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Ill 
1. Co speMeHH orry6nHKoBaHHR pa6oTbi EeuueTa MHoro BHHMaHHR 

ynenRllOCb rrpo6neMe TaK H83biBaeMoro llHHeil:uoro IIHH'I8 1 T.e. caMoQJoKy

cHpy~merocR pellRTHBHCTCKOrO 911eKT~OHHO-HOHHOrO IIy'IK8 C BeCbMa 60llb

WHM TOKOM. YrroMRHeM 3necb nHmb uaH6onee Ba>KHbie pa6oTbi. Anbstf>eua/2/ 1 

/3/ /4/ /5/ 
EynKepa I nuaxapTa H 6onee II03;lHHe HpKOBoro I XaMMepa H PocT0-

/6/ 
Kepa 

HuTepec K aTHM o6pa30B8HHRM oco6euuo B03poc B rrocnenuee speMR 

B CBR3H C 9KCIIepHMeHT8MH C CHllbHOTO'IHb!MH 911eKTpOHHO-IfOHHbiMH IIY'IK8-

MH. 

B nepe'!HClleHHbiX Bbxme pa6oTax 6bii1H rrpenno>KeHbi HllH o6cy>KnanHcb 

p8311H'!Hb!e MonenH CT8UHOH8pHbiX COCTORHHH C8Mo<jloKyCHpy~IUHXCR IIy'IKOB1 

/5/ 
IIpH'!eM o6meil: '!epTOH nllR HHX (38 HCKll~'leHHeM ) RBllReTCR HeCaMOCOr-

118COB8HHOe paCCMOTpeHHe HORROr~ KOMIIOHeHT8 B BHne HeKOTOpOrO KOMIIeH-

cHpy~mero uerronBH>Kuoro tf>oua. 3TO IIpHBOnHT tf>aKTH'!eCKH K orpaHH'IeHH~ 

caMocornacoBaHHbiX pemeHHH KnaccoM "'rrono6HbiX"' pacrrpeneneuHil:, Korna 

n 
1 

= In e 1. rne I - ueKoTopaR rrocToRHHaR, ue 3aBHCRmaR oT KoopnHHaT, 

n I H "e IlllOTHOCTH COOTBeTCTBeHHO HOHHOrO H aneKTpOH~OrO KOMIIO-

ueuTos rry'!Ka. 

TaKoil: rronxon rrpencTaBnReTcR orrpasnaHHbiM 1 ecnH pe'!b uneT o xapaK

TepHbiX BpeMeHaX cymeCTBOB8HHR CT8UHOHapHbiX COCTORHHH1 MeHbWHX rrepHona 

HOHHbiX KOlle6aHHH B o6pa3y~meil:CR B IIY'!Ke IIOTeHUH811bHOil: RMe nllR HOHOB1 

HllH 0 KB83HHeil:Tp811bHbiX COCTORHHRX. Me>Kny TeM ,rrepHon Kone6auHil: HOHOB 
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o m, 
T 1 "' c V m 11 (1 -I J 

. . . 
.2 

11 = -=-::r n • - noroHHbiA aneKTpoH, 
e lll.eC 

rae o -nonepe'IHbiA paaMep nyqKa,_ 

npH II '> J . - ~ -9 T1 COCTaBnHeT 10 - 10 CeK, qTo 3HaqHTenbHO H I< J 

MeHbWe BpeMeH cyweCTBOBSHHH, npeaCTBMH!OWHX npaKTuqecKHA HHTepec, 
/5/ 

0oaTOMy 0 cneaysr MoaenH, npeano>KeHHOtt .HpKOBbiM ( paCCMOTpeHHOtt HM 

noapo6ao npH 11 • << J ) 0 Mbl H3yqHM HH>Ke HeKOTOpbie CBOitCTBa 38pH>KeH-

HbiX nyqKoB npH yq~Te Kone6aautt HOHOB B paMKax aaaaqH c caMocornacoaaa-

HbiM noneM. 

2. OycTb B CHCTeMe KOOpaHHST r, 0, z cyrnecTayeT aneKTPOHHo-

HOHHbiA ny'IOK 0 oaHopoaHbiA no Z H 0 C npOH3BOnbHblM noKa qHCnOM 

qacTHu aa eaHHHUY amiHbi. HattaeM caMocorliacoaaaable nonsr, T.e. 6yaeM 

HCK8Tb COBMeCTHbie peWeHHH ypaBHeHHtt MaKCBenna H KHHeTHqeCKOrO 6ec

CTOnKHOBHTenbHOrO ypaaaeausr. PeweaHe nocneaaero sransreTcsr npouaaonbHOA 

HHTerpHpyeMOit no HMnynbC8M $yHKUHett OT HHTerpanoB aBH>KeHHSI! raMHnb

TOHH8H8 H, MoMeHTa o6o6weaaoro aaHMyTanbHoro HMnynbca Mo H o6o6-
/5/ 

weaaoro HMnynbca P., • 3Ty $yHKUHID Mbi Bbi6epeM a BHae (ansr npocTo-

Tb~nono>KHM 

I 
e,f 

m =c=e=J • 
2 

) : 

K e,l 
(e,l) (e,l) 

B(H -H.,, )B(P., -P,., 1 ). 

