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B aacTomneA pa60Te 6ynyT paCCMOTpeHbl OCHOBBble B01tp0Cbl1 CBSI3aH-

Hble C ycToiqHBOCTb~ SlleKTpOHBo-BOHHOrO Kon&Ua BO BHemaeM M8rHBTHOM 

none. 06mlli MeTOD llCCnenOB8HHSI DOUOOHbiX CHCTeM H3BecTeH B TeOpRH yCKo-

pHTeneA R nna3Mbl H 38KII~'18eTCSI B COBMeCTHOM H3y'leHHH KHHeTH'I8CKOrO 

ypaBHeHHSI nnH ~HKUHi pacnpeneneHRSI sneKTpOHOB H HOHOB H CRCTeMbl ypae-

aeaHA MaKCBelllla nnH sneKTpoMarHHTHoro non H. H H>Ke npHeonHTCH peayllb-

T8Tbl nono6aoro HCCnenOB8HBH KaJt B IIBHeAHOM1 T8K H B Hen&BeiBOM np&6-

n&>KeHHH. nocKon&Ky o6mee H3y'leHHe BOnpoca BeCbM8 38TpynHHTellbHO, De-

necoo6paaao paccMoTpeTb paan&'IHble MonenH, BbiSIBII~WHe H8H6011ee 

-1tap8KTepHbie 'lepTbl CHCTeMhl. 

B aameM cnyqae CHCTeMa npencTaenHeT co6oii KOn&uo penHTBBRCTCKHX 

sneKTpOHOB BO BHemHeM MarHHTHOM none, KOTOpOe conep>KHT OTHOCBTellbBO 

He6ollbmoe 'IHCnO Menne&HO UBH>KYIIIHXCSI HOHOB. 8 DOU06HOM KOn&ue MOryT· 

nOSIBHTbCSI HeyCTOii'IHBOCTH, npHCYIIIHe K8K sneKTpOHHhiM nyqKaM B M8rHHT

HOM none (CHnbHOTO'IHble yCKOpHTenH), TBK B sneKTpOH-HOHHbiM CHCTeMSM 

(nnaaMa). PaccMoTpHM aeycToi'IHBOCTH nepsoro THna. B xollbue epama~ 

IIIHXCSI B MarHHTHOM none sneKTpOHOB pa3BHBa~TCSI HeyCTOH'IHBOCTH, CBH38H-

Hble C npOt:tOilbHbiM (a3HMYT81lbHblM) pa36HeHHeM KOilbU8 H8 cryCTKH (9~ 

$eKT u OTpHDaTellbHoii:" Macchi). KaK H3BeCTHO I 1 I, aeycToA'IHBOCTb sToro 

T&na ae B03HHKaeT, ecnH rronywHpHHa saepreTH'IeCKoro paa6poca.sneKTpo-

HOB .1 E YUOBneTBOpHeT ycnOBKID 
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Nr. 
, rJle N - 'IHCnO II 3JleCb E - cpeJlHSISI saeprHH snexTpOHOB, 

2 rr R 
e_2 

n scp - scpcpexTHBHhiA R - paJlHYC xon&ua, re aneKTpOHOB, m c 2 
e 

noxaaaTen& cnana MarHHTHoro nonH, y -oTHOWeHHe aHeprHH spaweHHH 

aneKTpOH8 K 9HeprHH DOKOH, g - reoMeTpH'IeCKHil cpaKTOp, 38BHCSIWHA OT 

napaMeTpos xaMephi ycxopHTenH H pacnono:lKeHHoro s aeA crycTxa. 0JlHHM 

H3 B03MO:lKHhlX 9cpcp9KTOB, yMeHbW8101UHX BenH'IHHY 9HepreTH'I9CKOrO pa36pOC8, 

He06XOJlHMOrO JlnH CT86HnH38UHH KOnbU8, HBnHeTCH 9Kp8HHpOBK8 ny'IK8 aneK

TpOHOB MeTannH'IeCKHM sxpaHOM c shlcoxoA npoBOJlHMOCTbJO. BnHHHHe sxpa

Ha Hayqanoc& Ha npHMepe 6ecxoHe'IHO TOHKOro uHnHHJlPH'Iecxoro cnoH spa

waJOWHXCH B OJlHOpOJlHOM M8rHHTHOM none penHTHBHCTCKHX aneKTpOHOB, OK-

py:lKeHHOrO UHnHHJlpH'19CKHM 9Kp8HOM C 6eCKOH9'1HOit npOBOJlHMOCTb!O /2/. 

PewaH COBMeCTHO nHHeapH30B8HHYIO CHCTeMy ypaBHeHHit rHJlp0JlHH8MHKH H 

Maxcsenna JlnH senH'IHH, onHChJBaJOWHX oTxnoHeHHe oT paBHOBeCHhiX aHa'le

HHA, nponopuHoHan&HhiX 

B BHJle 

e 
tnO-t Ctlt 

, H8itJl~M JlHCnepCHOHHOe ypaBH9HH9 

r)le p • n -

ne, paBHSSI 

Ctl 

Ctlo 

p 2 
( p 2-1) = l I ( p), 

(2) 

, Ctl O - 'ISCTOTS o6paJUeHHSI aneKTpOHa B MSrHHTHOM no-

eH·o 02 
- '(z:c:-. 

