 I-18 IIOB9pXHOCTH 1 MQ)KHQ CB9CTH K 

a<jl<jl 9KTHBHOi! CKOpOCTI! nonepXHOCTHOil peKOMOIIH8ll!III 1 IIOCTOHHHO:f:i B.UOJlb OCH y 

CTporo ronopH, nonepxHoCTHaH peKoM6HHBIIIIH MBKCHMaJJbHa TaM, rue KOHIIeHTpaunn ane r<

Tponon n UbtpoK 6nnaKH upyr K upyry, n yMeHhmaeTcH no o6e CTopOHLt OT STorr o6nacTH. 

DpeunonolKenne o nocToHHCTBe s IIpHBO.CUIT K H9KOTOpOH: H9COrJ18COB8HHOCTH llBIDI<e-

HHH UbrpoK n aneKTponon. OunaKo npn paccMoTpennn ounoro Tnna uoci!Teneil 

(KaK aTo Mbt 6yueM uenaTh B uanhneilmeM) yKaaannoe npeanono>KeHHe npnneaeT nnmh r< 

H9KOTOpOfi OlllllOKe B B9Jlll'll!He • K coN<aneHHIO, cTporuii yqeT .naaaoro o6cTos:~Tenh-

CTB8 CBSl38H CO 3H8tiHT9nhHbiMH M8T9M8TlltJ9CKHMH TpyJlHOCTHMH. no STOti }1<9 TipHtiHH9 B 

HBHOM anne H9 p8CCM8TpHB810TCH HHB9pCHOUHhi8 CnOH H CB513811Hbi8 C llllMH IICK8X{91HIH 

8Jl9KTpH'!eCKOrO nonS!. 

Mbt T8K>Ke ae 6yneM npHHHMBTb ao annMaane aniHIHne, oKa3btnaeMoe nocnTenHMII, 

reaepupyeMblMH TIOB9pXHOCTbl01 H8 nBH}l{9HH9 ciJOTOHOCHTenei"'J. 3TO I1p8JlfiOnO>K8HH8 COOTBBT-

CTByeT CJJY'IB!O H900nhll!Olr CKOpOCTII nOB9pXHOCTHOH reHepal!IIHo 
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Hl!lKe 6y!leM paccMaTpi!BaT& Ton&KO llBI!>KeHI!e ahipoK, 

B CTaUIIOH8pHbiX YCUOBIIHX TOK ahipOK paBeH: 

-+ - -+ 

jp =--qD· VP + QI<P (Ex + Ey) • 
(I) 

floKa>KeM, '!TO ami MaUbiX HHTeHCHBHOCTefi CBeTa H ami 60Ubllli!X K08~~HUHeHTOB rrornome-

HHH ko aTo Bbipa>Ker;Ie MO>KHO yrrpoCTI!Th. Ecnn pacrrpeaeneHne aneKTpOHHO-abipO'!HbiX 

nap ( reHep!!pyeMbiX B eai!Hl!Ue 06'beMa B eaiiiii!Uy BpeMeHn) OT IIOBepXHOCTII 

pa3ua nMeeT Blla: R(x) = R 0 -;,"ox , TO TOK g = q · fp(x) dx·IV = ~ 
o k0 

paBneH!III Z C'li!TaeM TOilllli!Hy o6pa3U8 p8BHOH eai!Hl!Ue 1!3MepeH!IoW llnH 

B rny6& o6-

(B H.arr-

BbiRCH9HlHI X8-

paKTepa llBII>KeHIIH HOCI!Teneil B aneKTpii'!eCKOM none 6y!leM IIOKa rrpeHe6peraTb IIOTepHMII 

OT IIOBepXHOCTHOH H o6'heMHOH peKOM61!HaUHI!, 

flpn llBli>KeHnn llbipoK B none EY rrponcxoai!T TaK>Ke nx llH~~Y311H n apeft~ B HarrpaB-

JI9HHH X , IIpJiqeM M8KCHM8JibH09 IIpOHHKHOB9HH9 fl 6yaeT 1Ip011CXOaiiTb, IIO-BIIall-

