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npoXO)f{lleHHe pe30H8HCa p8llH81lbHblX 6eT8TpOHHbiX KOne6aHHH Q r = 1 

B KOillleKTHBHOM MeTolle yCKOpeHH51 0 B03MO)f{HOe IIpH 38IIOIIHeHHH <JneKTpOH

HOro Konbua HollaMH, nH6o rrpH BbiBolle ero 113 aare3aTopa, BrrepBbie pac

cMaTpHBanocb B pa6oTe Ill. nony'IeHHbie B HeH Tpe6oBaHH51 K 83HMyTallbHOH 

OllHOpOllHOCTH yaep)f{HBBJOIUero MarHHTHoro rrong 6biiiH oqeHb BbiCOKHMH. B 

aeRCTBHTellbHOCTH 9K~nepHMeHTbl C rry'IKOM IIOK83biB810T, 'ITO OHH He CTOilb 

)f{eCTKH 121. Bo3MO)f{HO, aTo o6'bHCHHeTC51 KorepeHTHbiM llBH)f{eHHeM aneKTpo

HOB B KOilbUe IIOil lleHCTBHeM B03MyiUBIOIUHX CHII ! 3 ,4 1. Heo6XOllHMbiM ycno-

BHeM KorepeHTHOCTH 5IBJIHeTCH MBIIOCTb cpellHeKB8llp8TH'IHOrO pa36poca 6e-

T8TpOHHb!X 'IBCTOT qaCTHU IIO cpaBHeHHIO C KyllOHOBCKOH nonpaBKOH K 'I8CTO

TP, CBH38HHOi\ C HOH8MH /41 x/. B o6paTHOM cnyqae nonyqa IOTCH pe3yllb

T8Tbl pa6oTbi 
111• BnHBHHe HeiiHHeRHocTH BHeWHero MarHIITHoro nong 6e

TaTpoHHoro Tl!na He yny'IUJaeT ycnoBHR rrpoxox<lleHH51 pe30HaHca I 11. 

B aToR pa6oTe Mbi aHanH311pyeM npoXO)f{lleHHe uenoro pe3oHaHca B 

HeKorepeHTHOM CJiyqae C y'IeTOM HellHHei\HOCTH C06CTBeHHbiX noneR KOIIbUB. 

npH orrpeaeneHHOH KOH¢HrypauHH 38p5Ill0B o6ecne'IHBaeTC51 )f{eCTK851 xapaKTe-

pHCf"HKa ~eTaTpOHHblX Kone6aHHU H., COOTBeTCTBeHHO, 6narOIIpi!SITHOe IIpOXO)Klle

HHe pe3oHaHca. KpoMe Toro, B paMKax nHHeRHoro rrpH6JIH)f{eHH51 yTO'IHBJOTCSI 

pe3yllbTaTbl pa6oTbl I 1 I, KacaJOmHecB rrpoXO)f{JleHHB rrapaMeTpHqecKoro pe3o-

H8HC8. 

xl 
·3TO YCIIORIHO' /H>.n:>KHO 6b1Tb cornaCOBaH·o· C Tpe6oBaHH5IMH. IIpOllOilb-

HOI KOren0HTHOH YCTOI'IHBOCTI! KOIIbUB. 
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1. napaMeTpHqeCKHft peaOH8HC 

M hi paccMaTpHBaeM rrpoxoJK.lleHHe peaoaaaca Q, = 1 rrpH aarronHeHHH 

KOnbua HOHaMH. YpaBHeHHe paaHanbHoro .llBHJKeHHH aneKTpoHoB HMeeT BH.ll: 