- MSllhiH napaMeTp B HSW9M c.ny-

m cy w& 
2 277e 2 u 0 2 

qae, 0 - R w 0 , u 0 
- nosepxHOCTHaH n.noTHOCTb qacTHU, R -

me 2y 
paJlHYC a.neKTpOHHOro c.noH. PewaH ypasHeHHe (2) MeTOJlOM noc.neJlOBaTe.n&-

HhiX npH6nH:lKeHHit, H8itJleM JlB9 BeTBH Kone6aHHA: "'npOJlOnbHhle"' xone6aHHSI 

H 

(p .. o) 

b-R -b 

H "nonepe'IHhie" ( p = ±. 1 ) • EcnH TOK HaXOJlHTCH s6nH3H sxpaHa 

j 

n{3 «I , rne b - panHyC 9Kp8H8, TO HHKpeMeHT HapaCT8HHSI -n n 2<b-R) 

'npoJlon&HhiX" xone6aHHA JlnH 1\otOHOaHepreTH'Iecxoro nyqxa paseH - ..--'t/-b • Ctl y 
0 

0TCJOJl8 BHJlHO, 'ITO 9Kp8HHpOBK8 CyJUeCTB9HHO YM9HbiU89T HHKpeMeHT H CHH

:lK89T senH'IHHY Heo6XOJlHMoro JlnSI cTa6HnHaaUHH aHepreTH'Iecxoro paa6poca. 

B pa6oTe EpHrrca H HeAna /2/ noxaaaHo, 'ITO s yn&TpapenSITHBHCTC-
2 b 

KOM cnyqae B6nH3H OT CTeHKH npH BhlnOnHeHHH ycnOBHSI Y > ~ npo-

JlOnbH8SI HeyCTOit'IHBOCTb He B03HHK8eT B006we. 
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Bhi'IHcneHHe reoMeTpH'Iecxoro cpaxTopa c y'leToM axpaHI 

JlnHHHOrO UHnHHJlp8 H ll0JlCT8HOBK8 ero B cpOpMyny (1) Jl89T BE 

XOJlHMOrO JlnH ll0Jl8BlleHHSI HeyCTOit'IHBOCTH 9HepreTH~eCKOrO pas· 

HaWHX napaMeTpax (eM. pa6oTy llO/) aTa senH'IHHa B Haqane 

ua JlOn:lKHa 6biTb 6on&we 3%. 

Hay'leHHe npoJlon&HoA HeycTOH'IHBOCTH c y'leToM KOHe'IHoA l 

pa (KOllbUO) nOK83hiB'leT, 'ITO MHHHM8llbHhiit 9HepreTH'I9CKHit p1 

ne'IHBS!OIUHA CTa6HliH38UHJO, 38M9THO yMeHbW89TCSI. 

PaccMOTpeHHe nonepe'IHhiX xone6aHHA /3/ noxaabiBaeT, q 

C '18CTOT8MH Ctl "" ( n ±.1) Ctl 
0 

, n > 1 ' ~T86HnH3HpyJOTC S1 npOBC 

HOM. 

Ecnu KOllbUO HaXOJlHTCH B peaoHaHCHoA nonoCTH (peaoHaTo 

TO B03HHKaeT npOJlOnbH8SI HeyCTOit'IHBOCTb, CBH38HH8SI C pe30H8E 

CTB9HHhiX M0Jl8X KaMepbi. 3TOT BOnpoC 6bin paCCMOTpeH B pa6m 

WH HCCneJlOBSHHH nOK838.1IH, 'ITO JlnH MOJleliH JlnHHHoro UHnHHJlp~ 

HOM cnyqae, KOr)la '18CTOTbl o6paWeHHSI '18CTHU 6nH3KH K OJlHOit 

HblX '18CTOT KaMepbi, B03HHKaeT HeyCTOH'IHBOCTb, KOTOpaSI COT 

CHHXpOTpOHHblM H3nyqeHHeM. 

HHxpeMeHT aToA HeycTOH'IHBOCTH paaeH: 

3---
.lm w : vI A I Korna 8HepreTIPieCKHli pa36poc Man, H 

I AI 
Im '" • V n \ '" 

1 
- w 

2 
I KOI'A8 pa36pOC BeliHK • 

~. 

3nech 
2 

j' (,\' 2..) 
np

0 
b 

A=-
e 2 a 0 ncf3 

m b
2 

H y J 2 {,\ • )0-n2 /A, 2) 
npO npO 

A ~p - KOpeHb npOH3BOJlHOH cpyHKUHII EeccenSI. nnSI KOllbU8 C< 
0 

IUHe HHKpeMeHTbl HeCKOllbKO yMeHbWSIOTCSI. 

XapaxTepHofi qepToA aTofi HeycTOH'IIIBOCTII SIBnSieTCH oT< 

pora. 
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ellHRR 9Hepi'HR 9JleKTpOHOB, 

R - pallHYC KOJlbUS, r., 

II 

e 2 

m c 2 

" 

Nr. 
, I'lle N - 'IHCJlO 

2 1r R 

n aciJ - a«WleKTHBHbJA 

CIT81l8 MSI'HHTHOI'O nonR, y - OTHOWeHHe 9HeprHH BpaweHHSI 

9Hepi'HH ITOKOR, g - reoMeTpH'IeCKHfi ciJaKTOp, 38BHCSIWHH OT 

KaMepbl ycKopHTenSI H pacnonmKeHHoro B Heft crycTKa. OllHHM 

,JX g~eKTOB, yMeHbWSIOWHX BeJIH'IHHY 9HepreTH'IeCKOI'O paa6poca, 

0 llJlSI CT86HJIH38UHH KOJlbUS, SIBJISieTCSI 9Kp8HHpOBK8 rry'IKS 9JleK

JlJlH'IeCKHM aKpaHOM c BbJCOKOA npoBOilHMOCTbJO. BnHSIHHe aKpa

Ha npHMepe 6eCKOHe'IHO TOHKOI'O UHJlHHilpH'IeCKOI'O CJIOSI Bpa

OilHOpOilHOM MSI'HHTHOM none peJISITHBHCTCKHX aneKTpOHOB, OK-

HJlHHilPH'IeCKHM 9KpaHOM C 6eCKOHe'IHOit rrpOBOilHMOCTbJO /2/. 

