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• 
I 
1 

Ill 
B paiSOTe BII8pBb18 6bln: BCII011b30B8H CBeTOBOI 301f.Q H8 repM8HB8BOlll p - D nepe-

XO,Qe AD:ll 01Ipe,Q9li8HBSI BpellleHB JICB3BB 8li911:Tp0HOB B P -06li8CTB B AblpOK B D -ot5li8CTB • 

B eToll pat50Te OTMe'laeTCa, 'ITO 4JOTo&H1oeKTIIJlOBaHJrble aneKTpOBbl B AldpU fSyAyT AB4MWH-

AII))oaan. H8 paCCTOSIHBe lt OT UepeXOA80 YM91DoW8l!Cb 8KCDOB8HILB8ZU.BO [e:a:p(-:a:/L)J, 

rAe L =(Dr ) % ..._ AB4JcW3BOJIIUlll AD:BJ180 D - KOScjMjiBil.BeJrT All4JcW3BB B r -BP811lll JICB3BB 

COOTB8TCTBYJODlBX BepaBJIOB9CBhiX BOC&Tellell '1'011:8. • 

Aaanor&'lllbiM o6paaoM a pa60Te
121 

Mbl onpeAeD:l!liB speMll lKaasa 410To&ll1oeKTHposas-

llbiX SD:811:TpOHOB B p -o6li8CTB P - i - D KpeMHB8BbiX AeT8KTOpoa. 

8 paiSOTaX l
8

_,4l Mbl: BCIIOIIb30BaliB CBeTOBOll 301f.Q AD:ll BCCli8AOB8HBSI CTpYJI:Typbl 

P-i-n B p-n KpeM:HB8!1biX AeTeKTOpOB . BAepBhiX B3ny'leHBllo B STBX paiSa-. 

Tax aKcnepaMenam.ao paapaiSOTas MeTOA cseTosoro aoB.Qa AD:ll onpeAeneug TOnDlBJr cno

es B p- n • p-1-n nepexoAax. 

B B&CTOlllllell paiSOTe u ocsose 6om.woro a~~:cnep&MeJrTam.soro MaTep&ana Mbl no

CT&BBn& nepeA co6o10 aaA&'IY 

a) Dp08H8liB311pOB8Tio 4Jopt.ey Kp&BbiX Allll 4JoTO-so.lloCoo B03JIBUJOWell B ll91IB A9T9KTOp8
0 

KorAa CB9TOBOI 301f.Q UepeceK8eT P -, i - B D - o6li8CTB B 

H8IIP8Bn8HBSI ABBlK8BBSI CBeTOBOrO 30JIA8
0 

• 

To'llloe TeopeTB'IecKoe pemeHBe SToll npot5neMbl BecbMa aa~yAHBTem.llo, '1'811: Kax 

B03HBX810m&ll 4lo'l'o-a.A.Co B P-1-D CTpYJI:Typ8 38BBCJIT OT: 

BHT8HCBIIHOCTB B COCT8B8 CB8T8i 

KBaHTosoro BbiXOM • Koaf!MiurueHTa nornomeHBll CBeTa B MaTep&ane; 

reoMeTp&& o6paaua; 

reOlll9TpBB CB8TOBOrO 30JIA8i 

8li811:TpOAOBi 

8 



Ka'leCTBa n- I B i -p nepeXOAOB B speMeiUI lKJI3JUI TOKOBhiX BOCBTenEI.II B 061>8M8j 

COCT0511UUI noaepXBOCTB B Bp8M811ll >KB3JUI TOKOBhiX HOCBTenell 1!8 noaepXBOCTBj 

OT san&q&SI Jla AQTeltTOpe o!SpaTHOro CMelllQIUISI B np. 

HecMOTpSI &a C.liO>KHOCTB paccMaTPBBaeMoll npo6neMhi1 TaJt x.aJt a!SconiOTRhle alla'lellBSI 

AnSI «iiOT<>-S.AoCo npB &TOM 8JlanB38 He lly>KBhi1 npB HQJtOTOphiX AOnymellBSI B OAHOMepBOM pe

lll8HBB nerJtO nony'la8TCSI 38BHCHMOCTb «iiOTo-S.AoCo OT nonO>K8HBSI CBQTOBOrO 30HAa B .Ha

npaBn8HBB1 nepneSAHJtynS!pBOM nnOCKBM nepeXOAaM. 

1. TeopeT&'lecKaSI 'laCTb 

/5/ 
KaJt a B sawell pa!SOTe , rAe 6hmH npoasan&a&poBaHbi TOKB B p-1-n -nonynpOBOA-

saJtosoll cTpyltType npa o!Spa'I'HbiX CMemeiUISIX • !Sea sax_,CSyAeM paccMaTp&BaTI> 30JlllYIO aaepre

Ta'leCJtYIO CX8MY STOll CTPY1tTyphl1 Jtalt noJtaaaso H8 pacyaJr.e 1. 8 paBBOB9CHH B T8MHOT8 

!Sea BBQWHHX aanpSI>KellBII 8.llre6paH'l9CK8ll CYMM8 BCQX TOKOB ( 'leTbipe sneKTPOBHhiX: - J I 1 J 21 

- J 
5 

B J 
6 

a 'l8Tb!pe AI>IPO'IIlhiX: J3 1 - J 4 1 J 7 B•J 8 ) 6yAeT Hyll1t1 T.e.: 

8 

1:111 =0. (1) 

B ycnoBHSIX .ocsemeaaSI rea:P•PYIOTCSI Aonons&Teni>Rhle AhiPJtH H sneKTpORbi 
1
a npa &a-

CTynnesa& BOBOro paBBOBQCHSI (npa JtOTOpOM BbiCOTa D - i B i- p 6apbepOB YM8HI>III88T-

Cll) B03JUIJtaeT ci>OTo-S.AoCo 1!8 sneltTpOASX. fipH 30HAOBOM OCBemeBHH ci>OTo-SoAoCo !SyAeT 803-

IUIKaTb TorAa1 KOrAa 30HA HSXOAHTCSI aa paCCTOSIHHB OT nepeXOAOB HQMHOro 60n1>me_ COOT-

BeTCTBYIOinell AH«ii«iiY3BOHHOII. AnBBhi L By A eM C'lBTaTI>1 'lTO CaM& n - i a f. - p nepexo-