2 
d X 2 2 

--- + Q W X = a COS W t + X b COS 2 W t , ( 1 ) 
dt 2 

rae X -p8.!1H8nbHOe OTKnOHeHHe OT paBHOBeCHOil op6HTbii W -qacTOTa o6pa-

2 !! H 
meHHH qacTHU B KOnbue; a = w R ( ---) 1 xapaKTepHayeT rrepsy10 rapMoHHKY 

H 

OTKnoHeHHH BHeiUHero rrong OT aaHMyTanbHO O.llHOpO.llHOro; b = W 
2 

( !J. n )2 -

BenHqHH8 0 CBHa8HH8H CO BTOpOti rapMOHHKOft BOaMyiUeHHR rpa,llHeHT8. rrong; 
l-S 

Q = [ 1- n- p.-!! Q; ( t) ] -6eapaaMepnag qacToTa 6eTaTpoHHhiX Kone-

6aHHil; n : /l H !J. Q i -IIOKaaaTenb CII8.!18 IIOng H KynOHOBCKHe IIOIIp8BKH K 

HeMy CO CTOpOHbl aneKTpOHOB H HOHOB COOTBeTCTBeHHOo B .!18nbHetiiUeM 6y

,lleM cqHT8Tb poeT Q BO BpeMeHH nHHei!HbiM. 

Hcrronbayg MeTo.ll ycpeaaeHHR BoroniD6osa-Kphinosa 151 rrepet!aeM oT 

(I) K ypaBHeHHRM Me,llneHHOrO .llBHlKeHHR: 

dl 
= a y' I sin¢ - {3 I sin 2 ¢ 

d (1 -. d¢ 
- a cos ¢ - _{}_ cos 2 ¢ -= Q'(() - (} ) 

d(} pea. 2y1 2 

rae 

a b 
a =~ , {3 = 2:2 (} = w t 

(} pea - aaaqeHHe 6eapaaMepBoro BpeMeHH, COOTBeTCTBYIOIUee Q 

Q' Lg 
2 

N. i y2 1 
w t 

aarr. e 

g 
r N. R 2 1 

KD t (-) 

y a w t 
aan. 

( 2a) 

( 26) 

1.; 

(3) 

N ; -Koaeqaag rroroaaag rrnoTHOCTb HoHoB; y -penHTHBHCTCKHil <jlaKTop 

aneKTpoHoB; ' Kn - KnaccHqecKHft paaHyc aneKTpoaa; R H a -paaHyc H 

Manhlil paaMep Kom,ua; t aarr -BpeMH aarronaeaHH KOnbua HOHBMH • 

4 

~~ 

)J 
J ·~' 

0TKnoHeBHe X BbipaJKaeTCH qepea HOBbie nepeMeHH 

.llY!OIUHM o6paaoM: 
V' I cos ( ¢ + 0 ) . X 

OrpaBHqHBaHCb aaanHaoM rrapaMeTpHqecKoro pe30Hc 

( 2), onycTHM qneHhi, rrporropuHoBanbHbie a 

XapaKTepHbiM .!lnR rrapaMeTpHqecKoro peaoaaaca HB; 

peaoaaacaot! rronOCbi, rronymHpHHa KOTopot! paBHa {3 I 2 

IIpOXO.llHTCH aa BpeMH 

2 !! (} 
{3 

Q' 
B aopeaoHaHCHoft o6nacTH B ypaBHeHHH ( 26) MOJKHC 

HOM, rrporropuHoHanbHhiM f3 • YqTeM, qTo B aaqane aar 

MH BenHqHH8 Q . 3H8qHTenbHO OTnHqaeTCH OT e)lHHHUbl 0 

o6naCTbiD HaMeBeHHR (} .!10 ,(} 1"" (} pea -p.!J.(} ,.,. 

pyeM cHcTeMy ( 2), rronarag BaqanbBoe aBaqeaHe <Paabi 1 

qTo COOTBeTCTByeT M8KCHManbHOMY pOCTY aMIInHTY.llbi. 

B peaynbTaTe rronyqaeM: 

I I 

10 
e 

{3 " --r-v-· -,. Q' 

B oKpecTHOCTH peaoaaaca B ypaBHeHHH (26) ocTaBnHeM 

CBH38HHbiil C {! 

<jlopMynoft 

12 

I I 
e 

Toraa H3MeaeHHe senuqHHI>I I B a1 

2 2 
2 {3 ,.,. 

