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A31-1MyTailbHble /npo,qonbHble/ Hey.cn)H41-1~ocTI-1 8 t<Oilbl.le8biX sapR
lKeHHbiX- ny4KaX npHHL\1-inHailbHO OrpaHH4H8aiOT HHTeHCI-18HOCni YCKO
pReMbiX 4aCTHL\/1;,3/, B KOI1IleKTI-18HOM ycKOpi-1Teile HOH08 3IleKTpOH_; 
HbiMI-1. KOJlbl.laMI-1 Tpe6o8aHI-1e a31-1MYTailbHOH yCTOH4H80CTH _8 IlHHeHHOH 
TeOpl-iH npH80,QI-1T K orpaHI-14eHHIO 4H_Cila 3IleKTPOH08 Hill-1 K Heo6xo
,QI-1MOMY y8eill-14eHHIO pa,qHailbHoro pasMepa nonepe4HHKa Konblla> 4TO 
CHHlKaeT 8eilH41-1HY 3cjJ(jJeKTH8HOro ycKopRIOUJero HOHbl nonR 141,,[1nR npi-1-
IlOlKeHHH Ha!-160ilee,HHTepeCH~M RBJ1ReTCR 80npoc 0 De~H4HHe 3Hepre
TH4eCKOro pas6poca /pa,qHaJ1bHOro pas"epa rionepe4HHKa/.Ha cTa-
.QI-1!-1.pase!-1TOR HeyCTOH4HBOCTH. -

41-iCileHHOe MO,QeilHPOBaHHe pa3BI-1T~R ~31-iMYT~IlbH~X HeyCTOH4H80-
CTeA 8 peilRTH81-1CTCKI-1X. 3IleKTPOHH~X KOilbl\aX npo~O,QI-1J10Cb 8 pa6o
TaX /5,6/, 8 'l\Hili-1HAiJH4eCKOM- CilOe epaU\aiOU\HXC.R 3neKTpOHOB /E-
CJ1De/ - 8 pa6oTe 111 • · 

O,qHaKo .a pa6oTax /5,6/ Mo,qem1po8aHI-1e npoBO.QHJ1DCb ,qnR ,qoeonb
HO orpaHH4eHHoro I-1HTep8ana.epeMeHI-1, Tat< 4TO no pesynbTaTaM 
TPYAHD cy,qi-1Tb o6 ac!-1MnTDTI-14ecKoM noee,qeHI-11-1 ny4Ka. KpoMe· Taro, 
npl-1 pa3yMHOM 8 l\eilOM COrilaCHI-1 pe3yilbTaT08 41-iCileHHOrO MO,QenH
p08BHHR C 3KCn~pHMeHiaMH no H3y4eHHIO npo,qOJ1bH~X HeyCTOH41-1BO
CTeH 3IleKTpOHH~X KOilei.I/S/ HeKOTOp~e BBlKH~e BO~p~C~ /HanpHMep~ 
sa8HCHMOCTb KoHe4Horo 3~epre~H4ecKorci pasGpoca ~i Ha4ailbHoro 
pas6poca B ny4Ke, -rny6HHa ~o,qymil\HH, 1111QTHOCTH/ OCTaJ11-1Cb H(!Bbi
RCHeHHbiMI-1. 

B HaCTORUieii pa6oTe HCnOilb30BBH MeTO,Q 1-iCCilC,QOBBHHR ,QHHBMHKH 
B3HMyTaJ1bH~X HeyCTOH4HBOCTeA, OCH08aHH~H Ha 4HCileHHOM 1-iHTerpl-1-
pOBaHHH ypaBHeHHH ,QBH>KeHHR 4aCT~ll, .MO,QeJ1HPYIOU\I-1X KOJ1bl\O, ,H pewe
~a 3a,qa4a 0 pa38HTHH HeyCTOH4MBOCTH B O,QHOMO,QOBOM pelKHMe, 

1. nOCTAHOBKA 3A,[IA4H 4HCnE~Horo MOAEnHPOBAHHH 

PatcMoTpMM O.QHOMepHyiO sa,qa4y o6 a3HMyTaJ1bHOM .Q81-1lKeHMH 
3J1eKTpOHOB B KOJ1bl\e, C4HTaR ero ,QOCTaT04HO TOHKMM, Tat< 4TO 
8blnOilHReTCR YCilOBHe a« 21H(J, a-- MBJ1biH pa3Mep KOJ1bi.IB, r 0 -
ero pa,qHyC, 6y,QeM MO,QeJ1HpOBBTb KOJ1bl\O T04e4H~MH 4BCTML\BM~, 
nOilO>KeHHe KB>K,QOH M3 KOTOpbiX B MOMeHT BpeMeHH t XapaKTepM3yeT
CR B3MMyTBJ1bHbiMM KOOp,QMHBTOH rp M CKOpOCTbiO w=drp/_dt. TaKBR 
nocTaHOBKa sa,qa4H cocneeTCT8yeT Bbl6opy cjJyHKL\MM pacnpe,qeneHMR 

2rr N e . -
f(rp,c,J,t) = -- I o[¢-rpk (t)]o[<iJ -wk (t)], /1/ 

Ne k=t ~0 .hEOHHEHHbl~ l-1HCT~Inl .. 
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Ne - 4Hcno 4aCTH~ /3neKTPOHoa/ a KOnb~e. YpaaHeHHR ABHmeHHR 
4aCTH~~ C HOMepOM k 

Ne 
d¢k. dwk 2v _1_ ~ w Z(,~,. -cp ), --=cu -- =- -'Ticuo N -t n '~'k n · dt k ' dt Y e n- 121 

N e2 
rAe v = _e_ --2- - napaMeTp EiYAKepa, cu 0 - cpeAHRR Ha4anbHaR 

2rrr me 
4aCTOTa ogpa~eHHR 4aCTH4, Y·- penRTHBHCTCKHH ~aKTop, 71 = 

·= (!!.. aw ) • B AanbHeAweM 6yAeM C4HTaTb '1/ < 0. 4TO acerAa 
, cu aE cu=cu o 
BblnOnHReTCR npH ABHmeHHH 4aCTH~~ B cnafio~OKyCHPYIO~eM none. 
npH HanHCaHHH /2/ M~ BblpaaHnH AeHCTBYIO~ee Ha 4aCTH4Y none 
E(cp, t) 4epe·3 Y4HTb1BaiO~HH BnHRHHe OKpymaiO~eH ny40K KaMepbl HMne-

AaHC Z 141 
n, cu 

E(cp, t) = __ 1_ ~- z 2rrro m m,mwo I m (t) elmcp 

=- e ~ Ne ~( ) ,;, Z ~ im(M ·) 
2rr r

0 
m m,mw 0 k~l <Uk e k 

- · Ne /3/ 
=- _e_~ Z( · rrr 

0
c k=lw k ¢-cp k). 