877 2 
(1) 

EyaeM paccMaTpHBBTb nHWb nonH, coaaaaaeMbie nyqKoM I A I = ( 0, 0, A.,). 

faMHnbTOHH8H qaCTHUbl B C8MOCOrnaCDB8HHOM none HMeeT BHa 

(e,l) J 2 ( I) 2 
H =vm 2 +P 2 +--Mo+(P •· ±A)-¢, 

e,l r ,2 • z + ( 2) 

aaecb 3HaqKH "e" H "i " OTHOCHTCSI COOTBeTCTBeHHO K aneKTpOHy H HOHy: 

P,=p,, 

rae p 
t Po 

1 (e,f) 
-L-Mo=Po• p =P -A.,, , • • + 

p., - KOMIIOHeHTbi HMnynbCS qacTHUbl, 

4 

f 
! 

;l 
'~ {~lj 

* 
•I 

,ll ,. 
'~ 

CaMocornacoaaHHbie noTeHuHanbi ¢ H A z yaoane, 

HHHM! 

~ cp.,- 4 TT (p e + p I ) ' 

~A., -=-4TT(i.,. +i .,), 

rae nnOTHOCTH 38pHaa H TOKS onpeaenHIOTCSI $opMynaMH 

p ., - fl _l_rJM rJP rJP (e,ll 
e,l + •,1 r 0 r z 

i ze, I 
J v (e,ll 

z 
I _]_ rJM rJP rJP (e,ll 

•,1 r 0 r z =-
+ 

V z- Z - KOMIIOHeHT8 CKOpOCTH qaCTHUbl, Oocne HHTerf 

2 

P•,l 
K 2 2 

+---:;--(H.,, :!:¢)a[(H •. 1 !¢) -(P.,., 1 !A.,) -1 

K
2 2 2 i =----li..L.(P 

1 
+A:r)a[(H 

1
+¢) -(P +A.,)-~ 

e,l + 4TT :re, - e, - :re,l -

B aanbHettweM 6yaeM HccneaoaaTb qacTaoe peweaHe 

naaa10WHMH rpaHHUBMH aneKTpOHHOrO H HOHHOrO KOMnOHeH 

BaeaeM cpeaaeKBaapaTHqHbiA paa6poc nonepeqaoro 1 

poHOB p+ =P~ +p~ (X= _r_) !• 
0 

(~ (x )=< (pl -<pL > )2> =<p}> =[H. 
2 

+¢(x)] -[P +~ :re 

AaanorHqaoe Bbipa>KeHHe MO>KHO HanHC8Tb anH HOHOB, 
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•lr 
'~\; 

CaMocornacoBaHHhJe rroTeHuHaJibi ¢ H A z ynoBneTBopsnoT ypaBHe-

HHSIM: 

~ cp.,- 4 1T (p e + p I ) ' 

( 3) 

~ A z -=- 4rr (; u + i z 1), 

rne flJIOTHOCTH 38pSina H TOKa OIIpeneJISI~TCSI $opMyJI8MH 

P -=- fl _l_cJM dP dP(e,IJ 
e,l + e,l r (} r z 

i 
:ze,/ 

f V (e,l) 
z 

I _j_ elM dP dP (e,l 1 
e, I r (} r z =-

+ 

v - z 
z - KOMIIOHeHT8 CKOpOCTH ~aCTHUbl, Oocne HHTerpHpOB8HHSI HMeeM: 

2 

p ~=-~(H l+cp)a[(H 1+¢)2-(p I +A )2-m2 I]', 
e, + 4

17 
e, - e, _ z e, _ z e, 

. K2 
I =-~..L(P 
e,l + 4 17 ze,l 

2 2 2 
:tAz)a[(He,l :t¢) -(~e,l :tAz) -m e,l ). 

(4) 

B nanbHeArneM 6yneM HccnenoBaTb ~aCTHoe perneHHe (3)-(4) c coB-

nana~lliHMH rpaHHU8MH 9JieKTpOHHOro H HOHHOro KOMflOHeHTOB rry~Ka, 

BBeneM cpenHeKBanpaTH~HhiH paa6poc rrorrepe~Horo HMrrynbca aneKT-

2 2 2 ( r ) poHOB p-j. =P, +p(} X= 0 ;. 

< (x )=< (pl -<pL > )2·> =<pi·>= [H. 
2 2 

+cp(x)] -[Pze+A/xJl -1. ( 5) . 

AHaJiorH~HOe Bb!pa)l(eHHe MO)I(HO H8IIHC8Tb nJISI HOHOB, 
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Ha rpaHHUe nyqKa (eM. (4)) paa6poe nonepeqaoro HMnynbea pasea 

Hymo; 9TO o6eTOHTenbeTBO eBH3h!BaeT BeJIHqlfHhl HHTerpaJIOB aBH:>KeHHH 

H. , H 1 , Pze p z I 1 OeTaBJIHH npOH3BOJibHhiMH a sa H3 HHX1 HanpHMep, 

H. H H 1 • TaKHM o6paaoM, eoeT;>HHHe nyqKa onpeaenHeTCH aa6opoM 

napaMeTpoB v • , f , H • ,H 1 

KpoMe aToro, B aanbHefirneM 6yaeM paecMaTpHBaTb H apyrofi aa6op 

napaMeTpOB v • • f • Ymax • HI' rae Ymax= (H.+¢) maw onpeaenHeT 

MaKCHMaJib.lfYIO KHHeTHqeeKyiO 9HeprHIO 9JieKTpOHOB B nyqKe 1 paBHyiO pa-

6oTe nonH, aaTpaqeaaofi npH eoaaaHHH nyqKa. 