MOMy, 1Ip11 y = \V , C'!nTaH TOK aneKTpOHOB B aToM ce'!eH:m paBHbiM Hynro ( rrocKon&Ky 

OHII llBHraiOTCH B IIpOTHBOIIOnO>KHOM H81IpaaneHIIH), MO>KeM IT81IIIC8Tb OUeHO'!HOe COOTHOIIle-

Hne: gp = g ~ q • fL • Pw· E y ·A 0TCIOaa HaxoanM: Pw= 
Ro· IV 

h. kti :1'. :Ey 

06'heMHbiH aapH/l llbipoK 6y!leT co3AaBaTb none Ex , KOTopoe, oqeanaao, MaKcnManb-

HO T8K>Ke IIpii Y = IV • H3 ypaBHeHI!H ITyaccoaa nerKo oueHI!Tb 

E = ~ • p • .h = ~"q 
X W f 

R
0

·1V 

ko. i< ·I':Y 

0THOIIleHI!e an~~y_3HOHHOH KOMIIOHeHTbl TOKa K apefi~OBOH B HarrpaBneHHII 

~ /l~.p q D pw k 0 fL E 
= y 

1 a-;.;-- q 
h " 

41Tq R0 IV Pw -,-

Ey D 

h. 4". g 

X 

Ecnn g = 10-7
a, E ~ 10

5 
aiM 11 rrpnMeM f'l ~ 10-3 

CM, 
y TO ami KP.eMHHH 

paBHO: 

(2) 

g 
~~102 
g rrp.p 

T.e, aH~~Y3HOHHb!H TOK 3Ha'lnTenbHO 6onbllle apeft~OBOro. Ecnn >Ke aBn>KeHI!e HOCI!Tenei! 

B aarrpaBUeHI!H X CBH3aHO B OCHOBHOM C llli~~Y3Hefi, TO aeni!'IIIHY A MO)KHQ 

IV 
tnp:: 

I' E y 

IIp1!6ni!>KeHHO HBHTII 113 COOTHOIIleHHH h= 2y~ 
. Q , rae apeMH rrponeTa 

llnH E y " 10
5 

aiM, AeficTBI!Ten&Ho, rronyqaeM 1'1 2,10-3 CM, llng rrony'leHIIH ManbiX 

A Heo6xo!li!MO rrpe>K!le Bcero, '!T06bi k0 > {- • 

TaKIIM o6pa30M, B cnyqae ManbiX CBeTOBb!X UOTOKOB II anH 6onbllll!X K08~~IIUI!eHTOB 

4 

" 

llOrUOIIleHI!H CBeTa ypaBHeHI!e (1) MO>KHO 38UI!CaTb B Bl!lle: 

l ~-qDk; + qfLpE k 
p ax y 

( Ia) 

T,e, MO>KHO npeHe6peqb !lpefi~OBOH KOMUOUeHTOH TOKa B HaUpaBneHHll X H an~~Y3IIOH-

HOli KOMITOH9HTOti: TOK8 B HanpaBJI9HHH 

xi 
y , Toraa cTaUI!OHapHoe ypaBHeHI!e HerrpepbiB-

HOCTH 

q 
divjp-~=-R ·"ox r o e (3) 

rrpn yKaaaHHbiX llOrrymeHI!HX rreperri!IIleTcH TaK: 

2 
a P ap 

D·-- -fLE ·-ax 2 y ay 
-k

0
x 

~=-Roe 
r 

(3a) 

EcTecTBeHHO rrpnHHT&, '!TO rrp11 

y = 0 p(x,0)-0. (4) 

flp11 x~O D~L= =s·p(O,y) - o6bi'!Hoe rpaHH'!HOe ycnoBne am• aaaaq c rro-
ux 0 /34/ 

aepxHOCTHOfi peKoM611Haunefi ' l!crron&3yeM n B HallleM cnyqae, EyAeM C'li!TaT&, 'ITO aa-

>Ke rrpn ManbiX k 0 sec& cBeT rrornomaeTCH B Tonme o6pa3ua. 