Ahl yalta H JtOHTaKTH09 none COCp9AOTO'l9SSO Sa llHX1 TaK 'lTO ci>OTOBH1>9KTBpOBaSHhl9 HOCBT9-

n& TOKa TOni>KO ABci>«PYHABPYIOT. 

nnSI YAO!SCTBa !SyAeM paCCMaTpsBaTb CB9TOBOII lllTPBX (30HA) C AnHSOI!1 COB3M9pHMOII 

C o6pa3DOM1 B lllBpBHOII d , KOTopaSI MHOrO M9Sbiiie WBpSHbl Ka>KAOil B3 o6naCT9i! n - 1 

i .. H p • SneKTPOAhl ll8XOAHTCSI Jla paCCTOSIHBB MHOrBX ABci>«PY3BOSSbiX Ansa OT nepexo-

AOB B CaMs 1!9 C03AaiOT BblfiPSIMnSIIOillBX nepeXOAOB. 

a) CB8TOBOII 30SA B n- o!SnaCTS Sa paCCTOSIHBII X
0 

0'1' n- I - nepeXOAA 

Ecn11 npese!Spe'lb BnBllll&eM nosepxsOCTB1 To1 KaK npeACTaaneao sa pHCYHKe 2a, sa Jto-

Topou CB9TOB8ll nonOCK8 30HA8 HaXOABTCSI SA paCCTOSIHHH X 0 OT n - i -nepeXOA8 B n -

o!SnacTs,Anll pacnpeAenellBSI ci>OTOBH1>8KTBpOBaHShiX AhlpOK B sanpaanesaH 

CaTb: hp (x
0 

)=hp 0 exp (-l!xn(l LP), 

rAe L\p
0

=L'.p('O)nps >:
0

=0 

4 .. 

X MO>KSO Han&-

(2) 

BoaHIIItAIOIIl&H F-·A·C· V,. !SyAeT nponopuoaan~oaa L\p (x} , T.e. 

v. • L\p (x,. )• L\p 0 exp ( ... :~xJI L P}. 

Ka1r. a:aaecTao ./
8•

71
, L\p 0 •flk 1r 1 rAe 1 - aBT9SCHBHOCTI> CBO 

k .. ItosljMjuluaeBT nornomeu• cae'l'a a r - apeuB lltii3D res 
awl BWXOA1 

pOll'. 
(ana eneitTPOHOB). B CTauo&apshiX ycnoaaSIX AnB onpe.~teneasoro aoa.11 

L\p
0 

!SyAeT DOCTOBBRO a HIIS&BaCBMO OT X 
Ha aa~~:noaa npBMOII In v. 
L 10TJtYA8 H apeMB liUI31ll 

( k - nocTOBBI 
ueBT&nloBO Onp8A8BB8TCB JU14J411aBOaBaB 11BBB8 

Talt UJt aaaecT9H Jr.osljlciiBJUI9BT JU1ci>«PY3HB D - k T 11-l q 

T - a!SconiOTH8B TaMDep8TYPA1 q - aapSUl sneitTPOaa H I' - DOABB>KBOCT 

IS) CB&TOBOI aoBA aaxoAaTCB • 
p -o!SnacTB sa pace 

OT 1 -P nepeXOAA 

' 
Ecn• caeToaoll ao&A aaxoAHTCB B p -o!SnacTB aa paccTOSIHBH x P o 

(eM. pacyaOit 215)
1 

AnB pacnpeAeneHBSI q,ooroaHt.eKTHpOBaBilhiX eneltTpOBOII I i 

a~caTI>: 

L\n(xP ).L\n 0 exp(-\xP\IL.), 

rAe L\n
0

-t.n(O) npa x-0 
, a Ln - JU1ci>«PY3BOSBAB Anasa eneltTPOHOB 

803RaltAIOillAH q,oTo-e.AoC• 

V P • L\n (xP ) • L\n 0 exp (-I x P \/ L 0 ) • 

B) CBQTOBOI 30HA aaXOABTCII 
a I -o!SnacTB senocp• 

AO D- I nepeXoAa 

CBEITOBOI 30BA aaxo,IUITCSI aenocpeACTB9HRO AO n - i 

cnyqae, eca TOnlllllRA .t -o!SnacTil W OTBe'laEIT ycnoBBID d « W ~L 1 

nS!pllAB Aaljlclly3110HBAB A~IIHA AnSI co!SCTB91lHOrO MATep&ana (OABHaltOBall 

B AWPOK B I -o!SnaCTB1 KOTOpAII paCCMATPIIBaeTCSI KaK o!SnaCTI> C co!Sc• 

MOCTI>I0)
1 

8 cl>opMHpOB8DB ci>OT<>-8.A.Co V1 !SyAyT yqacTBOBATI> npaKTB'l• 

Ha pac. 2• 

L\no 
L\n

0 
-t.n(O), 

·reaepBpOB8BBhl8 y31taM CBQTOBbiM 30HAOM1 Talt Kalt 1t1 • 0 B Te AblpltB, 

-o!SnacTa, nepeceitaiOT I - p 
BAIOT peltOM!SilBBpOBA'I'b 8 

nepexoA np 

L\ p (W)- L\ p .0 exp (-w I L i ) 

• V
1 

.t.m
1

" -t.n(O)+L\p(W)•L\n 0 +L'.p 0 up(-W/L 1 ) • 

8 
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a i -p nepeXO.QOB R Bp&MQHR lKR3HR TOKOB&IX .I!OCRT9.11U B O!S'&&Me; 

R Bp9M9HR lKR3HR TOKOB&IX .I!OC.I!Tenell .118 D089pX.I!OCTB; 

.Q9T9KT0p9 o!Sp8T.IIoro CM91ll9HRB B Dp, 

CJIOlKHOCTB p8CCM8TpRB89MOII Dpo6n&Mbl0 T811: UK 8!SCOniOT.I!hl8 3.1!8'19.1!BB 

BylKRhl0 DpB .1!9KOTOphiX .QODylll9RBB B O.Q.I!OM9p.I!OM pe-

388RC.IIMOCTb cjlOTo-S,)l,C, OT DO.IIOlK8.1!BB C89TOBOrO 30.I!)l8 B . .118-

D.IIOCK.IIM nepexon8M, 

I, TeopeTB'Iecxa.lt '18CTb 

/5/ 
A p860Te , rne !Sbln.ll npo8R8nB3BPOB8Hbl TOKB B p-1-n -nonynpoao.Q• 

o!Sp8TRblX CM&Ille.IIBBX B !593 Rax_,CSyneM P8CCM8TPBB8Tb 30BBYIO 9Bepre

CTpyxTypb10 x8x nox838Ho H8 pacyHxe I. B p88BOBecaa B TeMHOTe 

8.11reop8B'I9CK8B CyMM8 BCQX TOKOB { '19Tblpe 9.119KTpORllblX: - J I, J 
2

, 

)lhlpO'!RbiX: ] 3 , - J 4 , J 7 B-J B ) OY.Il&T By.llb
1 

T,e,: 

