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B padorax /1, 2/ npH aHaJIH3e ce'leHHi! JfiCCei!HHll ue.l(JieH

Hb!X 3JICKTpOHOB Mhl npeRedperaJIH BKJia,ll;OM ilpOUCCCOB ,n;ByKpaTI!OfO 

paCCCi!HHi! 1 a TaKEC paCCCi!HHCM dOJICC BhiCOKOfO nop~Ka. JTO 

COOTBCTC TBOBaJIO TOMY, 'ITO B pa3JIOJKCHHH .l\Hqxpepe!IUHaJI hll oro 

CC'ICHHil ITO KOppeJii!UHOHHhiM ~YHKUHi!M 
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COCTaBJii!JICi! JIHllih nepBb!~ 'IJIC!Io Yxe B TaKOM npHdJIHXCHHH y,n;a-

JIOCh Odni!CHHTh OCHOBHCe H3MCHCHHC 1 r.pOHCXO.l\H~ee B .l\H~paKUHOHHb!X 

KapTHHaX npH nona,n;aHHH ra3a Ha 'IHCTY~ ITOBCpXHOCTb MCTaJIJia: 

ITOHBJICHHC .l\OilOJIHHTCJihllhiX ITHTCH 1 HC yKJia,ll;hiBaiD~HXCi! B ITpOCTYD 

HOMeHKJiaTypy Ep3rra. O.n;HaKo, ue3 y4eTa ~ByKpaTHOro pacceH

HI\Il OKa3aJIOCb HCB03MO:SHb!M nOHi!Th 38.BHCHMOCTh HHTCHCHBHOCTH 

,lJ;HrppaKUHOHHhlX MaKCIWJMOB OT 3HCprHH 3JICK TpOHOB 1 HB.dJTIJ,ll;aBll!YIJCil 

B MH0f041!CJICH HhiX 3KCil8pi!MCH TaX /J/ • !\poMe TOfO, cy~e CT BOBaH!18 

dOJI88 CJIOJ:Hb!X 1 ITO CpaBH8HI!ll C Oili!CaHHhlMi! .. ll /l' 2/ )J;I!(jlpaKI.\I!OHHhlX 

KapTI!H, Bl1,ll;MM0 1 T8.Kl!8 MOJ:RO Odn!lCHI!Tb npOU8CCa1!¥. MHOfOKpaTHOfO 

pacceRHI!Il. 
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§I. ~ByKpaTHOe pacceRHHe 

PaccMotpHM ceqeHHe pacceRHHR Me~neHHHX anextpoHoB 

KBa~paTHOR peweTKOR C yqeraw BTOpoa CyuKH B paanozeHHH (I). 
2 

!IpH 3TOM ~R llpOCTOTH orpaHHqHMCR paanozeHHeU ~0 e BKJ!DqH-

T6JibHO flO fiOKp!iTHD e ( OHO Yqi{T!iBa eT 3qxpeKTH KOppenR~H), 
a TaKze dy~eM cqHTaTb, qTO HCXO~HHR rryqoK aneKTpOHOB na~et 

HOpMaJibHO K liOBepXHOCTH, T • e. d.Cf r = clp'f= 4>, d.Cf {' :::: 

=- df'f= tp; dp[= dp(=-0. Tor~a fiOCJie HeCJIOJmUX, HO rpo

M03~KHX B!iqHCJieHHR (I) llpHMeT B~ 

6(;;~ti):::: 41i:l.(A 4-Be2)bf¢Jd(<t>'J + B/VBf.l-o)

-2.BNB2
(1.-efJcJ (tos¢ +cos¢')+ 

+ 4-rt~ t [(2.c To +2c·r: +~I .. +~"I: )e 2. + 

-t(E:Io+Erio'">G +F'I., +F"r:]vtr<t>Jfr<t>)-

- i bftz t (.ib e ipJ+ ~1::/ e-{pol) N92.{1-e /3() fr<t>)d(<t>'J + 

+ ;i-fc(l;,+I)+c•cr:+r)]N"0(1-B)+ 

+ ~ [G(Io+l~-+G•o:+I.)1Jv'e 2 -

-t(Geipd-* G"Q_;pJ.)}f(/·(1.- efE)-

- .?.(Ge'f'J -t G .. £_..:f'c:L).N92.(i.- efE)(('os.P +Cos'/'')-
ci 

4 

' 
I. 