flpeaeJihl H3MeHeHHH eTeneHH HefiTpanH3aUHH f ycTaHOBHM H3 

yeJIOBH51 eyrneCTBOBaHH51 eTaUHOH8pHoro eOCTOHHH51 1 KOTopoe onpeaenHeTCH 

Tpe6oBaHHeM 1 qT06hi eHJia flopeHua, aefiCTBYIOlll8SI Ha qaeTHUhl Ha rpaHHUe 

nyqKa, 6bma aanpasneaa BHyTpb nocneaaero: 

e,l ( Jl = 
F X x=l 

" 
J 2 -------- -- ( Jx e,l 

( 6) 
2[H •• 1 ±.¢(x)] 

(xJI,. .. , 5-o. 

3. AaanH3 ypasaeHHfi MaKesenna eosMeCTHO e Bbipa:>KeHHRMH anH nnoT

HOCTefi 3apHaa H TOKa ( 4) fiOK83biBaeT1 qTo CyUieCTByeT 2 KJiaeea B03MO:>K-

~IX perneHHfi anH TIOTeHUHaJIOB H1 eooTBeTeTBeHH0 1 aBa THna CTaUHOHapHorO 

eoeTOSIHHSI nyqKa B 3aBHeHMOeTH OT TOrO, o6pamaeTe51 l(x) (eM. (5)) 

B HYJib BO BHyTpeHHefi o6naeTH nyqKa HJIH HeT, 3TH ase B03MO:>KHOCTH 

Mbl paeCMOTpHM OTaenbHO. 

Cnnornaofi nvqoK 

EyaeM npeanonaraTb, qTo E 2 ( x) ~ 0 npH x .< J 

anSI noTeHUHaJIOB TIOJISI HMeiOT BHa: 

2 

cp(x),. K.H.-K21H 
-- I 

2 --
K + K2 

• I 

[1(,\x)-J), 
0 

6 

• Toraa perneaHH 

( 8) 

·i8 

A.( X)-

2 2 
K. P •• - K I p z I 

2 2 [lolhJ-J], 
K + K 

• I 

rae ,\ 2 "' a 2 ( K •2 + K 2
1 

) CqHTaR aaaaHHbiMH nHHe 
r 

x .. --. 
a 

HOCTH1 nonyqaeM ypaBHeHHSI anH onpeaeneHHH 2 2 
K e 0 K I 

V K 2
+V K

2
=a 2 K2K2 

e I I • e I 
H.+H I 

4 . 

v -v • 
a2 2 
y(K•H.-K:HI) 11(,\.)_ 

,\ 

nanbHefirnHfi aH8JIH3 nposeaeM npH cneayiOUIHX npeanOJIO:>K 

a) H 1 ·»H., H 
1
'>>¢. 

Toraa HeTpyaao noKaaaTb, qTo 

6) p 
•• 

K2 
·»~P 

K2 zl 

• 

K2 ·>> K 2 
• I' 

2 
K I 

f·» --r-· 
K 

• 

3To npeanono:>KeHHe npH yq~Te a) oaaaqaeT, qTo HOHHbiA 

6pe:>KHMO Man no cpasaeHHIO e aneKTPOHHhiM. Toraa anH nonaor 

Ka 1 TIOJib3YSICb !PopMyJiaMH (4) H (9), nonyqaeM: 

J 
J = l pze ,\ II ( ,\ ) • 

(3aeCb eaHHHUa H3MepeHHSI TOKa paBHa mel 17000 a). --= 
• 

YpaBHeHHH ( 10) H ( 11) ynpoUiaiOTCH: 

vi .. a 2 K 2 HI 
1-4~, 

,\ 2 .. ~ [ 2f+ (l -f)--,\--]. 
H. I (,\) 

I 

7 



2 2 
K. P,., - K I p z I 

2 2 
K + K 

' I 

A,.( X)- [lolAx)-l], ( 9) 

2 2( 2 2) r rae A "' a K + K 1 , x .. -- • 
• a CqHTaH aaaaHHhiMH nHHeAHhie rrnoT-

HDCTH, rronyqaeM ypaBHeHHH anH onpeaeneHHH 

II K
2

+V K
2

=a 2 K 2 K 2 
1 I I 1 1 I 

H,+H I 
4 

2 
v,-v ,=.!f..-(K2H -K2H) /l(A) " .. ,,---

A 

2 2 
K 1 t K I 

nanbHeftrnHft aHanH3 rrpoBeaeM rrpH cneayJOUIHX rrpearrono>KeHHHX: 

a) H 1 ·» H,, H 
1
·»cp. 

Toraa HeTpyaHo rroxaaaTb, qTo 

p 6) ... 
2 

·»~P 
K2 zl 

• 

K! ·» K:, 
2 

K I 
1·»~. 