3AeCb Mbl npeAnOnOlKHnH, liTO BpeMeHHaR .3aBHCHMOCTb ~ypbe-rapMOHHK 
· - ·lnw0 't . - lnw0 t · 

nanR_H TOKa 11,MeeT BHA E n(t)=En(t)e. , In(t)=In(t) e 
rAe E n(t) H In (t) - MeAneHHO MeHRIO~HeCR KOMnneKCHble aMnnH-
TYAbl, a HMneAaHc Zn,w He HMeeT~oco6eHHOCTei1 npH cu :::nw 0 • 

B AanbHei1weM 6yAeM onycKaTb aTopoA HHAeKc y .HMneAaHca, noApa
ayMeBaR Zn = Z n,nw

0 
• Ha paHHeH CTaAHH HeyCTOH4HBOCTH, KOrAa 

aMnnHTYAa noneH B03My~eHHR Mana, CHCTeMa ypaaHeHHH /2/ B co
rnacHH C nHHeHHOH TeOpHeH OnHCbiBaeT 3KCnOHeH~HanbHbiH pOCT 
BOSMy~eHHbiX BenH4HH. 

BaeAeM 6eapaaMepHble nepeMeHHble 

. 1 w-wo . 2" 'll 
g =cp-cuot, (=-· , r=xcuot· x=(--rl) 

X cuo y 
/4/ 

.QilR THnH4HbiX napaMeTpOB 3neKTpOHHbiX KOne~ B KonneKTHBHbiX YCKO
PHTenRX HOHOB X :::0,06 141 • 8 HOBbiX nepeMeHHbiX CHCTeMa. ypaaHeHHH . - , . 
HMeeT BHA 

. dt"k 
fu =(k, d(k ,_1_ ~ (1+x(n )Z(t'k-~n) • 

dr Ne n 
/51 

0AHOMepHOe paCCMOTpeHHe OCTaeTCR cnpaBeAnHBbiM AO TeX nop, 
noKa BblnOnHReTCR ycnOBHe 

' ._ -2 '!:! ' 1 
',. (( ) « - . 

X 
/6/ 

"2 

' 

J 
-~ -

I 

no3TOMy npH 4HCneHHOM MOAenHpOBaHHH HeyCTOH4HBOCTH BO BTOpOM 
H3 ypaaHeHHH CHCTeMbl /5/ Mbl npeHe6pemeM 4neHOM x( n no cpaaHe-
HHIO C eAHHH~eH. , . . 

CHcTeMa ypaaHeHHH /5/ YAOBneTaopReT.paaeHCTBaM 141 

(<d=2~ ReZm f I.\ tx)[
2

dx+((O). 
. m>O o '. 

171 

-· -. - · ImZm 2 . . - T -- · . .. · 2 · 
( 2 (r)+(2 (r)-2~ --1.\ (r)l ,4 :£ ReZ f Rel'1( (x)l.\ (x)l dX+ 

m>O m m _ m>O m
0 

m . m 
- ImZm 

+( 2 (0)+( 2 (0) -2:£ --l.\m(O)I
2

• 
· m>O m /8/ 

3AeCb HCnOnb30BaHbl CileAyiO~He 0603Ha4eHHR;. 

'= _1_ ~~ ( , (2" = .!_ ~e (( -()2, ,\ =Jf (i.J, t) dw = L ~e e-imrf\, 
N

6 
k=l k Ne k=l k . m m . Ne k=1 

Ne 
:£ ( e-lmgk 

k= 1 k ;__..;;_ __ ..;,__ __ .. --1-11 • . 
."1( = -- L'1w =- -- f(w-w0 )f (w,t) dcu = 

m xw 0 m xwo ,\ m m .. Ne , t: 
:£ e-lm.,k 

k=t 

Hac fiYAYT HHTepecoaaTb H3MeHeHHR B npo~ecce pa3BHTHR Heyc
TOH4HBOCTH ycpeAHeHHbiX xapaKTepHCTHK KOilb~a: cpeAHeH 4aCTOT~ 
o6pa~eHHR 4aCTH~~ cpeAHeKBaApaTH4HOro OTKilOHeHHRZ1!,axoAR~ero 
B noporoaoe yCilOBHe IlHHeHHOH TeOpHH 141 

- 'Zin 
( 2 >al-l - m 

191 

rAe a - K03<!l$H~HeHT nopRAKa eAHHH~bl, aaaHCR~HH OT BHAa <llYHK
~HH pacnpeAeileHHR, rnyfiHHbl MOAYilR~HH ny4Ka .\ m H npOCTO CBR-: 
aaHHOH c. HeH aMnilHTYAOH ·cooTaeTCTBYIO~eA rapMOHHKH nonR Em 

: . eN . 
IE (t)l=-e-lz II.\ (t)l. /10/ 

m rrr2 m . m 
0 

CornacHo /10/, MaKCHMailbHaR aMnilHTYAa rapMOHHKH nonR, AOCTHrae-
MaR npH paaaHniH HeycTOH4HBOCTH IE ml~ax = (eNe /rrr ~HZJ I.\ m1max • 
3Ha4eHHe l.\m I max . CHilbHO aaBHCHT OT aei1H4HHbl Ha4ailbHoro 3Hep
reTH4ecKoro paafipoca B ny4Ke •. TaK, npH pa3BHTHH HeyCTOH4HBOCTH ·. 
a OAHOMOAOBOM pemHMe 3Ha4eHHe BeilH4HHbl. I.\ I m x MeHReTCR OT 
0, 6-:-0,7 AI1R MOH03HepreTH4ecKoro ny4Ka AO 1"-m j max <<1 AilR ny4Ka 
C Ha4ailbHbiM pa36pOCOM, 6I1H3KHM K noporOBOMY. 

2 ~ PA3B11HIE HEYCT0~411BOCTI1 B O,QHOHO,QOBOH, PEJKI1HE 

npoCileAHM aa pa3BHTHeM HeyCTOH4HBOCTH _B YCilOBHRX CHilbHOH 
HeilHHeHHOCTH B npoCTeAweM CI1y4ae, KOrAa.~'HMhe~aHCe Zn. BbiAeile
Ha OAHa rapMOHHKa n0 • TaK 4TO Z n f, 0, Z n = 0, n l n0 • 

0 

3. 