B 

,:,J, = o. 
{1) 

B reH~papyiOTCB .llODonHBT9llb.l!bl9 .llblpltB B 9.119KTpO.I!bl 
1
B DpB .118• 

l.nu•nua~aa {npa KOTOpOM BbiCOT8 n - i B i- p 08pbepoa yM&HbW88T-

sneKTpOn8X. fipa 30H.IlOBOM ocsemeaaa ,POTo-s,.Q,c, CSyne'l' B03-

H8xonuTCs R8 p8CCTOBBRB OT nepeXO.Q08 .1!9MHOro !SO.IIbme_COOT

O.I!HOII . .Q.IIBH&I L • EyneM C'IB'1'8Tb1 'ITO C8MB n- i a i- p nepexo

HRx, T8K 'ITO cjlOTOBH'&eKTBpOB8.1!Hbl9 .I!OCBT9• 

paCCM8TpBB8Tb CBQTOBOII WTpBX {30.I!.Il) C .Q.IIBHOII, COB3M9pBMOII 

d , KOTOp8R M.I!Oro MQ.I!bWQ WBpBHbl K8lK.QOII B3 o6nacTell D - , 

H8XO.QRTCR .118 paCCTOB.I!BB MHOrBX .llBcjl,PY3BO.I!HblX .ll.IIBH OT Depexo-

BbiDpBM.IIBIOmax nepexonos. 

30R)l B D• 00.118CTB .118 P8CCTOSIHBB xn 
OT n- i - nepexona 

B.IIBB.I!HeM DOB&pX.I!OCTB, T01 K8K Dp9)lCT8B.II9HO .118 

30R)la R8XO.IlBTCSI R8 p8CCTOSIHBH lin OT D - i 

cjlOTOBH'&9KTBpOB8H.I!biX JlblpOK 8 HanpaaneHHH 

~p (xn )=~po exp (- flxnl/ LP)' 

4 

• 

pBCYHKe 28, Ha xo

-nepexona B n -

X MOlKHO H8DB-

{2) 

BOIIIBBK8JDIIlaB ljiOTo-8oAoCo V D 6yA8'1' upouopiUioBa.llhBA ~P (z) , '!',e, 

v. -~p(z. )-~Po exp(...,1zJI LP). {8) 

/8 7/ 
Kalt BaaeCTBO BB 1 

, Ap 0 -fJk lr , rna I - BB'I'eacaaRocTJ. cseTa1 fJ - ltB&BTo-

Bblll Bb1XOA
1 

k • lt0&4x!IBilB8B'I' DOr.IIODl8BBll C89'1'8 B r - 8p8NB lKB3BB raH8pBp088BBitiX ,llH• 

pOJt {•n• eneJtT])OBoa), B CT&IUIOBapBbiX ycnoaaliX A.llll onpeneneaaoro aoaAa a MaTepBana 

A p 
0 

6y.ll8'1' DOC'I'OIIJUIO B B838BBCBNO OT Z • 11a aaxnoBa npliMOII In V • f(z ) &ltCDepB-
n n 2 /1 2/ 

N8.1!T8nbBO 0Dp8A8.11B8TCB AB~3BOBB8ll Jl.IIBB8 L 

'1'0: lt4lt B3B8C'1'8B KO&IjMIIBIUI&BT ,I{BijM!Iy3BB D • k T 1'1 q 

,OTQA& B apeMB lKBBBB r • L I D 1 
, 

{ k - noc'I'OliBB&B EO.IIbnMaaa, 

T- aiSc:onJDTB8ll T8MD8p8Tfp81 q - aapli.Q 9.118ET])OB8 B I' - DOABBlKBOCTb). 

6) CB8TOBOI 30BA B8XO.QBTCll B P -o!SnaC'I'B B8 paCCTOSIBBB :rp 

OT I -P Iiepexo.Qa 

EC.IIB CB8'1'0BOI 30BA B8XOA.I!TCB 8 p -o6naCTB B8 p8CC'I'OSIBBB X P OT I -p nepeXOJl8 

{eM, pBC)'BOit 26), ,1{.1151 paCDp8A9.JI8BBB cpO'I'OBH'&9KTBp08811BbiX 9.1181tTpOB08 DO :r 

BIUIJIC8Tio: 

An(:rP )-~n 0 exp(-l:rPIILn), 

MOlKHO 

(4) 

rAe An
0

-Aa(O) npB :r•O 

BOIIIBBK810Dl8ll ljlo'ro-a.A,Co 

, a Ln - .QBijM!Iy3BOBB851 .Q.IIBB8 8.118KTp0.1!08 B p ·-o6n8C'I'B, 

vp. ~n (:rp )-Ana exp <-l:r .II L n>. 
(5) 

B) CB8TOBOI 30BA B8XO.QBTCII 8 I -o!SnaCTB aenocpencTBaBHO 

.QO n- i nepexo.Qa 

Ha pBc, 2a. cB&Toaol 30BA B&XO.QBTCB aenocpenc'!'aeBBo AO a - i nepexona. B STOM 

Cny'lae, eca 'I'O.IIDlBB8 I -o6nac'I'B W OTB&'I89'1' ycnoaa10 d « W ~L 1 , r.Qe L1 - CSano-

ngpB8B ABijM!Iy3BO.I!.I!8B A.IIBB8 .Q.JIII C06C'I'B9.1!BOrO M8T9pB8~8 {O.QBB8K08851 A.llll 9.119ETp0.1!08 

B .QWpOit B I -o6naCTB1 II:OTOp851 p8CCM8TpBB88TC51 11:811: oCSnacTio C co6C'!'Be.I!BOII npOBO.QB-

MOCT!oJD)1 B cjlopMBpOB8BBB cpOTo-&,.Q,C, V1 6y.QyT y'laCTB088Tb Dp8KTB'18CKB BCQ 9.118KTpO.I!bl 

Aa
0 

~n 0 -~n(O), {6) 