K 
• 

( 10) 

( 11) 

( 12) 

3To rrpearrono>KeHHe rrpH yq~Te a) oaaaqaeT, qTo HOHHhiA TOK rrpeae-

6pe>KHMo Man rro cpaBHeHHIO c sneKTpOHHhiM, Toraa anH rronaoro Toxa rryq

xa, rronbayHCb <PopMynaMH (4) H (9), rronyqaeM: 

l 
J = l P,.. A 11 (A) • 

(3aeCb eaHHHUa H3MepeHHH TOKa paBHa mel 17000 a). --= 
• YpaaHeHHH ( 10) H ( 11) yrrpomaJOTCH: 

v, ... a2K2 H, 
I -4- ' 

A 2 .. ....!!L [ 21 + (l -I} _A __ ]. 
H, I (A) 

l 

7 

( ]3) 

( 14) ' 



Bepxa11~ ITpeaen He~Tpani138U1111 oiTpeaenHeTCH ycnoBI1eM o5pameHI1H 

B Hynb Cl1nbi, ae~CTByiOIUe~ Ha 110Hbl Ha rpaHI1Ue ITy'IK8, 0K83biB8eTCH, 'ITO 

anH HepenHT11BI1CTCKI1X 110HOB (H
1
-m

1
«m

1
) 11 v >> 1 : • 

lmax ,7 +0 ( :·v ~· ). 
I e 

( 15) 

B5nH311 I "'I max CBOti:CTBa ITy'IK8 BeCbMa 5ni13KI1 K OITI1C8HHblM B pa5o-

/6/ --~ 
Te • B 'I8CTHOCTI1, ITp11 I 'S (max A= v ~ I 11 CBOikTBa ITY'IK8 TaKa-

Yo 
Bbl! 

...... 

Y max 

Yo 
1 +V-~ 

Yo 

1- I 

vT 
-, 

4;;-
i ( x ) "' ; ( 0 )I 0( V -• I x ) , 

z z Yo 

4v 
< v (X ) > .. v ( 0 )10 ( v -· I X ) , 

z z Yo 

J "'f3oVYov.l. 

norrepe'IHhl~ pa35poc E
2
(x) ITp11 l=lmax MaKCI1ManeH B ueaTpe • 

( 16) 

ITY'IK8 11 ITnaBHO yMeHblli89TCR K rpaHI1Ue. 

2 
npH I "51 M8KCI1MYM E e (x) CMemaeTCH B o5naCTb X > 0 11 COOTBeT-

2 
CTB9HHO B U9HTpe ITY'IK8 o5pa3y9TCH MI1HHMyM E e ; ITO Mepe YM9HbW9HI1H 

I TO'IKa M8KCI1MyMa E 
2 

ITp115nl1)f{aeTCH K rpaa11ue ITY'IKa c oaaoBpeMeHHbiM • 
2 

yM9HbW9HI1eM (. B ueHTpe ITY'IK8, np11 H9KOTOpoti: aeti:Tpani138UI111 I= I i 
2 

f e lx= o= 0 · 3To 3H8'I9HI1e fj HeTpyaHO Hati:TI1, HCITOnb3YH ITDny'I9HHbl9 

peweHI1H (8), (9) 11 (14): 

A 10 (A)+1 
I* = ----. - • ( 16) 

I -
I, (A ) 2 H [ H 10 (A) + V (H 2-1) I: (A) + 1] - [ 2- _A- ][I 

0 
(A ) + 1 ] 

• • • I, (A) 

8 

·~ 
I 
r ,, 

,I 
(I' 

.~ 
f 

'.I 

J:, 

' 
+ ·! 
.:'i 

npH A«1(v.«1)4JopMyna ( 16) aaeT OObi'IHbl~ pe3ynbT8T 

1 - _1_ 
fj "' I min "'-;:;r - Y~ 

• 

npyroti: ITpenenbHbiH cnyqati: COOTB9TCTByeT aoCT8TO'IHO 00~ 

v 21 
TBK 'ITO 1

0 
(A)"' 1

1
( A) »A (--•- ·» 1) ; ITp11 sToM A"' In -

1 Yo Yo 
(3 ,.yf1--.;r->0 11 

H • 

I* 
I 

2 2 v 
In • 

__ ___;Y'-'o f3 o 

4 v. y
0

( 1 + (3 o ) 

nnH BTOporo aa5opa ITapaMeTpOB ( y max BM9CTO H. 

nHeTCH <flopMynoii: 

A lo(A)[I0 (A)+1] 
I* = ---. --------~--------· 

I* 
2 

2 
11(A) I (A) 

2y [y +Vy 2 -1+1
0
2(A)]+[A..;c.:,:--2HI (A)+1 

max max max 1 (A) 0 
I 

J 
I* ,.fmln'" --r--' 