~ 

B o6nacTH rrocne peaoHaaca aaKoH H3MeHeHHH I T8KOil 

30H8HCHOi!. 
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Q, = } rrpH 38llO.IIHeHHH 

Sl aneKTpOHOB HMeeT BHll: 

(I) 

op6HTblj W -'laCTOTa o6pa-

TepnayeT rrepByiO rapMOHHKy 

poaRoro; b = w 
2 

( ~ n )
2

-

eRns: rpaaneaTa nons:; 

8CTOT8 6eTaTpOHHblX KO.Ile-

KynoRoBCKHe nonpaBKH K 

BeHHo, B aanhHei1:meM 6y-

Kpb'"OB8 / 5 / • u• rrepeH.QeM OT 

j}_ cos 2 ¢ 
2 

OTBeTCTByiOIIIee Q 

a w t 
aan. 

( 2a) 

(26) 

1: 

( 3) 

e.IISITHBHCTCKHH 4>aKTOp 

a -paanyc H 

KO.IlbUa HOH8MH • 

0TKnoHeHHe x BbipalKaeTcs: qepea HOBbie nepeMeHHbie I , ¢ cne

llYIOIIIKM o6paaoM: 
X = ...,;·I cos ( ¢ + (} ) . 

OrpaHH'IHBas:cb aHannaoM napaMeTpnqecKoro pe3oHaHca B cncTeMe 

( 2) 0 onyCTHM 'I.II9Hbl 0 nporrOpUHOH8.1IbHbl9 a 

XapaKTepHbiM ans: napaMeTpnqecKoro peaoaaaca s:Bns:eTcs: HB.IIH'IHe 

peaoaaacaoli: nonocbi 0 nonyuiHpHHa KOTopoli: pasHa f3 I 2 • 3Ta nonoca 

rrpOXOllHTCSI 38 Bp9MSI 

2 ~ (} f3 
Q, 

(4) 

B aopeaoRaRCHoli: o6nacTH B ypaBH9HHH (26) Mo~Ho npeae6pe'lb qne-

HOM, nponopUHOH8.1IbHb!M {3 o Y'ITeM, 'ITO B H8'18.1Ie aarpy3KH KO.IlbU8 HOHa-

MH Be.IIH'IHH8 Q 3H8'1HTe.llbHO OT.IIH'I89TCSI OT e)lHHHUbl 0 H orpaHH'IHMCSI 

OO.II8CTb!O H3MeBeHHSI (} llO 

pyeM CHCTeMy ( 2) 0 llO.Ilaras: H8'18.1IbH09 3H8'1eHHe 4>a3bl cp O 

'ITO COOTBeTCTByeT M8KCHM8.1IbHOMY pOCTY aMTI.IIHTYllb!, 

B peaynhTaTe nony'laeM: 

e 

f3 v 17 
""T Q' 

1 ) • HHTerpn

" =- +Q'(} 
8 pea,, 

( 5) 

B oKpecTHOCTH peaoaaHca B ypaBHeHHH ( 26) ocTaBmieM rnaBH.bili: 'lneH, 

CBSI38HHb!H C ~ 

e 

Toraa H3MeHeHne BenH'IHHhi I B 9Toli: o6nacTn naeTcs: 

2 2 
2 f3 p. 

Q' 
( 6) 

B o6nacTH nocne peaoHaHca aaKoH H3MeHeHHH I TaKoli: ~e, KaK H B nope-

30H8HCHOH. 
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AcnMnToTnqecKoe 3HaqeHne I e ... oo 
1 nony-1 COOTBeTCTByJOIUee 

00 

qaeM C llOMOIUbJO (5) H ( 6) 

f3 v -~ + 
I 

0 
e · 

2JL2f32 
.Q' 