llnH yrrpomeHHH ypaBHeHHH (3a) aenaeM rroaCT8HOBKy: 

XO,llHM 1 qTQ IIpH 
Ro 

2 ---1 B~ .... H r=fLEyr 

Dk 0 - -,-

apeMH r- ypaaHeane (3) rrpnMeT ana: 

rae 

rrpll 

lip!! 

rae 

ap' 
ay 

a2p' 
k 
a?"'' 

k = 
D 

fLEy 

fpaHII'IHbJe ycnOBHH T8K>Ke 1!3MeHHTCH: 

y = 0 

X =-0 

-k 0 x 

p'(_x ,0) = 3'e 

ap·- r/~ 
~ \x=O = h[p'(O,y) -3e l . 

B =B'(l+ D, ko )= B'(l + ~); 
s h 

h = s 
n 

y 

P =p'-e T- B'e -~<ox II 

- an1111e rrponeTa B none 3a 

(36) 

(5) 

(B) 

aa-

Harr11caaaaH CI!CTeMa (36) -(B) npeacTaBnHeT co6oi! ypaBaeane B '!aCTHbiX nponaaoaHhiX na-

x/ 0THOCHTeJibHO qnena, CB513aHnoro c o6oeMaoti peKoM6nnauneH, CM. Tipnnomenne 1. 
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/5/ 
pa6onnqecKoro nma npn TpeTheM poAe KPaeBbiX ycnoanii , 0AHaKo oco6ennocTb Aarrnoro 

ypaBH9HIHI COCTOIIT B TOM1 tiTO H938BIICliMbiMll nepeMeHHbiMR SIB.llRIOTCH llB9 K00p.O.HH8Tbl1 a 

ne KoopAnHaTa n apeMH, KaK 9To 6biBaeT o6biqno, Pernenne Aarrnoro ypaanennH nMeeT 

(x+x'>2 
Bli!A/5,6/: 

_(x•x') 2 

4kY 4kY 
~ -hf-(x+x~62 

-2hfe , 4
ky d~]:':.. p'(x,y) ~ --- f.[e + e 

2y~ 0 

2 2 
- Y __ x_ ~ h~ (xt6 

xf(x')dx'+hy*-fie 4k(y-r}-hfe- -.k(y-7Jd(].¢(r) dr, 
o o yy- r 

T 

3AeCb f(x') = B'e-'j,x' ; cp(r)~B·er (6) 

; ee Tonmnna panna W ~aKTnqecKH ocaernaeMaH o6nacTh ne npocTnpaeTcH AO 

no9 TOMY Mbl 6yAeM HCKaTb TOK Ab!pOK B ceqennH Y = W , I'Ae OH paaerr nO/lHOMY TOKy, 

TorAa <j>oToToK y 

~ =qfL Ey fp(x, W)dx= q 
0 

fL Ey(;r jp'(x, W)dx-~) 
o k 0 

TaK KaK TOK acex 9/leKTponrro-AbipO'IHbiX nap 6e3 yqeTa peiwM6nrraQHH panerr 

TO II3MepHeMbiii 9<j><jleKTIIBHblii KBaHTOBblil Bb!XOA 

~. ko 
TJ= ---

q ·lb· w 

Bbtttncneane axo.ttHIIUIX B ( 8) HHTerpa/lOB npoBeAeHO B flpH/lOJKeHHII 2, 

B o6meM anAe TJ HMeeT cneAyiOllillll BIIA: 
(h\ -.LJW 

ko 
TJ= 2 

kW (ko- Dr 
H- 1 

'"k; 

r - 1 e 1 (1+~)·' T 
+'h h vr 

- h2-k.W- W 

•l>(hykW)·e r 

1 -
h2 H 

w 

+ 
-r -

_e __ [1- <ll(hykW )e 

+ 

2 
hkW 

1- 1 
h2 kr 
w 
r 

e • e 

yW r2 
2h .;ke f e -• dz I + 

Vrr 

2 
k
0

kw 
• h 

0 

[1-<l>(k
0

ykW )].! 
(k0 -h) (k

0 
-h)· k0 

KaK o6hJqno, 
• ,2 

•l•( z) = _2_ fe- dt • 
y;,o 

(7) 

Ro 
qK;;-

(8) 

w , 

(9) 

B npene6peJKeHnH noaepxnocTnoll peKoM6nrrauHell 
1- e-w,C 

h = 0) 1!3 (9) nonyqaeM: 

TJ 
W/f 

/2/ 
, qTo coana.o.aeT c peaynhTaTaMn 

6 

ecnn y'[rHTbiBBTh rtBIDKenHe 

i 

:t 
I 

11 
( 

i 
~' 
':. 