Ha · HeJU.1HeHHOH CTaAHH, nocne Taro KaK ··aMn11HTYAa n011R AO

CTHrJla nepaoro MaKCHMyMa, npOHCXOART HaH6onee HHTepeCH~e RBne
HHR: CaM03aXBaT ny4Ka B HeyCTOH4HBOCTH'"0TPHllaTe11bHOH MaCCbl, 

AeneHHe ero Ha OTAe11bH~e crycTKH a ycnoBHRX paAHaliHOHHOH He-
YCTOH4HBOCTH. . . 

nplll pacCMOTpeHHH HeycTOH4HBOCTH B OAHOMOAOBOM pelKHMe YA06-

·HeH nepeHTH K APYrHM nepeMeHHbiM /wTpHXH a Aa11bHeAweM onycKaeM/ 

· ImZ n -~ . .· · Im Z n ~ 
2 

. I lm Zn
0 
I Yz 

e=n 0e, C=l · o I (, r' .. n 0 1 .. o I r =<- ...!!...17 ) n 0w0 t=yLt. 
no no Y no 

B 3THX nepeMeHH~X CH11a, AeHCTBY~~aR Ha 4aCTHI.I~, aa~~CHT TOilbKO 

OT OTHOWeHHR ReZn ·/lmZ n., a K011bi.IO 0611aAaeT CHMMeTpHeH ·nopRA-
. ... 0 0 

Ka n 0 ,T;e. ~YHKLIHR pacnpeAeJleHHR no a3HMYTY He MeHReTCR npH 

nosopoTe K011blla Ha yron 211/n 0 • 

<Ie d( k . 2 Ne ReZn 0 
_k =(k' ·-=- ·:£ [ - cos<ek-eni)-
dr · dr N e m=l lim Z I 

no 

ImZno sin(ek-en)l. /Sa/ 

lim zno I 

4HC11eHH~H aHa11H3 pa3BHTHR HeyCTOH4HBOCTH npoBeAeH A11R cne
AY~~HX 3Ha4eHHH OTHOWeHHR ReZno/ImZno: 0; o;3; 2; -0,3. 

· CHcTeMa ypasHeHHH '/Sa/ HH.TerpHposanacb MeTOAO,_, PyHre-KyTTa 

C nOCTORHHbiM waroM flr = S •1 0 -,a.;- 2, S •1 0::-
2 , · H3MeHRBWIIIMCR B 3aBH

CHMOCTH OT semt4HHbl HMneAaHca. .QnR KOHTp011R pe3y11bTaTOB HeKO

TOp~e BapHaHTbl 6bi11H npOC4HTaHbl C BABOe MeHbWHM. waroM~ npH 3TOM 

KOOPAHHaTa H cKopocTb OTAe11bHOH 4aCTIIIllbl HeCKOilbKO MeHR11HCb, 

OAHaKo 3TH H3MeHeHHR n04TH He CKa3~Ba11HCb Ha ycpeAHeHH~X xa

paKTepHCTHKax; TaKHX, ·KaK CpeAHeKBaApaTH4HbiH pa36poc, cpeAHRR 

4aCTOTa o6pa~eHHR. npH 4HC11eHHOM MOAe11HPOBaHH~ HeyCTOH4HBOCTH 

aalKHO 6bi110 A06HTbCR noBTOpReMOCTH 'peaynbTaTos npH · Aa11bHeAweM 

yMeHbWeHHH wara HHTerpHpOBaHHR H yBe11H4e.HHH 4HC11a MOAe11Hpy~

~HX ny40K MaKp04aCTHLI N /OAHOH MaKp04aCTHI.Ie COOTBeTCTByeT 

N /N 311eKTpOHOB ny4Ka/. Tpe6osaHHe HeaasHCHMOCTH peaynbTaTos 

OT senH4HHbl wara ·oKaaanocb 3Ha4HTe11bHO 6onee lKeCTKHM, 4eM Tpe-

6osaHHe coxpaHeHHR HHTerpanos /7/, /8/ s Te4eHHe scero C4eTa 

C norpeWHOCTb~ < 10-
4 

• 4HC110 MaKp04aCTHLI, MOAe11HPY~~HX K011bi.IO, 

A11R MOH03HepreTH4ecKoro ny4Ka · 6bi110. Bbl6paHo N = .330, A11R ny4Ka 

C OT11H4HbiM OT HY11R Ha4a11bHbiM 3HepreTH4eCKHM pa36pOCOM N= 660; 

1 I. Re Zn o = 0 , ·HeycTOH4HBOCTb OTPHllaTe11bHOH Maccbl 

nycTb B Ha4a11bH~H MOMeHT BpeMeHH MaKpo4aCTHLI~ aan011HR~T 
npRMOyrOJlbHHK H~ lj)a30BOH nJlOCKOCTH, npH4eM 4HC110 4aCT~ll C aa

AaHHOH KoopAHH~ToA - N(, c aaAaHHoA cKopocTb~ - Ne, TaK 4To 

N' • N e = N • .l!nR YA06CTBa 3aj\aHHR Ha4a11bHOro B03My~eHHR npHnH-

/4 

I 

WeM KalKAOH 4aCTHI.Ie.aec 

Wk=l+Asin~"(k-1), k=1,2, ... ,Ne· /11/ .. e 
BenH4HHa ·A,xapaKTepHay~~aR aMn11HTYAY Ha4anbHoro soaMy~eHHR, 
H3MeHRnacb a npeAenax A= 0, 0170,30. 3aAaHHe Ha4a11bHoro soaMy

~e~HR C nOMO~b~ BeCOBOH lj)yHKLIHH THna /11/ OXBaT~BaeT 11HWb Oj\H~ 
Knacc aoaMy~eHH.:i- soaMy~eHHR nnoTHOCTH. KaK noKaaanH:IIIccne

AOB~HIIIR, npoBeAeHH~e s 17~ KOHe4HaR CTaj\HR HeyCTOH411BOCiH 04eHb 

C11a6o 3aBIIICIIIT OT THna Ha4a11bHOrO B03My~eHHR /nJlOTHOCTIII 1-111111 . 

CKOpOCTIII/. 

PaccMOTPHM HeyCTOA4HBOCTb MOH03HepreTH4ecKoro ny4Ka. npelKAe 

acero HCC11eAyeM 3aBHCHMOCTb pe3y11bTaTOB OT aMn11HTYAbl Ha4a11bHO

ro B03My~eHHR H OT 4HCI1a MOAeilHPY~~HX K011bi.IO l.!aCTHLI• KaK BHA

HO 1113 pHc.1, npH H3MeHeHHH rny6HH~ Hal.!ailbHOH MOAYilRLIHH B WlllpO

KHX npeAeilaX KapTHHa pa3BIIITHR HeyCTOH4HBOCTH COXpaHReTCR, no

RBilReTCR IlHWb ecTeCTBeHHbiH BpeMeHHOH CABHr. KpoMe Taro, PHC. 1 

noKa3biBaeT, 4TO xapaKTep HeyCTOH4HBOCTH B 1.1e110M npaBHilbHO OnH

CbiBaeTCR npH N =50 4aCTHllax, npHXOAR~HXCR Ha OJ\HY AilHHY BOilHbl. 