eCTHO JlHHeapH30BSHHYJO CHCTeMy ypaBHeHHit I'HilPOilHHSMHKH H 

JlSI BeJlH'IHH, OITHCbiBSJOWHX OTKJlOHeHHe OT paBHOBeCHb!X 3HS"'e

!n8-1 Wt 
e , HSitll~M llHCrrepCHOHHOe ypasHeHHe HOHSJlbHblX 

2 2 
p (p -ll= £ f (p), 

(2) 

w 
wo 

, W O - 'ISCTOTS o6paWeHHSI 9JleKTpOH8 B MSI'HHTHOM 110-

eH·o 

m cy 

I"'- -o R w o2 ao 

02 
Em---

'2 wo 
- ManbiA napaMeTp B aaweM cny-

- nosepxaocTHaR nnoTHOCTb 'laCTHU, R -

PewaH ypasHeaue (2) MeTOilOM nocneaosaTenb

llBe BeTBH KOJie6aHHit: "rrpOilOnbHhle" KOJie6aHHSI 

"nonepe'IHbie" ( p = ±I) • EcnH TOK HSXOilHTCSI B6JIH3H 9Kp8H8 

1 
{3 « I , I'lle b - pallHYC 9KpaHa, TO HHKpeMeHT HapaCTSHHSI -0 D 2(b-R) 

" Kone6aHHit llJlSI !v!OH09HepreTH'IeCKOI'O ny'IKS paBeH - ..-y-b • w y 
0 

O, 'ITO 9Kp8HHpOBK8 CyWeCTBeHHO yMeHbWSeT HHKpeMeHT H CHH-

Hy He06XOilHMOI'O llJlSI CT86HJIH38UHH 9HepreTH'IeCKOI'O paa6poca. 

Te Bpurrca H Heitna /2/ noKaaaao, 

B6JIH3H OT CTeHKH rrpH BbiiTOJIHeHHH 

CTOit'IHBOCTb He B03HHK8eT B006Weo 

4 

.. 

'ITO B ynbTpapenSITHBHCTC-

2 b 
ycnoBH Sl y > "'b'='1t npo-

(itil 

.\ 
.Jt 

t' 

I 

Bbi'IHCJieHHe reoMeTpH'IeCKoro ciJaKTopa c y'leToM sKpaHa llJISI MonenH 

llJlHHHOI'O UHJlHHilpa H ITOilCTSHOBKa ero B ciJopMyny (1) llSeT BeJIH'IHHy Heo6-

XOilHMOI'O JlnR 1101l8BJleHHSI HeyCTOit'IHBOCTH 9HepreTH~eCKOI'O paa6poca. flpH 

HSWH~ napaMeTpax (CMo pa6oTy (10/) 9T8 BeJIH'IHHS B H8'18Jle C~STHSI KOJlb

Ua llO~Ha 6bJTb 6onbwe 3%. 

May'leHHe npOilOJlbHOit HeyCTOit'IHBOCTH C y'leTOM KOHe'IHOit llJlHHbl UHJlHHil

pa (KOJlbUO) ITOK83biB"leT, 'ITO MHHHMSJlbHblit 9HepreTH'IeCKHit pa36poc, o6ec-

rre'IHB810WHA CT86HJIH38UHJO, 38MeTHO yMeHbWSeTCSI. 

PaccMoTpeHHe nonepe'IHbiX Kone6aaHA /3/ noKaabiBaeT, 'ITO Kone6aHHSI 

C '18CTOT8MH w • ( n + I) w , n > I 
- 0 ' ~Ta6HJlH3HpyJOTCSI npOBOilSIWHM 9Kpa-

HOM. 

ECJIH KOJlbUO HSXOilHTCSI B pe30H8HCHOit llOJlOCTH (pe30H8TOp, BOJlHOBOil), 

TO B03HHKaeT npOilOJlbHSSI HeyCTOit'IHBOCTb, CBSI38HH8SI C pe30H8HC8MH HS C06-

CTBeHHblX MOilSX KaMepbi. 3TOT BOnpoc 6biJI paCCMOTpeH B pa6oTaX / 4 /. Ha

WH HCCJlellOBSHHSI 110K838JIH, 'ITO llJlR MOileJlH llJIHHHOI'O UHJlHHilpa B pe30H8HC-

HOM CJly'lae, KOI'Il8 'laCTOThl o6paweHHSI '18CTH11 6JIH3KH K OllHOit H3 C06CTBeH

HbiX 'ISCTOT KaMepbi, B03HHK8eT HeyCTOit"'HBOCTb, KOTOpaSI C011pOBO~IlaeTCSI 

CHHXpOTpOHHhlM H3Jiy'leHHeM. 

MHKpeMeHT aToit aeycTOH'IHBOCTH pasea: 

a---
.Im w ::;: y' I A I Koraa 8HepreTii'IeCKHfi pa36poc Man, H 

(3) 
I A[ 

Im '" • y' n I'" I -w 2 [ Koraa pa36poc ae.1IHK. 
.,. 

3aecb 

A=-
e 2 a 0 nc{3 

2 J, (A, ...!.!_) 
"Po b 

rn h 2 H y J 2 ( ,\ • ) 0- n2 /,\ , 2) 
npO npO 

A ~P - KopeHb rrpoH3BOilHOH ciJyHKUHH BeccenSI. LlnH KOJibUa cooTBeTCTBYJO-a 

WHe HHKpeMeHTbl HeCKOJlbKO yMeHbWSJOTCSI. 