·reaepBpOB8BBb18 y31tBM CB8'l'OIIIbiM 30BAOM, T8K KO: X1 • 0 B T8 .llblpKB1 KOT0pb19 Be ycne-

B8JDT p81tOM!SBBBp088Tb 8 -o6n8CTB1 uepecex810T i - p nepexon npa x- W , T.e. : 

Ap(W).Ap-oezp(-WIL;) (7) 

• v, ·Am
1

• -An(O)+Ap(W)-An
0

+Ap
0
exp(-W/L 1 ). {8) 

5 



171 
Tu JtU apaaawa..rc.. "l'I'O An 0• A P 0 , •• cne.Qyft 

V1n .. &mlll•An 0 [1+esp(-WIL1 )], (9) 

r) CBeTOBOI 30KA K8XOAKTCll B i -oCSnaCTR B H8DOCp8.QCTB8KKOI 

6naaoc TR OT -p 118p8XOA8 

B &TOM Cli)"Iae DP• d « w ~ Ll , JtaJt uoJtaaaao aa pacyKJte 2r, 

V
1
P ~m 1 P -Ap(O)+An(W)•An

0
[ l+exp(-WIL 1 )J .. Am 1n (10) 

Tall: JtaJt 

Ap(:rl )•Apoe:rp(-l:rll ILl), 
(11) 

r.Qe Ap
0 
·Ap (0) 

K An(:r
1 
)~An 0 exp(-l:r

1
IIL

1 
), (12) 

An(W)•An 0 exp(-IWIIL 1 ). 

A) CBeTOBOI SOK.Q BK)'TpB i -o6nacTa 

3TOT cny"lal DpeACT8Bn8K K8 pRC)'KJte 2.Q, npa BYDonBeKBK )'CJIOBR~ d«W5,L 1 1 

11:811: BBAKO B3 pBC)'KK8, W '" J:1 n + J: I p R 

VI .. Ami•An(:ri•J:In•W-:rlp)+Ap(:rlp)= 

·An 0 [exp(-IW-:r1 P IIL 1 )+Ap 0 exp(-l:r 1P IIL 1 )], (IS) 

11a ycnosas An 0 -Ap 0 cneAyeT, 'ITO 

V
1 

-Am
1

-An
0
[esp(-IW-:r1 P IIL 1 )+e:rp(-l:r 1PIIL 1 )), (14) 

np• :r 1 p·o,w Am1 -Am 1• -Am 1P 

cllopM)'JIY (8), (5) B ( 14) MOlKHO apeACT8BHT& II CJI81l)'JODleM BR.Qe: 

v. •Ap-An 0 Rn; 

VP .. &n-An 0 RP; 

' 
V

1 
.. Am

1 
-An

0
R

1
; (15) 

6 

• 

rAe 
R_.·exp(-l:r.IILP); 

RP • exp (-I J: PI I L n) 

B 
R

1 
= exp <-1 W- x1 P I I L 1 )+ exp <-1 x lp IlL 1 ). 

113 yp811KeKRll _(15) R (16) IIRAKO, 'ITO f<>To-S,A,C, 

Vn,l,p(x)a&n 0 R., 1 ,p(:r). 

Jlnll 11:8lKAOrO ltOKlltp8TKOrO Cn)'"lBSI MOlKHO ODpeAenBT& apa6nB3BT8n&KO 
Aa

0 

B8B3B8CTBO, ljl)'BKDKSI Vn,l,p(x) onpeAeJ!SieTCA OT Rn,l,p(x), npli paaBitiX 

AJISI An
0 

H H3B8CTBMX Rn,l,p(x) ljlyBII:DKSIX Vn,l,p(:r) 6yAeT Aelj!OpMBpOB8T&C 

Tap B8 6yAeT M8HliT&CSI, 

n p B Me p • Ha pac. s npeACT811JI8B8 rpalj!B"l8CK8SI 38BHCBM0CT& R I (J:)-n, ,p '; 

BY"lBcneHH8SI npB Lp- 0,3 MM, Ln .. 0,6 MM • II i -o6naCTB jlnll Ll"' 

(KpBBb18 1, 2 II 3) XXX) DpB W "' 2 MM, 

113 ljlopM)'JI B rpalj!BKOII IIBAJIO, 'ITO ljlopM8 !CpHIIOI AnSI lj!OTo-S,A,C, II \ 

CRT OT ee WHpRBhl W B L
1 

, J1a pRC)'Hit8 T81tlK8 BIIAH00 'ITO DpB onpeAeJIE 

)'M8H&W8BH9M L 
1 

aara6 KpBIIOI BBB3 B i -o6naCTR Y:BeJIB"lBB89TCSI, 11a 

R
1 

(x)= f(x) IIBAHO, 'ITO DPH onpeAeneBHOM L 1 C yBeJIB"l8HB9M W B3rHI 

nepeXO.Ilbl n - i B i -p DJ 
~ we 6yAeT y11ena"lBB8TbCSI a npa W » L 1 

seweHBH Be 6yll)'T CBSI38BY Me)K.I1)' co6oil B 6yll)'T )'"l8CTBOB8T& B ljlopMBpOE 

C8MOCTOSIT8n&l!O, 

2, 3KcnepaMeBT8nbBb18 pe3YnbT8Thl B 06CYlKA8HBSI 

~ 
npBBitBUB8JI&B8SI CXeMa 9KCnepRM8BT8JibHhlX B3MepeBBil npe.11CTaBJI8Be 

UOMOWbiO MHKpOM8TpH"l8CitOro BHHT8 CB8TOBOil 308.11 nepeM811l8JICSI B aanpas; 

B8HOMeTpOM B3M8pSIJI8Cb lj!OTo-a.A,O, B 38BHCBMOCTB OT DOJ!OlK8BBSI 308.118 ft, 

pa. Bbmo caSITo 6on&we AsyxcOT KpBBbiX npa paaaMX ycnosBsx: paaHblX TO 

p -o6nacTeil, p83Hb1X o6pa60TK8X noaepXBOCTB, B BBit)')'Me, npB paaHMX JIB 

. Ta cseTosoro aoa.na, npa naaei!HbiX a ~~:pyrnMX aoa~:~ax, npa paaabiX sneKT 

B3 MOHOXpOM8TB"l8CKOrO CB8T8 C 
A • 400 ~ 2000 MMKM. 0Kaaanocb, 'IT 

X}l13 ljlopM)'Jibl An
0 

= {3k IT BBABO, 'ITO B n , i B p -o6naCTSIX, 

a MeeT pa3Hble aaaqeaaH, nonyqaeTCSI paaaana B An 0 (AnB o~:~aoro a Toro 

CTOSIHBbiX {3 , k R I ) , 
xx) 

xxx) 

R - 6eapaaMepsaH senB'lRBa. /8/ 
TaKae asa"leRRSI AJI!I L 1 nonyqeHbl asTopoM B pa60Te 

aa n 

- KpeMHBSio 
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'1'1'0 
171 

An 0·Ap 0 , as cneA,..,. 