6onee T04HO - HYIKHO rOBOpHTb 0 BpeMeHIII, B Te4eHHe KOTOporo 

. j\aHHOe 4HCI10 4aCTHLI npaBHilbHO onHC~BaeT~pa3BHTHe HeyCTOH4HBO

CTIII, HanpHMep, A11R N =50 OHO. COCTaBilReT T =20 • KOrAa npOHCXO-

AHT c6o.:i lj)aa~, 1\IlR N = 24 senH4HHa P= 10. lllar IIIHTerpHposaHHR 

6b1Il Bb16paH l'.ir = 2, S ·10 - 2
, npH 3TOM IIIHTerpanbl /7 I, /8/ coxpaHRilHCb 

C T04HOCTb~. 6~Jo-l 5 H 1 ,5~10-S COOTBeTCTBeHHO, , 

Ha Ha4a11bHOH. CTaAHH HeycTriH4HBOCTH B COOTBeTCTBIIIH C pe3yilb

TaTaMH IlHHeHHOH TeOpH~ npOHCXOAHT 3KCnOHeHI.IHailbH~H poeT aMnnH

-z 
}, 
n~·~~n. 

' ,• 'I 
.I 11 •• II tl 

I I . . ! 1\11 

o.s~i\JW"· 1·.,. I I I 
1 

Ill 
I I I . • I lt 
! I • II I 1 

0.4 ~I J v \ 1 
' I J 

I I . u__ . 
D _L_· _._.L ____ , ____ .._ __ . 

L--- 1--

10 20 , JO 40 so 60 '[ 

Puc.!. 3aBHCHMOCTb pa36poca B KOilb~e oT BpeMeHn. Ha

~lli pa36poc (1! (0) =0 , ReZn = 0. CnnonmaH IlHHHfi -
. 0 

N=330,A= 0,3; ruTpnxoBaH nnnnH - N =50, A =0,3; 

ruTpnx-nyHKTHpHaH miHirH - N = 330, A = 0, 0 I . 
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PHc.3a,6,a. ~HHaMHKa ~a3o-
BOH nnOCKOCTH KOnbJJ,a H 

I'HCTOI'paMMhl pacnpeAeneHHH 
qHcna qacTHU. L no cKopo-· 
CTHM. 

6 

PHc.2. 3aBHCHMOCTb HHKpeMeHTa OT 
BpeMeHH llPH·pa3nHqHWX 3HaqeHHHX Ha
tianbHOI'O pa36poca a Konbu.e/ ReZn = 
=O;A=O,Ol/.1 .;..'[2(0)=0; 2 -'[2(0)~0.1; 
3 - ~2(0)=0,'t_ 4 - "(2(0) =0;3;5 -~(0)= 
= 0,4; 6- ~'2(0)=0,5. 

.: ~ 
" 

01 

HI 

-t0J5 

~ 
_;liD 

..... -'-

1 

'\) 

·r~ 
. \ 

"' _J; .. ·. ... · .· "' 

' \. ..· .:.·. ,L --·:· .. 
" -·--r---J 

6/ 

a/ 

PHc.4. a/ - 3aBHCHMOCTb pa36po
ca B KOnbJJ,e OT BpeMeHH npH pa3-
HWX 3HaqeHHflX HaqanbHOI'O pa36po
ca (2(0); 6/ - 3aBHCHMOCTb KBaApa
Ta aMnnHTYAa I'al.MOHHKH nonH OT 
BpeMeHH, ] -- ( (0)=0; 2- (2(0) = 
= 0, 4; 3 .;.. ~ 2 (0) = 0,6. 

' ! 

; 
·.j 

l 

j 
I 

TYAbl nom!,. cpeAHeKBaApan14HOro paa6poca H T ·A· 3aBI1CI1MOCTb 
11HKpeMeHTa .OT apeMeHI1 Ha Ha4anbHOH'CTaAH11.HeycTOH411BOCTI1 AflR 

KOflbl.leBbiX ny4KOB C pa3fli14HbiM Ha'4aflbHbiM 3HepreTI14eCKI1M pa36po
COM npeACTaaneHa Ha PI1C.2. Hanl1411e nnaTO cornacyeTCR c nony:.. 
4eHHbiM B /9/ peaynbTaTo'Mii'ocTORHCTBa 11HKpeMeHTa .AO TeX nop, 
noKa·pa36poc B ny4Ke OCTaeTCR 3Ha411TeflbHO MeHbWe MaKCI1Manb
HOrO; 

K MOMeHTY BpeMeHI1 r:::.3+6 loHO 3aB11CI1T OT aMnni1TYAbl Ha4anb
Horo aoaMyllleH11R/ npoi1CXOA11T caMoaaxaaT ny4Ka a noreHL111anbHbre 
RMbl /pl1c.3/, 11 a AanbHer:iweM aMnni1TYAa nonR, 3HepreTI14eCK11H 
paa6poc 11 APYrl1e aeni1411Hbl OCI.II1Trfli1PYIOT OKono HeKOTOporo cpeA
Hero 3Ha4eHI1R C xapaKTepHbiM apeMeHeM r o'"' 5, 4TO ·HeCKOflbKO- MeHb
we nep11oAa' o6pa111eH11R T 0 "' 6.;. 7 OAHOH 4aCTI1Libl a·· cTaTI14ecKor:1 
noTeHL111anbHOH RMe. C Te4eHI1eM apeMeHI1 aMnni1TYAa KOne6aHI1H He
CKOflbKO yMeHbWaeTCR, 4TO CBR3aHO C 6onee paBHOMepHbiM aanonHe
HI1eM ¢a30BOH nnOCKOCTI1 lp11C.]al, TaK 4TO np11 noeopoTe crycT
Ka Ha q>aaoaor:1 nnocKOCTI1 Ha npo11aaonbHbiH yron ¢J~HKL111R pacnpe
AeneHI1R no CKOpOCTRM MeHReTCR He3Ha411TeflbHO. 