( 7) 

npH 6b1C'!'p0M llpOXO)KJleHHH pe30H8HC8 1 KOr)la qaCTHU8 Hl'lXOJlHTCSI 

Manoe BpeMSI B pe30HBHCHOI1 o6naCTH ( 2 A e = ~' « ·1 ' I KB8Jlp8THqHblM 

qneHOM B llOK838Tene 8KCllOHeHTbl <fJopMynhi ( 7) MO)KHO npeHe6peqb: B pe-

3ynbT8Te Mbl nonyqaeM pe3ynbT8T pa60Tbl I I I. npn MeaneHHOM npoXO)KJle

HHH pOCT 8MllnHTYJlhl llpOHCXOJlHT B OCHOBHOM ~ pe30H8HCHO~ o6naCTH H 

onpenenSieTCSI KBaapaTnqHI>IM qne}ioM B !f>opMyne ( 7). Pe3ynbTaTh1 namero 

nonyKaqecTBeHHoro paccMoTpeHnSI .. xopomo cornacyiOTCSI c ToqHbiM pemeHneM 

3aaaqn o npoXO)f<neHnu napaMeTpuqecKoro pe3c)l!aHca, Jl8HHhiM B pa6oTe 161. 

OKoHqaTenhHo Mhi npHXOLll!M K BbiBOJly, qTo, nnH 6naronpnSITHoro npo

XO)f<neHIISI napaMeTpnqecKoro peGoHaHca Heo6xonnMo nwnonHeHHe ycnoBHSI, 
{1 

Q ' 
II; 

yKa3aHHoro B • --::<.. I 

2. BnnSIHHe HenHHeiiHOCTI! co6cTBeHHbiX noneii Konhna Ha ..... 
npoxomneHI!e uenoro pe3oHaHca 

B pa6oTe 1 11 npoxO)f<LleHHe HeKorepeHTHoro uenoro pe3ouaHca uccne-

aoaanocb B npeanono)KeHHII o miHeiiuocTI! co6cTBeHHbiX noneil KOnblla. 

M bl yqTeM Ky6nqecKue nonpaBKH B nonHx, cooTBeTCTByJOume rayccon

CKOMY pacrrpeneneHHIO nnoTHOCTII no ceqeHHIO Konhua. TaKoi1 3aKOH 1131\le

HeHHSI rrnoTHOCTH Ha6nJOaancSI aKcneplll\leHTanbHO 17 I. KpoMe Toro, npenno-

nO)KHM, qTO OTHOIUeHHe KBanpaTOB ManbiX p83M8pOB aneKTpOHHOrO I! llOHHOrO 

a ) 2 xl 
ceqe.Hnii ( --~- = .g Mo)KeT oTnnqaTbCSI oT eaHHIIUbl • KynoHoBCKHe non pan-

at .. 

KH K llOK838TenJO Cll8Jl8 B 8TOM cnyqae HMeJOT BHJl: 

xl 
HanpnMepl anna6aTnqecKn C)KHMaSI ~neKTpoHHO-HOHHoe KOnbuo, 

MO)KHO nonyqHTb a > a 
~ 

6 

~~ 
r~~ 

,I 
) 
I 

.1 

. ~.1 

~ 
i 
1 ., 
I, 
I 

i 

J1 
2 r Kn N e 

( 
R 

) 2 , 
y 3 a e 

~ 0; 
N. 2 __ , 

y N 2 (l) 

J1 Q'O 
e 

38ll 

rne N ~ -noroHHaSI nnoTHOCTb aneKTpoHoB. 

g 0 

B cncTeMe ( 2) 
3 

no6aBHM qneH M 11 

nonO)KHM f-3 = 0 
2 Q' 

H B llt18BYJO qaCTf 

(I - -- g 0) I 
11 • CBSI38HHhli1 C HenH 

BeHHbiX noneii aneKTpoHHoro n noHHoro Koneu. 

'.!.() '() - fl 
BseneM ¢yHKLI~JO ~·= c r; = , g + 11 g - fl, r; 

Torna cJJcTeMa ypasneHHii, Jll!JCbiBaiOniaSI MenneHHoe 

paTa 8MllnllTYJlb1 II ¢a3bl Kone6aHHi11 HMeeT BH)l: 

d I 

dO 

d ,f> 

d () 

- a \ I 

IL' - 1 

2 {!. 