2 Y max 
npH ManbiX V• CHOB8 ITDnyqaeM IT 

1
0 

(A ) "' 1
1 
(A ) ·» y ( v » 1 ) : 

max • 

A .. yi(y -1}
2

+4V -(y -1). 
max e max 

Toraa 

1*=-1-[yl(y _J)2+h- -(y -1)]2. 
2 4v max • max 

• 
Ecn11 GaaaeTCH H • , To ITp11 6onbwl1x v • anH ITepBoro H~ 

MeTpOB ITonyqaeTCH cHnbHD penHTHBHCTCKI1~ ITY'IOK ( y I x=l"' 2v. ) , 

MHHI1M8nbH8H H9~Tpani138U11R (17) 3H8'IHT9nbHO M9Hblli9 3H8'I9HH 

9 



JlpH A« J (v • «1) <f>opMyna ( 16) naeT o6hi'IHbi~ pesynbTaT 

J_ J = -2 11 "' I min"' 7 Yo 
• 

ilpyroA npenenbHhlA cnyqafi COOTB9TCTByeT noCT8TO'IHO 6onbWHM A0 

TaK 'ITO 1
0 

(A)= I 
1
( A) »A (~ ·» J) ; npH 9TOM A"' In ~- , 

1 
Yo Yof3o 

f3 =vl----.:;r->0 H 
H 

• 

I* 
I 

2 2 JJ 
In • -

y 0 f1 0 ___ :.....: 
4 v • Yo( J + f3 o 

ilnH BToporo Ha6opa napaMeTpOB ( y mox BMeCTO H • 

nHeTCH <f>opMynoA: 

I 0( A)[ 10 (A) + J ] 
·-----A * --. 

) I* 
2 

2y [y +vy 2 ·-J+I02(A)]+[A~2_-2][1 (A)+l] 
mox mox mox 1 (A) 0 

1
2 = /;(A) 

I 

J 
IlpH ManbiX v. CHOBa nonyqaeM 1; .. 1 min'" --r-- , npH 

Y mox 

1
0 

(A ) "' I 
1 
(A ) » y ( v » J ) : 

max e 

A=-y(y -l)
2

+4JJ -(y -1). 
max • max 

To rna 

1* .. - 1 -[-..J(-;: -l) 2 +4v -(y _J)]
2

. 
2 4v mox • mox 

• 

( 17) 

onpene-

( 18) 

I 

( 18) 

EcnH sana eTCH H • , To npH 6onbWHX v • nnH nepBoro Ha6opa napa

MeTpoB nonyqaeTCH CHnbHD pemiTHBHCTCKH~ ny'loK ( y I x='"' 2v. ) , noaToMy 

MHHHM8nbH8SI HefiTpanH38UHSJ (17) 3H8'1HT9nbHO M9Hblli9 3H8'19HHSI nnH BTOpO-

9 



• 

..... 

ro ua6opa napaMeTpoa (eM. ( 18)). HanpHMep, nn.11 ~~.=30, H.=2 

!j>opMyna ( 17) naeT 11* .. 0, 024 , a npH y = 2 
mox 

H II • 30 H3 ( 18) • 
en en yeT I; .. 0, 83 Cao.ftcTaa cHnbHo penRTHBHCTCKHX ny'IKOB s6nH3H 

I* peaKo oTnH'IaiOTC.II oT no'ITH neftTpanbHbiX nyqKoB npH II ·>> 1 : KHHe• 
TH'I9CKa.ll aueprH.II aneKTpOHOB, DnOTHOCTH 3ap.IILia H TOKa cymecTB9HHO 

MeH.IIIOTC.II no ce'leHHIO ny'IKa. HanpHMep, nn.11 H.=const 9TH aenH'IHHbi 

nponopuHoHanhHbi I 0 ( ,\ x) , a npononhHa.ll cKopocTb aneKTpouos < v /xJ.> = 

i (x) . 
• -..!..!.-- "' const . flonHbift TOK B ny'IKe B aToM cnyqae paaeH J = {3 11 • 

p • (x) • • 
0TMeTHM0 'ITO fipHHSITbie paHee ycnoBH.II a) B paCCMOTpeHHblX npe-

uenbHblX cny'la.IIX 03Ha'laiOT: 

m 
Y lx=l « -'

m • 
( 19) 

EcnH Bbi'IHCnHTb CHny Ha fiOBepXHOCTH nyqKa B ycnOBH.IIX MHHHManbHOft HeftT

panH3aUHH, TO OKa3biBaeTC.II 0 'ITO OHB KOHe'IHa H OTpHUaTenbHa, 3To o6-

CTO.IITenbCTB00 a TaK>Ke To, 'ITO npH f., I* € 
2 

( 0) = 0, cTaBHT son poe • 
0 B03MO>KHOCTH cymeCTBoBaHH.II, B paCCMaTpHBaeMoft MOLienH, Tpy6'1aToro 

COCTO.IIHH.II ny'IKa npH OTCYTCTBHH 3ap.IILIOB B ueHTpanbHOft o6naCTH, 

Tpy6'1aTblft fiY'IOK 

B HcnonbayeMoft MoLienH c !j>yHKUHeft pacnpeueneHH.II (1) Tpy6qaToe 

COCTOHHH9 MO>KeT cymeCTBOBaTb TOnbKO C COBfiaLiaiOUlHMH BHyTp9HHHMH rpa

HHUaMH o60HX KOMfiOHeHTOB, TaK KaK H9TpyLIHO fiOKa3aTb, 'ITO B cnyqae 

I 
H9COBfiaLieHHH rpaHHU Ha OllHOA H3 HHX (c 6onblllHM paLIHyCOM) He MoryT 

BblfiOnHHTbC.II H906XOLIHMbie ycnOBHH paBHOBeCHH, 

flyCTb paLIHYC BHyTp9HHeft, CB060LIHOft OT aapHLIOB, o6naCTH ny'IKa 

paaes J , 0 S J :::: 1 , Torua peweHHH ypasueuHft ( 3), ( 4) npH rpaHH'I

HhiX ycnOBHHX paBeHCTBa HyniO fiOT9HUHanOB H HX HOpManbHblX npOH3BOL!HblX 

npH X • J TaKOBbi: 