PaccMoTpi1M HeycTOH411BOCTb c oTni14HbiM oT HYnR Ha4anbHbiM 
3HepreTI14eCKI1M paa6pocoM 0 ( 0). B Ka4ecTae 11CXOAHOro pacnpe-
AeneHI1R no CKOpOCTRM Bbl6epeM pacnpeAeneHI1e Tl1na 11CTOfli1K 11 C 
N ~ = 11, KOrAa· 4aCTI1Libl B npocTpaHCTBe CKOpOCTeH paCCTaaneHbl Ha 
OAI1HaKoaoM paccTORHI111 APYr oT APYra • .QnR 11CcneAOBaHI1R aaal1cH
MOCTI1 peaynbTaTOB OT B11Aa Ha4aflbHOro pacnpeAeneHI1R no CKOpO
CTRM 6brn npoBeAeH KOHTponbHbiH pac1.1e~ c raycconoAo6HbiM pacnpe-

- - - Rez. 2 Vz 
AeneHI1eM I ~ 2 (0) =0,4~ 2 , ~ 2

0 
=[ 1+( _no) 1 - noporoablr:i paa6poc 

. . nop. n P· ImZ . 
v v I P no . 6 ni1Hei1HOI1 reop1111 • . eaynbTaTbl pac1.1era noKaaanl1 o4eHb cna oe or-

nl1411e OCHOBHbiX napaMeTpOB OT B11Aa Ha4aflbHOro pacnpeAeneHI1R no 
cKopocrRM. To4HOCTb coxpaHeHI1R 11HTerpanoa 171, 181 np11 npemHer:i 
aen111.111He wara AnR acex aap11aHroa He npeablwana a npo1.1ecce c4e
ra 5· 10-13 11 5·10-9 COOTBeTCTBeHHO. 

Ha pl1c.4a 11ao6pameHa aaa11c11Mocrb 3HepreTI14ecKoro paa6poca 
~onbl.le or apeMeHI1 AnR 4 3Ha4eHI1H Ha4anbHOro paa6poca 
~ 2 (0)gRop. =.0; 0,4; 0,625; 0,9. Ha pl1c.4a MomHo CAenaTb cne-
AY10l1111e BbiBOAbl: ecn11 Ha4anbHbiH ·p~6poc MHoro MjUibWe noporoaoro, 
TQ_Beni1411~KOHe4HOro pa36poca ~~on.::: o;7.;. 0,75 (Jop. • Ecnl1 me 
~ 2 (0) :::0,6 ~ Jop. ,TO B03HI1Kal0l1111e B peaynbTaTe HeyCTOH411BOCTI1 
3neKTPI14eCKI1e nonR He AOCT11raror 6onbW11X aeni1411H }pl1c.461i cna-
6o Bfli1RIOT Ha AB11meHI1e 4aCTI11.1,11 KOHe4HbiH pa36poc OCTaeTCR paa
HbiM Ha4anbHOMY, ITon.:::: (2(o). DTM!all'fM, 4TO a cny1.1ae Heycror:1411Bo
CTI1 OTPI1LiaTeribHOH MaCCbl, KOrAa ~ ~on.:S 1 • ycnOBI1e npi1MeHI1MOCTI1 
OAHOMepHOH MOAefll1 /61 AflR Tl1ni14HbiX napaMeTpOB 3fleKTpOHHbiX KO
nell <x :::o,06) BbrnonHReTCR c 6onbWI1M · aanacoM. 
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Ol..leHHM Aonro aaxsa4eHHbiX a noTeHLIHanbHyro RMY ·4aCTHLI. B ypas
HeHHH ABHmeHHR 4aCTHI..Ibl B none B nepeMeHHbiX 14al 

d 2 ~ 17ft . 
-- =- . _ E(~, r) · 1121 
dr2 eN

8 
ImZn 

0 

Ha CTaAHH pa3BHTOH HeyCTOH4HBOCTH AJlR Ol..leHKH'' MOmHO npeHe6pe4b 
OCI..IH1111RI..II1RMH aMnnHTYAbl· TorAa 

( 2 -41 Ecp.l sin~= const, 
no 

Ecp. 
n = 

0 

2 "ro cp. 
----.,_-E no • 
eN elmZn0 

/131 

-cp. 
nocTpOHB Ha ¢aaosoa1 _nnocKOCTH Kpi1Bbre c const=4IE n

0 
I I cenapaT-

pHcal co 3Ha4eHHeM En
0 

, B3RTbiM H3 peaynbTaTos 4H~HHoro ~ 
AeJ111pOBaHHR, Mbl npHXOA11M K BbiBOAY, 4TO BnJlOTb AO ( 2(0) =0,4(~0H. 
npOHCXOA11T npaKTH4eCKI1 nOJlHbiH CaM03aXBaT ny4Ka. 

TaKHM o6paaoM, paas11T11e HeycTOH411BOCTH OTPHI..IaTellbHOH Maccbr 
B OAHOMOAOBOM pemHMe npHBOAHT K CaMoaaxsaTy ny4Ka B noTeHI..IHanb
Hble RMbl H K HeJlHHeHHOH CTa611Jll13a1..111H ~eyCTOH4HBOCTH. npH 3TOM 
xapaKTepH3YIO~I1e KOJlbi..IO napaMeTpbl,- TaKHe, KaK 3HepreTH4eCKHH 
paa6poc, OCI..IHJ11111PYIOT OKOJ10 CBOI1X cpeAHI1X 3Ha4eHI1H. Bemt4HHa 

_KoHe4Horo 3He~reTH4ecKoro paa6poca a KOJ1bl..le - Ha116onee ~amHaR 
Aim np11nomeHHH xapaKTepHCTHKa - HeaHa4HTenbHO yMeHbwaeTcR' loT 
0, 77 0, 75 ( ~op.M> 0, 6 ( ~op I np11 YB.!:D_I1':'eHI1H Ha4a1lbHoro paa6poca 
OT 0 AO 0,6. 'iiop~~ np11 ~(0)?: 0,6(~0p. KOHe4HbiH paa6poc B KOilb
l..le npi1MepHO paseH Ha4aJlbHOMy, ~>II.~ [2(0). 

21. ReZn 0 /ImZn 0 =0,3. 

noRBJleHI1e aKTHBHOH 4aCTI1 B 11Mne,qaHce npl1 Im z n > 0 npHBO-
. 0 

AHT K Ka4eCTBeHHO HOBOMy RBJleHI110: KOJlbi..IO pa3611BaCTCR Ha pa,q11aJlb-
HO paa,qeneHHbie ¢parMeHTbl, K011114CCTBO H napaMeTpbl KOTOpbiX npl1-
3a,qaHHOH aKTI1BHOH 4aCTI1 onpe,qeJlRIOTCR Be11114HHOH Ha4aJlbHOro paa-
6poca B KOJlbl..le. npH 3TOM HMee.T CMbiCJl rOBOpi1Tb Ofi 3HepreTI14eCKOM 
paa6poce B Kam,qoM H3 cryCTKOB B OT,qeJlbHOCTI1. PaCCMOTpeHI1e npo
l..leCca B paMKaX ,qaHHOH MO,qellH OCTaeTCR cnpaae,q1li1Bb1M AD TeX nop, 
noKa BblnOJlHReTCR YCJ10BI1e /6/. 