- ~ [c (Io-+ I)+ c•a: +CJ]N6 2 {1- eP')(ro.rcp-~-- cos¢'), 

c-::: ¥1oL-¥12., ;;b ='C(d.-'l()~ E ::)( 2
( ol"-'(") + 2 1~1 2 (ol- Y), 

r==tl'lSI~ G=-co~.-¥)\.,J.-11"\a.., o~.=a.(V1.-~'a'' .. l·pa ), 

'lS = ~ ( v'.1.- p .l6'<!. +- i p g), 

t==L: ~ 
~ VK'+K'2. ,'< 

(o;'+><'z">O) 

I= L e-i(/1..<1'+-14'¢') 

K,IIIC" 
(~+k•l,.()) 

.e;, pel VK'+II..'£' 

v~~ 

CJie,l\yR padoTaM / 4 , 5/ , npeodpaayeM cyJ.!Mbl (J) 11 (4) 

l.::: K BH.J(y, y,nodHOMY ~Jill ,l\aJibll8 l1:mer 0 8JlaJil13a. []ocKuJibKY 

:: I\<P= <t>'::a, ~ocTaToqno paccMoTpeTh JIL11Ub cywzy (4) 1 ilae,l\eM 

a 3TY cyMMy MaJI!il1: napaMeT p 'Z ( R _,. 0) 

lcr) = 2: e-\(l(q>+K'1>') t ipd VK
2

+ K''+t.>-

KJI(/ ~· 
(1('+-<''">o) Vl<.'-tl(.'~ (5) 

Tor.na, oqeBl1.1\HO, I = r (o) • J\aJiee BOC!l0Jih3Y8!.1Cil l'!HTerpaJib

HbiM l!pe~CTaBJI8HH8M /4 ,5/ 

a-a J. 2 

~¥pUpcliU,= Q~~ ~5 Qxp(£;ez-R\2.)Jc.::= 
R ~ 1t' oe'"' d........ l 

~ 2 

:::.£. C -tY- t_i.L_ R2.£z)Jc 
fif J p ' 4 E.<! , 

(o) 

r~e R = ~ • Tor.n:a, y<nlThiBail, qTo 
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00 

~ ... J.£ -t 

E: 

~ ... Je, 
c:>o 

~ .,. Jc = 
(O) E (o) 

(5) MOXHO nepenHCaTb B BH,ne: 
00 1 

I(oz:):.Z.. 52:: (!_')(p[pl.ol.'i'_ R\2-t"CK4>+~<'-t>'J]J( + 
V1f £: K,K' 4 1: 

'"'•~e''>o) 

~ 2. 

+ !- ~ ~ ~'llp[~i- R2.c.z.-i (K<P+K'ct>'J1 de.-
(0) "•"' 

E 2.Jz 
_£. ~ Jl~rc{t-r--lz.£.z)c:le. 

Vif . 
(") 

IT8pBbl!l HHTerpM B (7) xopomo H3B ecreH (eM. ,HanpHMep, / 5/ ): 
0<) 

2. s z.Jl 
V1f tZ~<p(-Tf;:- R'EJ.)dE= iR [.e)(rupJR)~>t8c(i.d-+ R£)+ 

~ 1~ 

+ll)lr(·ipJ R)ez8c (-~ + F.E:)], 

r.ne 
)(. 

e'rCc )( := 1-.?::.. r e-i'J..t 
Vi' J . 

0 

ITpe~e 4eM Bbi4HCJIS!Tb Bropoa HHTerpan,s (7) npeo0pa3yew 

CyMMy, CTOSII!lJD UO)t 3HaKOM 3TOro HHTerpana,c llOMOJIIbD 

ro~ecrsa I 4- 61: 
00 

(7) 

(8) 

~ l 4 e2. ""' z 
L... exp(-Rf-r-ihee)=cz: .e-Kp{-"cc )Zexp{-~ _ ~ee), 
e =-coo e=-oo cr-

KOTOpoe MOZeT 0b1Tb .JtOKa3aHO llpHMeHeHHeM ¢opMyRbl CJMMHpOBaHHSI 

rryaccoHa 171 • Tor.na nony4HM: 
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"" 

L C)(fl~-R1Ez.-i(l'4>+~'4>1]= r~ 2: ekp(X~- "l
2c,, 

I<"' t,.e n 11.' 4£ , , 

r.ne 
"'I' 2 z. I 2. )2. I ) a. ~ ... =p ~ -(<P+21t ..... -(<fJ .. 21cn' • 

Tenepb BTOpOR MHTerpan B (7) MOKeT 0b1Tb Bb14HCJieH / 5/ c 

llOMOJIIbD (8) H JRBeHCTBa 
0() 

e-2. = J hp(- e~t) ol t. 
0 

B pesynbTaTe nony4HM: 

(9) 

E 2. . 