:~ 
·) 
! 

HOCHTe/leii /lllllih OAHOI'O 3HaKa, Hac D OCHOBHOM 6yAeT HHTepecoBaTb B/lHHHii!e 9<j><j>eKTOB0 

CBH3aHHbiX TO/lbKO c noaepXHOCTHOii peKOM6nnauneii, Hx MOJKHO BbiAe/lHTb, ycTpeMIIB r --~: 

h
2

kW 

TJ= 
1 1 ko 2 ~ ·! -- + _(1 + -l[-hVkW -1 +e x (1-<l>(h-/kW)] o+ 

k·W·l'<o ko h h F 

2 
h kW h kokw 

<ko -h) k e [ 1 - <!> (ko VkW I 
0 

(~) +: • [1-c!J(hykW)l e 
(k 0 -h) 

PaccMoTpnM noApo6nee cnyqaii KopoTKHX aonn (k 0 >>h) 

eTCH, nO-BHAIIMOMy, Han6onee ToqHbiM: 

, pemeane anH KOToporo, RB.llR-

I'Ae 

2 
TJ= ----

.;-;;- a -;:?' 

a = h vk w = !!:.'!! . v kb 1 
D qv 

a2 
e 

+ ~ [1-<l>(a)J., 
( 9,6) 

Mbi BRAHM, qTo _E!!ll KopoTKHX Bonn TJ ne 3aBHCHT oT nnHHbi BO/lHbi, 3aBHCIIMOCTb 

TJ = f(l_) =-f(.!t!!._f 1y ~ noKa3aHa Ha pnc, 2, BHAH0 1 qTo npH MB/lb!X V H 60/lb-
a D kbT 

lllHX s 9<jl<jleKTHBHblii KBBHTOBhlil Bb!XOA (<j>oTOTOK) nponopUHOHa/lerr KOpHIO KBanpaTHOMY 

H3 rranpHJKerrHH, npHnoJKennoro K o6pa3uy 1 H o6paTrro nponopunonanen 

.1IIPI9HIHI H8IIpH}K9HIIR 38BHCRMOCTb CTBHOBUTCH H9CKO.llbKO 6onee Cna6ofi. 

; no Mepe yae-

8 npOTHBOnO/lOlKHOM C/lyqae A/ll!HHbiX BO/lH ( MB/lHe k0 ) 1 MB/lbiX CKOpOCTell noBepx-

HOCTHOil peKOM6HHBUIIR n BbiCOKHX HallpHJKeHHOCTeii llOIIH (h ykW << 1 ) , a TaK-

JKe B npennonoJKerrnn, qTo Bbmonneno ycnoane ( 2) ( qTo 31leCb B03MOJKHO nnrnh npH oqenb 

ManbiX ToKax)"', nony'liiiM: 

TJ = 1 - _ 2_ • h ykW 

"" 
1 

(1->))- vv (qa) 

Ha pl!C, 3,4 nOCTpOeHbl rpa<jlliKH 3BBIICHMOCTII KBBHTOBOI'O Bb!XO):(a OT k
0 

COI'/lBCHO 

k 2 2 
( 9,a) ( _£_ 1< x ; h k W = a ) Ha pnc, 4 ABHhi KpHBbie ll/lH KpeMHllli. Dn11 nepe-

h /7/ 
xona oT k

0 
K >.. 6bl/lll ncnonh30BaHbi pe3yiihTaTbi pa6oTbi , B cnyqae KopoTKIIX 

3 
,BO/lH ll/lll na6/liO):(aeMbiX Ha KpeMHllll CKOpOCTell noBepXHOCTHOii peKoM6l!HBUIIII S ~ 10 MiCeK 