Ha4aJlbHaR CTaA11R HeyCTOH411BOCTH MOH03HepreTH4eCKOrO ny4Ka . 
npoTeKaeT TaK me, KaK H B CJly4ae HeyCTOH411BOCTI1 OTPI11..1aTe1lbHOH 
Maccbl. K MOMeHTY apeMeHI1 r=7 npo11cxo,q11T a311MyTanbHaR rpyn
niApoaKa 4aCTI11..1 /p11c.Sa/ 11 aMnni1Ty,qa nonR a ,qanbHeHweM OCI..II11lnH-

cp. 2 eNe - 2 · 
pyeT oKono cpe,qHero 3Ha4eHI1R lEn l ~ 0,45(--

2
·-Jm'Z

11 
) .npaKn1-

o rrr o 

4eCK11 cpaay acne,q aa 3TI1M /r = 8712, pHc.56-3/ ny40K paa611aaeT
CR Ha ,qaa - crycTOK 11 ocTaToK. CrycToK co,qepm11T -78% acex l.lac
THI..I, ero co6cTBeHHbiH 3HepreTI14eCK11H ·' p~a6poc ;;!" K MOMeHTY ape-

10 

)' 

-~ 

~ 

)': 

l 

l~ 
·r 
l 
1 

N 

MeHH T =20 lp11c. 5el l 2 = _Nl '£
0 

((k -()
2 =0,4£~op., rAe cyMMHpo-

c k=l -
BaHI1e npOH380AHTCR no 4aCTHI..IaM crycTKa, a BeJ1114HHbl c , €

0
2
0 . N - P· 

= if- (~op. H N0 onpeAellRIOT cpe,qHIOIO CKOpOCTb 4aCTI11..1 cryCTKa 1 

c . 
ero co6cTBeHHbiH noporoBbiH paa6poc 11 411cho 4aCTI11..1 a HeM. C Te-· 
4eH11eM speMeH11 paA11aJlbHOe paCCTORHI1e·MemAY cryCTKOM 11 OCTaT~ 
KOM yBeJ1114HBaeTCR, a 411CJ10 4aCTI11..1 B cryCTKe OCTaeTCR npaKTI1-
4eCKI1 Hei13MeHHbiM.' Ycnos11e 161 np11 3TOM e~e a~nonHReTcRip11c.5el. 

B cny4ae, Kor,qa Ha4anbHbiH paa6poc a KOnbl..le ('Y(O) = 0,6(fi0~ 
H3 KOJlbl..la cHa4ana Bbl,qenReTCR nepBbiH crycToK lp11c.6a/, co,qepma
~HH -38% BCeX 4aCTI11..1, 4epea AOBOJlbHO npOAOnmi1TenbHOe apeMR 
(r = 160) H3 OCTaTKa Bbl,qenReTCR BTOpOH cryCTOK lpHc.66, 28% 
scex 4acT11LII. K MOMeHTy apeMeHI1 r= 200 lp11c. 6al noRanReTCR e~e 
o,qHH · crycToK L15% 4aCTI14L_. Co6cTBeHiilie paa6pocbr crycTKOB co
cTasnRIOT 0,71lffop. , 0,50llJop. H 0,67lffop. ~OTBeTCTB~HO. 

AHanori14HO npoTeKaeT_ npo1..1ecc a cnyl.lae ( 2 ( 0) "'0,9( ~op. ·• 411cno 
4aCTI11..1 B. cryCTKaX np11 3TOM yMeHbWaeTCR,. a HX C06CTBeHHble paa-
6pOCbl nemaT ·a 11HTepaane £2 =0,6 70,7€ ffop. • TeMn. paa611eHI1R Ha 
cryCTK11 npH 3TOM COXpaHReTCR, O,qHaKO paAHallbHOe paCCTOR~I1e 

Mem,qy H11MI1 Cy~eCTBeHHO yMeHbWaeTCR, TaK KaK 113MeHeHI1e 4aCTOTbl 
ofipa~eHHR nponOPI..IHOHallbHO aMnJ111TYAe 3JleKTPH4ecKoro nom!, , KOTO
paR na,qaeT npH ysenl14eHI111 Ha4anbHoro 3HepreTH4ecKoro paa6poca. 

npol..leCC pa3611eHI1R KOJ1bl.la Ha 6aH411 Ha6nro,qaeTCR 11 [!PH Ha4aJlb
HOM Rci36poce, He3Ha411TeJlbHO npeBb!WaiO~eM noporOBbiH (( 2 (0) 
= 1,2z-Rop •. ). 0CHOBHble 3aKOHOMepHOCTI1 TaKoro np_OI..IeCCa, Oni1CaH
Hble paHee, COXpaHRIOTCR. 'np11 ,qaJlbHeHWeM yBe1l114eHI1H Ha4aJlbHOrO 
paa6poca /6brn npoae,qeH pac4eT c ( 2 (0) = 2,5( Rop. / npo11cxo,q11T 
YWI1peHI1e KOJlbl..la 6e3 paa611eH11R Ha cryCTK11 •. 

3/ ReZ n0 /lmZn 0 = 2. 

C yBe1lH4CH11CM aKT11BHOH 4acT'H HMne,qaHca Ha Ha4aJlbHOH CTaAI1H 
no-npemHeMy npOHCXOAHT o6pa30BaHI1C crycTKOB, O,qHaKO 11X yCTOH-
411BOCTb OKa3biBaeTCR cy~eCTBeHHO MeHbWeH, .4eM 8 npe,qbl,qy~eM cny-
4ae. 

np11 pa3BHT1111 HeyCTOH411BOCTI1 MOH03HepreTI14eCKOro ny4Ka 
B03H11Karo~aR noTeHL111a1lbHaR RMa oKa3biBaeTCR rny60KOH, B Hee aa
XBaTbiBaeTCR OKOilO 46% BCCX 4aCTI11..1 /co6CTBeHHbiH pa3fipoc cryCTKa 
c-2 :::: 0~3i c flop. I, H noTe pH 4aCT11LI 113 crycn~a npH era TopMo-

meHHI1 HeBCJlHKH. . _ _ 
Ha pHc. 7 1130fipameHa 3B01ll01..111~ ny4Ka c ( 2 (0)=0,55<j,g11~K MOMeH-. 