~ J 'Hf' ( ~~- '2
2.£')% =..!.. fel'p(i'X .. Ill)e't!c(-w--li!l£)+ 

V~lO) C j(,.l 
(IO) 

+~'~-pti Xt\.lel)ngc{- i {£+Ill E:). 

Ilocne)tHHR HHTerpM B (7) npeoOpaeyeTCSI C llOMOI!lbD (6) H (8) 

li 
2. r zoLl '(i' r·xr(~-2z£z)JE = e~pCipd!:!l.-_ 

111 
(OJ 

(II) 

- fuj lt xpcipJ I'll) e?$c(i_[; +lei E )+~J(p(-i pdt'll)e'ltcf iJf t I~ IE~. 
I!O.l{CTaBJI SIS! (8) 1 (IO) H (II) B (7), nony4HM OKOH4aTe.llbHO: 

Ic-zJ=""' e'1.p(-i(~t.<1>+K'ot>'>1 . fe)lf[i d(il.L-+K'.z .. l.z). 
.f:. 2 ( Kz .. K'..!+ e") 1 ( f> 

1 

( K .. +l<''>o) 
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2-"'§c [if~ + cK""-+t<.'""+ "2'")!f:} +e')CpripolcJC"'+K'
2
+2.2)-1-} 

(12) 

~~~[- i;{j + C~<'"+K'z.+~z}e]} + -t'i\2: __!_. 
11..1\' x ... 

J 

[4){p(i X"' 1"2\)ezgc(- i§: -ra1 E')+.el(pfi X-.l'il)rt{c(-~ ~ ... + 

<~- 1"~\E:)]- \~\ t:~~p(ipchc\- ~~><r(-tpJr~l)e<eC ciff t 

~\~IE)- t~xpf-i.pJrcl)e"Zgc(-t{HeiE)}, 

r,n,e, cne,n,y11 3aaJIL,D;y 1/ 4/ napaMetp pa3dHeHHI1 E BHdHpaetcl1 1113 

YCJIOBHI1 ODTHJ.laJibHOll CXO,ll,HMOCTH odeHX cyw. 

HcnonL3yeu tenepL nonyqeHaoe npe,n,ctaaJieHHe ,11)111 Hccne,D;oaa

HHR ,H,Hil>il>epeH~HaJibHOro ceqeHHI1 pacce!lHHI1 (2). ITpH 8TOM1 4TOdH 

H3della.Tb l'p0M03,ll,KHX BhlKJia,D;OK 1 orpa.HH4Hl.ICI1 ,D;Bylll1 qactHWH 

cny4ai!MH - pacCei1HHeM Ha qHCT OR noBepXHOCTH ( 8:::: t1 ) I'! cny-

4aeM1 KOr,D;a pacCei1HHe DpOHCXO,D;HT TOJ!LKO Ha a,D;atOMaX1 odpa3JD

IIIHX DOBepXHOCTHYD pemetKy ( g =0) • B nepBOll cnyqae 1113 (2) 

HMeeM: 

6<fi;i{)=~9l 2a .. .N[i4 ~ (e'rl.-tiSI:')1~c<t>)b(¢'), (IJ) 

r,n,e t - £l>a30Bbl ll C,D;BHr ( sin r :: f ct ) • 

8 

OTCD,D;a c nouontLD BiipBXeH Hl1 ,11)111 I ('2) (I2), B KotopoM 

Ha,llO DOJ!OJ:HTL cp-:: cp':::. 0 1 E: - 0 1 MOlmO BH,JJ;eTL, 

qTO HHTeHCHBHOCTL KaJ:,D;OrO dparrOBCKOro MaKCHMYMa KaK 

i(lyHK!Uil1 8HeprHH pacceHBaDntHXCI1 8JieKTpOHOB B CBOD oqepe,ll,L HMeeT 

pll,ll, MaKCHyYMOB 1 onpe,D;eJIRDIIIHXCI1 ycJIOBHeM: 

HJIH 

-

P 
= 21\ ( z ,,_ !o. T 1'\. 4-Y\. )~ 

_. 

, 

p=l2r-G\, 

(I4) 

r,n,e G- KaKoR-JIHdO H3 BeKTOpOB odpaTHOR pemeTKU. B CJiyqae -npOH3BOJILHOrO yrJia na,n,eHHI1 1 Od03HaqHB npoeKUHD BeKTOpa p 
-Ha DJIOCKOCTL pemetKH 4epe3 r" 1 8TO yCJIOBHe 1 oqeBH,JJ;H0 1 Ha,D;O 

nepenHcaTL taK: 

..... --p= \p .. +21tG \. 

4T0 COBDa~eT C XOpOlllO H3BeCTHHM pe3yJILtatOM1 IIIHtepnpetH~yeMh!M 