XapaKTepaoit 'lepToit aToit aeycTOH'IHBOCTH SIBJISieTCSI OTCyTCTBHe no-

pora. 
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nanhHeihnee pa3BHTHe aeycTOii'IHBOCTH THna OTPHUaTellbHOii M8CCbl Obi

no HCCneaOB8HO /5/ C IIOMOIUbiO MeToaOB KB83HilHHeitHOii TeOpHH III183Mbl, 

Y CllOBHeM IIpHMeHH.MOCTH MeToaa S!BilSieTCSI M8110CTb OTHOU!eH~SI H8"!81lb-

~W aoro HHKpeMeHTa K H8"l8nbHOMy CpeaaeKB8AP8TH"iHOMY paa6pocy 
0 

OpearronaraeTCSI TaK)I{e, 'iTO aenHHeiiHbiM B3aHMOaeiicTBHeM rapMOHHK B03My-

rueaHii aneKTpH"leCKoro rronSI MO)I{HO rrpeae6pe"lh, OcTanbHbie aorryrueHHSI TaKHe 

)l{e, KaK B nHHeiiaoit TeopHH OTpHUaTenbHOii MaCChi, Toraa !jlyHKUHIO pacrrpe

ae~eHHSI SlleKTpOHOB MO)I{HO IIpeaCT8BHTb B BHAe CyMMbl MeaneHHO MeHSIIOIUeit-

CSI !jJOHOBOii !jlyHKUHH f 
0 

H Ob!CTpO OCUHilllHpyiOIUeH B IIpOCTpaHCTBe H Bpe-

MeHH It 

aH!jl!jly3HH 

• OpoHaBoasr oobi"lHYIO IIJiloueaypy ycpeaaeaHSI, rrony"!HM ypaBHeHHe 

anSI !jJOHOBOii !jlyHKUHH, Via STOro ypaBHeHHSI MO)I{HO IIOily"lHTb Bblpa-

)l{eHHe AnSI aaKoHa coxoaaeHHSI rronaoit aaeorHH IIV"lKa B BHAe 

2 - 2 m 2 I "" c l(nl 
- 2-

1- f R ( w-w ) f 0 d W + - ~ 
2 2 2 

~ con~t, 
2 ""'1;;' n ( w -w ) g ( w 

nr 0 n n n 
(4) 

rae m I - a!jl!jleKTHBH8SI M8CC8 "l8CTHUhl, aBH)I{ylUeiiCSI IIO UHKilH"leCKOit OpOH

Te, R - paaHyC KpHBH3Hbl OpOHTbl, w - cpeaaee 3Ha"leHHe UHKilH"leCKOii "l8C-

TOTbl w (W) 
c 

wo = ,- W - aeiiCTBHTellbH8SI "l8CTb "iaCTOTbl n -oit 
n 

rapMOHHKH pa3110)1{eHHSI ObiCTpO OCUHnnHpy!OIUHX "l8CTeii B PM <t>ypbe, En -

8MIIIlHTyaa n -oit rapMOHHKH aneKTpH"ieCKOrO rronsr, g - !jlyHKUHSI, KOTOpaSI 
n 

Bblp8)1{8eTCSI qepea · COOCTBeHHhle tPYHKUHH aaaa"lH, 0oCKOilbKY a!jl!jleKTHBH8SI 

M8CC8 "i8CTHUbi 0TpHU8TenhH8, C pOCTOM 8MIIIlHTyJlhl aneKTPH"ieCKOrO IIOilSI 

IIpH pa3BHTHH HeyCTOii"lHBOCTR yBenH"lHB8eTCSI B~nH"!HH8 rrepBoro qneHa B Bhl

pa)l{eHHH ( 4), SIB11SIIOIU8SICSI 8H8110rOM IIpOJlOilhHOit TeMIIepaTypbl IIY"'K8, 3TO 

oaaaqaeT yBenH"leHHe aaepreTH"leCKoro paa6poca B rry"lKe, 'iTO B CBOIO oqe

peah aon)I{HO rrpHBeCTH K cpbiBY aeycToii"iHBOCTH. KoaeqaaSI nonaasr aaeprHSI 

aneKTpOMarHHTHOrO IIOilSI rrponopUHOH81lbH8 "leTBepTOii CTeiieHH Ha"iallbHOrO 

HHKpeMeHTa. TaKHM o6paaoM, rroKaaaaa rrpH orrpeaeneHHhiX ycnoBHSIX B03MO)I{

HOCTb CphlB8 HeyCTOii"lHBOCTH Ha HenHHeiiHOii CTaaHH p83BHTHSI, 

OepeltaeM aanee K HeyCTOll"iHBOCTSIM1 Bbi3B8HHbiM HanH"lHeM B aneKTpOH

HOM KOilbUe HeOOilbiUOro K011H"i9CTB8 HOHOB, T,e, K III183M9HHhlM HeycTOli"!H-
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BOCTSIM, Ha"!HeM c oomeHaaecTHOA ny'lKOBoA aeycToA'lHBOCTH, 

HHK89T B 9119KTpOH-HOHHOii II1183M9, VfccneaoBaHHe npoaOilhHOli: 

ycTOit"lHBOCTH B rHapoaHH8MH"i9CKOM npHOilH)I{9HHH B npeHeope: 