Ty BpeMeHI1 r=8 lp11C.]B/ 113 ny4Ka Bbl,qe111111CR nepBbiA cryCTOK, 
CO,qepma~11H 23% 4aCTI11..1. 4aCTI11..1bl noCTene~HO Bb1Ba1111BaiOTCR H& He
ro, 11 K MOMeHTy.ofipa3oBaHI1R BToporo crycTKa 117% 4aCTI11..1/ a 
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nepBOM OCTanOCb 10% 4aCTH~ lpHc.761. C Te4eHHeM speMeHH 4HC
no 4aCTHLI B Ka>K,qOM H3 cryCTKOB yMeHbWaeTCR lnpH T = 48 B nepBOM 
OCTanOCb 8,6% 4aCTHI.I, BO,BTOpOM- 11,5%, PHC~7sh 

OnHcaHHbiH npo1.1ecc paa6HeHHR Konbl.la Ha crycTKH MO>KHO noRc
HHTb, o6paTHBWHCb el!le pa3 K ypaBHeHHIO I1ZI. B cny4ae, Kor,qa 
Re Z 0 f, 0, OCHOBHOH BKna,q B rapMOHHKY nOilR C. HOMepoM n0 ,qaeT 
4aCTb

0 
nonR Et (~,r) =E 1 (~-~(·r-ar212), CBR3aHH<iR C ~pait(aJOIIIHMCR 

crycTKOM. 3.g_ecb . ~f - CABHr 4aCTOTbl B nHHeHHOH TeOpHH, BenH-
4HHa a= 2R~Z00 1~ 00 I cj>. o6ycnoeneHa n'oTepRMH. 3HeprHH • 4aCTHI.I. 
BBOAR HOBYJ9: nep~MeHHYIO X= ~-~(·r -ar212Hrl2, ypaBHeHHe 112/, MO>K
HO npHBeCTH K ,~HAY 

- 2 
-c a ReZ'biA.nolcp. 

x = 2IE P·1 (cosx-cosx ) , cosx = _ p = -cp· • 114/ 
no . . s s 21 Ec . I IE 'I 

. no . no • 
YpaBHeHHe 1141 H3BeCTHO B TeOpHH YCKOPHTeneA KaK ~a30BOe 

ypaeHeHi-te ~ onHcbJBaJOuiee CHHxpoTpOHHbJe Kone6aHHR 4aCTHI.Ibl oKono 
paBHOBeCHOH ~a3bl XB /tO/ • BenH4HHa cosxs onpe,qenReT nnol!laAb 
cenapaTpHtbl, H, cne,qoeaTenbHo, 4Hcno aaxea4eHHbiX ~ pe>KHM yc-
KopeHHR la,qecb - TOpMO>KeHHRI 4aCTHI.I. c' pOCTOM Re Z 0 nno111aAb, 
OXBaTbJBaeMaR cenapaTpHCOH, yMeHbWaeTCR, H, COOTBeT~TBeHHO, 
yMeHbWaeTCR 4HCnO 4aCTHLI ~ cryCTKe. npoHnnJOCTpHpyeM CKa3aHHOe 
Ha npHMepe. B cny4ae,HeycTOH4HBOCTH MOH03HepreTH4ecKoro ny4Ka 
cosx 8 = 0,1~ ,qnfl ReZ

00
IImZ

00 
= 0,3 H cosx 8 =0,~4 

,qnR ReZ0 hmZ 0 ,;2,0:; 
0 \ 0 

BenH4HHbl a H IE~~ I , B o6oHx cny~aRx 
B3RTbl H3 4J.1C~eHHOrO C4eTa, no~CTaBilRR ,qaH~ble 3Ha4eHJ.1R B ypae
HeHHe I 141, Haxo,qHM, 4To npH yeenH4eHHH OTHoweHHR Re Z 0 IImZ 0 ~ . 0 0 
OT 0, 3 ,qo 2, 0 aaHMyTallbHbiH paaMep crycTKa aaxea4eHHbiX 4acTHLI 
yMeHbwaeTcR-npHMepHO e,qeoe, a pa,qHallbHbiH MallbiH paaMep no4TH 
He MeHReTcR. TaKHM o6paaoM nnol!la,qb, oxeaTbJBaeMaR cenapaTpHcoA, 
yMeHbwaeTcR npHMepHo e,qsoe. EcnH npe,qnono>KHTb, 4TO 4aCTHI.Ibl 
3anonHRIOT ~a30BYIO nllOCKOCTb npHMepHO OAHHaKOBO B 060J.1X Clly4a
RX, TO ,qonR 3aXBa4eHHbiX 4aCTHI.I AOil>KHa yMeHbWJ.1TbCR BABOe, To4-
Hble 4HCneHHble paC4eTbl noKa3biBaJOT, 4TO 3TO OTHOWeHHe paBHO 
78%146% = 1,7. C ysenH4eHHeM Ha4anbHoro 3HepreTH4ecKoro paa6po
ca B ny4Ke paCTeT 3aHHMaeMaR HM Ha ~a30BOH nllOCKOCTH nnOI!Ia,qb, 
H, COOTBeTCTBeHHO, na,qaeT AOilR 3aXBa4eHHbiX B pe>KHM TOpMO>KeHHR 
4aCTHI.I~ . _ _ 

C yeenH4eHHeM OTHOWeH~R Re Z 
00 

I Im Z 
00 

aMnllHTy,qa OCI.IHilllR-

LIHH Ha HenHHeHHOH CTa,qHH HeyCTOH4HBOCTJ.1 ny4Ka C OTnH4HbiM OT 
HynR 3HepreTH4~KHM paa6pocoM eoapacTaeT. TaK, npH Re Z0 Jlm Z

00
= 

= 0,3 H ( 2 (0)1( 2 =0,4IE0 lmax /IE 0 lmin =1,25,a.npH . nop. o o 

Re7. llmZ 0 =2 0 H (2(0)1(2 =0,55\E l /jE l 
1
. "'?,l,H onHcaTb pe>KHM 

'llo o : . nop n0 max n0 m n . · , 
TOpMo>KeHHR c noMOI!IbiO ypaBHeHHR I 121 c aaMeHoA E~ Ha E~P· yme 

. . 0 0 

14 

. ·> , .. ~ 

• Henb3R •. CHilbHble KOne6aHHR aMnllHTYAbl. nonR ,qenaJOT HeyCTOH4J.1BbiM 
''· CYI!IeCTBOBaHHe· crycTKa, H 4aCTJ.1Libl Bbi

1

BanHBaJOTCR H3 .Hero. 
HTaK, npH HallH4HH aKTHBHOH COCTaBnRJOI!IeH y HMne,qaHca e,cny

. 4ae Im Z 0 0 
> 0 Ha HellHHeHHOH. CTa,qHH HeycTOH4HBOCTH npOHCXOAHT 

,qeneHHe Konbl.la Ha crycTKH. 4Hcno crycTKOB pacTeT c ysenH~eHH
eM Ha~anbHoro 3HepreTH4ecKoro · paa6poca s Kanbl.le H cooTBeTcT.-:. 