odHqHo c noMOI!ILD taK Ha:~>~aaeMoro noctpoeHHI1 3aani>,n,a /J, 8/ 

IT pH P ~ 2.'11( 2 ,z.)l 
~- W\+I'Yl 

cl 
(IJ) npHHHMaeT BH,D;: 

dcr\~tt)=4-"'a 2 N{i+ 4rra. Gosf.H(2r.G"'-p)-
d.2.l cp'-~t-n• G.!.)il 

-slnb-KCp-2.rcG..,..)1} f(ct>)f(<P'), 
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r.l(e 

GI'T'=- ;TLm2.+m' 2)~, { 
1, X'> 0, 

1-\(J<)::: o, x<o. 

PaccMoTpHM renepb cnyqaR, Kor.l(a ~ = 0 • H3 (2) HMeey 

6trt;"ft)::::4R2a. 2f/e;.dr<P)Jr<t>') + azN&fi-e)-

-~r Ncos-(.f' -+p<i )8.2.(1.-€ ~E)+ d~ Nr~'tr. + e-'dr: )e2:. 

[ 
2. r 1 1 2 - (I5) -2.a.~J/ 1+-ftos(a+pct\ e ({-QfE)(co~<t>+CoS¢')+ 

+ ~~ N (e.'- 6r + e- 1 tr·) e 2• 

C noMOi!lhll (I2) H (9) neno Hallr:r, err o B 3TOM cnyqae MH Ka:.l,l\oro 

.l(aHHoro HanpaaneHHH, xapaKTepn3yeMoro KOOp.l(HHarawn (¢/zn, 11l/2rr), 

HHTeHCHBHOCTb .l(H~paKUHH, KaK <flYHKUHH 3HeprHH 3ReKTpOHOB KpOMe 

oduqHux MaKCHYJMOB, onpe.l(enseM~x ycnoaneM (I4) H Ha6nvAav~Heca 

I'! B cnyqae pacCeHHHI! l!HCTC!l ll'l?epXHOCTI:.Il, HJ.Ieer .l(OTIOJII!HTeltbHble 

MaKCHJ.IYMH npH 
.1. 

- 21t f ( <t> \2. ~ ')2.\ 2. P - T l \ 2ic + n ' + ( 2r. + n 1 · (16) 

TIOHBReHHe .l(OdaBOqH~X MaKC~MyYOB no CpaBHeHHD CO cnyqaeM qHCTOR 

liOBepXHOCTH B03MOXHO T&~Xe 3a cqer HanHqHH B BUpaxeHHH (I5) 

tWHKnHH CO$ ( f+ poL) , HM8Dl!leR 3KCTpewanbHHe roqKy. npH 
p::1l(n-Jjt)/J • 

Bo3HHKHoBeHne npv. B03.l(eilcTBHH rasoB Ha. 4Hcryv noaepXHOCTL 

MeTaJ!JlOB )i0Il0J1HHTenbHliX UaKCifMYMOB y HHTeHCHBHOCTH .JJ.H<flpaltqHH 

ItaK cpyHKqlUI :mepnm pacceHBaDIJIHXCR 3ReK!pOHOB-3KCnep!llleHTaRLHO 

10 

l' 
l 

1 

' 

H3BeCTHHR ~KT 1 Bnepase ycTaHOBReHHUR PynnoM~g,IO/. nna 

HanpaaneHna, xapaKrepn3yv~eroca, HanpnMep, HH.l(eKcaMH (I/2,0) 

H3 (I6) nonyqHM, qro .l(OnORHHTenbHHe MaKCHMyMH B03HHKaVT npn 

p = 2I l ( i -+ n. )2. + Vt.' ~ 1 i. 
3TKM voxao o6~HCHHTb Ha6nv.l(aBmeeca B 3KcnepHMeHrax Pynna 

noaaneHne .l(o6aaoqHsx MaKCHMYJ.IOB nonyqenoro nopH.l(Ka. rrocKonbKY 

MH paccuarpHBaev pacceaHne Ha KBa.l(parHoR pemerKe, a B pa6orax 

/J,9,IO/ HCCRe.l(OHanaCb .l(H¢paKqHH Ha nnOCKOCTH (III), TO B 

,!(aHHOM cnyqae, KOHeqHo, MOXHO ro~OpHTb TORbKO 0 KaqecraeHHOM 

cornacnn c 3KcnepHMeHrou. 

ITpH p~2~(m'+M1~Jt/el HRH p:::;2.'1r[(¢,/.?11"+m)'\ 

+(q>fc:!ii'+m'f]~ (I5) COOTBeTCTBeHHO MOJEHO 3anHCaTb TaK 