Bh!M paa6pOCOM CKOpOCTeit "l8CTHU IIOK83biB89T1 'iTO a!jl!jleKTHBHC 

CTBHe HCIIbiTbiB8IOT "i8CTHUbi, H8XOaSIIUH9CSI B pe30HaHCe C BOll 

Jl8 !jlaaoBaSI CKOpOCTb BOilHbi OllH3K8 K CKOpoc·TH OTHOCHTellbHI 

aneKTpOHOB H HOHOB v 
0

), B CHCTeMe KOOPllHH8T1 CBSI38HHOit 

MH, Mbl HM99M XOpOIUO H3y"leHHbiit Clly"!ait IIpOXO)I{a9HHSI IIY"!K8 

IIIlOTHOCTH CKB03b IIIlOTHYIO III183My. OpH 9TOM B030y)I(Jl9} 

CHMM9TpH"!HbiX MOll B UHilHHapH"l9CKOM IIY"!Ke KpaitHe 38TpyaH 

KpeMeHThi aKcnoaeauHanbHO Manhr, YMeHbiUeHHe HHKpeMeHTa aa 

BOilH XOTSI H HM99T MeCTO, HO He CTOilb CVIUeCTB9HHO 
161• 0liJ 

cny"!ae KpHTH"l9CK8SI anHHa BOilHbi, Bbl"iHC119HH8SI anSI HeorpaHH"il 

3/2 y, 
vo Yo vo - • 

Ka H paaHaSI __ .;..;;._ ( y
0 

= (I- - l , 0 .. n c 2 • 
e 

neHrM,.!OPO~CK8SI "l8CTOT8, n - nnoTHOCTb aneKTpOHOB ) rrp!HifH 

AKP '"' 103 
CM, T,e, 3HB"lHTenhHO rrpeBocxoaHT oollhmoit paaayc 

aoB8T91lbHO, IIpH aaaaHHblX rrapaMeTpaX KOilbU8 npoaonhH8SI ny 

TOit"!HBOCTb B03HHKHYTb He M0)1{9T, 

PaccMoTpeHHe naaeAaoro npH6na*eHHSI _yKaabiBaeT Ha 

B03HHKHOB9HHSI rHJlPOaHHaMH"i9CKOit anepHOaH"i9CKO. H9YCTOii 

Opoxo)l{aeHHe ny"lKa aapsr)l{eHHhiX "!aCTHU CKB03b mrtlaMy, npHBO! 

JleHHIO 9119KTpOMarHHTHblX BOilH, pacnpOCTpaHSIIOIUHXCSI nonepeK 

Tyaa BOilH pacTeT CO BpeMeHeM C HHKpeMeHTOM1 paBHbiM 

rae 

'• 

417e 2 n
1 n I - v----::..

ml 

Yo 
nl.f3oJ2 

f3 - ..!.11. 0 c 
, qHCileHHOe 3H8"ieHH€ 

nocTHraeT 106 ceK-1. OnaaKo npHMeHeHHe MeTonoa KBaaHnHf 

IIOK83biBaeT, 'iTO Ha HenHHeitHOH CTaaHH aeyCTOH"iHBOCTb HC"i93a 

OTHOCHTenhHble IIOTepH 9HeprHH ny"!K8 1 paBHhle 
m e n 1 

t OK. 
mIn e 

M81lb!MH, 3aMeTHM T8K)I{e 1 'iTO TeiiilOBOH paaopoc, He Y"'HThlB 

pOJlHHBMH"ieCKOM nonxoae, yny"liiiaeT ycnoBHSI ycToli:"iHBOCTH B n 

llH)I{eHHH. 
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paaBHTHe HeycToii'IHBOCTH THna oTpauaTeJibHOii MaCChi Obi