10 

¢( x) = 
211.(1-1) 

[.\J6.(x,J)-1],. 
,\J6,'(1,J) 

A ,.(x) = P [.\J 6.(x,J)-1], ... 

rue 6.(x,J) = K0(.\ x) 11(.\ J) + 10 (.\ x) K1(.\ J), 

J 
6.'(1,J) = --6.(x,J) I ,. 

Jx x= 

flpH nony'leHHH ( 20) HcnonbaoaaHbi ycnoBHH a) H 6), npH a 

2 2 

~ Ill .. 0-J2)H, ' 
4 

,\2= 211• [~- + ~~]. 
H. 1-J 2 J6.'(1,J) 

nns BTOporo Ha6opa napaMeTpOB B nonyqeHHb!X !j>OpMynax 

H • + ¢ I 1 = y = const . 
x = max 

YcnoBHHMH cymecTBOBaHHSI CTaUHOHapHoro COCTOHHHH ny'IKa 

KaK H npe>KLie, o6pameuHe a uynb paa6pocos nonepequoro H~ 

pOHOB H HOHOB Ha o6eHX rpaHHUaX H HenonO>KHTenbHOCTb HO~ 

n.IIIOUleft CHnbi nopeHUa Ha BHeWHeft rpaHHQ9, nns o6cy>KLiaell 

nyqKa C pe3KHMH rpaHHUaMH HOpManbHaH COCTaBnHIOUlaH CHnl 

ua BHyTpeHHeft rpaHHue scerna pasHa uyn10. 

CosMeCTHoe peweHHe ypaBH9HHft < :1 x=J = €! I x=l = 0 
2 2 2 

npH aTOM P,.., 1 = H •• 1-m., 1 , noKa3biBaeT, 'ITO penHTHBHCTCKH 

poHaM) ny'IOK cymecTayeT TonbKo npH 

1 1 



¢( x) = 
2v.{l-l) 

,\J~'(J,J) 
[.\J~(x,J)-1], 

( 20) 

A,(x)=P [,\J~(x,J)-1], ... 

rne ~(x,J) = K0(Ax)/ 1(.\J) + 10 (Ax)K 1(AJ), 

J 
~'(l,J) = --~(x,J) I ,. Jx x= 

OpH nony'leHHH ( 20) Hcnonb30BaHbi ycnoBHH a) H 6), npH aToM 

2 2 
~ v, .. {l-J2)H, , 

4 

A2= 2v. [~- + ~:!J_]. 
H. 1-J 2 J~'(l,J) 

( 21) 

llnH BToporo aa6opa napaMeTpos B nony'leHHbiX ¢opMynax 

H + ¢ I 1 = y = const . • x= max 

YcnOBHHMH CyWeCTBOBaHHSI CTaUHOHapHOI'O COCTOSIHHSI ny'IKa HB11H~TCH1 
KaK H npe~e, o6pameHHe B HYilb paa6pocos nonepe'IHoro HMnynbca aneKT

poaos H HOHOB Ha o6eHX I'paHHUaX H HenonO*HTenbHOCTb HOpMallbHOfi COCTaB

IlH~Weti CH/lbl nopeHUa Ha BHelUHeti I'paHHUe. llnH o6cy*llaeMoti MOllellH 

ny'IKa C pe3KHMH rpaHHUaMH HOpMallbHaH COCTaBilH~WaH CHilbl nopeaua 

aa BHyTpeaaen rpaaHue scerna pasaa ayn~. 

CosMeCTHoe perneHHe ypaBHeHHA £!:1 x=cl =f!lx=l =0 H£:1. =cFf~:lx=I=O, 
2 2 2 

npH aTOM P,., 1 = H •• 1-m.,, , noKa3biBaeT, 'ITO penHTHBHCTCKHfi (no aneKT-

poHaM) ny'IOK cymeCTByeT TOilbKO npH 

1 1 



I 

I ' 

..... 