ben:~)= ~t-n<~alf/'9 2 r(<~>>l'r¢') + CJ._~/t/9(1.-())-

- fa!> f{eos{b+pri.-)(J 2(t-e1HJ. + 4-1ialN L [ccsf. 
d. d.''\ ( f -lt1r" G.!) .. \ 

H (~G ... - p) -sit'\ 3 H Cp -2rrG .... )1e2
- 2.a.lf1 ( t + 2l c.os(b+pdJ} 

Z. '"E 3 · r' . ,.. 
() (1.-e,.. )(cos¢+cos¢') +!!:...f/(eHI +e-' 6 l")e 2 

d. ' 

d(~; ti > == t,.n.ro: .. J\le 2 r (~)d(9':J + ct.tN (} ( 1.. -e)-

- ~1 
Ncoi.CJ'+prlJ{}l(t-efl'J +s;{!lre;ti. + Q ... rr: H1l-

-2o. .. .tJ[i~2J COS(J'+pJnel(i.-eJJ£)(Co~¢+ CDS¢')+ 

4- 1ut !(~tV r:: r -·wl-~tnzG,:~)tl t:os H(zr.G ... e-p)-s< .... S'H(~-2n-G ... ~)YB ~ 
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rAe £ 2. ~ )21i G"""'=--J t (zrr+V\'\)-+ (2ii•W\' 

H3 (I5) H (I2), (9) BHAH0 1 'lTO AH~epeH~HanLHOe Ce'lCHHe 

paCCCI!IlHll Ka.K tPYHK~ll <1>(2.11 H ¢'/2rt o6p8JllaCTCll B 6eCKOHe'l-

HOCTL Ha OKpyXHOCTliX 

<t> .2. ' )2 cl ) 2.. 
( -2- + .,__) -t (!t.. + ~-t' ::. ce 

II 21\ 2.'ii ' 

(I6) 

paAHyca pd /2r. c ~eHTpa.MH B TO'lKax 6parroBCKHX uaKCH:UYMOB 

(-h.,- rt' ). IIpH 3ToM, ecnH pel> 9t , To oKpyXHOCTH MoryT 

nepeceKaTLCllo TorAa B TDVKaX nepece'leH.IUI IIHTeHCIBHOCTio 

AH<lJpaK~H 6yACT OC06CHHO BCHHKa, H 3TH TO'lKH CCTCCTBCHHO 

OTO~CCTBHTL C lll!THalLH Ha AH<PpaK~OHHOlt KapTHHe, H3¥CHCHHC 

3HeprHH paCCCHBaD~HXCll 3HeKTpOHOB 3KBHBaneHTHOC H3MeHCHHD 

PaAHYCa OKpyxaocTeR (I6) BH3HBaeT H3:UeHeHHe 'lHCna TaKHX ITl!TeH 

H HX MeCTOllOHOXeHHHo BnHliHHC 3HeprHH 3ne~pOHOB Ha BRA AH<lJpaK

~OHHOH KapTHHH Ha6nD~anoc:r., HanpHMep, B pa6oTe /II/ • 

§2. 3§M6'laHHC 0 CXO!HMOCTH 

1\aK cne~eT H3 BUpaXCHHll (I2), HHTeHCHBHOCTL AH<lJpaK~HH C 

yqeTOM AByKpaTHOrO paCCCl!HHll MOXeT o6pa~aTLCll B 6eCKOH6'lHOCTL 

llpH onpeAeneHHHX 3Ha'leHHliX H:urryr.:r.ca paCCeHBaD~XCll 3r.eKTpOHOB 

p • OAHaKo, 6e3 yqera ABYKparaoro paccel!HHR, t,e, B rrepBo:u 

npH6HHXCHHH 1 HHTeHCHBHOCTL AM<lJpaK~ OCTaeTCll KOHe'lHOlt npH 

nD60M p , H PM Te OpHH B03M~eHHlt, CTporo roBOpll, He H:ueeT 

cwucna. 11pH'lHHa 3Toro,cornacHo pa6oTa.M i:r.nKa H ~p. 112~ saKnD

qae~cl! B npeae6peXeHHH B3aHllO~eltCTBHe:U paCCSHBaD~XCH 3r.eKTpOHOB 
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1 

I 
! 

c aneKTpoaaoa nnaa:uoa TBep~oro rena. EcnH npeAnonoXHTL, 'lTO 

aneKTpOHHaH "XH~KOCTL" B TBepAOM Tene O~HOpOAHa, yKa3aHHOe 

BHme B3aHlLO~eltCTBHe npHBOAMT K nepeHOpMHpOBKe 3neKTpOHHOro 