V1 n • AmID ~An 0 [ 1 + exp (-WI L1 ) ) , 
(9) 

BA B8XOABTCH B 

6nsr3oc TB OT 

I -o!SnaCTB B seuocpeACTB8HBOI 

- p uepexoAa 

d« w:::; L1 , B8K DOK88AHO Ba pBC7BK8 2r, 

-Ap(O)+An(W)-An
0

[ 1+exp(-WIL
1
>J-AmiD; (IO) 

Ap(x 1 )•Ap 0 exp(-lx
1 

I IL
1 

), (11) 

I X IIlLI ) , ( 12) 

An(W)=An 0 exp(-IWIIL 1). 

30BA BHyTpB i -o6nacTa 

Ba pacyaxe 2A. npa Bhlnonaeaaa ycnOBB>I d « w s. L I I 

• 

V1 -Am 1 -An(x1 •x 1n•W-x 1p)+Ap(x
1
p)= 

=An 0 [exp(-IW-x 1P IIL1 )+Ap
0
exp(-lx

1
P IIL

1 
)], ( 18) 

'ITO 

An 0 [exp(-IW-x1P IIL 1 )+exp(-lx
1
PIIL

1 
)], 

(14) 

=6.m 1 n =Am 1P • 

npeQCT&BBTb B Cn&.Q710Dl8M BBQ&: 

vn •Ap=An ORn; 

VP •An=An 0 RP; 

V1 -Am1 •An
0

R
1

; 

(15) 

6 

• 

rt~e R_n•exp(-lxniiLP); 

RP • exp (-I X P I I L n) 

• R1 ~exp(-IW-x 1 P IIL 1 )+exp(-lx 1PIIL 1 ), (16) 

113 yp8BH8BBH (15) B (16) BHQB01 'ITO cjloTo-S,Jl,C, 

Vn,l,p(x)•An 0 Rn, 1 ,.(x), (17) 

Jlnsr K&lK.Qoro xoupe~'BOro cny'I&H MOlKJIO onpeAen&Tit npa6naasTem.ao An 
0 

x) • Ecns An o 

B8H3B8CTBO, cpyBKilBll vn,l,/•> onpe.QensreTCR OT Rn,l,p(x). np8 pa3HhiX 3BA'I8HBHX 

Qnsr An 0 H H3B8CTHhiX Rn,l,p(x) cpyHK!lBllX Vn,l,p(x)!SyAeT AecpopMHpOB8TitCH1 HO ee xapax-

T8p B8 !Sy!l&T M8HllTbCll, 

npl!Mep • Ha pac. 8 npeJlCTaenesa rpacjll!'lecxasr 38BHCl!MOCTb R 1 (x)=f(x)xx) 
n, ,p 

Bhl'l&cneasasr npa LP • 0,3 MM1 Ln • 0,6 MM 11 B i -o6nacTa A1lll L 1 • 1, 2 s S MM 

(KpBBhiB 1 1 2 B 3) XXX) npB W • 2 MM, 

113 cpopMyn B rpacpBKOB BBAH01 'ITO cpopM8 KpHBOII MH cpOTo-S,Q,C, B l -o6naCTH 38BH-

Cl!T OT ee wapaHhl W 11 L 1 • H3 pacyaxa T&KlKe Bl!JlH01 'ITO np11 onpeAeneaHoM W 

yMeHbweHaeM L 1 H3ra6 Kpaeoll BHB3 B i -o6naCTB Y:Benl!'ll!B&eTCH, 113 cjlyHKilHH 

c 

R1 (x)= f(x) Bl!AHO, 'ITO npa onpe!leneHHOM 

we !SyJleT yeena'IBB8TbCJI a np11 'w » L 1 

L 1 c yeenl!'I8Hl!eM W 1!3ra6 BH1!3 BCe 6on&-

nepexoQ&I n - i H i -p Dpl! 30HAOBOM OC-

B8Dl8HBB He 6y.Q7T CBJI38Hhl M8lKJlY co6oll H 6yJlYT Y'18CTBOB8Tb B cp0pMHpOB8BH1! cpOTO-a,Q.C, 

C8MOCTOSIT8nbi!IO, 

2, 3xcnepaMeHT8nbHbl8 pe3Yn&T8Tbl B 06£YlKA8HBJI 
~ 

npHHilHDH81l!oB8H CX8M8 aKCD8pHM8HT8nbiihiX H3MepeHl!ll npe}lCT8Bn8H8 H8 pHC, 4, C 

DOMOWbiO MHKpOM8Tp1!'18CKOrO BHHT8 CB8TOBOJI 30H}l D8p8M8Dl8nCSI B H8Dp8Bil8Hl!H X 1 H ram.-

B8HOM8TpOM H3MepS!n8Cb cpoTo-a,Q,e, B 38BHC1!MOCTH OT DOnOlK8HHH 30Hil8 H8 TOp!le A8T8KTo

p8, BbinO casrTo 6om.we llBYXCOT xpaehlx npa p83HhiX ycnoel!srx: p83HhiX TOnDXBsax n-_. 1-s 

p -o6n8CT8111 p83Hb!X 06p860TK8X DOBepXHOCT1! 1 B BaKYYM8 1 DpH p83HbiX BHT8HCBIIIIOCTllX CB8-

T8 CB8TOBOrO 30Hil81 npH n&II8HHbiX B Kpyrllb!X 30Hil8X1 DpH p83Hb1X aneKTpO.Il8X H 30HA8X 

H3 MOHOXpOM8TH'I8CKOrO CB8T8 C A • 400 .;. 2000 MMKM, 0K838nOCb1 'ITO B OCHOBHOM 

X}l1a cpopMynhi An
0 
=flklr BHJlHO, 'ITO B n, i a p -o6nacTsrx, r11e epeMH lKH3HH 

BMeeT pa3Hh!e 3H8'1eHBSI1 nonyqaeTCB paaHana B An 0 (Qna OilHoro a Toro lKe 30HA& npB no
CTOHHHhiX ,8 , k B I ) , 