- I 
C IIOMOII!b!O MeTO):lOB KBa3HJlHHeHHOH TeopHH nJia3Mbi, 

MeHHMOCTH MeTO):la SIBJISieTCSI MaJIOCTb OTHO~eHHSI Ha'laJib-

t!w Ha'laJibHOMY cpeaHeKsaapaTH'IHOMY paaopocy 
0 

HeJIHHeHHbiM B3aHMO):leHCTBHeM I'apMOHHK B03My

MOJKHO rrpeHeope'lb, OcTaJibHbie aorrymeHHH TaKHe 

oTpHuaTenbHoH Macchi, Toi'aa cpyHKUHJO pacnpe

MOJKHo rrpeacTaBHTb B BHLle CyMMbl MeL{JieHHO MeHSIIO!Ueii

O H ObiCTpO OCUHJIJIHPYJO!UeH B IIpOCTpaHCTBe H Bpe

OLlSI oohi'IHYJO IIJi'OUenypy ycpenHeHHst, rrony'IHM ypaBHeHHe 

OH cpyHKUHH, !13 9TOI'O ypaaHeHHSI MOlKHO IIoJly'IHTb Bblpa-

coxoaHeHHSI IIOJIHOH 9HePI'HH ITV'l:Ka B BHne 

c 
2 

If"" I 
2 

I --
+- I = con~t, 

2 2 2 2 

"7o n ((u -w )g ( w) (4) 
0 n n n 

Sl Macca 'laCTHUbl, LlBHlKy!UeHCSI ITO UHKJIH'IeCKOH opoH

w - CpenHee 3Ha'leHHe UHKJIH'IeCKOH 'laC-

w - L{eHCTBHTeJlbHast 'laCTb '!aCTOTbl n -oft 
n 

oCUHJIJIHPYIOIIIHX 'la<;::Teft B PM ¢lypbe, £ n -

KH 9JleKTpH'IeCKOI'O IIOJlSI, g n - cpyHKUHSI, KOTopasr 

CoOCTBeHHbie tPYHKUHH aana'IH, 0 OCKOJlbKy a<j>cpeKTHBHasr 

TeJlbHa, C poCTOM aMrrJIHTYtlbl 3JieKTPH'!eCKOI'O ITOJISI 

HBOCT_H yaeJIH'IHBaeTCSI BeJlH'IHHa rrepBoi'O 'IJleHa B Bbl
l 

SICSI aHaJioi'oM rrpotlOJlbHOH TeMrrepaTypbl IIY'!Ka, 3To 

e 3Hepi'eTH'IeCKOI'O paa6poca B IIY'IKe, '!To B CBOIO oqe

H K CpbiBY HeycToH'!HBOCTH, KoHe'!Hasr rronHast aHepi'HSI 

ITOJISI IIporropUHoHaJlbHa 'leTBepToH CTerreHH Ha'!aJlbHOI'O 

IIOKaaaaa IIpH orrpeaeJieHHbiX ycJIOBHSIX B03MOlK

Ha HeJIHHeHHoH CTaLlHH pa3BHTHSI, 

HeyCTOH'IHBOCTSIM, Bbi3BaHHbiM HaJIH'!HeM B 3JleKTpoH

KOJlH'!eCTBa HOHOB, T,e, K IIJiaaMeHHbiM HeyCTOR'IH-

6 

~ 

•,' I>' 

--A~i-
·;·~{~' 

-: ··I .)J_ 

BOCTSIM, Ha'!HeM C 061UeH3BeCTHOH rry'IKOBOH He~CTOH'IHBOCTH, KOTOpasr B03-

HHKaeT B aneKTPOH-HOHHOH rrJia3Me, J1ccnenoaaRHe IIPOLlOJlbHOH rry'IKOBOH Re

ycTOH'!HBOCTH B F.HLlPOLlHHaMH'!eCKOM rrpHOJlHJKeHHH B rrpeRe6peJKeHHH TerrJio

BbiM paa6pOCOM CKOpOCTeH '!8CTHU IIOKa3biBaeT, 'ITO acpcpeKTHBHoe B3aHMOL{eH

CTBHe HCIIb!TbiBa!OT 'laCTHUbi, RaXoL{SIII!HeCsr B peaOHaRCe C BOJlHOH ( KOI'

na cpaaosag CKopOCTb BOJIHbl OJlH3Ka K CKopoCTH oTHoCHTeJlbHOI'O LlBHlKeHHSI' 

aJieKTpoROB H HOHOB V
0
), 8 CHCTeMe KoopL{HHaT, CBSI38HHOH C 3JieKTpoHa

MH, Mbl HMeeM Xopo!UO H3y'leHHbiH CJly'laH rrpoXOlKJleHHSI rry'!Ka HOHOB MaJioil: 

IIJIOTHOCTH CKB03b IIJloTHYIO IIJiaaMy, DpH 3TOM B030YJKLleHHe aKCHaJlbHO 

CHMMeTpH'!HhiX MOLl B UHJlHHLlPH'IeCKOM rry'I:Ke KpaftHe 3aTpynHeHo, T,K, HH-

KpeMeRTbi aKCrroReHUHaJibRo MaJibi, YMeHbliieRHe HHKpeMeRTa aaHMyTaJibHhiX 

BOJIH XOTSI H HMeeT MeCTo. HO He CTOJlb CV!UeCTBeHHO /B/. 0aHaKo B Ha!UeM 

cnyqae KpHTH'leCKaH L{JlHHa BOJlHbi, Bbi'IHCJleHHaSI tlJlSI HeorpaRH'IeHHOI'O, nyq-

3/2 4 2 v o y 0 v0 -Yz TT e n., 
( y 0 = {1- -) • n =v---

c 2 • m • 
Ka H paaRaH n .. 
JieHT'M!OpoBCKasr 'laCTOTa. n - IIJlOTHOCTb 3JleKTpOHOB I "PHf'llfMBe'l' 31fB'1eRKe 

A Kp 
12 1 o3 

CM, T.e. 3Ha'IHTeJlbHO rrpeBOCXOLlHT 60Jlbii!Oii panHyc ,COJlbUa. Cne-

noaaTeJibHO, npa aanaHHbiX napaMeTpax KOJibUa rrpononbRasr ny'IKoBasr Reyc

ToA'!HBoCTb B03HHKHYTb He MOJKeT, 

PaccMoTpeRae JIHHeii:Roro rrpH6JIHJKeHHSI yKaahisaeT Ra aoaMoJKRoCTb 

B03HHKHOB9HHSI I"HtlPOtlHHaMH'IeCKoii anepHOL{H'I9CKO. HeyCToH'IHBOCTH /7/, 

DpoXOJKL{eRHe ny'IKa aapsrJKeHHhiX '!aCTHU CKBoab nntlaMy, npHBoLlHT K aoa6yli<-

neRHJO 3JleKTpoMai"HHTHbiX BOJlH, pacrrpocTpaHHIOIIIHXCSI rrorrepeK IIY'I:Ka, aMrrJIH

TYtl8 BOJIH pacTeT CO BpeMeHeM C HHKpeMeHTOM, paBHbiM 

4rre 2 n
1 

{} I • y--__;,-
ml 

I'tle 

Yo 
n,.f3oJ2 

f3 .. ~ 
0 c 

'·• 

(5) 

, qHCJleHHOe 3H8'19HH9 HHKpeMeHTa 

nocTHraeT 106 ceK-1, OuaaKo rrpHMeHeHHe MeToaos KaaaHnHHeftaott Teopaa 

IIOK83b!BaeT, 'ITO Ha HeJIHHeftHOH CT8LlHH HeycToH'IHBOCTb HC'Ie3aeTI1f!,rrpH'IeM 