rrponaraTopa 

Go q>,~) 1. 1.. (I7) 
--.~~~------~~ 

E-p"/21'>1- ~ (\>,£::) t- pa/.21'11 + i r 
3,11;eCL £ - 3HeprHH 3neKTpOHa 1 p- ero Hwnyn:r.c, Z:cp,E)-
C06CTBCRHaH 3HeprHll aneKTpORa, BH'lHCnHe:UaH 06H'lHO C llOMOmLD 

reopHH BOSJdYmeaHlt, HaJIK'lHe MHHMolt qacrH 2:: Cf, E)= 

:::. 2::: t. Cp, E) - i L 2. ( P• E ) npHBO,II;HT 6naro,~~;ap11 
3aTyxaHHD Ha'lanLROlt 3neKTpOHHOlt BOnHH K a6conDTHOH H 6HCTpOlt 

CXO,II;HMOCTH Cy:ulLH (4). 
B CaMOM ,11;ene, 3aTyxaHHe npHBO,II;HT K TOMy, 'lTO Ka~lt 

qneR Cy:uMH ( 4) j'MHO:IaeTCH Ha BMH'lHHY BJU;a 

.e -kf (- '( \jv..._+ K'._ ), '{ '> 0 • (I8) 

06ecne'lHBaD~YD 6GCTpyD CXO,II;HMOCTL Cy:uMH (4) H BCero pMa 

reopHH Bos~eRHI ,~~;xn T-:uarpH~ B ~eno:u ( c:u.l I,2 I ): 

T ='L. ti + L t~ G.,t,, + L tt G.t;, Go t.:f" +,.,, 
t i-*5' H.f;! '*J" 

(I9) 

MH ae 6y,~~;eM rrpoHSBO,II;HTL rpo:uo3,11;KHX npeo6pasosaHHlt cyMMH 

(4) C J'leTOM nepeHOpMHpOBKH (17) H MHOXHTenelt (I8), TaK KaK 

Kpoue "crnaXHBaHHH" COOTBeTC~BYDmHX pe3KHX MaKCHMJMOB HHTeHCHB

HOCTH ,II;H<PpaK~H TaKHe BH'lHCneHHH He ,ll;a,II;YT npHH~ITHanLHO HOBHX 

peayn:r.taTOB. QTMeTHM TOHLK0 1 'lTO KpHTepHlt CXO,II;HMOCTH pa,~~;a (I9) 

3aBHCHT OT BenH'lHHH K03~H~HeHTa 3aTyXaRHH ~ 1 H IT03TOMY 

llOny'lRtL JCHOBHe npHMeHKUOCTH TSOpHH B03Uy~eHHlt K pacceHHHD 

MeAneHHHX 3neKTpOHOB Ra CTaTHCTH'leCKOI CHCTeMe B HBHOM BH,II;e 

,~~;oBon:r.ao cno:r:Ho. 
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§3. Yqer KoneOaHn~ pemeTKH 

B 3TOM naparpape OCTaHOBHMCJl Ha BnHIIHHH KoneOaHHil pemeTKH 

Ha TeMnepaTypRYJl 3aBHCHMOCTb HHT8HCHBHOCTH ,lJ;HqJpaKJ..IHH Me,D;neHHhiX 

3neKTpOHOB. Cne,n;yJI paOore /!, 3~ 3annmeM nonHHR raMHnhTOHHaH 

cncTeMhl nnocKnJI pemerKa nnvc a,D;copOnpoaaHHhlR ra3 B a~e 

2 (20) 

H =2:-fL"'" 1. ~ \fCR~-1<.,)-))L~-t-fLEf~~R ... )~~n ... , 
t 2M 2. e--t.M t f-1'm 

r,n;e M - Macca HOHa B y3.11e j , .P f - ero HMnyni>c, 'f'( Re-R,..) 
n t CRe-R. ... )- noreH~Hanhl napHhiX B3aHMo,n;ellcTBHA HOHOB H 

a,D;aTOMOB, COOTB8TCTB8HHO, KaK tPYHK~llH MrHOB8HHhiX 3HaqeHHll pa3-

HOCTeA KOOp,II;HHax. PaBHOB8CHhl8 nonoxeHHR aTOMOB If ~aTOMOB B Y3Rax 

pemeTKH 5 ot =- ( R ~ ) onpe,n;enmrc a oOhl qijhiMH ¢opMy naMH 

"' "" ol J. ... Rt =:<..R~> + ut :=.f +uf, rJ:.i,2., (2!) 

yrnOBhle CK00KH B (21) 0003Haqavr ycpe,D;HeHHe C raMHnbTOHH8HOM 