II W = 0, I CM rronyqaeM T/ = 0,3 , T.e. BnllSIHIIe IIOB9pXHOCTHOii peKOM6HH8UHH Ha 

aennqnny <j>oToToKa MOJKeT 6biTh 3rraqnTenhHbiM, EcnH 113MepHTb 9<j><j>eKTl!BrrEill KBaHTOBbill 

BhlXO):( B o6naCTII KOpOTKIIX AIIIIH BO/lH, TO no ¢opMyiie (9p) MOJKHO HailTII CKOpOCTb llOBepx

HOCTHOil peKOM6l!HBUllll S .• 

B 3aK/lJOqenne oTMeTIIM cneny10mee. l13MerrenHe renepaunonnoro noaepxnocTnoro TO

Ka C nanpHJKeHHeM ( B TOM cnyqae, KOI'IlB llOBepXHOCTHaH renepaUIIH HMeeT MeCTO, a <jJOTO-
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TOK OTCyTCTByeT) 6yAeT COOTBeTCTBOB8Tb ypaBHeHHro (~6) (eM. pnc. 2), T8K KBK paBHO

Mepnyro IIOBepXIIOCTHyro reHepaunro MO:>KHO p8CCM8TpHB8Tb KBK B036y:>KAeHne CBeTOM Ilpll 

ko .. fl03TOMY 3T8 KOMIIOH6HT8 o6paTHOI'O TOKB IlpliMepHO I1pOI10pUH0118IIbH8 KOpHro 

KBa.O,p8THOMY H3 B9nJrt!HHbl IIpHnO>KSHHOrO HBIIpH)l(9HRHe 

flP!clnO)!<E HHE 

linen, CBH3DHHbili c renepaunell n peKoM6nnaunell nocnTenell B o6oeMe, nMeeT BHA/S/ 

2 
np _,n

1 
G =· ---------:--

r Po (n + ·n I ) + r no ( p + p I ) 

flpn M8IIh!X ypOBHHX OCBel!leHHOCTH II OTHOCHTeiibHO cna6oll peKOM6liH8UliH B o6oeMe 

(n,p « n I • p t ) MO)KHO aanncaTh: G.:- G0 +:an+ bp, 

2 
2 2 Go Go 

Go = 
nl 

a = r . b = 7 'no rAe . 
~Po 'Po nl +:rno ·!Pt I 

Ecnrr npeArrono:>KliTh, '!TO r PO << 'no H IIpHHHTb BO BHHMBHRe, 'liTO 'tJneH G
0 

CBH38H C T9pMnqeCKOif renepaunefi HOCHTenei1 1 .0.BIOID9fi BKnB.U B TBMHOBOif o6paTHbifi: TOK, 

KOTOpblfi B ypaBHeHli":! He BXOAHT, TO pe3yiibT!Ipyrol!lDH peKOM6liH8UHH p8BH8 ,bp 

o6pa3oM, 
1 Go . r = T ··'no 

I 

flPHno:>KEHHE 2 

I) 

Pa36naaeM ah(pa:>Kenne ( 7) na OT~~IIhH&re HHTerpanh!: 
(x-x ) (x+x')2 

1 n~- 0000 ·uw .. ~ 
f I 1 dx = fJ.f(x')dx'·l e + e ] dx; 

o 2 ..;." k w o o 

[,e 

2 

'> • 
(x±.:x __ <ll( x_· ) ; 

----rrw- dx = V "k W (1 + 2{kiV 

TO I' AD f I
1 

dx = 9' 
0 1<;;--

, ,. . 2 
-k

0
x . 