: 
1 ?"') R - 6eapa3MepHaH eenB'IBHa. /8/ 
ltX,lt) TaKae aaa'leH~ttsl 11nsr L 1 nony'leHbi aBTopoM B pa60Te aa nnacTHHJte B3 

- KpeMJIBH, 
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tjlopMa ltPBBhiX npa ySJtBX 30RAAX (BalKe 100 MKM) ae 3ABBCBT OT reOM8TJ)BB 30KJXa, T,e, 

OIXKaaltOBa 1t81t .Qnll IIBR8liKhiX, TAK B 111111 JtpyrllhiX 30811011, 

Jlnll o6p831lOB C To.nlllBROJI I -oiSnaCTB W ~ 3 MM R81SIIJOI18JOTCSI B OC.IIOBHOM ttpBBh18 

AnSI tjiOTo-a.A.c., DOA06Bhle npeAcTaBne.IIHhiM aa pac, 5 a 6, Ha pac, 7 noKa3a.lla TBDB'I

Baa KpBBall Allll oiSpa31lOB C lll&pOitHMII i -oiSnaCTliMB ( W •4.;.8 MM), KaK BBA.IIO 83 pa

eyKJtA, D - i B I -p nepeXOAhl "l8Tit0 p83,1l&n8Khl B M&JKAY BBMB yJKe 118611JOA8eTCSI 3.118"1B

T9nb.llhlll CDaA B tjiOTo-&,,D;,C,, J[OTOphlll CII&AY&T B 83 'J'eGpBB, 

Ha «Som.ma.IICTBa o6pa3uOB .11a n - I nepexoAaX o!IOTo-a.A.c. aMana Me.llbmee 3.118'1&-

aae, "l&M aa i -p -nepexo,D;e (eM. pac, 6 a 7), Mhl npeADonarau, a DOTOM a AOtta3ana, 

"'TO npB"lBB8 aaiSIIJO,Il88MOll 8CBMMeTpBB CBli3AB8 C oiSpa30BaBB8M liSA i -ot5naCTbJO CIIOSI 

C 91leJtTJ)OUOll DpOBOIXKMOC'J'bJO ( D -TBD), Bp&Mll lKB3D ROCBT&II&ll T0Jt8 B &TOM CliO& 

MROro M8.11bll181 "18M B rnyt5aae, 3TOT enol!. ''laCTB"l.IIO' 381t0p8'1BB88T n - B p -OISII8CTB1 

caaJKASI pom. I -o«SnacTa, yM&HblllU atjltjlettTBB.IIOCTb co«Sapaaag tjloToreaepapoBa.IIHhlX .IIOCBTe-

nell aa n -I nepexoAe. 

o015paaoBaaae Tattoro n--cnog aa KpeMaaeBoll noBepxaoc,:ra nocne TpaBneaaSI Mhl ac

/9/ 
cne,D;OB811B B pat50Te DO B3M8H8.11BJO XOIIT8KTIIOrO DOT8111lB8na .118 B0311yXe CO BpeM8.118M, 

Ecn11 11ellcTBaTenb.IIO npa'l&.lla yM&.IIbllleHaa aaa'le.llall tjiOTo-a.A.c. .11a n - i nepexo-

118 - llOBepX.IIOCTb, TO npa BCDOnb30B8.11BB )1nSI CB8TOBOrO 30.11118 MO.IIOXpOM8TB'I9CKOrO CB8T8 

C l>83BOJI AllllBOll BDnJihl•I111SI AIIBDOBOllllOBOrO CBeT8 3T8 8CBMMeTp.BSI 11011lK.II8 YM8.11bW8Tb

CSI1 T8K Kalt CBeT npOIIBXAeT rnyt5JKe B ponb DOBepX.IIOCTB YMG.IIbii188TCB, 

Ha paey.llxe 8 C.IISIT8 CII8KTp8nbii8SI XapattTepBCTBK8 OAHOrO p - i - D KpeMDeBOrO 

118T8JtTOpa .118 CD8XTpotjiOTOM8Tpe Ccl>-4, THDB'I.II8SI AIISI BCeX BCC118AY8Mb1X ot5p831lOB, 

Ha pacy.11tte 9 npei1CTaBneahl -rpa Kp&Bhle AnSI tjiOTo-a.l1,c. OI1Boro a Toro JKe p-i-n 

ttp8MIIB8BOrO A8T8KTOp8 C TOnlllBIIOll i -ot5naCTB W • 6,3 MM, KpBB8B 1 C.IISIT8 DpB 

BCDonb30B811BB 1111B 30.11118 Ot5bi'I.IIOrO CB8Ta, KpBB8SI 2 - 111151 CB8TOBOrO 30.11118 C AIIB.IIOll 

BOII.IIbl A • 1250 MMKM, a KpHB8SI 3 - AnSI CBeTOBoro 30KIX8 C A • 600 MMKM, 11a pacya

KA BBI1110, 'ITO npa BCDonb30BA.IIBB CB8TOBOrO 3011118 C 0'18.11b KOpOTKOll 11nB.IIOll BDn.llhl CBeTa, 

KOTophlJI CBnb.IIO DOriiOII188TCll .118 DOBGpX.IIOCTH, &tjltjleKTBBHOCTb COt5.11p8HIISI 118 D - i nepe

XOI18 YM8.11bW8eTCSI, llp.11 3011118 C I111.11HBhlM CB8TOM ( B .IIHijlpaKp8C.IIOll 06118CTII), KOTOpblll 

DpOBBJt8eT rnyt50KO B Ot51.eM, .118 D -I DepeXOAe ljlOTo-&,11,C, 0'18.11b M8110 OTIIB'I88TCB OT 

ee 3.118'18DII .118 I- p nep8X0118 (KpBB8SI 2), llpa OIShl'IHOM CBeTe, K8K B 11DnlK.IIO OlKBI18Tb

Cll (KpBB8B 1), KPBB8SI Jlnll tjiOTo-&,A,C, 38HBM88T H8KOTOp08 cpe11.11ee DonOJKeaae, 113 3TBX 

3KCD8pBM8HTOB MOlK.IIO 38KIIJO'IBTb, 'ITO H811 i -ot5n&CTbJO .118 B03Ayxe ot5paayeTCB TOII:KBll 

enol! D - DpOBOI1BMOCTBo 

Hat5mo,D;aeMh18 .11e6om.wae pa311B'IBSI B a.lla'leHaSIX ljlOTo-a.A.c. npa n- i a I -~~ nepe