(20), u:- ol - KOMfiOH8HTa CM8J118HHI! 1- ro HOHa H3 fiOJIOJ:8HHI! 

paBHOBecna. ITpHMeHI!I! ,n;anee aapHal.IHOHHYJl npo~e,n;ypy H.H.EoroJIDOoaa 

If annpoKCHMHpyl! raMHJihTOHHaH (20) MO,lJ;MbHID.I raMHJihTOIIH8HOM 

Ho-=Hrk+Hli H.,l.. :::~ ~~ + i. ~ "L-~ XJ. x~ 
' 1 f 21"1 Lt L_. €1"1. f.., tm, 

e *1'1\ (22) 

J.. .1. rJ. 
\1 :; Ue- U,.. 
I\. eon ' H.s ::-rz= ~\- i. L tt"" Vle YL..,, 

-5- 2. t ~,., 

r,n;e 't t~>~ H ! hot - BapHaUHOHIIIi e na~MeTphl, nocne BllltJia,J;OJt, 

fiOnH OCTbD aHaJiornqHhJX COOTB8TC TBJDJIIHM B hlqHCJie HHRM pa6 OT!l /I :.v, 
no.nyqHM, qro yqeT KOneOaHHR paneTKH npHBO,D;HT K nepeHO:II'HPOBK8 ,.., 
KOHCTaHThl e-+ £ corJia.CHO qJOpMyne 

14 

,..._ I f'J 

E- =- e(~o. p) ( 1 + A.o/ ), (23) 

r,n;e If=< t'tt 11.} > 5 , y3nhl f H lJ- - OJIHKaRmue coce-

n, a CHMBOJI <_ • • o >s 0003Haqaer ycpe,D;H8HHe C ra.MHnbTOHHaHOM 

r\s. llpn noJiyqeHHH (23) npe,n;noJiaranoci>, qro pemerKa rapMOHH

qecKaa, H ynpyrHe fiOT8HIU18Jihl TaK ze, KaK H fiOT8HUHanbl B38HMO

,D;e£1CTBHJI M8J:,D;y a,D;aTOMaMH, paCCMaTpHBaDTCJI B npH0JIHX8HHH B3aHMO

,D;8llCTBHJI nHmb OnHsaamux coce,n;eA. Kpoue roro, npe,n;noJiaranaci> 

JIHH8llHaJI 3aBHCHYOCTl'> fiOT8H~HaJia C (l-11'\) OT H3M8HeHHJI M8J:-

8TOMHOro pa CCTOIIHHJI, a nep ex O,D; € (J.) - c (d., f) 
COOTB8TCTByeT nepeHOplllfPOBKe 3a C qeT ~Bn8HHJI p ( d., 
pacCTORHHe M8lr,lly y3.1laMH Oe3 yqeTa nepeaopMnpoBKH). 

Tor,Ita B llpaJ:8HHe MR ceqeHHI! paCC81!HHI! npHHHMa8T BH,D; 

( 8CJIH orpaHHqHTbCJI B (!) nepBOil CYKMOA) 

6at;~J = A2: < e-i~(Rf -fi~\" + B .2: <..'1n,·>-<{iVRt-~·J> (24) 
, , p t .S I J 

nt .f,!' P" 

r,n;e ( ••• >. 1.. 03Haqaer ycpe,n;HeHHe c raMHnhTOHHaHOM Hpk. • 
~ r I ~ 
A noJiyqaeTCR H3 A ( CM. 21 ) 3aM8HOA e- e = <:: 11\.f \ • 

Bl:lpaJ:eHHe < .e_--i~(R+-~•)).pL.. 3anHChiBaeTCJI 00hlqHO / 14/ B BH,D;e 

Pa3JIOJ:8HHJI 

<e-iirR;.-R;.>1~..= e-2w~-i~rJ-1'J{ 1 + 

+ ~N ~ [~i,:rt>tE~·(iL)eosK(f~f') + 
K, ~ (25) 

+ -t i ~~ r-+-- 4 l2c4- ~ 12. 2! Ml !Vi L. ~ L 9- e~'"r~:.4)J ~.ei• (ICz.)J . 

;,, jt K .. ,~a 

. E;~. ( r,) E~l (~)cas -;1 (f-r) cOS il~ (j- f') + ... } ' 
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1 - 2. ,p ~w,(Q 2. w = -~ r Q. e.. n<)l E. ( il) E. ( il) ~ .L-cLI\ 2. , (26) 
M.t.ff--!Lr 1 '1 l • ~ 2.<1·(.ZJ 

"•l 