Arll1(l,rl)=l, 

( 
2 v 

'ITO 03H8'18eT rl- J H A J- J) .. ~-. H. 
ByeT B BHae 6eCKOHe'IH0 TOHKO~ Tpy6KH C 

T8KHM o6p830M, nyqoK cymecT

CHHrynSipHbiMH nnOTHOCTSIMH H8 

'J = {3 v • . KoHe'IH8SI TonmHH8 
rp8HHUe, nonHhl~ TOK ny'IK8 Tora8 p8BeH 

Tpy6KH B p8CCM8TpHB8eMOM cny'l8e B03MO*H8 nRWh anSI HepenSITHBHCTCKOrO 

ny'IK8, 

npeaenbi He~Tp8nH38UHH onpeaenSIIDTCSI H3 o6pameHHSI B Hynh H8 rp8-

HRUe cHnhi, ael1cTByiDmel1 H8 aneKTpOHhi, - HR*HH~ npeaen R o6p8meHRSI 

B Hynh cRnbi
1 
ae~cTByiDme~ H8 HOHhi - BepXHH~ npeaen. ilnSI H.- const 

H y max • const 
peaynhT8Thl COOTBeTCTBeHHO T8KOBhl: 

Pze Pzl J 7;;1< J +---· H.H 1 • 

~-<1<1+ 
Y max 

-2 -_J 
pz I V Y m..!!..- • 

H I Y max 

( 22) 

( 23) 

Cp8BHeHRe <jlopMyn ( 18) H ( 23) yK83biB8eT Ha To, 'ITO Tpy6'18Tbi~ 

ny'IOK MO*eT cymeCTBOB8Th npR M3HhillHX H8~Tp8nH38UHSIX1 '18M cnnOWHOH 

ITy'IOK, H B 3TOM CMbiCne COCTOSIHH8 Tpy6'18TOrO ny'IK8 npR I < li 

(eM, ( 18)) SIBnSieTCSI npoaon*eHReM 38pSI*8HHOrO COCTOSIHHSI cnnOWHOrO 

ny'IK8, noaTOMY MO*HO O*Ha8Th 0 'ITO H8~aeHHbl~ HH*HHH npeaen CT8IT8HH 

He~Tp8nH38UHH (23) ITp8BHnhHO X8p8KTepH3yeT COCTOSIHH8 C8MO¢oKyCHpyiD

merOCSI penSITHBHCTCKOrO ITy'IK8 C M8KCRM8nhHbiM 38pSiaOM H8 eaHHHUY anH-

Hblo 

ilnSI cny'18SI H • = const HHY'HH~ npeaen He~Tp8nR38UHH anSI Tpy6'18Toro 

COCTOSIHHSI ( 22) ne*HT Bblill8 li ( CM, ( 17)), K8K 6yaTO 6bi B03HHK8eT 

IT8p8aOKC
1 
CBSI38HHbl~ C T8M 1 'ITO yMeHhill8HH8M H8HTp8nH38UHH H8nh3SI 

aoCTRrHyTh npeaenhHOrO CT8UHOH8pHOrO COCTOSIHHSI 0 Kora8 CHn8, ae~
CTBYIDill8SI H8 aneKTpOHbl H8 BH8WHei1 rp8HHU8 0 p8BH8 HyniD, H8 C8MOM 

aene, 

12 

HH*HH~ npeaen He~Tp8nH38UHH (22) He 38BHCHT OT V• H OITJ 

anSI TOHKoro Tpy6qaToro ny'IKa, Koraa noTeHuRanbi cp H A z 

KH p8BHbl HyniD, 3H8'1eHHeM M8KCHM8nhHO~ KHHeTH'IeCKO~ aHei 

HOB Y max • EcTeCTBeHHO, 'ITO ITOCKOnhKY B npeaenhHOM COCTO~ 

nyqKa ( 17) y I 1 "'2 v , To npoaon*eHReM cocTOSIHHSI ny'IKI 
x= • 

MeHhWHX ( 17), SIBnSieTCSI Tpy6'1aTbiH ny'loK c H • •> 2 v • . 
CyiUeCTBOB8HRe aByX p83nH'IHblX Kn8CCOB COCTOHHH~ 38p 

Mo¢oKycHpyiDmero nyqKa - cnnowHoro H Tpy6'18Toro - CBH38I 

30B8HHeM MoaenH Hae8nhHO MOHOXpOM8TH'IeCKOrO ~Y'IK8 ITpH B 

p8cnpeaeneHHSI '18CTHU B BRae (1). TaKRe <)JyHKUHH pacnpeaen 

a8IDT pe3KHe rpaHHUbl ITy'IKB ( CM, ( 4)) CO CK8'1K006p83Hb1M 0 

B Hynb Ha HHX nnOTHOCTeH 38pSia8 H TOKa, 8To ITpHBOaHT1 B 1 

T8K*e K CK8'1Koo6p83HOMY nepexoay peweHHSI cnnowHoro ny'IK. 

Toe, T,K, npH rl=O CyiUeCTByeT TOnbK.O peweHH9 B ¢opMe ( 8) 

I·> I* o68 THIT8 peweHRA cymecTBYIDT He38BHCHMo. 

npouecc BbiTeCHeHHSI aneKTpOHOB H3 BHyTpeHH9H o6naCT 

H8oniDaaiDIUHAcst B peweHHH cnnowHoro ny'IKa npH yMeHbWeHHH 

UHH, HR*e I* MO*eT 6b!Th OITHC8H nHWh npH HCITOnb30B8HHH ~ 

COCTOSIHRSI, 8TO CBSJ38HO C TeM, 'ITO npH f .. f* nnoTHOCTb ane 

p8IU8eTCSI B Hynb TOn~KO K oaHO~ TO'IKe (x.O) H B niD60~ M8 

HOCTH npHHHMaeT KOHe'IHOe 3H8'1eHHe, 

CneayeT o*Ra8Tb, 'ITO npH nocTpoeHRH MoaeneA cRnbHOTI 

THBHCTCKHX ny'IKOB C <jlyHKUHSIMH p8CnpeaeneHHSI1 p83MbiTblMH n 

aBH*9HHSI1 aon*HO CYIU9CTBOB8Tb eaHHCTBeHHOe peweHHe anSI C' 