00 
( 00 _(x+x +Q 

ffJ'• e dx'[ e -h [,e ~ 
h 

2) fi 2 dx =-
o ..; .. kw 0 0 

8 

d' = 

TaKIIM 

-k0 lC' ·oo -h( ,. /; oo -ko x' 

= h f.B'· e f.e <ll (X + ) d' -r B'"' d x' 
o o aj kW o 

llanee yAo6no paccMaTpnaaTb J(l1 + I2 )dx. 
0 

llnH Bbi'-IHCneHIHl HHTerpana BB9.09M HOBble rrepeM9HHbi9 HHTerpHpOBBHJIH 

X+'= : ; k0 X + h( = U + V , 

rne a - IIpOH3BOnbH8H KOHCTBHTB .UnH BbiiTOnHBHHH p83M9pHOCTH. V 6yAeT M6HHThCH 

OT 0 AO ~ , a U OT - V ( 1 - k 0 ) AO - v( 1 - ~ ) 
a a 

nnn nao6opoT. 

5JKo6naH npeo6pa30B8HHH K HOBhiM nepeMeHHhiM: Ll = -

TorJla 
-v(l-~_) 

a 

(h- k
0

) • :a 

3) 

4) 

B'h f e 
0 

-v 
<ll(_v __ )dv r e 

2a~ -v(I-~J 
a 

du· jllj = 

2 
kokW B'h 1 h

2 
kW 

(k
0
-h) (h · e 

- 1 
[ 1_ <ll(hykw)l.- rz;;- • e ll-<ll(k 0 ykW )I)= 

f(II+:I2)dx. 
0 

x2 

k w </>(r) dr ~ - 4k0V-TJ 
[I 8 dx=BhY:-·J--- fe dx= hkBE 

" o y W -r o 2 

2 - W ~ h ~ - (x +:() 
fi.dx=-h v~f cp(r)dr f.e-(d(Je <k\Fw=<~x 
o rro..;w-•r o o 

B 

h 

w r ~ alt- ! l 
, .e [[ 1 -1> (y-;;-) l e Tkr o da 

2 
a h k(W-r). 

w 
r 

(e -1). 

B 

EepeM HHTerpan no qacTHM n nonyqaeM: 2 w 
h kw-r 

f (I~ +14 ) dx = 
0 

+ 

B 

h 
e 

1 -

w/~ h2kW- W 
e e -1-<P(hy.kW·e 

l ------ + 
1 

Tke 

h vk e <ll(y ;- ) l . 

h2 H 
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l1crronh3yeMbte n pa6oTe o6o3Ha4eHIHI : 

Ex, EY - HanpsDK8HHOCTH aneKTpnqecKoro rronH no cooTBeTCTBYIOIIUIM OCHM; 

jp,jn - TOKH H IInOTHOCTH TOKOB JlnH llblpOK H aneKTpOHOB; 

- CKOpOCTb IIOB8pXHOCTHOti peKOMf5IIHBUHH i 

D , fL - Ko91jl¢uuuerrTbi nu¢¢yauu li UOilBH>KHOCTH; 

k0 ,A - Koa¢¢uuueHT rrornomerrHH caeTa u anurra nonrrnr; 

p - KOHUeHTpaUliH AblpOK; 

Ro = '10-R)k 0 N¢ • rae 

2 Nq,- qucno <jloTOHOB ceK, rranaromux rra 1 CM , 

R - Koa¢¢HI1HeHT oTpax<eiiHH; 

TJ - a6coniOrHbiti: KBBHTOBbiti BhiXOll i 

W - Tonmurra ocnemaeMoli o6naCTH; 

q - aapHn aneKTporra; 

- llH3n9KTplftl8CK851 IT!-JUIIIIU88MOCTb; 

r - Bp9MH )KH3Hll. 
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PyKorrncb nocTyrrnna B H3JlaTenbcKnfi oTnen 
2 HOH6pH 1964 r, 
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p H C, 2, 3aBHCHMOCTb 'I OT IIpHi!O>KeHHOrO K o6pa.3!1y HaiTpH>KeHHH H CKOpOCTH 
rronepxnoCTHOI1 peKoM6urraunu B o6nacTu 6onhmux Koa<jl<jluunerrTon rror

no:meanH II8Jl8IO!Il8rO CB8T8 ( IliTpHX COOTB8TCTByeT 38BIICIIMOCTH ?] ._ v/V). 
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