OTHOCHTeJibHble IIOTepH 9Hepi"HH IIY'I:Ka, paBHbie _m......;":-"..:l.__ , OK83b!B810TCSI 
mIn e 

M8JlhiMHo 3aMeTHM T8KJK9 0 'ITO TeiiJlOBOH paa6poc, He Y'IHTbiB89MbiH B I'Htl-

potlHH8MH'I9CKOM IIOLlXOLle, yny'lmaeT yCJloBHSI yCTOH'IHBOCTH B JlHHeHHOM I1pH6-

JlHlK9HHH. 
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Hay~HM aaTeM aonpoc o6 ycToA~HBOCTH sneKTpoH-HOHHoro Kon&ua no 

OTHOWeHRlO K nonepe~HblM R3rH68HHSIM /8/ • PeweHHe LlHCnepCROHHOrO ypaB

HeHHSI nOK83biBaeT, ~TO CyWeCTByeT Y3KOpe30H8HCH8SI o6naCTb HeyCTOfi~HBbiX 

MOLl, LlllSI KOTOpbiX KpRTH~eCK8SI LlllRHa BonHbl LlllSI Bbi6p8HHbiX 3Ha~eHRfi na

paMeTpOB KOn&Ua BHOBb OK83biB8eTCSI 6on&wofi no Cp8BHeHRlO C pa3MepaMR 

KOllbU8, PaCCMOTpHM HH3K0~8CTOTHbie IIOTeHUH8llbHbie KOne6aHHSI B SlleKTpOH

ROHHOfi CHCTeMe H8 npRMepe URIIRHLlpH~eCKOrO CIIOSI pellSITHBRCTCKHX ~8CTHU1 
BP8III8lOIIIHXCSI B OLlHOpOLlHOM MarHHTHOM none / 9 / • C nOMOIIIblO llHHeapuao

B8HHOro KRHeTHqecKoro ypaaHeHHSI R ypaBHeHHSI nyaCCOHa nonyqHM LlR~~peH-

UH8llbHOe ypaBHeHHe LlllSI nOTeHUH8118 SlleKTpH~eCKOro nOIISI ~ • CLlenaeM 

a Llan&aefiweM ynpowaJOIIIHe npeLlnono)KeHHSI: ~acToTa Kone6aHHfi MHoro MeHb

we" UR KllOTpOHHOfi qaCTOTbJ ~8CTHU 1 ~830B8SI CKOpOCTb BOIIH MHOro MeHbWe 

CKOpOCTR CBeTa, pacnpeLlelleHHe ~aCTHU no npOLlOllbHbiM
1 

T,e, BLlOllb MarHRT

HOro nOIIS11 RMnyn&C8M HepellSITRBHCTCKOe, npOLlOllbH8SI LlllRHa BOIIH MHOrO 

~eHbWe PBLlHYCa CIIOSI, B STOM Clly~ae MeTOLlOM reoMeTpH~eCKOfi OnTRKH 

MO)KHO HafiTH CneKTp KOlle6aHRfi CIIOS11 a C nOMOIIIblO TeOpHH BcxBMyiiieHHii Be

IIR~RHY RHKpeMeHTa •• Kone6aHHSI MOLlbi c In I • I , cooTBeTCTBYJOIIIRe HOH

HOMY 3BYKY B OLlHOpOLlHOfi nlla3Me, OK83biB8lOTCSI HeyCTOfi~HBbiMH 1 RHKpe

MeHT HapaCT8HHSI KOlle6aHRii paBeH 

n 2 
Jmw = v'; __:_ ___ w 

0
1 clk 3 lu., 

00 - 2 - dr/J 2 
J d~ fyl+u sl-1 ~ 

0 P e d~ 

(6) or d~f~ ,~,2 
d ~ 

rLle k 3 - npOAOllbHOe aonaoaoe ~Reno, WHKUHSI orrHCbiBaeT pacrrpeAe-

neaue ~aCTHU rrorrepeK MarHHTHoro rronSI, u 2 
pe 

u2 

" 
Bbipa)KaJOTCSI qepea 

CpeLlHee 3Ha~eHRe KB8LlpaTa COOTBeTCTBeHHO IIOIIepeqaoro R IIpOLlOllbHOro 

HMIIYllbCa SlleKTpOHa, n - llHHeiiH8SI IIIIOTHOCTb qaCTHU, noA06HaSI KHHeTH-

qecKa5! HeyCTOiiqHBOCTb COOTBeTCTByeT Llpefi~OBOii HeyCTOJiqHBOCTH B cna-
• 

60HeOAHOPOAHOfi HepellSITHBHCTCKOfi IIII83Me, ~O)KHO IIOK838Tb
1 

qTo All5! or-

paHHqeHHOrO BllOllb MarHRTHOrO IIOIISI cryCTK8 1 AIIHH8 KOTOporo MHOrO MeHb

We OTHOWeHRSI TeJIIIOBOH CKOpOCTH qaCTHU K qaCTOTe BOIIHhi
1 

STa HeyCTOH

qRBOCTb He ycrresaeT pa3BHTbC5!, 0ueHKH IIOK83hiB8lOT1 qTQ STO HMeeT MeCTO 

8 

_. 
_,. 