"f3 (~) W 1· (;;:)- C06CTBeHH!l8 BBKTOpil l'l C06CTBBHH!lB llaCTO-

Th!. COOTBBTCTBBHHO BL!paJKBHl'le ~JISI CBileHl'IR (24) npl'IMBT B~ 

pa::!JJOJr.BH Mil 

6 ( ; ; k) ::0 ( oL~ \ + ( ol J \ -t (ll \ + 
-;Tn.)" \olnh JSL) ···, 

2 

( JJ \ =AC2w2:, ,e-i~(i-J')+ Be-2w,L:z"'-fnf'~i;icf-{': 
d9-)o f,V f,f' 

)\JJR ( ~) BL!TIIIDJBM cpa3y OKOHilaTBJlhHOe BilpalB:eHMe B TIOJIMHOMMaJJh· 

HOM M cyne;TI03l'll\l10HHOM /IS I I6/ paCL\CTIJ!eH MRX COOTBBTCTB CHHO: 

( d6 \ ::= e-zw fir;~_ [4-1l'(A + Bft
2
J c th. .fo_wC¢, <t>J + 

\d.Sl. h_ J'1t2.M w rq;, q;') 2 

2 I< 2o: 

+BJ:(i-ft)j S ! , ctkftw~p,rJ J.';fcl!f'+ 
0 0 Cu('f, ':f) -

2.1i 2u 
"'-' ""2 

+ 2.B {f.t- h) (co srf> H. OS¢') 5 s ~ dlt._J?W(f!t,P') d,pd ~ 
o D W(<f,o.f') 2 J fj, 

( ell,\ =.e-2w Jlry~_{h-z(A ..-Bft:lj cih pwc¢! ¢) + 
J..Q/1 J'rr'-M VJ(<P, ¢') 2. 

ln- 21\ -1. • 

+B'j:I!.-Jt.){t-1.1.) J} [i-i}:co.s(<P+f)+:t.2][1-2~cor(¢i_r)t!:l] 

1_ C t l ~ W ( \f' r 1) d. lD clto '] w (If, 'f,) 2, )' 7 J 
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f1., r onpe~eJIRilTCR COOTBBTCTBYillllMMM <lJOpl!YJiaMM pa60T /I5' I6/, 

B KOTOpi>IX H~O npOBBCTH 3B.:UeHy e ~ g , 

W(tf, f') ':=. 2 vt; \} {- !-( t"e>S~:C.CS Cf' 1
) 

KOHCTaHTa f , BXO,liSIIllaR B (27), onpe,neJIR8TCJI YP'J.BHBHMBM 

'f ( J) = \f( J.) + 1 (d.- ,fo) 2.. 

Teuneparypuyv 3aBHCK:uOCTh 3a cqeT nepeHOpMHpOBKH (23) 

B$HOM BH,lle noJiyqJ1Th BeChMa TPY.liHO. ITo3TOMY Mill B~~eJIMM B 

(27) 

RBHOM BH,l!B JIM!Uh TBlolllBP'J. TypHJD 3aBHCMMOC TI:. 3a CIIBT nepen OpMMpOBKM 

(25), orpaHHilHBaJICI:. npH 3TOM 1 KaK 3TO 061>1\lHO ).IBJiaeTCR, J!MWI:. 

uyJieBI>Ill qJieHou: paaJioxeuHH. B 3TOM cJiyqae, KaK H3BeCTHo, 

,liOllOXHHTeJihHaJI TBMTiepaTypHaJI 3aBHCHMOCTh CBO).IMTCR K YMHOXBHMD 

C81l8HHR paCCBRHHJI Ha TaK Ha3UBU8MI>IR ~KTOp ~e6aa-BaJJJiepa 

-e,-2W II~ • IIocJie nepexo,1.1a B (26) ot cym.mpoBaHMR .K 

MH rerpHpoB aJI Hll no .ny llHl4 
.2. 2ti 2r. 

2 W ::: <}u ~ [ s 1. C t k f>W(tp, p•J J. 'f'Jy: (28) 
ffll M ~ 

0 
w r'f, ':f'J 2. 

C YllBTO:U (27)1 npH }?>- 0 H fo -.o<:J (28) MOJB:HO 3aTIMCaTh 

COOTB BTCTB BHHO: 

2 .2r. z-.r d. I 

- q,.. 5 5 ol. If lf' ' 
'-W- 1.65l2Jf a 0 1- ~(tO!>'.f +cos~'.) 

'-W= 

2'1• 2t, 1 
1 cv! J J __b ct ~ • 

i~lt 2 \flv\J 0 iJ V1.- ~ (coS':f+eo!.'f') 
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