X0118X .118 KpBBOll 21 DO BCell BepOBTHOCTB, BM8JOT Ot5'b8MKhlll X8p8KTep, 113 BBX BIII1HO; ,'ITO 

i- p nepeli!OA 't5onee CHnbHhlll' no cpaBae.IIBJO c n - i nepeXOI10M, 

8 

• 

'/~1 

Ha pac. 10 npei1CTaaneHbl ABe KpBBhle AIIB 011HOro a Toro ~<e ot5pa3n 

nony'I&R8 cpaay nocne -rpaBneaaB, KOrAa .11a noBepxaOCTR ot5pa3oBancg n 

1 - nocne wnatjloBKB, ~~:or11a aa noaepXIIOCTB ot5pa3oBanca enol! t5onee p -

KpBBbl8 C o6p830B8HR8M H8 DOBepXHOCTB 

A8T8KTOpOB B IS&XpOM8T8 Jt81lH~ 

p -nneaKB aat5nJ0118JOTCB a 11 

llocne COOTB9TCTBYJOII1HX ot5pat50TOK B3MepM8Cb KOHTaKTR8ll pa3HOC1 

(KPll) OTHOCIIT8nbHO 301lOTOrO 31l8KTJ)OA8 M8TOI10M aat5pallBOHHOrO KOH118H' 

t9! 1 HhlM B • Jlna TP8Bneaoll noaepxaOCTR KPn • -q (c/> A - c/> 5 ) • 0,53 B, a ~ 
u I 

noBepX.IIOCTB KPn - 0,19 B. Ecns npBMeM, 'ITO pat50Ta BhiXo11a aonoToro 

• 4,8 &B, Tor11a 1111B pat50Thl BhiXOAa -rpaaneaoll KpeMHReBoll noaepXHOCTR 1 

c/>
5 

• 4,3 as, 8 AllB wnaljloBaaaoll cf>s •4,6 as, STOT c!JattT roaopRT o TOM, '1'1 
I I 

nocne -rpaane.IIBR ot5p8ayeTCB 3arat5 aaepreTa'leCKRX aoa BHB3 (6onee n· 

wnaljloBKB - aBepx (t5onee p -Tan) a pa3Haua a KOHTaKTRhlX noTeanaan 

60TOK COCTaBillleT OKOIIO 0,3 B. 

3 a K n ro 'I e a 11 e 

1. llony'leHhl ypaaaeRRB AllR ciJOTo-a.11.c., aoaaattaiOmell aa p

BOll CTpyK'J'Ype npa aOBAOBOM ocaemeaaa. 

- r 

2. P8apa60TaHH8B TeopRSI axcnepaMe.IITan&IIO Jta'leCTBeaao noi1TBeplK 

TDnlllBHaX -ot5naCTB C pa3nB'IHOll reoMeTpaeJI II BHTeHCHBHOCTbiO CB8TO 

3, llpB BCDODb30B8HRB MOHOXpOMaTB'I8CKOrO CBeTa Yl181l0Cb DOKa3aT· 

CTB Ha ciJOTo-&,A,C, B ljlopMBpOaaHBe DOCile TpaaneHBSI CllOSI n -Tiina aaJ 

4, fiOK838HO, 'ITO npB o6pa30B8HBB aa DOBepXIIOCTB CIIOSI t5onee p 

lj!OBKB B ot5pat50TKB B 6&BpOM8T8 K8nBB) M8KCBMYM c!JOTo-S,A,Co DepeMeW~ 

ll8p8X0110M, 

5, 0rM8"188TCB, 'ITO 3TBM M8TOI10M C ycneXOM MOlKHO BCDOnb30B8T' 

ot5pa30B8HBSI Dll8HOK Ral1 i -ot51l8CTbJO R onpei1811BTb TBD BX npOBOI1HMOC 

lKJ1811BJO M8KCRMYM8 c!JoTo-3,11,Co 

naTep8TYP8 

1, F ,S, Goucher, G, L, Pearson, M .Sparks, G; K. Teal and W. Shokley. Phys. Rev., ~·I 

2. B.C. 88canea, llpenpaHT OIHIH,2260, Jly6Ha, 1965. 
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ySII:BX 3011A8X (11BlK8 100 MII:M) 118 38BBCAT OT r&OM&TpiiB 30J[Aa, T,e, 

llBII&JIIIbiX, T8lt R Allll ll:pyrllhiX 30IIAOB, 

C TOlliiUIIIOJI i -o15naCTB W:::: 3 MM Bai5RJOAaJOTCll B OCIIOBIIOM KpBBhl8 

Dp8ACT8Bll8llllb1M 118 pBC, 5 B 6, Ha PBC, 7 110lt838118 TBIIB'I

C WBpOltHMB i -o15naCTHMB ( W •4,;.8 MM), Kax BBAHO B3 pB

B M8JKA;y IIBMB :YJKB Bal5llJOAaeTCB 3118'1B

... o-9.ll.C., xOTopbiJI cneAyeT • B3 Teopaa. 