sifl ¢ 

r; 
·~ 

16 

a 
r; u I - -- cos ¢ 

2 \ I 

nonO)KI!TenbH0e 3HaqeHHSI (; B yp8BH8HHH (106) COOTB8TC 

xapaKTepi!CTIIKe Kone6aHni1, oTpnuaTenbHbie - )KeCTKoi1. 3Ha 

llpl! ~111KCI!pOB8HHblX n H fl onpenenSieTcH sennqnHoi1 g 

CTaunoHapHaSI pe3oHaHcHaSI KpHJ38SI npn G > 0 nMee· 

neHHbiii Ha pnc. I. CnnoWHbie nnHHH cooTBeTCTBYJOT ycToii'i 

"8pHblM pelli8Hli51M CHCT8Mbl ( J0) 1 nyHKTHpH851 - HeycToitqH 

G ' n HaqanhHoe 3HAqeHne u· 11 MeHbiUe w = w 
0 

IUeCTB)'llYT TpH CT8UH'DilapHLIX peiUeHHSI ('10). npn Me)lneHHO 

7 



IOIIIee () -+ 00 , rrony-

( 7) 

08 qaCTHU8 HBXOOHTCH 

« ·1 ' 
1 KBaopaTHqHb!M 

npH MeoneHHOM llpOXO~Oe-

eaoaaHcHo~ o6nacru u 

( 7), PeaynbT8Tbi Hamero 

YIOTCH C TOqHbiM pemeHHeM 

HCa, 08HHbiM B pa6oTe /6/, 

anH 6narorrpHHTHoro rrpo-

MO BhliTOnHeHHe ycnDBHH, 

KDnblW Ha 

uenoro pe3oHaHca uccne-

ODTBeTCTByiOUllle rayCCOB-

bua. TaKoii aaKoH ua~1e-

17 I, KpoMe roro, rrpenrro-

OB 3neKTpOHHOrO II IIDHHOrO 

nuw x/. KynoHoBcKne rrorrpaB-

a: 

OHHO-HDHHOe KOnbUO, 

l R 
p. ( ( 8) y 3 a e 

Q'O 
2 w 

g 0 (9) 

a an 

rae N e -noroHHaH rrnoTHDCTb 3neKTpOHOB, 

B cucTeMe ( 2) 
3 

Ll06aBHM qneH --yg- p. 

rrono~HM {3 = 0 
2 Q' H B ITilaByiO qaCTb ypaBI!eHHH ( 26) 

(I - -- g 0) I, 
p. CBH3aHHhlii C HenHHeiiHOCTbiO C06CT-

BeHHbiX rroneii 3neKTpOHHOrO H IIDIIHOro KOneu, 

BBeneM ~YHKuuro w·= 
2fj , () - fl 

Toraa CIICTCMa ypaBHeHIIl!, JIT!!CbiBa!OlllDH MeaneHHOe H3Mel!ei!He KBilLl-

paTa aMITnHTYLlbl ll ¢a3bl KOne6aHHii, HMeeT BHLl! 

d I 

dO 

d () 

- a \ I stn ¢ 

u. - 1 

2g 

(1 

/6 
r; u I - cos ¢ 

2 \I 

(lOa) 

( 106) 

nono~l!Tenbllhi'e 3HaqeHHH (; B ypaBHeHHH ( 106) COOTBeTCTBYIOT MHrKOH 

xapaKrepncTnKe Kone6aHnii, orpnuarenhHwe - ~ecrKoA, 3HaK BenHqHHhl G 

rrpn chiKCIIpOBai!HhiX n ll fl orrpenenHeTCH BenHqHHOA g 

C.Y.aunoHapHaH peaoHalicHag Kpn~aH rrpH G > 0 HMeer BHLl, npeacTaB-

neHIII>II1 118 puc. 1. CrrnOWHbie nHHHH COOTBeTCTBYIOT YCTOA'iHBbiM CTaUHD

•·apHbiM pemeHIISJM CHCTeMbi ( 10), rryHKTHpHaH - HeycToil:qHBbiM, B cnyqae 

G ' 0 MeHhrne w = w 
0 

u·H 
1 3a KOTOpb!M cy-

mecTB)'IOT TpH CTaUHDH<lpHbiX perneHHH flO}, npH MeaneHHOM pOCTe BennqHHbl 
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W 1 COOTB9TCTBy~meM aanonHeHH~ KOnhUa HOHaMH, aMnnHTyaa KOne5aaua 