COCTOSIHHSI1 CBOHCTB8 KOToporo B6nH3H MHHHM8nbHO~ H9l1Tp8nH3 

TeM 1 KOTO;Jbl9 OITHCbiB8IDTCSI peweHHeM anSI Tpy6'18TOrO ny'IKB, 

nH'I9HHH t-pemeHHeM anH cnnowHoro ny'IKa, 

ABTOpbi npHHOCSIT HCKpeHHIDID 6n8roa8pHOCTb A.A. KonoMe 

A.H. ne6eaeBy H .H.B. cP8~H6epry 38 ueHHbJe 38M9'18HHSI, B.n. ( 

H K.B. XoaaT8eBy 38 HHTepec K p86oTe H o6cy*aeHHe; 
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HH*Hnfi npeaen HefiTpannaaunn (22) He aaancnT oT v. n onpeaenHeTCH 

anSI TOHKoro Tpy6qaToro nyqKa, Korna noTeHunanhi ¢ n A & npaKTH'ieC

KH paBHbl Hyni0
1 

3H8'i8HH8M M8KCHM8nbHOfi KHH8TH'i8CKOfi ::meprHH aneKTpO-

H
OB y . EcT8CTB8HHO, 'iTO ITOCKOnhKY B npenenbHOM COCTOHHHH cnnoWHOrO 

max . . 
y I 

1
"' 2 v , TO nponon*eHneM cocToSJHHH nyqKa B o6nacTb 1, 

nyqKa ( 17) x= • 

MeHbWHX ( 17), SJBnHeTcH Tpy6qaTbifi nyqoK c H • •> 2 v • . 
CyWeCTBOB8HH8 llBYX pa3nH'iHbiX KnaCCOB COCTOHHHfi aapH*8HHOrO ca-

Mo¢oKyCHpy~werO nyqKa - cnnowHoro n Tpy6qaToro - CBH38HO c ncnonb-

3oBaHneM Monenn nneanbHO MOHOXpOM8TH'i9CKOrO ~y'iK8 npH Bbi6ope ijlyHKUHH 

pacnpeneneHHH qacTHU B BHlle (1), TaKne ¢yHKUHH pacnpeneneHnH Bcerna 

aa~T pe3KH9 rpaHHUhl ny'iKS ( CM, ( 4)) CO CK8'iK006pa3HbiM o6pameHH9M 

B Hynb H8 HHX nnOTHOCTefi 38pHll8 H TOK8o 3TO npHBOllHT 1 B 'i8CTHOCTH 1 

TaK*e K cKa'iKoo6paaHoMy nepexony peweHHH cnnowHoro nyqKa B Tpy6qa

Toe, T,K, npn J:0 CyWeCTByeT TOnbK.O peweHne B ¢opMe ( 8) -( 9) o npn 

I> I* o6a Tnna peweHnfi cywecTBY~T HeaaBncnMo. 

npouecc BbiTeCHeHHH aneKTpOHOB H3 BHyTpeHHefi o6nacTH npn V •'>> J, ·-

Ha6n~ll8~WHfiCH B peweHHH cnnowHoro nyqKa npn yMeHbWeHnn HefiTpannaa

unn, HH*e I* MO*eT 6hiTb onncaH nnwb npn ncnonbaoBaHHH Tpy6qaToro 

COCTOSIHHSio 3TO CBH38HO C T9M, 'iTO npH 1-1* llnOTHOCTb aneKTpOHOB o6-

pawaeTCH B Hynb TOnbKO K OllHOfi TO'iKe (x-0) H B n~60fi Manofi OKpeCT-

HOCTH npHHHMaeT KOHe'iHOe 3HS'ieHH9, 

CnenyeT o*naaTb, 'iTO npn nocTpoeHnn Monenefi cnnbHOTO'iHhlX penH-

THBHCTCKHX ny'iKOB C ~yHKUHHMH pacnpeneneHHH1 pa3Mb!TbiMH no HHTerpanaM 

ABH*8HHH
1 

jlOn*HO cyWeCTBOB8Tb 9AHHCTB8HHOe peweHHe JlnH CT8UHOH8pHOrO 

COCTOHHHH
1 

CBOfiCTB8 KOTOpOrO B6nH3H MHHHMSnbHOfi HefiTpanH38UHH 6nH3KH 

TeM, KOTO~hle onHChlBa~TCH peweHneM anH Tpy6qaToro rryqKa, a npn yBe-

nn'ieHHH t -peweHHeM nnH crrnowHoro nyqKa, 
ABTOpbi npHHOCHT ncKpeHH~~ 6naronapHOCTb A.A. KonoMeHCKOMy, 

A.H. ne6eneBy H H.B. <l>afiH6epry 38 ueHHble aaMe'i8HHH, B.n. CapaHUeBy 

H K.B. XonaTaeay 38 HHTepec K pa6oTe H o6cy*neHne~ 
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