:e uau~eM cny~aE!, BbinH paccMoTpeHhl T8K)Ke paanuqH&Ie cnocotS1 

ueycTot.~HBOCTeA Ha HellHHeAuofi CTaARR paaaHTHSI. B peayn&TaTe 

HHSI pa3BHTOA BbiCOKO~aCTOTHOft Typ6yneHTHOCTH H8 yCTOft~HBI 

B HH3K0~8CTOTHOft 06llaCTH OK838llCCb B03M0)1{HbiM IIOA8~HTb pst 

BOCTeft, OAH8KO AIISI KOnbU8 IIOA06HbJe MeTOAbi H8XOASITCSI B CT8! 

TaKHM o6paaoM, HccneAoBaHHe paanHqHbiX xapaKTepHbiX 

cnyqaSI MOAeneft II03BOIISieT Bblp83HTb H8Ae)KAY H8 TO, ~TO 38 I 

HHSI H JIOClleAyJOIIIero yCKOpeHHSI SlleKTpOH-HOHHOrO KOllbU8 HeJ 

He ycrreJOT p83BHTbCSI AO ypOBHSI 1 KOTOpblft MOr 6bi IIpHBeCTH K p 

ua. 
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aTeM BOnpoc 06 yCTQHqHBOCTH sneKTpOH-HOHHOrO KonbUB no 

onepeqaLIM H3rH6aHH.HM IBI. Peweaue llHCnepcuoaaoro ypaB

aeT, qTo cywecTByeT yaKopeaoaaacaa.s~ o6nacTb aeycToftqHBLIX 

LIX KpHTuqecKa.H anuaa sonHLI an.s~ BLI6paaaLix aaaqeauA na

na BHOBb OK83biB89TC.SI 60nbWOft ITO CpBBHSHHIO C pa3MepaMH 

TpHM HH3KOqacTOTHbie noTeHUHanbHbiS KOne6aHH.SI B sneKTpOH

Ha npHMepe UHnHHllpHqecKoro CnO.H pen.HTHBHCTCKHX qaCTHU, 

OllHOpOllHOM MarHHTHOM none 191• C nOMOWbiO nuaeapH3o

qecKoro ypaBHeHH.H H ypaBHeHH.H Tiyaccoaa nonyqHM llH~$epea

eaue un.s~ noTeauuana sneKTpuqecKoro non.s~ t/1 • CuenaeM 

npowaiOwue npeanono)f{eHus:~: qacToTa Kone6aauA MHoro MeHb

oA qaCTOTbi qaCTHU, ~30Ba.H CKOpOCTb BOnH MHOro MeHbWe 

, pacnpeaeneaue qacTHU no npoaonbHLIM, T.e. saonb MarHHT

YnbCaM aepen.HTHBHCTCKoe, npouonbHa.H unuaa Bona MHoro 

a cno.H. B STOM Cnyqae MeTOl!OM reoMeTpuqeCKOft OfiTHKH 

eKTp Kone6aauli cno.H, a c noMOWbiO Teopuu BOOMyweauli Be

RTa. Kone6aHHH MOllbi c I nl• I , COOTBeTCTBYIOWHe HOH-
>llHOpOl!HOJi rrna3Me, OKa3biBaiOTCH HeyCTOftqHBbiMHt HHKpe

H Kone6aauli paBeH 

2 
w 

clk 3 lue 

2 - dt/J 2 J d" fyl+u sl-1 ~ 
0 pe d~ 

)"' d. f ~ I d If/ I 2 

d ~ 

(6) 

bHOe BOnHOBoe qHcno, ~YHKUHH 

nepeK MarHHTHoro rrons:~, u 2 

onHCLIBaeT pacnpeae
~ 

pe 
He KBBllpaTa COOTBeTCTBeHHO 

u 
2 

Bblpa)f{BIOTCH qepe3 e 

nonepeqaoro u npoaonhaoro 

OHa, n - nHHeilaag nnOTHOCTb qaCTHU. TIOll06Ha.H KHHeTH

HBOCTb COOTBeTCTByeT llpeli~OBOA HeyCT~HqHBOCTH B cna-

Hepen.HTHBIICTCKOii nnaaMe. Mo)f{HO noKa3aTb, qTo ans:~ or

nb MarHHTHoro rrons:~ crycTKa, unuaa KOToporo MHoro MeHb

'ennoBoli CKOpOCTI! qaCTHU K qaCTOTe 
BOnHbi, 9Ta HeycToli

aeT pa3BHTbcs:~. OueHKH rroKa3LIBBIOT, qTo sTo I!MeeT MecTo 

8 

,. 

B aa..:IeM cnyqaE~. BLinH paccMOTpeHLI TaK)f{e paanuqaLie cnoco6bi noaaBneHHSI 

aeycTor.qusocTeft sa aenuaeftaoft cTallHH pa3BHTHH. B peaynbTaTe yqeTa snuSI

HHSI pa3BHTOft BbiCOKOqacTOTHOft Typ6yneHTHOCTH Ha ycToftqHBOCTb nna3Mbl 

B HH3KoqacTOTHOft o6naCTH OKa3anCCb B03MO)f{HbiM noaa~HTb PSill HeycToftqH

BOCTeft, OllHaKO llnH KOnbUa nOll06Hbie M9TOllbl HaXOllSITCSI B CTal!HH H3yqeHHSio 

TaKHM o6paaoM, uccneuoBaRHe paanuqHLIX xapaKTepHLIX anR aawero 

cnyqag MOlleneA n03BOnSieT Bblp83HTb Hal19)f{llY Ha TO, qTo 3a BpeMH C03lla

HH.SI H nocneayiOwero yCKOpeRHH sneKTpOR-HOHHOro KOnbUB HeycToftqHBOCTH 

He ycneiOT pa3BHTbC.SI llO ypOBH.H, KOTOpblli MOr 6bi npHBeCTH K pa3Bany KOnb

ua. 
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