aoapacTaeT, ocTaBaHCh a5nH3H BeTBH I 

Aaanua cny'laH G < 0 MO)KHO npoaecTH, ucnonh3YH Ty *e peaoaaac-

ay~ KpHBy~. ilnH aToro aaMeHHM G Ha I G I H HeH3B9CTHy~ ¢ Ha 

¢' = rr - ¢ • nony'!eHHaH CHCTeMa ypaBH9HHfi COBnaaaeT no BHay C ( 10) 

npH G ·> 0 • Ha onpeaeneHHH BHaHo, 'ITO B aToM cnyqae oaa yMeHhWa-

eTCH npH npoxo~eHHH peaoHaaca. Opu aTOM w > w 
0 

H poeT aMnnuTyahi 
H 

BHa'!ane uaeT aaonb nHHHH Ill 
1 a 3aTeM aCHMnTOTH'IeCKH CTp9MHTCH K 

JJJ!:IIHH I 
orpaHH'IeH. • TaKHM o5paaoM, poeT aMnnuTyahi G < 0 rrpH 

Ha puc. B Ka'I9CTBe npuMepa npHBeaeHbl peaynhTaTbl 'IUCneHHOrO UHTerpH-

pOBaHUH CHCT9Mbl ( 10) npu cneny~ll:{HX 3Ha'I9HUHX napaMeTpoB: 

g = 0,25' G -3 
= 2·10 ' 

a , -10 , -9 
Q = 2·10 Q = 2·10 

I ' 2 
1,5·10 -5 

ae 

y I G a 1/3 
Oo OCU opauHaT Ha rpa¢uKe OTnO)K&Ha B9JJU'IUHa X = ---(----~, 

ae a 

B aaKn~'!eaue oTMeTuM, 'ITo JlnH ny'IKOB c aecoanaaa~mHMu ManhiMu 

pa3MepaMu aneKTpOHHOro U HOHHOrO Koneu MO)KHO HafiTH p9)KUMbl !IpOXO)!<ae-

HUH uenoro peaoHaaca c )K9CTKoa Kone5aTenhHoA xapaKTepucTuKoa, o5ecne

'luBa~meA cna5bifi poeT aMnnuTyabi. 3aMeTuM TaK)Ke, 'ITO npoxo)K.Qeaue napa-..... ' 

M9TpU'I9CKOrO p930HaHCa IIpH STUX )1{9 ycnOBUHX 5onee 5naronpUHTHO, '19M 

" 5 ,./11 B cny'!ae nuH91IHbiX CO CTB9HHbiX IIOJJeu , 

AsTopbr 5naroaapHT M.r. Hexaesy aa noMomh npu npoaeaeauu pac'!eToa. 
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HOH8MH, aMnJIHTyJla KOne6aHHH 

HCIIOJlb3YH Ty ~e pe30H8HC

H HeH3BeCTHyiD ¢ H8 

COBn8Jl8eT no BHJly C (JO) 

TOM CJiyqae OH8 yMeHbWa-

W > w O H poeT 8MnJIHTYJlbi 
H 

CHMnTOTH'IeCKH CTpeMHTCSI K 

npH G < 0 orpaaaqea. 

ynbTBTbi qacneHHoro HHTerpa-

Hx napaMeTpos: 

, -10 , -9 
Q I = 2·10 , Q 

2 
= 2·10 

vI G a 1/J 
a X = --(--e), 

a e a 

HeCOBn8Jl8IDWHMH M8Jlb!MH 

HO H8HTH pe~HMbl npoXO:>KJle-

H xapaKTepacTHKoii:, o6ecne-

aK~e, 'ITO npoxo~JleHHe napa

x 6onee 6naronpH~THo, qeM 

OWb npH IIpOBeJleHHH pacqeTOB • 

. ross the Q~=l Reso
keley, Cal1fornia, 

OJlHOH KOH¢epeHUHH no YCKO-

-P0-169-57, 1963. 
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