,seHHO na,qaeT 4Hcno 4aCTHLI s crycTKe. 3Hepreni4eCKHA paa6poc ·. · 
B cryCTKe B nonTopa-,qea pa3a MeHbWe noporosoro (~=0,4~0,71'0p; ), 
npH ManoA BenH4HHe aKTHBHOH .4aCTH HMne,qaHca no cpaBHeHJ.1JO.·C ;>•:· 

peaKTHBHOH, cryCTKH Cyl!leCTBYIOT npo,qon>KHTenbHOe BpeMR •. npH 6onb-
WOH. eenH4HHe ReZ0 1ImZ 0 npOHCXOAHT HX nocTeneHHbiA paaean. 

. 0 0 ' 

41 Re'_Zn 0 /ImZ n0 =-:0,3 .. 
npH H3Me_HeHHH 3HaKa y; MHHMOH .4aCTJ.1 HMne,qaHca CKOpOCTb pa3o,

BHTHR HeyCTOH4J.1BOFfeT~ B COOTBeTCTBHH C npe,qCKaaaHHeM nHHeHHO~.,: 

TeOpHH ly~ =.!._ . _Do. h , YL. - nHHeHHbiH HHKpeMeHT npoi!Onb-
. 2 I Im Zn0 I· · - - - · . · ' 

HOH HeYCTOH4HBOCTH s cny4ae ReZ 0 <<IImZ0 1,, ImZ 0 < 0. I 3Ha-
o ci ' .. 0 

4HTenbHO yMeHbWaeTCR. npH.3TOM ,CaMO ee. pa3BHTHe npoTeKaeT·He 
TaK, KaK _B Clly4ae lmZ 00 > 0. _Ha Ha4anb.HOH CTa,qHH /pHc.81·o'A:_. 
HOBpeMeHHO C pOCTOM pa36poca (2 npOHCXOAHT yMeHbWeHHe aMnnHTy
Abl nonR ·En 

0 
, 3TOT ~aKT nerKO Ofi'bRCHReTCR, ecnw o6paTHTbCR. K, ' .. 

ypaeHeHHJO 181, BbJpamaKil!leMy aaKoH coxpaHeHHR 3HeprHH. Ha . Ha-
4anbHOH. CTa,qHH HeyCTOH4HBOCTH, Kor,qa B03MYI!IeHHble' eenH4HHbl ~anbl, 

- 1' 
IE-. I 

·'' 

a.a 
PHc.8. 3asHCHMOCTb Ksa,qpaTa aMWIHTYAbi rap
M'DiiHKH nom1 OT speMeHH (Re Z 0 I Im Z0 · =-D,3; 

- 0 0 . 
A= 0, I I . CnnomHa.!l nHHH.!I · - ( 2(0) =0 , mTpHxo-
Ba.!l. IlHHH.!I - {2(0) = 0,4( ~op.. . . . 0.11 

llDI 

lllj.. 

11M 

·.,") 

'I" 

.15 



ypaBHeHHe /8/ MOmHO npH6n~meHHO aanHCaTb B BHAe , 
-

2 
ImZ 

2 
_ 

( (r) - 2 ::£ I.\ m (r)l ""const. · m>O m - · /Sa/ 

TorAa npH Im Z < 0 c poe ToM 3HepreTH4ecKoro paa6poca e m . 
ny4Ke AOflmHa yMeHbWaTbCR rny6HHa MOAYflR~HH .\m H CBR3aHHaR • 
C Hei1 COOTHOWeHHeM /10/ aMnflHTYAa rapMOHHKHnOflR. TaKHM o6pa-
SOM, e cny4ae ImZn < 0 pa3BHTHe HeycTOi14HBOCTH HOCHT 
CKa4K006pa3Hbli1 Xapa~Tep, KOrAa Ha MOHOTOHHbli1 B cpeAHeM pOCT 
aMnnHTYA HanomeHbl 6biCTPble oc~HnnR~HH. K MOMeHTy r '=y L t =- 3,4 
aMnflHTyAa nonR AOCTHraeT CBOero MaKCHManbHOro 3Ha4eHHR /OHO 
npHMepHO B 2,3 paaa MeHbWe, 4eM B aHanorH4HOM eapHaHTe C 
ImZn > 0 I H 3aTeM B cpeAHeM MOHOTOHHO yMeHbWaeTCR. npo~ecc 

0 

yMeHbWeHHR aMnflHTYAbl nOilR HMeeT MeCTO TOflbKO npH lm Z n < 0 H OT-
- . 0 CYTCTByeT. npH lm Z no > 0, KOrAa OHa no AOCTHmeHHH HeKOTOporo 

ypOBHR OCTaeTCR npHMepHO ~OCTORHHOJ.1. 0TMeTHM, 4TO CXOAHaR 
epeMeHHaR 3aBHCHMOCTb aMnflHTYAbl rapMOHHK'nonR Ha6n~Aanacb B 

.3KCnepHMeHTaX no H3y4eHH~ npOAOflbHbiX HeyCTOi14HBOCTeA 181 • 

. HHbiM oKa3biBaeTcR H pacnpeAeneHHe 4aCTH~ no 4acToTaM o6pa~e
HHR: paa6HeHHR Ha crycTKH He npoHcXOAHT, H K MOMeHTy epeMeHH 
r',,=16. /KOrAa 1En

0
1«1En

0
1max I OHO HanOMHHaeT rayccoeo. 

C z =: 1,3 H {2=0,75( 2 _ _ 

npH yeenH4eHHH OTHOWeHHR Re Zn ;J lim z Do I /6blfl npoBeAeH pac-
-· ' -:·. - . . 2 . 
4eT c ReZn

0
/lmZ n

0
=-2 H ( (0) = 0/ xapaKTep epeMeHHoi1 aaBHCH-

MOCTH En0 He MeHReTCR. 0AHaKO HeyCTOi14HBOCTb HOCHT 6onee CHflb
Hbli1 XapaKTep, fJOflR AOCTHra~T 60flbWHX 3Ha4e~Hi1 H KOHe4Hbli1 3Hep
reTH4eCKHi1 paa6poc a KOflb~e oKa3biBaeTcR 3Ha4HTeflbHO 6onbwe no
poroeoro. 
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