- I nepexoAaX <IK:rro-s.A,c. BMena Mem.mee 3B8'1e-

(eM, PIIC, 6 B 7). Mhl Dpellllonarau, a IIOTOM B AOKa38llB
1 

C o15pa30B8RB8M llaA i -ol5naCTbJO CROll 

n -TBD), BpeMB lKB3BB IIOCBTeneJI TOKa B &TOM Clloe 

n - B p -o15naCTB, 

:YM8llbm8JI &ljlljleKTBBIIOCTb COI5BpaiiBR ljlOTorellepBpOB8HHhiX HOCB:Te-

n--CllOR lla 1tp9MIIB:8BOJI IIOBepXJIOCTB 110Cll8 TpaBll8HBSI Mbl Bc

B3M9R911BJO KOBTaltTHOrO IIOT811ll.Bana Ha B03A:YX8 CO Bp8M9118M, 

0 DpB'IBIIa :YM8llbW8RBll 311a'I811BJI ljlOTo-&,A,C, lla n - j 
nepexo-

BCIIOllb30BaiiBB Allll CB9TOBOro 30HAa MOIIOXpOMaTB'I9CKOro CB9T8 

AIIBB:HOBOllliOBOro CBeTa STa aCBMM9TpBR AOIIlKIJa :YM811bWaT&

rny6JKe • pon& nosepXIIOCTB yMellbmaeTCa, 

OAHOro p - i - n Kp9MIIB8BOrO 

C<l>-4, TBIIB'IIIaR Allll BC9X BCCII9AY8MbiX ol5pa3l(OB, 

KpBBble AilS! ljlOTo-S,A,C, OAIIOro B TOro lK9 p-i-n 

-o6nacTB W • 6,3 MM, Kpasaa· 1 CIIHTa npa 

Ol5bi'IHOro CB&Ta, KpHBast 2 - AilS! CB8TOBOrO 30HAa C AIIBIIOJI 

CB9TOBoro 30JIA8 C ,\ • 600 MMKM, H3 pacya-

OBaiiBB CB9TOBOro 3011Aa C 0'1811& KOpOTKOJI AllBIIOJI BOIIIIbl CB9Ta
1 

ll Ha IIOB9pXHOCTB, &ljlljleKTBBHOCTb COflBpaHBSI 118 D - i nepe

lliiBHHhiM CB9TOM ( B BHijlpaKpaCIIOJI o6naCTB) 
1 

KOTOph!JI 

n - i nepeXOA9 ljlOTo-&,A,C, 0'1811& Mano OTIIB'IaeTCSI OT 

nepeXOA8 (KpBBa.H 2), npa Ol5hi'IHOM CB9Te
1 

Kalt B AOlllKIIO OlKBAaT&-

1111.11 ljlOTo-s.A.c. 3aHa:MaeT H&KOTopoe cpeAaee nonoJKeue. H3 &TBX 

i -o6naCTbJO Ha B03A:YX8 o6pa3yeTCB TOHKBJI 

pa3n&'IH.II B 3Ha'I9HB.IIX ljlOTo-S,A,C, llpB n - i B i - p nepe

B9pOATHOCTB, BM910T OI51>8MIIbiJI XapaxT&p, H3 IIBX BBAII0
0 

'ITO 

CHn&HhiJI' 110 CpaBII9HBJO C D- i 
nepeXOAOM, 

8 

• 

Ha pile. 10 npeACTasneah! ABe xp&Bhla Anst OAHoro a Toro ll(e o6pa3na. KpasaSI 2 

nony'leaa cpa3y nocne Tpasneaaa, KOrAa aa nosepXJIOCTB ol5paaosanca n -cnoA, a KPBBa.H 

1 - nocne mnaljloBji:B, KOrAa aa nosepXIIOCTB o6pa3osancR enol! 6onee p -TBna, no~to6able 

1tpBBhl8 C, Oflpa30BaHB8M Ha IIOBepXHOCTB 

A9T9KTOpOB B 15BXpOMaTe Kana:~ 

p -nneaxB aa6nJOAaiDTCR B nocne o6pa6oTKB 

nocne COOTB9TCTB:YJOWBX o6pa60TOJ[ B3M9piUiaC& KOHTaxTHaR pa3HOCTb nOT&HllBaiiOB 

(KPn) OTHOCBT9llbll0 30IIOTOro S119KTpOAa M9TOAOM BB!SpanBOHHOrO KOHA9HCaTopa, OIIB:CaH-

~/ 1 
llhiM B , Jlll51 TpaBll9HOII IIOBepXHOCTB KPn • -(cpA - cp 8 ) • 0,53 B, a AIIR WIIBijloBaHHOII 

q u I 

nosepXIIOCTB KPn • 0,19 s. Ecna npuMeM, 'ITO pa60Ta BhiXoAa aonoToro sTanoHa ¢ -Au 

• 4,8 SB1 TOrAa AIIR paflOThl BblXOAa TpaBllBHOJI Kp8MHB9BOJ! IIOBepXHOCTB Ron;y'la&TCR 

</> 8 - 4,3 sa, a 111111 wnuljlosaiiHoll <Ps •4,6 as, aTOT ljlaKT roaopaT o TOM, 'ITO Ha noaepxHOCTB 
I I 

nocne TpasneiiBH o6pa3yeTCH 3ara15 saepreTa'lecxax 30H BHB3 (6onee n-Tun), a nocne 

wnaljlosxa - ssepx (6onee P -Tun) B pa3HBila B KOIITaXTIIblX DOT8HilBallaX lliiR S'i'BX o6pa-

flOTOX COCTBBIIHeT OKODO 0,3 B, 

3 a x n 10 'I e a u e 

l, nony'I&Hhl ypaBII8HBR AIIH ljlOTo-a,A,C, 0 B03HBK81011l91!: 11a p -

BOA CTpYJtT;ype npa 30HAOBOM OCBemeHBR, 

- n IIOIIynpOBOilHBKo-

2. Paapa60Tallaaa Teopaa &KcnepaMeHTan&IIO xa'leCTBBHHO noATBepli(Aeaa npa pa3HbiX 

TOliWB:IIaX -oflnaCTB C pa3JIB'IHOJ! reOM9TpBel!: B BHTeiiCBBHOCTbiO CB9TOBOrO 3011Aa, 

3, npa BCII0llb30B8HBB MOHOXpOMaTH'I9CKOro CB9Ta yAaiiOCb DOKa3aTb BIIBHHBe noaepXHo-

CTR lla ljlOTo-&,A,C, B ljlopMBpOBaBBe DOCile Tj:laBII911BH CIIOSI n -Tiina 11a11 i -o6nacT&JO, 

4, noxa3aH01 'ITO npB 06pa30BaiiBB lla nosepXIIOCTB CIIOR 6onee p -TBDa (nocne WIIB

IjlOBXB B 06pai50TKB B flBXpOMaTe KanBH) MaKCBM;yM ljlOT~,A,C, nepeMemaeTCSI BaA n - j 

tlepeXOAOM, 

5, 0TM9'1a9TCR0 'ITO 9TBM M9TOAOM C ycneXOM MOJKRO BCDOn&30BaTb lliiR BCCIIQAOBaHBR 

06pa30BaBBH llii9HOK Hall i -o6naCTbiO B onpeA8llBTb TBII BX npOBOABMOCTB no M9CTOHaxo

JI(A9HRIO MaKCIIMyMa ljlOTo-&,A,C, 

n B T e p a T Y p a 

I. F,S,Goucher, G,L,Pearson, M .Sparks, G, K. Teal andW.Shokley. Phys. Rev.,~, N4, 637(1951), 

2. B.C. Bacanes. npenpBIIT OH$111,2260, Jly6Ha, 1965. 
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